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PEEEAGE 


t 

During  the  twenty-two  years  that  have  elapsed  since  the  first  volume  of  thia 
work  made  its  appearance,  chemistry  has  atKaiu  i  d  at  a  rate  and  to  aii  extent 
altogether  uiiprecedeiited  in  its  history,  or,  indeed,  in  the  history  of  any  other 
science.  This  extraordinary  growth  has  been  accompanied  by  a  no  less  re- 
luarkable  inoreaae  in  the  variety  and  comprehensiveiiefis  of  its  applicationH  to 
the  arts  and  manufactuiee.  Accoidingly,  in  the  attempt  to  make  this  re- 
mae  reasonably  adequate  as  a  presentation  of  contemporary  knowledge,  both  as 
regards  the  science  and  its  applications,  it  has  been  found  absolutely  neoessaiy 
to  enlarge  greatly  the  original  scope  of  the  book.  AU  the  artides  in  the  former 
issue  have  been  carefully  revised  and  many  iiave  been  wholly  rewritten.  In 
addition,  of  courBo,  a  large  number  of  new  and  important  subjects  have  had 
to  be  dealt  witli.  The  result  is  that  this  edition  oi  the  Dictionary  of  Applied 
Chemistry  is  practically  a  new  work. 

In  preparing  it  the  Editor  has  again  been  fortunate  in  securing  the  co- 
operation of  eminent  authorities,  not  oidy  in  the  United  Kingdom,  but  also  in 
America,  Germany,  Switzerland,  etc.,  as  writers  on  subjects  with  which  they 
are  specially  qualified  to  treat.  A  list  of  these,  with  the  titles  of  their  contribu- 
tk>ns,  is  prefixed  to  the  several  volumes  in  which  these  contributions  appear. 
Their  names  and  standing  are  a  sufficient  guarantee  that  no  pains  have  been 
spared  to  make  tiie  work  a  faithful  record  of  the  present  relations  of  chemistry  to 
the  arts  and  manufactures. 

The  Editor  desires  to  express  his  acknowledgments  to  the  iollo\\ing  Demon- 
strators, Assistant-Demonstrators,  and  Assistants  in  the  Chemical  Department 
of  the  Imperial  CkiUege  of  Science  and  Technology  for  help  in  the  revision 
and  compOation  of  the  subject-matter  of  many  of  the  articles :  Dr.  W.  N. 
Haworth ;  Dr.  H.  F.  Harwood,  M.Sc. ;  Dr.  P.  W-  Robertson,  M.A.,  M-Sc. ; 
Dr.  Arthur  Clayton  ;  Mr.  A.  T.  King,  B.Sc. ;  Mr.  H.  V.  A.  Briscoe,  B.Sc. ; 
Mr.  E.  G.  ConsEens,  B.Sc.  ;  Mr.  F.  P.  Duim,  B.Sc.  ;  Mr.  H.  F.  V.  Little,  B.Sc. ; 
and  Mr.  J.  A.  Pickard.  B.Sc.  Also  to  Mr.  Arthur  C.  Franc  is.  li.Sc.  of  the 
Government  Laboratory:  Mr.  Lionel  M.  Jones,  B.Sc.  of  tlic  liiiniinghani 
Technical  Hchool  ;  Miss  Zelda  Kahan,  B.Sc,  and  Miss  Gertrude  W  alsli.  M.Sc. 

Lastly,  he  is  under  great  obligations  to  T)r.  M.  A.  Whiteley.  A.K.C.S.,  and 
Mr.  F.  P.  Dunn,  B.Sc,  A.B.C.fc>.,  of  the  imperial  College,  for  the  care  and 
attention  they  have  bestowed  on  the  revision  of  the  proof-sheets,  and  for  the 

assistance  they  have  rendered  generally  in  the  production  of  the  work. 
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Journal  of  the  American  Cheuiical  Society. 

Joomal  of  Indnstrial  and  Engineering  Cbemistry. 

Jonrnril  nf  the  Instifnte  nf  nn  wiiiu: 

Journal  de  Pharmacie  ct  de  Chiuue. 

Jonmal  of  Physical  Cbemistr^. 

Journal  fiir  piaktisobe  Cbemie. 

Jonmal  of  the  Pbysioal  and  Cbeniical  Society  of  Bnaria. 

Journal  of  the  Society  of  Chemicul  Industry. 

Journal  of  the  Society  of  Dyers  and  Colourislii. 

Mineralogical  Magazine  and  Journal  of  the  Mineralogical  Soeiety. 

.MonutshefU:  fdr  Cbemie  and  verwandte  Theile  anderer  Wiasen* 

schaften. 
Pharmaf^atical  Joarnal. 
Pharmazeatische  Zeitanj/. 

Philosophical  Mni^azinc  (The  London,  I'Minbur>;h  and  Dublin). 
Philosophical  Tiatisactions  of  the  Uoyul  {Society. 
Photographic  Journal. 
Proi-eedijigs  of  lh<  lloval  S<K'irty. 

He*  euil  <lcs  tru^uux  chiuiiiiues  dcs  i'ays  baa  el  de  U  Btjlgiquc. 
ZeitHcluift  fiir  analytische  Clicniie. 
Zeitschrift  fnr  nii|,'c\vundlo  Cheniie. 
Zeit^hrifi  lui  anoiganische  Cheuiie. 

Zeitschrift  fiir  Untersuchung  der  Nabmngs-und  Genussmittel. 
Zeitschrift  fiir  Offentlicbe  Cheniie. 

Zeitiiclirift  fiir  pbyi>ikaUschc  Cbemie,  Sloohiometria  und  Verwaadt- 
scbaftnlehre. 
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AAL,  A'L.  ACH,  AI'CH.  Xativo  names  for 
the  roota  of  Morindn  ttmiorta  atul  M.  cttrifolia, 
CBfiloyed  In  tuIcmib  parte  of  Indift,  under  the 
c  n.  ral  trade  name  of  Suranji,  aa  a  dyestuff, 
more  especially  for  dyeing  retl«,  purplen,  and 
choeoktM. 

ABACA.  A  six  ri.''  of  fil>r«'  (l<Tiv<'<I  from 
Mtua  textilis  (Net),  obtained  niatnly  frotn  the 
FhiUppine  lalUMlflt  and  uBcd  in  the  manu- 
fu  tiirf  of  nl^lt•^,  cordage,  &c.  It  i.s  also  known 
uoder  other  names,  including  '  ^ianiila  hetup,' 
*  Ifanado  bemp,*  *  Cebu  hemp,*  '  Siam  hemp,' 
Mi\  '  Whit<^  rope.'  LesB  valuablr  fibrrs  arc 
obtained  from  other  speciee  of  Mum,  such  as 
Jf.  mpienhm  (Linn.),  uie  baauia  and  plantain, 
wiii<  ti  \  i  Id  l>anana  fi>  n-  rind  plantain  fibre. 

AB1£S.  The  generic  name  of  the  Silver  Fin*. 
A.  dba  (MilL)  fit.  peetiruUa  (DC.)]  furnishes 
titnlnr  verj'  similar  to  the  white  deal  of  Pkea 
txcelfdf  the  common  spruce.  It  is  the  nuurce 
of '8toMbargturpe«ittn«,'  containing  free  abienic, 
<ibtrfrir.  and  a-  and  fi-abh  firn.fir  aci<i»,  and  an 
amorphoua  substance a&teio''ei.^'  'i,  an  ethereal  oil 
of  a^rveeable  Aromatic  odour,  a  bitter  principlo 
\nil  (<  .louring  mattrr  (Tsdufchuod  Weigislp  Arch, 
i'harm.  1900,  23H,  411). 

i4.  <7«iiorf<MMi» is  the  aomroe  of  Canada  balsam, 
\thioh  ••ontaint*  raiuvJir,  raruulolic,  and  a-  and  0- 
canadinolic  acids,  an  ethereal  oil,  canadoreaen ; 
■ad  inudl  qoAntitiw  of  raocinic  mM  and  a  bitter 
~ul.>tAnc<-.  The  acids  contain  no  mf»thoxyl 
groops  and  give  the  cl^l&>terol  reactions,  in- 
cbdmir  that  of  TiohugMff  (U.  1000. 238,  487). 

AiBIETENE.  A  hydrocarbon  obtaino<l  hv 
dintining  the  terebinthinatc  exudation  of  rinin 
<aKMaiM(Doitg.).  actmiffltons  tree  indigenous  to 
^'alifomta,  and  growing  on  the  dr\  8lope8  of  the 
ioothiUs  of  the  Sierra  Nevada  and  on  the  hiUs 
along  the  ooart.and  known  kxsally  as  the  Nut  pine 
r  Dii.'<i»T  pine.  To  procure  Uv  exudation,  thr  tree 
during  wint^  is  notched  and  guttered  at  a  con- 
TCDieot  height  bom  the  grouna.  and  the  lesin  on 
distillation  yields  the  liquid  hyclrocarbon.  The 
cmde  oil  waa  met  with  in  San  Francisco  an  an 
■rtiete  of  eommeroe  under  the  names  uf  *  .\bie- 
toM?;  '  Era.*<ine/  *  Aonuitine.*  and  '  Thioline/ 
Vol.  I.— T. 


and  uas  used  for  rpmnvin^^  ^^roa'se-spntsi,  paint- 
stain.-j,  <.^:c.,  iruni  clothing,  it  is  a  nearly  colour- 
less mobile  liquid  of  powerful  aromatic  ameO, 
recalling  that  of  oil  of  oranL" 

Abieteno  has  beenahou  u  In  Thorpe  to  consist 
almost  entirely  of  normal  heptane ,  C,H, mixed 
with  a  small  quantity  of  a  rrnin  to  which  its 
characteristic  smell  of  orange  oil  is  due  (Thorpe, 
Cliem.  Soc.  I'rans.  35,  296 ;  Solmrlemmer  and 
Thorpe.  Phil.  Trans.  174.  209  ;  «i  aleo  BkudalCp 
J.  Amer.  Chem.  Soc.  1901,  162). 

Abietene  is  also  the  name  given  to  the  hydro- 
carbon which  is  obtained  as  an  oil  by  the  nxluc* 
,  tion  of  abiotic  acid  {q.v.)  (Easterlield  and  Bagley, 
!  Chein.  Soc.  Trans.  1904,  1238 ;  Kraemer  and 
{  Spilker.  Bcr.  1800,  2<ir)3.  3(514).    Its  formula  is 
i  C,gUjg,  and  it  is  proliably  decahytlroretotie,  as, 
[  when  oanfnUy   purified,  and    reduced  with 
phosphoniH    and    Jiydriudie   ai  id,  it  yields  a 
liuurescent  hydrocarbon  identical  with  the  do- 
I  decahydroretene  of  Uebermann  and  Spiegel 
'  (Ik  r.  ISSn.  7S0). 

ABIETIC  ACID.  An  acid  ohtainc<l  by  digesting 
eolophony  with  dilute  alcohol  and  recrystalHsing 
the  pro<luct  from  methyl  ali  (»ho]  (Maly.  Annalen. 
129,  54;  132.  249);  or  by  saturating  an  alcoholic 
solution  of  colophony  with  hydrogen  chloride 
and  subsequently  recrvstallisini,'  the  product 
(FluckijMri  J-  1867,  727).  it  can  also  bo 
obtainM  by  dietilling  colophony  under  re<luced 
pressure  or  with  superheated  steam  fKa«terfield 
and  Bagle^',  Chom.  Soc.  Trans.  I904,  1238). 
It  occurs  m  reain  ipirlt,  from  which  it  may  be 
nbtniiM'd  by  extraction  \%itli  r-ther.  shaking:  with 
sodium  carlKjnate  solution  and  then  acidifymg 
with  acid.  It  is  obtained  in  a  purer  condition  by 
recrvstallising  from  acetic  acid  :  m.p.  166"-167*' 
(Tschirch  and  WoUf,  Arch.  Pbarm.  1907,  1); 
16S»-154*  (Mach.  Monatsh.  1893,  18«).  Acconl- 
]ncr  to  Eastrrfiild  and  Bn<:lev  and  Mach,  it 
:  is  a  derivative  ot  phenauthrt.'ne.  and  has  the 
formula  (*„H„Oj,  whilst  I>evv  (Ber.  1906,3043), 
Korit^choiier  i.T.  Soc.  Chem.'  Ind.  1907.  641). 
Fahrion  (J.  8uo.  (  hem.  Ind.  1907,  264),  and 
Vesterberg  (Ber.  1907,  120)  represent  its  com- 
poeition  aa  C„H„0,.   According  [J|§it§gff6l^^oogIe 
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(Annalen,  160,  131),  Duvernoy  (Annalcn,  148, 
143),  and  Easterfield  and  Bagley  (tc.K  abletio 

aciJ  is  idcntiral  with  sylvic  acid;  it  is 
not  identical  v\ith  piinario  acid,  which  yicldn 
abietio  acid  on  dirtrOIation  under  reduced 
pr<  ssuri'.  By  diMlilling  abietic  acid  under  ordi- 
nary pressure,  or,  better,  bv  treatment  with 
hymiodio  acid,  carbon  dioxide  »  evolved,  the 
hylrocarbon  uhUiene  ('jrH,,  being  formed 
( k.  and  B.  Lc. ;  Levy,  l.c. ;  Kxacmcr  and 
Spilker,  Ber.  1899,  3614).  DistiUation  with 
sulphur  ronvcrts  aV.ietio  arid  into  reteno, 
C,,Hn  (E.  and  B.,  Lc, ;  X  estcrbcrg,  Ber. 
1903,  4200).  Oxidation  with  potanBium  |>er- 
manpanate  yields  an  arid  C,oH,,03.  iii.p.  12:?'* 
(Mach,  Monatah.  18if4, 627) ;  and  a  method  has 
been  devised  by  Endemann  (D.  R.  P.  183328 ; 
('li«-m.  Zfiitr.  1007.  i.  1007)  to  oxidiKf  n^j^inous 
materials,  contaioiiig  abietic  acid,  to  rcHin  acidti 
and  malonio  aoidL 

Detection  and  Esthnot ion. —The  folIo^\in£^ 
colour  reaoiions  may  be  used  for  detecting 
abietie  aeid :— (I)  3  vob.  of  oonc.  hydro- 
chloric acid  and  1  vnl.  of  ferric  chloride  m]. 
give  a  violet  red  colouration ;  (2)  sulphuric  acid 
mssolves  abietio  aeid  to  a  red  solution;  (3)  when 
fn  it  il  uith  dry  chloroform,  nrotic  anhydrido 
and  sulphuric  acid,  a  puri^>ie  red  colour  is  pro- 
duced manging  through  violet  and  blue  to  a 
grrniish  bluck  (3l;ich.  I.e.).  In  onkr  t<->  rstininf  <• 
abietic  acid  in  reams,  &c.,  10  grms.  of  the  sub- 
fitanoe  are  refluzed  with  20-25  e.e.  of  )0  p.c. 
iilcoholio  j>ot;ish  for  ^  houi  on  a  wat<»r-batli ;  the 
rcitulting  soap  is  deoomposcd  with  dilute  hydro- 
ehlorio  aeid,  and  the  Miparated  resin  filtered  off, 
\va«hed  with  cold  wnfer  and  drie<l.  It  is  then 
powdered  and  extracted  with  fiO  cc  of  hot 
petroleum  ether.  Vmm  this  solution  abietie  aeid 
M  ]»rc<'ipitate<l  by  ammoriia,  filtered  off,  driwl  on 
the  water-bath,  and  the  ammonia  expelled  by 
frentle  heating.  The  residue  represents  tbe 
liiw  •iiiit  (if  cnidc  aliict  ic  acid  in  the  Sample  (Rebs, 
Cliem.  Zcntr.  1907,  i.  9U7). 

Abietie  aeid  (or  colophony )  is  used  in  asnsting 
the  u'ro^tli  of  lactic  or  Imtyrio  ferments,  an  it 
favours  the  production  of  that  which  is  preeent 
in  the  ffreater  quantity  and  suppresses  the 
other.  It  jiroiiiisf^  to  bo  of  great  use  in  tlu- 
fermentation  industry  in  preventing  infection 
(Effmnt.  Compt.  rend.  130,  1556),  (r.  Colo- 

ABRASIVES.  The  various  hard  substances, 
chiefly  of  mineral  origin,  need  for  abrasive  pur* 

poses  fall  naturally  into  the  following  group«,  in 
which  the  hardnt^  roughly  inven»cly  projpor- 
ttonal  to  the  complexity  of  diemioal  composition. 

^^  T)i a  inond         is  the  hardest  of 

all  substances  (hardness  b  10  on  Mohs  s  scale). 
Inferior  material  of  no  use  for  gems  is  known  as 
I»oa  rt  (or  bort),  and  is  eruahi'<l  t.f)  powder  and 
much  used  by  lapidaries.  Diamond  powder  is 
the  only  material  with  whidi  diamond  itself  oan 

heproimd  and  iKili^hod.  Embedd.  1  in  tlie  edge 
of  a  thin  disc  of  soft  iron,  diamond  powder 
largely  used  for  cutting  gem^stones  and  thin 
of  roek  npeeimens,  and  al80  for  slicing 
larger  blocks  of  the  harder  oniameutal  stones. 
A*black,  compact  variety  of  diamond  known  as 
ear  I»o  n  a  d  o  (*  carbonate  *  fir  'larKon']  is  em- 
bedded in  the  steel  crowns  of  rock-drUls. 

Amonjzst  artiftoial  prodiM»ts,  steel  and  some 
other  hard  metals  are  used  for  abrasive  purposes. 


The  so-called  crushed  steel,  made  by  Quenching 
white-hot  emeible  steel,  is  used  in  the  etone- 

cnttinj:  trad(>.  Tantalum  ia  an  extremely  hari 
metal  and  may  in  future  find  some  application 
depending  on  hardness. 

f 'ar/>(</i  •■?.— Carhorti  n  d  u  m  '  )  nr  <silieni, 
carbide,  t'^i  (H.  —  9^),  is  prepared  artificially  in 
the  eleotrio  furnace  from  petroleum-coke  and  the 
purest  quartz-sand,  and  i-^  pmdnrod  in  large 
quantitiee  (over  300U  tons  in  1907)  at  Niagara 
Falls.  It  is  largely  made  into  8hBr{H>ning  stones 
and  t'rindin},'  wheelM.  Tn  lajiidaries'  work  it  has 
to  a  certain  extent  taken  the  place  of  corundum ; 
but  although  harder  than  oonindum,  it  has  the 
disadvantage  of  bring  more  brittle,  and  it  soon 
rubs  to  Hour.  Carbide  of  boron,  CB.,  and  sUickle 
of  boron,  SiB,,  are  also  remaTkabfe  on  aooonnt 
of  their  inten.<M;  hardness  (H.  Moissan,  Oompt 
rend.  118,  556). 

0*ide9. — Oornndnm  (q.v.)  AljOj  is,  next 
to  dinrn  n  I,  the  hardest  of  minerals  (II.  ^  9). 
llie  impure  variety,  emery  (f.t?.),  is  not  (^uite  so 
hard.  The  crashed  and  fcrsded  material  is  made 
into  corundum  wheels  and  emery  pape  r,  and  is 
much  used  in  lapidaries'  i^ork.  Artiticial 
cOTondum,  known  by  the  trade-name  of  *  ahin- 
dum,'  is  now  manufactured  in  <  onsiderable 
amounts  (about  3000  tons  in  1907)  at  Niagara 
Ftidls,  hy  fusing  bauxite  in  an  deetrio  furnace. 
'  Conjbin  '  is  a&o  an  artificial  corundum,  formed 
I  as  a  by-product  in  the  Uoldscboudt  thermite 
process. 

Quartz  (qf.tJ.)SiO.  fll.  7).  and  its  several 
varieties  find  extensive  applications.  Miilstonee 
and  grindstones  are  made  of  quarta-roek, 
quart7ite.  liurrstone  for  buhrst< tnel,  grit,  or 
sandstone  (^.v.) ;  while  Hcythe-stones,  oilstones 
iq.v.),  and  whetstones  (q.v.)  consist  of  homstone. 
lydian-stone  and  other  compact  varieties  of 
quartz.  In  the  form  of  Hand,  quartz  is  used  as  a 
saod-blast,  in  scon  ring- soap,  for  cutting  and 
grinding  marlde.  making  sand-paper,  il'c.  Tri- 
poli or  infusorial  earth  is  a  powdery  variety  of 
opal  (hvdrated  silica),  and  is  used  for  polishmg. 

.^/7.a</r*.~Garnet  (g.v.)  (H.  -.  <U-7J)  in 
used  for  nicking  *  emery'  paper  and  cloth  ;  and 
felspar  iq.v.)  (H.saO)  IS  alao  used  to  a  small 
de;rree.  .Silicatc  rocks  are  employed  to  a  small 
extent ;  e.g.  pumice  for  uolisbing,  and  the  mill- 
stone lara  (levcite-nepheline-tephritc)  of  Nieder- 
mriidi^'  on  the  Rhine,  for  millst^mes.  L.  J.  S. 

ABRASTOL  or  AsaprU  -  Etrasol.  Trade 
names  for  the  oalcium  salt  of  0-naphthol« 
sulphonic  a<  ld.  Ca(C, ,,11-080;,),. 311.0,  usetl  in 
the  clarification  and  preservation  of  v  ines.  The 
maximum  quantity  needed  for  this  purpose  is 

10  grm"<.  per  lie<  tolil  re.     .\eeordin^  to  Noelting 

and  Dujardiu-Beaumctz  and  >StackJer,  the  sub- 
stance is  harmless  from  a  hvgienic  p)int  of  view 
(seeMon.  Sci.  1894.8.  257":  J.  Soe.  diem.  Tnd. 
1894.  177,  534).  To  detect  iU  presence, 
8angM-Fcrri£re  proceeds  as  follows  (Oompt. 
n-nd.  1893,  117,  700):  2m  e.c.  of  the  ^ine  i^ 
boiled  for  an  hour  in  a  rcfiux  apparatus  with 
8  cc.  of  hydrochloric  acid,  when  the  abraatol 
is  hydrolysed  to  ^-najdithol.  which  may  be 
extracted  with  benzene,  and  the  residue  left 
after  dtsttUing  the  bensene  eoL  Uken  up  with 
chloroform.  A  fragment  of  potash  is  dropped 

"  S«»  named  by  E.  O.  Adliroon,  In  l  1.  fr^  in  carlion  and 
c<»rutidu(u,  b«cauj>«  tM>f«>ro  it  1x4  t>c^n  analysed,  U  waa 
(iMiigfat  to  be  a  eompoand  «(  csi-Inmi  andi^lMMt  by  Google 
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into  the  chloroform  solution,  which  iit  boiled 
(or  2  mins.,  wbiem.  •  blue  culouration  ia  pro- 
duced eh»ni:in'4  to  green  atul  finally  becoming 
yellow.  0-1  grni.  per  litre  may  l  lius  1h»  detccteu. 
The  presience  of  abrastol  in  no  \vay  vitiates  the 
'!i  t.  rmination  of  fy>tassinm  i^ulphate  (J.  Soc. 
I  h.  iu.  Inti.  Is*J4,  177).  8mili«ldi  (Mon.  Sci.  7, 
Mil  hM  gtwta  the  following  metluxl :  25  c.c.  of 
the  wine  are  ncutralisfd  hy  ammonia  and  .shaken 
with  25  c.c.  of  auiyl  aicuhul.  Aft<  r  M-puration,  i 
the  arayl  alcohol  is  boiled  to  expel  ammonia,  and  i 
when,  cold  is  nhakon  %\  ith  0'26  c.c.  ferric  chloride 
A  grey-bluf  colouration  denoteH  abrantol. 
<;al»attt  (Cbem.  Zentr.  ]*H)4.  2.  370)  pix>ceed8 
in  a  similar  way,  but  inateait  of  ferric  chloride, 
t.mpk)>'ii  phosphoric  acid  and  formaldehyde 
aofaitiaD,  v^MO,  in  pretence  of  abrastol,  a 
green  fluorejjcence  in  pp^duced.  (For  other  \ 
method.^,  r.  Sauna  i'intuh,  J.  Soc.  Chem.  Ind. 
1900,  933;  Briand,  Compt.  rend.  ISIM,  118, 
925;  Carietti,  (Ivm.  Ztnfr.  1W9.  2.  1:1.  Knr 
cx>k>ui  reaction^,  V.  Barral.  J.  rharrn.  fhirii.  11HJ3, 
18,(61206;  Sflomone,  Chem.  Zentr  1'.MI7.  i.  300.) 

(For  a  review  of  the  variouM  methods  of  detec- 
tion. V.  VitAli.  AfMith.  Zeit.  1908,  23,  507 ;  J.  Soc. 
Chem.  IikI.  ll«»s.  S30.) 

ABRAUM  SALTS.  (Ger.  AbraumAtUze  :  'aalts 
to  b*'  removed-')  The  mixed  salt*  found  over- 
Uying  ttie  ioek<Mlt  deposit  at  Sta.ssfud.  in 
I'niTUtis.  Thef»e  connist  mainly  of  rock-salt  ; 
CamaUitf,  a  double  ctdurulu  uf  putaiiiiium  uuU 
rnagneiiium  ;  Sf/tpute,  OT  pota88ium  chloride  ;  and 
KitmsriU,  or  magnesium  sulphate,  v.  Pi>t\!^siu.m. 

ABRIN.  A  brownish  vcllow  sulubk-  substance 
oUained  from  the  aeedui  of  Abrus  preattoriua 
{l»4ifin  liquorice  or  Jetiutrittf).  Contains  a 
(toiMini 'US  proteid,  resembling,  if  not  identical 
With. ricin.  T^tf**!  dose,  according  to  Kobcrt,  i^ 
r>dv  0-00001  grm.  per  kilo  bodj-weight :  i.e.  i 
to  100.000,000. 

ABSINTH.  (Absinthe,  Fkv }  IKemirfAcar- 
tmrt,  fif>r.)  Onr-  *if  thi'  l>f.'«t-known  liqueurs  or 
cui\ii&k  {'/.v.],  if.  made  chi<  liy  at  lAons,  Mont- 
pellier  and  Pontarlier  in  France,  and  until  (|uite 

'-ntly  [fUU  infra)  at  Nruf<  liut«-l  in  Switzerland, 
k  a  a  hi^i^hiv  intoxicating  Hpirituou»  liquor 
tlaroared  with  oil  of  wormwoo<l  {Artemisia 
Qh*inthUim.  nat.  ord.  Composita)  and  other 
e^^tial  uik  aa  angelica,  aniiie,  cinnamon, 
clofca,  fennel,  hyMop,  peppermint^  Ac.  (cl  Oils, 

Thert-  arc  three  distinct  procesaes  in  the 
manufacture  of  absinth,  viz.  :  maceration,  dis- 
tiiktion,  and  colouration.  l*he  leaves  and  flower- 
tops  of  Artemisia  absinthium,  together  with  the 
other  llavi  Hiring  ingrc<lientA(wllk^  V*ry  in  kind 
anfl  quality  acconlinc  to  the  requirements  of  the 
different  manufatturerH)  an-  digeste<l  with  spirit 
for  periods  varying  from  12  hours  to  10  days, 
•fconling  to  the  tomprratnrr  of  the  infusion  anrl 
th*  strength  of  the  spiriL  ui*t«l.  Tlw  J'V<-ii(  )t 
mnufacturers,  as  a  rule,  digest  Sorihort  periwls 
at  tile  temi)*'rattm^  of  an  ordinary'  water  bath, 
and  with  :ipirit  i-oniainin^  alx>ut  85**  alcohol, 
whilst  the  Swiss  maceration  pfocem  mm  oon- 
*luct«l  at  air  teraperatnrr  with  Hpirit  f«»mewhat 
below  Briti.sh  *  proof  '  ?<trt'nglh,  or  about  50** 

Themfn^ion  is  tlist  illeclandthedistillatotmnH- 
f^rred  to  the  colourinjj:  vessel  contain intr  mnall 
•  ^Mntii  lea\  c«,bnlniand  hyssop,  driecl  »nti  finely 
divided.  Thim  temdk  ia  bermeiiCAlly  ee»led  and 


is  pently  heated  by  steam  to  a  temperature  of 
00**  in  order  to  eztnot  eUosophylL  After 

eooluig,  the  green  liquor  i«  draw-ji  off,  and 
straineid,  if  neccshar}',  through  a  hair  aievo.  The 
colouring  ie  sometimes  sejMirately  prepared  and 
added  as  reqtnr<-d  to  the  colourless  distillate. 
Occasionally  Uie  latter  is  sweetened  by  ihv  addi- 
tion of  atiout  5  p.o.  by  weight  of  eni^ed 
M'hite  sntrar.  Chlorophyll  for  impart  insr  the 
green  colour  to  absinth  (hihI  other  liqueurs)  is 
neqaently  obtained  from  nettles,  parsley,  and 
apinnoh.  and  is  free  from  objection  provided  the 
vegetable  matter  is  sound. 

On  ki>eping,  genuine  absinth  aeeamee  the 
yellowish  tint  appreriaied  by  connoisneiirr',  and 
its  qualities  generally  artf  improveil  by  age. 
Many  objeotionahle  varieties  of  absinth  arc, 
however,  on  the  market,  made  from  inferior 
spirit,  to  which  essences  and  resiiiii  are  added,  the 
former  to  give  a  fictitiont  flavour  and  the  latter 
to  prrtduee  the  opalescence  Mhich  oecurs  in 
genuine  absinth  on  the  addition  uf  water,  owing 
to  the  liberation  of  the  essential  oUs,  resinous 
bodies,  and  colouring  matters  derivetl  from  tho 
plants  and  seeds  used  in  its  mnnufacturv.  Other 
colouring'  niatt^Ts  than  ehlomphyU  are  also 
eniploveii,  a.s  unii;^<i,  sniphatc  of  copper,  picric 
acid  and  turmeric  or  other  vegetable  colour. 
Gum  benzoin,  guiacum  and  rosin  are  alno  need 
t<i  produce  •  niilkiness  '  on  dilution,  and  even 
ehliiride  of  antimony  is  said  to  have  been  em- 
ployed for  this  purpijse. 

To  detect  adulteration  it  if  n«iually  suffi- 
cient t^j  (leterniine  the  essential  oils,  resins, 
and  colouring  matters  (tfide  Hubert,  Ann. 
Chim.  anal,  fl,  400,  and  Niviero  and  Hubert, 
Mon.  Sci.  180,5,  Acconling  to  Hubert, 

ab.sinth  has  a  -^peeilic  gravity  of  0*8ft66  to 
0  0982,  anil  alcoholic  streijgth  of  47  to  72 
p.c.  by  volume  of  absolute  alcohol.  The 
avenge  results  of  twelve  .samplee  expressed  aa 
grams  per  litre  wero  as  follows:  i— ^<ptial  oils, 
1-5  to  5-0:  extra,  live,  0-36  to  1  72  ;  acids. 
0-024  toOi'sS;  nitlehydes,  tliM).")  {)■]'>'>;  fur- 
f uroi.  < I  ( KJ02  to  0-O07  ;  ethers.  0-005  to  0- 1 2M.  The 
.strength  of  absinth  as  imported  into  the  United 
Kingdom  varies  from  *  proof '  to  about  20  over 
pnxif,  and  mther  more  than  3000  gallona  am 
imported  annually. 

Allhough  genuine  afaeintbt  taken  in  mmlera- 
tion.  has  valualjle  qualities  as  a  cordial,  sto- 
machic, and  febrifuge,  its  charuclenstie  bitter 

Erinciple,  absinth i in  (</.r.).  is  an  active  poiaon, 
aving  a  very  injurious  effect  upon  the  nervous 
system  of  those  a<ldicted  to  the  habitual  ami 
immoderate  eoneomption  of  absinth.  Lrgal 
measures  have  then-fore  been  tnk<n  in  various 
Kurojiean  countncrf  to  control.  r«-s1rirt,  or  even 
prohibit  its  sale.  In  Ftaooe,  litpicurs  may  not 
contain  more  than  1  crram  ]»er  litre  of  oil  of 
worm^v()o<l  or  other  nil  of  similar  toxic  nature, 
whilst  in  Heltiium  the  manufacture  and  sale  of 
absinth  have  been  entin-ly  prohibited,  A 
similar  prohibition  was  enfureod  in  1910  by  tho 
Swis.s  <  .M\  1  rii  iiicnt.  tJ,  C. 

ABSINTHIN or  ABSINTHIIN  t  , ,„0,.  The 
j  bitter  principle  extraetctl  from  the  driiil  leaves 
of    large    absinth   or    H'ormwood  (ArtnniMia 
'  (ihiinihitim)  is  an  active  poison,  and  it  is  to 
I  it.s  presence  in  oil  of  wormwood  that  the  toxic 

effect  of  abninth    /  f .  i  appears  to  be  due. 
1      Various  formule  have  been  assigned  to  this 
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substance,  the  differences  hein^  due  to  tho 
dilhcuiiy  u£  obtaining  it  in  a  pure  Rtate  (Mein, 
Annalen.S,  61 ;  Luok,  Annalen,  78, 87 ;  Kromayer, 
Arch.  Pliarm.  [2)  108,  129). 

Pure  crystalliaed  absiutiiiin  was  Rrat  t8olated 
by  Duqueanel  (Bui.  de  Thempt'utique,  107,  4S8). 
Senger  obtained  ab.sinthiin  as  a  ]>uli'  yellow 
amorphous  subataace  melting  at  66**  and  having 
tihe  em pirioal  formuJa  (',^11  ^^^(J «.  This  formulA 
WHS  lunfirnied  later  by  Bourcet,  who  found  that 
the  puro  substance  crystallisea  in  fine  white 
prismatio  needles  melting  at  68*,  the  amorphous 
form  and  lower  melting-point  found  by  Senger 
being  probably  due  to  traces  of  a  resinous 
impurity. 

Acconling  to  Senger  and  Bourcet,  ab>'mthii!i 
i»  a  gluco8ide»  free  from  nitrogen,  and  is  decom- 
posed by  the  aotkm  of  dilute  acids,  or  even  by 
boiliti;.'  with  water,  into  dextrose,  a  volatile  oil, 
and  a  solid  rcsinoiui  bodv  of  the  aromatic  series. 
It  is  soluble  in  aloohoi,  ether,  ehloioform.  or 
lienzene  :  tlilTicTilT  soluble  in  li^ht  jM'trolfuni, 
water,  though  more  soluble  in  cold  than  in 
boilmg  water.  It  gives  a  precipitate  with  taamio 
acid  and  with  gold  chloride,  whit  li  is  mluced  on 
warming  ;  yields  volatile  fatty  acida  oii  oxidation 
with  nitric  aeid,  and  oxalic  and  picric  acids  with 

IMitAKsiuiti  chromfttf  and  Kulphuric  acid.  With 
''rohde's  reagent  it  gives  a  brown  colour,  chang- 
ing to  violet,  then  Mue*  and  with  sulphuric  aeid 
brown,  paKsing  throuuh  j;ri*en  to  blue  (Senger, 
Arch.  Pharm.  2^30,  103;  and  Bouicet,  Bull.  Sue. 
chim.  [3]  19,  ft37y.  J.  C. 

ABSINTHOL  ('...H.^O.  The  e.wntial  prin- 
ciple of  oil  of  wormwood  derived  from  Artemisia 
ammtthiwit  (nat.  ord.  ComjMMwfer),  a  plant 
indivr^-nous  to  mo8t  Eurxpfaii  rountries  and  com- 

Sarativciy  recently  introduced  into  the  United 
tates  of  America*  whence  inorsMing  supplies  of 
ihc  ( h(-a|>or  qualities  of  wormwood  oil  are  now 
obtaininl. 

Although  the  oil  obtained  by  the  distillation 

of  u iirrnu ood  has  bei  n  known  for  at  Ir-aj^t  four 
centuries,  its  chemical  composition  was  tint 
systematicaUy  investigated  in  1846,  wfaenLeblane 
(( 'ompt.  rend.  21,  739)  Hhowtnl  that  its  jiriiu  ifial 
cunntituent,  boiling  at  203",  has  the  formula 
r,oH,,0.  This  was  eonfirnied  later  by  Gladstone 
find  other  investigators  (('hem.  Soi. 'IVans.  17.  I), 
and  by  Beiktein  and  Kupifcr  (^Vnnalen,  17U,  290), 
who  ^ave  to  the  produet  die  name  *iAginAci,* 
and  identified  it»  dehydration  product  with 
cymene.  >. 

Semmler  f Ber.  S6,  3360)  proved  abeinthol  to 
he  a  ketone  identical  with  t ImjoiK'  or  tanat  i  tonc. 
which  occurs  largely  m  other  esscntuil  oils,  as  oU 
of  tansy,  sage,  and  Arlemmo  baniieri.  It  is  a 
colourless  oilv  liqtiid  of  ploajiant  odour,  strongly 
dextroroUtory  (about  +ti8''},  boils  at  2U3% 
density  0*9126  at  20^  and  refractive  index 
1*4495. 

Though  isomeric  with  camphor,  itdiffent  frou) 
that  body  in  combining  with  sodium  bisulphite 
and  in  not  being  convert^nl  into  cHmphuric  acid 
by  means  of  nitric  acid,  nor  mto  campho- 
carboxylio  acid  by  treatment  with  carbon 
dicvid"'  and  .M>diiitii.  With  molted  '[xjt-ash  it 
uivoH  a  rcdin,  Itui  uu  acid.  When  heated  with 
PjS^  and  Zn(?2  it  vieldM  cymene  (Beilstein  and  ' 
KupfT.  r,  Ber.  (5.  *  1 1H3 ;  Annalen.  170.  290;' 
Wright,  Chem.  Soc.  Trans.  27,  1  and  319; 
Semmler,  Ber.  26,  3343  and  27,  81Nf ).    J.  a 


ABUTILON  INDICUM  (SweHl  PETAREE 
or  TUBOCUTY.  The  bark  of  this  malvaoeou^ 
tree  consists  of  long,  thin,  tough  fibnms  strips 

(hast  fihn^w),  and.  accordiui:  to  Dvmurk  (Pharm. 
J.  [3J  8,  383)  and  others,  is  wortiiy  of  attcntioii 
a«  a  souree  of  Abre. 

ABYSSfNIAN  GOLD.    A  yellow  alloy  of  po  - 
parts of  copper  and  8-3  of  zinc.   The  ingot  u 
phted  on  one  side  with  ^Id,  and  is  then  rolled 
It  ir  t  )   hi-vts.  from  which  articles  if  j<  \% oiler) 
are  formeii  in  the  usual  way,  the  amount  of 

fold  on  the  finished  article  varying  from  to 
•03  p.c.  Known  also  as  Tnlm  i  qoul.  The  tens 
is  sometimes  applied  in  trade  to  Alunumnm 
Bronxe. 

ACACIA  CATECHU  (Willd)  or  KHAIR  is  ^ 
tree  growing  in  various  parts  of  India.  Its  un- 
ripe pods  and  wood,  by  deooetion,  yield  t 
t-atechu  (Agricult.  l^dpor,  ISItfi.  Xo.  1.  ami 
1896,  No.  35)  known  by  the  name  of  Cutch  or 
Kntch,  which  must  not  be  confounded  with  tbr 
oflicinal  catechu  {Catechu  pall  id  urn).  Tt  is  usetl 
in  tho  preparation  of  some  leathers  and  by  dyer^ 
The  timber  is  also  used  for  oonstniotaonal  and 

oth<T  1  iiiry)i  i-^'-'-. 

ACACIA  GUM  V.  Gums. 

ACAHraiTK.  A  form  of  silver  sulphide  found 

at  thf  Entcrjtriso  mine,  near  Rico,  in  blark 
crystals  of  orthorhombio  habit  (Chester,  Zeitach. 
I&yst.  Min.  1696,  26,  626). 

ACAROID  RESIN  <.r  BOTANY  BAT  BBUM 
V.  Xanihorrkcea  BaUamSt  art.  BaLSAMS. 

AOCIPmSBRIlfB.  A  protamine  belonging  te 
tlic  Kturinf>  ^roiip  found  in  (he  t«-stis  of  At'ci- 
ptwser  ifkUatus.  Composition  of  the  sulphate : 
(',jU.«0,N,„4H,S0«  (Kura«dfiF,Zeit8oh.  phvsioL 
ChiTi:  32.  107). 

ACENAPHTHENE  C^Hj,,  i.e.  C^^y.C^U^. 
A  crystalline  substance  found  in  ooattar  oil 
(Berthelot.  BulLSocChini.  [2]8.  220).  Oht  .ii  ' 
by  cooling  the  fraction  of  heavy  coal-tar  oil 
boiUne  between  260*  and  270".  On  reorystdlisln^ 
the  solid  protluct  from  alcohril,  ftccnnjtfiili'  i 
obtained  in  long  needles,  m.p.  95°  (Behr  and 
Doip,  Annalen,  172, 266),  103**  (Schiff,  AuiAieo, 
223, 263) :  b.p.  278^  i  229-5*  (Pericin,  Chem.  Soc 
Trans.  69, 1196). 

7or  its  Absorption  Spectrum,  v.  Bul>  and 
Tuck  (Chem.  Soc.  Trans.  1908,  1902)  :  Heats  of 
iSolution  (Speyers,  Amcr.  Chem.  J.  18,  146); 
Hafcnetie  Rotation  (Peridn,  Chem.  Soc.  Trans. 
189«,  10H8) ;  Refraction  and  DiKpcrsion  (P.dlini, 
Uazz.  chim.  ital.  31,  i.  1) ;  Similarity  in  form  to 
aoetuphthvlene  (Billows,  Chem*  Zitsatst.  1903.  if. 
41). 

Is  reduced  by  hydrogen  in  presence  of  nickel 
to  tetrahydroaeenaphthene  (Sabatier  and  flcn- 

derens.  Compt.  ren<l.  132.  210.  and  nr^C^)  ;  with 
NiO,  to  tetraliydru-  and  dekahydroaccnapththoie 
(Ipatjew,  Ber.  41,  997). 

With  jMilassiiiin  d ichroiiiiitf  imd  noetic  acid 
yields  uaphthalic  acid  and  aoenaphthcnequinooe 
(Graebe  and  Ofdler,  Ber.  26,  652;  «niubert, 
(ia/z.  rhim.  ital.  26, 1  245). 

X/er»Miiive«.— Oxygenated  (UraebeandGfeller, 
Annalen,  276,  1  :  Hodglrinson.  Cliem.  Soe.  Prec. 

1H90,  110);  uith  sulphur  I  D/i.  woiiAi,  Bit.  HO, 
902;  Rehlauder«  Ber.  ^ii,  1583):  styphnate  (Gib- 
son,  Chem.  Soc.  Trans.  1908.  2098). 

ACETAL  C,H,/)j.  or CH^  ('TT(Or,Hj)s  (Do- 
bereincr,  tJra.  4,  805  ;  Liebig.  Annalen.  5.  2'» : 
14,  166 ;  Stas,  Ann.  Chim.  Phys.  13J  19,  146  ; 
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VVurU,  Ann.  Chim.  Phys.  [3]  48,  70  ;  (ieuther,  c^nUinti  chieHy  aldehyde  and  compound  ethers, 
Annakn,  1S6,  03).  120"-170°  chieflv  munoohlomcetal,  ITO'^-ISS®  di. 

Toprrparr  acftal  \>\  Wurt/.'fi  tlu  rl,  pnrt  ^  fhloracetal  (LicGon,  l.r  V  itnd  thf  fmftion  boiling 
akohol  are  added  to  a  mixture  ut  '.i  parts  man-  above  185°  contauui  trichlumcetal  (Patemu,  Lc). 
gaiMwdiinide,  3  part«  »ulf^urioMid«Dd  2  f»rti$  These  ooropounds  amy  then  be  obtained  in  the 
wat*^.  and.  aft»T  thr  rfTrrvfM  fnrc  Hn<t  pnxluced  purr  state  by  repeatwi  fractinnfttion. 
ba«  8ub«iidfxi,  the  >vhole  ib  lu^ttxi  at  IIM)"^  until  A  belter  methfxl  of  obtaming  monuchluraoetel 
3  fMurte  have  distilli'<I  over.  The  prodnet  ie  ie  by  |Muwing  chlorine  through  well-oooled  94-90 
thtn  frartjrMmliy  distilh'd,  and  two  p<>rtic»nH,  ont'  p.c.  nieohol  until  th»*  chlorinrttcil  pTiMlurt  has 
hutimg  beiow  HO"  and  the  accond  iioUing  at  a  8p.gr.  1-02-1-U3  at  22".  Half  the  origmal 
ere  collected.^  Each  fimetion  is  tiMted  volume  of  alcohol  is  added  and  the  mixture 
with  >olution  of  calcium  chloriiic  an<l  the  ethereal   hcutnl  a  frv  hfnirs  at  .'o*^  The  free  acid 

layer  which  aeparates  ia  distilled.  The  product ,  ia  removetl  by  calcium  carbonate;  the  oil 
ooirtatns  aldeh3rde  and  ethyl  acetate  in  addition  washed  with  water,  dried  and  frmetbnated. 
t.-i  acrtal:  to  rt  nvn  t!,.  !•  it  is  shaken  lAifh  r-<Mt  The  proportion  of  di-  aud  tri- chloro-derivativee 
ct'Qtrated  aqueouti  potash,  the  broua  li<]ui<i  fornie<l  dependa  on  the  amount  of  chlorine  added 
separated  from  the  aqueous  layer  is  <liatilled,  (FHtwh,  Annalen,  279,  2K8). 
and  thr  fi  trllatv  ^!mken  with  calcium  chloride.  Monochloraretal  VHj(1A'H{0('JL),  (Lieben, 
It  ie  ihcu  hcaUxl  with  twice  it«  volume  of  con-  Annalen.  14(i,  193;  Patemo.  Mazzara,  fier.  ft, 
cfotnt«d  aqueous  soda  in  sealed  toben  at  100°  1202;  Klien,  J.  I87A.  336;  Natterer,  Monatsh. 
for  24  hount,  Heparatcf!  from  the  sfKl  s,  i!i  tUle<l,  3.  444  ;  .1,  497:  Wislircnus.  Annalen,  192,  lOfi  : 
the  distillate  again  rectified:  the  fraction  100**-  Frank,  Annalen,  200,  341)  u  a  colourless  liquid, 
105*,  wliidh  oonstitntes  the  gnsater  portion.  Is  ,  having  an  aronwtio  ethereal  txlour ;  b.p.  155'' ; 
seetal.  ;  Bp.gr.  1-0418  at  0°,  1-026  at  15' (Klien) :  ir)»i' 

In  addition  to  ita  formation  aaa  by-product ;  168°  (Autenrieth,  Ber.  24,  159).  When  heated 
in  the  oxidatkm  of  ah»hol,  acetal  can  also  be .  with  bleaching  ))Owder  it  yields  di«  and  tri> 
o'lta-rcxl  fmin  a  mixtnrr  nf  acntaMfhyde  (1  vol.)  chloracetal,  chloroform,  an(1  rhlnrinatrfl  nrrtal- 
and  absolute  alcohol  (2  vol8.)(i)  by  heating  with  dehvde  (Ooldberg,  J.  pr.  C'hem.  |2|  24,  107). 
aretk  acid  (|  vol)  for  IS  hovrs  at  100^  (Oenther,  />ieMomr«tol  UHCl,'CH(CK',Hg),  (Jaooheen. 
.\nnalea,  1^,  63)  ;  (2)  by  ooolinfi  in  a  frrorinj^  Ber.  4,  217  ;  Pinner,  Ber.  6,  14H;  Annalt  n.  179, 
mixture,  paaaing  dry  hydrogen  chloride  to  aatu-  34;  Krey,  I.e.;  Patemo,  .'Vnnalen,  149,  372  ; 
ration,  and  deoompoHing  Qie  remiHing  mono*  '  ISO,  134):  b.p.  183^-184**;  ap.gr.  MSSS  at  14". 
fhl  'irther  with  sodium  rthdxide  (Wurtr  and  \Muti  lri.it<<|  with  hyclrocarnon-  it  f  rrns  rom- 
>  rajpolli,  Compt.  rend.  67,  41»  ;  Annalen,  108,  pounds  ol  the  type  I 'liX,-l1"l,(PritM  h,  Annalen, 
20);  or  (3)  by  ooolhig  a  mixtore  of  equal  :  279,219;  WiedieU,  Annalen,  279,  337;  Butten- 
vnhmr-s  to  —21".  and  passing  a  current  of  pim*    berg.  AutkiIi  tu  279,  .124). 

bydrctgen  pboHphide  for  24  hours  (Engel  aud  Truhlurmrial  {X.\(jii{{H  \^H.)^  (Byaaaon, 
Gtnid,  Cbropt.  rend.  92,  60S ;  J.  ISM.  MM).       Bull.  Soe.  chim.  32.  304 :  WurCa,  Fhipolli,  J. 

Acetal  is  a  roUmrleuH  liqukl  with  ajirtral  l.'  1S72.  438);  b.p.  If>7°;  2^)4-8''  at  758-7  mm. 
cdoor:  b.p.  104%  and  sp.  gr.  0-821  at  22-4°  I'at4^^n»6,  Pinati  J.  1872,  303);  ap.gr.  1-2813. 
(8to«,  Aanakn.  64,  322) ;  b.p.  108*7*-104*3*'  at  When  heated  with  oonoentmted  sutj^urio  acid 
744-t  mm.,  and  «p.  gr.  0-8314  at  2074"  (Bruhl,    it  vi. Ms  chloral. 

.\nnaleQ,  203,  25).  It  ia  soluble  in  18  vola.  ol  TrichIwaceiaH\H^ii\{J^.  Obtuine  l  by  the 
water  ai  25*,  and  the  aotubility  increases  as  the  !  action  of  chlorine  on  aloobol  (Lieben,  Pateru^ 
t' mjtritnn-  ri-:f-  \r  >tal  is  mifrihlr  in  all  Krt  ,  .  I.e.);  cryKtalliHeH  in  nionoclinio  needles 
prop'.rtjonij  with  alcohol  and  ether,  does  not  n  sviiiblmg  caffeine ;  m.p.  89". 
mluce  amnoniacai  silver  solvtion,  and  is  vn-  Motwbromaeeliil  {Pinner,  Ber.  5,  149 ;  Wix. 
«lt«n-<l  .m  rxposure  to  air;  platinum  black,  licenuH,  Annalen,  192.  112;  Fisi  hrr  a.  I.nn<l- 
however,  oxidiaee  it  first  to  aoetaidehyde  and  steiner,  Ber.  25,  2551  ;  Freimdler  a.  l.A^lru. 
nbsequentlv  to  aoetio  aeid.  Conipt.  rend.  1906,  140,794);  b.p.  81^-82°  at 

Arftal  (f'i  -  not  give  thr;  iodoform  reaction  27-28  mm.  (Fn  nndli  rV  .Acconling  tu  F.  a.  L.  a 
until  tihaken  with  a  few  dxope  of  hydxochlorio  cheap  meth<j<l  of  makiuiz  monobromaictal  i>>  b}' 
arid,  whereby  the  acetal  is  hydrolysed  to  aloohol  '  brominating  paraMehyae  at  0^  w  it  h  conHtant 
and  aldehyde.  haking  ;  mixing  with  absolud'  ali  oln.l,  ati«l  after 

Ikrivaiives, — Mono-,  di-,  ani  trichlomcetai   btanding  12  houru  pouring  into  an  ici^-c-old  hoI. 
ue  obtained  as  intermediate  prodaeta  in  llie  '  of  potatiaium  carbonate.   The  separated  oil  is 
preparation  of  chloral  hv  pa.'ssing  rhinrinr  through   drie*l  rni!  fm  ■(  ionatetl  in  ificuA. 
^  p.c.  alcohol  (Lieben,  Ann.  Chim.  Phya.  13]        ManouMo'KtluU  b.p.  10(i"  at  10  mm.;  jsp. 
S3,  313;  Fatem6,  Gomnt.  tend.  67,  766).    1*4944  at  15<*  (HcHae.  Ber.  1897,  30,  1438). 
According  to  Krey  (J.  1870.  47.''>).  a  bf«tter  yield        ACETALS  (  Wtirtz.  Ann.  (  him.  Ph\  s.  [3]  48, 
<A  these  derivatives  is  obtained  if  a  mixture  of   370).    The  acetak  arc  a  group  of  (ttm{K»unda 
t  parta  abaohite  akohoL,  S  parts  manganese   formed  by  the  coml>ination  of  I  mol.of  an  aide* 
Hioxide,  3  parta  sulphnrir  acid,  and  2  parts    li\<b' w  ith  2  mols.  of  an  alcohol,  and  thr  <  limina- 
«^t<>r  w  heated  until  }  of  the  liquid  haa  distilled  ,  tion  of  the  t  It  uuni^i*!  1  mol.  of  >vater.    1  hey  are 
oTfr  and  chlorine  is  passed  through  the  well. '  generally  obtaine^l  aM  by  •products  in  the  pre* 
rooled  diHtillate  until  it  shows  signs  of  turhiililv.    paration  of  aldehytles  !)v  thr-  nxidatiiiti  of  the 
iu  either  case  the  product  is  washed  with   com-:)|xnuUng  alcohols,  the  alik-h.Mie  at  the  mo- 
ssier, dried  oirsroaleinm  chloride,  and  submitted  '  mcnt  of  fortnatlon  uniting  with  the  alcohol, 
to ftietional  distillation,    lliefiaetion  £0*-120^    And  this  t<'tt(li<nrv  to  rotnhinr  is  much  inrreaseil 

I       ..     .   ..  .  L  .  ■         if  acetic  acid  ik  prt-nent  (( ieuther,  .Annnlon.  12*». 

'  The  b  p.  la  glvRi  u  In  the  orlirinai  Mppr.  but,  nsH.  u    i  i  -  ■  i 

*  HHiut  tor  mam        twnpttstere-tiy  Ml".  thcoun^  ^  oooled  mixture  of  Mdsl^iigt^^f^il^OOgle 
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ulcuhoi  (Girard,  Compt,.  rend.  Ql,  629  ;  J.  1880» 
096). 

They  are  formed  n  uilily  by  f  he  iiittTaction  of 
aldehydes  with  very  dilute  alcoholic  hvdrnchluric 
acid  (Fisoher  and  Oiebe,  Ber.  30,  305^ ;  31.  545). 
Ketonic  and  aldehydic  acetals,  WAh  aliplmt  ic  aiu! 
aromatu^  are  formed  by  the  iuteraction  of 
nascent  orthoformic  eater  and  the  neoemar>' 


1194  i  Del^piuo.  Lc  and  Compt.  read  131, 745  ; 
Stolid,  Ber.  S5,  1590 ;  Oddo  and  Hameli,  Gaxx. 

(hiin.  ital.  ii.  373;  Attn,  R.  Acad.  Liiuri, 
11*05,  [v]  14,  iL  687 ;  Freundler,  Compt.  rrmi. 
138,  289;  BnlL  See.  ehim.  1907.  fiv]  1,  66; 
T«chilschil)ahin.  J.  pr.  Chcm.  I^hh'.  |  73. 
326 ;  Paal  and  Gember,  Arch.  Phaxm.  246.  300 ; 
ArbuHoff,  J.  Rusa.  Phys.  Ghem.  Soc  40,  €37  ; 


ketone  or  aldehy<le  in  the  presenci-  of  hydro-  i  Smiles,  (  lu-in.  Soc.  Trans.   1J>00,  1000).  The 


chloric  ackl  (Claiaen,  Ber.  31,  1010;  iVnnalen, 
237,  2«9). 

The  acetals  are  liquids  having  uronialio 
odouia,  and  are  apanngly  eolubiu  iu  water, 
from  mrhioh  they  can  i^i^hi  be  separated  on 
addition  of  concentrated  ciilcium  chloride  boIu* 
tion.  They  are  readily  aoiuble  in  alcohol  and 
ether ;  their  vai)ottrR  or  theh*  solnttons  in  alcohol 


mono*  and  di-acetal  derivatives  of  catechol  (pyio< 
catechin)  are  obtained  by  heating  the  mono* 
.sodium  d«  rivuf  ive  of  catechol  with  monocillor* 
acetal  (Morcu,  Compt.  rend.  126,  1666). 
ACBTALDBHYDE  r.  Ald«byi>is. 
ACETAMIDE  CJI,NO.  or  CHj.COXH 
(Hofmanu,  Ber.  15, 980;  Schulze,  J.  pr.  Chem. 
[2]  27,  512;  Keller,  J.  pr.  Chem.  [21  31,  364  ; 


ben/.riif  or  acrtoms  slowly  harden  dry  gelatin    .\8chan,  B4*r.  "il,  2344:  Kundit'.  Annalen,  Id.", 


liliuii  (Beckmaan  and  iicharfciibeiger,  Chem. 
Zratr.  1896,  ii.  990).   When  heated  in  a  dosed 

tube  with  glat  ial  acetic  acid,  the  eorri  sponding 


277;  Abel,  J.  »oo.  (  Ik  ni.  Ind.  1899,  61(>.j 
Aoetamide  is  usually  pn  jiarcd  by  the  dry 
distillation  of  aintmmium  acetate;  a  b<  tt<  r  yield 


aldehyde  is  ohtanied  (Beiistein,  Aunalcn,  112,  i  (91-7  p.c.)  and  a  purer  product  is  obtained  by 
239).    Aooordin^  to  Bachmann  (Annalen,  218,  I  distillmg  ammomnm  diaoetate  in  the  speei»l 

46)  the  .srrirs  of  acetals  can  Ix:  <le8cendc<l  by  a[)])aratus  described  by  Francois  (J.  Pnarrii. 
heating  any  member  of  the  group  with  an  |  Chim.  23,  230).  Between  135"  and  195**  atjetic 
aloohoT  containing  a  smaller  number  of  earbon  I  acid  and  water  are  evolved,  and  at  196^— 
atoniii  than  is  present  in  its  alcohol  resi<lue  ;  for  222°  some  acetamide  passes  t)\  (T.  When  the 
example,  diethylaoetal  and  methyl  alcohol  yield  >  temperature  remains  constant  at  222°  the  dia> 
dimetnylaoetal  and  ethyl  aloohol ;  but  the  I  tilfattion  is  stoppefl,  the  residue  being  pure 
reverse  change,  if  it  occurs  at  all,  results  in  the  jn  etaniide.  A  nearly  theoretical  yield  is  obtained 
production  of  verv  small  quantities  of  the  higher  ,  by  tiaturatiiw  a  mixture  of  ethyl  acetate  and 
acetal.    Del6pine'(('omj)t.  rend.  1901,  132,  331,  ...  .  . 

9(»8)  (inds,  however,  that  when  some  acetils  are 
boiled  with  any  alcohol  in  the  presence  of  a  few- 
drops  of  hydroohlorio  acid,  a  balanced  leaotion 
takes  ])laee.  Thus  ^^!lellI«■r  inetli\la!  is  heated 
w  ith  amyl  alcohol  or  diamyl  formal  with  methyl 
aloohol,  the  result  is  the  same,  the  producte  con- 
sisting  of  a  inixturt^  of  methylftl.  diamyl  formal, 
methyl  and  amyl  alcohols  and  the  mixed  acetal 
MeO^bHj'OCjH,,,  the  products  of  higher  mole- 
cular weight  prwloni mating.    Mixotl  aei*t«lH — 


ammonia  wira  diy  ammonia  gas  at  —  lOi",  smd 
after  st^inding,  fractionating  in  vaeud  {Fbetp«, 
Amor.  J.  Sci.  24. 429). 

Aoetamide  forma  white  hexagonal  crystaJs 

wliich  ari'  odourless   wlien  pure,  and  melt  at 

61**-tf2°  (Uufmaun,Bcr.  14,  2729 ;  Ma«on,  Chcni. 

Soo.  Trans.  1889,  107  ;  Mever,  Ber.  22,  24 ; 

Forster./'hem.  Soc.  Trans.  1898,  791;  Kicxil. 
,  Zeittfch.  anorg.  Chem.  15,  397),  boils  at  222" 
i  (cor.)  [Kiindig],  is  readflv  soluble  hi  water, 

and  when  heat«l  with  acnls  or  alkalis  is  con- 


that  is,  acetals  contaiuinu  two  different  alcohol  i  verted  into  acetio  acid  and  ammonia  (Coninck, 
reeiduee— dPMTibed  by  Bachmann  {I.e.),  con- i  (kimpt.  rend.  121,  893;  126,  907;  127,  1028; 
sist  of  mixtures  of  m»)l<cular  proportions  of  DunstAn  a.  Dymond,  Chcm.  Soc.  Trans.  1894, 
two  distinct  acotak  (Kiibcucamp,  Annalen,  225,  220;  Guebet,  Compt.  rend.  129,  61).  Chlorine, 
271 ;  Witseh  and  Siehumacher,  Annalen,  279.  '  led  into  fused  aoetamide,  yields  aeetehloramide 
308),  but  Del.'pint  {I.e.)  seems  to  have  obtained  ('Hj*C(.)NH('l ;  and  bromine,  in  the  prest  nce  of 
such  acetals  and  also  their  chloro-  derivatives,  i  dilute  aqueous  potash  or  soda  vields  acotbrum- 
Thelatterhave  also  been  obtained  by  Magna  mini  >  amide,  which  on  distillation  with  eoneentrated 
(Gasz.  chim.  ital.  16,  330).  aqueous  soda  is  converted  into  nie(h\ larnine 

The  following  acetals  have  been  prejMred  :    (Hofmann,  Ber.  15,  408);  Buohner  and  Papen- 


methylal,  which  w  an  excellent  solvent  for  man,>' 
organic  compounds  (Kane,  Annalen.  19,  176; 
Briihl,  Annalen.  203,  12);  ethylidene-diraethyl 
(Arlsberg  .1.  IStW,  485),  -dipropyl,  and  -ditM- 
butyl  ((Jirari!.  .1.  IssO,  695).  and  -dii.wamvl 


dieck,  Ker.  25,  1160;  Selivanoff,  B«r.  26,  423 
Fran<;yis,  Compt.  rend.  147.  680;   MS,  173; 
Behrend  a.  i:>ohreiber,  Annalen,  318,  371). 
Acetamide  acts  both  as  a  base  and  an  acid 

(Pinnorand  Klicn,  Ber.  10, 1896). combining  with 


ether  (ArlsberK,  J.  1864,  466) ;  propylideucdi-   hydrogen  chloride  or  nitric  acid,  and  forming 


i)rt)pyl  ether  (Sehudel.  Monatith.  5,  247);  <«>• 
butylid*  iitNliethyl  ether  (Oeconomides,  Bull. 
Hoc,  chim.  35,  500);  and  amylideno-dimethyl, 
-diethyl,  and  •<1ii»oamyl  ether  (Arlsberg,  I.e.). 
<  ;lycolae<'tal,  a  derivative  of  glycolaldehycle,  has 
also  been  prepanxi  (Pinner,  Ber.  6, 150 ;  Varley, 
(Item.  Zcntr.  1899,  ii.  919). 


compounds  in  which  a  metal  takes  the  place  of 
oncatomof  hvdmgen, as  C!-H  /VXHAg  (8t  i  k  r, 
Annalen.  103,  321 ;  Tafel  and  Knock,  Ber.  23, 
1550;  Blacher.  Ber.  28,  432;  Hofmann  and 
Bagge,  Ber.  41,  312;  Titherley,  Chem.  Soc. 
Trans.  1 897,  467 ).  According  to  Forster  (Chem. 
<  Soc.  Trans.  1898.  783).  mercury  aeetamide  is  a 


A  large  number  of  halogi'U  hIK  \ I  and  other  pnut-rful  dehydrogeni.siiig  agent  an<l  ow  ing  to  it.s 
acetal  coropoimds  have  l)eet)  pre|mre<l  (Fischer,  tendencv  to  exchange  ita  mereury  for  hydrogm 
Ber.  26.  464 ;  41.  2HW ;  42,  1070 ;  Fritj^ch  {I.e.) ;  when  the  latter  is  attached  to  nitrogen,  partico- 
WoHT.  Ber.  21,  1481  ;  Wohl.  Ber.  21,  616;  22,  larly  when  hydroxyl  groujw  are  m  pnixiraity. 
r>t>H,  )3.'»3;  Wohl  and  Lange,  Ber.  40,  4727;  it  oian  be  employed  as  a  convenient  means  ul 
Heller,  Lob,  Al(>xauder,  Ber.  27,  3097,  30f)3,  '  detecting  primary  and  secondary  hydrazines 
9102 ;  Fosse  nd  Etlinger,  Uompt.  rend.  130,  <  and  primary  hydroxylammeB.   It  has  also  a 
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imrkod  tendency  to  form  addHive  cuuipound^ 
<  Morgan,  Chcm.  Soc.  Vroc.  1906,  2:}).  1  lu- 
hydrogen  in  the  NH ,  group  h&a  also  been  rouiacod 
hy  alkyl  groups  (Titherloy,  Chcm.  Soc.  TnuiB. 
liM)l.  396,  411,413).  Acetamido  forms  molecular 
oompoonds  of  the  typ*  CH,*COXH,,X,  where 
X  s  an  Clonic  or  inorganic  acid  or  an  inor^nic 
salt  (Tithcrlrv,  I.e.  ;  Uopin,  Ann.  Chim.  Vhys. 
I7j  5,  99).  When  acetamido  ia  treated  with 
fbniMddehyde,  paraldehyde,  or  trioxyraethylene, 
condensation  product*  of  the  type  R  XH  CHjOH 
tre  obtained  ;  these  products  are  of  value  aa 
antiseptics  and  as  solvents  for  tiric  acid  (J.  Soo. 
<'hem.  Ind.  1906,  283).  Mono-,  di-,  and  tri- 
diiomoctamidc  (Willm,  Annalen,  102,  110; 
Geather,  J.  1864,  317  ;  Pinner  and  Fnchs,  Ber. 
10.  1066 ;  Malaguti,  Annalen,  56,  286 ;  C'loez, 
Aiualen.  60,  261  ;  Bauer,  Annalen,  229,  165 ; 
Dootson,  Chem.  Soc.  Trans.  1899,  171  ;  Swartz, 
<.licm.  Zentr.  1899.  [L]  588  ;  Clermont,  Corapt. 
nod.  133,  737).  firomo-dialkyl-acotamido  (J. 
Soe.  Chem.  Ind.  1904,  1238)  and  other  halogen 
derivatives  have  also  been  prepar^l  (Selivanoff, 
J.  Ru*8.  Phys.  Chem.  Soc.  24,  132 ;  Broche, 
J.  pr.  Chem.  [2],  50,  97 ;  Conrad,  Ber.  29,  1042 ; 
Zinkc  and  Kegel,  B»  r.  23,  230;  WilLstatter,  Ber. 
37,  1775 ;  Stcinkopf,  Ber.  41,  3571 ;  Swartz,  l.c. ; 
Franccsconi,  (Jazz.  chim.  ital.  33,  226  ;  Katz, 
M  niU-h.  1904,  25,  687;  Einhorn,  Annalen, 
W3,203;  Finger,  J.  pr.  Chem.  1906,  [ii.]  74, 163). 

The  acetamido  3-naphthaquinone8  and  some 
of  their  halt^cn  derivatives  which  may  be  used  in 
dyeing  (Kchrmann  and  Zimmerii,  Matis,  and 
liDckcr,  Ber.  31,2405;  Kchrmann  and  Aebi,  Ber. 
32,  932 ;  Kchrmann  and  Wolff,  Ber.  33,  1638) 
and  other  acetamido  derivatives  have  been  pre- 
paretl  (J.  Soc,  Chem.  Ind.  1894,  60 ;  Lumi^rc, 
Bull.  Soc.  chim.  1903.  iii.  30, 966;  Katz,  Monatah. 
26,  1487  ;  Miolati,  Gazz.  chim.  itol.  23,  190). 

Diacetamide  C^H^NU,,  or  NH(C,H,0)j  aud 
its  derivatives  Gautier,  Z.    1869,  127; 

Hofmann,  Ber.  14,  2731;  Hentschcl,  Ber.  23, 
2394  ;  Curtiu«,  Ber.  23.  3037 ;  Mathews,  Aroer. 
Cliem.  J.  20,  648 ;  Konig,  J.  pr.  Chem.  1904,  [ii.] 
69,  1 ;  Trocger,  J.  pr.  ( 'hem.  69,  347 ;  Triacet- 
amide  C,H,NO„  or  N(C,H,0),  and  its  deriva- 
tive<       W  irhclhaus,  Ber.  3,  S47). 

ACETANILIDE  C.Hj-NHCOCH,,  also 
known  aa  Antifebrin,  is  prepared  by  heating 
together  glaeku  abetio  aokl  and  aniline  for  Mme 
tine. 

By  subHtitutiiig  thioacotic  acid  for  acetic  acid 
the  reaefcinn  pruc)-<-(lHi  more  rapidly  and  at  a 
lower  temperature  (Pawlewski,  Ber.  1898,  6»»1).  | 
Aoetaniiide  nia\  also  be  prepared  by  heating  , 
1  {Mwt  of  aniline  witli  1}  parte  of  dilute  aoetio  ' 
acid  or  of  crude  pyroligneous  acid  under  pressure 
at  150*-160°  (Mlatheson  &  Co.,  Eng.  Pat.  6220 
and  D.  R.  P.  wmO;  J.  Soc  Chem.  Ind.  1897, 
5^9).  I 

Thr  substance  meltd  at  (  K<- insert,  Ber.  i 

lS!Ni.  224M),  at  115"*-116*  (Hantzw  h  and  FkMBe,  ; 
Ber.  ls!>K  252!'),  and  hoils  witluuit  <l«'Coni]K>si- 
tion  at  303  S''  (corr.)  (Tictet  and  CrCpicux,  licr.  i 
1888»  1111),  at  305*  (corr.)  (Perkin,  CJhem.  Soo.  I 
Tnn<«.         1216);  it  IB  aolable  in  hot  water, 
alcohol,  or  t  tlu  r.  I 

Acctanilide  is  hydnilyned  at  100*  by  caustic  i 
pot«;-h  or  hy  hydrorlilorif  arid,  but  not  hy  ' 
suJphurit;  acid  lllantxach  and  i''re«se.  Ber.  1894,  I 
2629) ;  it  is  rapidly  decomposed  by  chromic  j 
Mid,  libeiating  carbon  dioxide,  and  producing  | 


j  colouring  matters  fDe  Cbnmck,  Conipt.  rend. 

1S!M»,  rm).  It  r.  a(  ts  with  zinc  chloride  at  IHO* 
;  with  the  iormatiua  oX  the  yellow  dye  flavanilint 
I  (Biautigam.  Pharm.  Zeit.  44,  75). 

Acc'tanilidi'  iis  [>re«ent  in  the  urine  of  cows 
.  (Petermann,  Ann.  Chim.  anal.  1901,  165).  It  is 
largely  used  in  headache  powdere.  For  methods 
of  estimation  v.  Puckner,  Ph.  Rev.  1905, 
302,  and  Seidell,  Amer.  Chem.  J.  1907,  1091. 
The  following  reactions  may  bo  used  for 
detecting  its  presence:  (1)  bromine  water 
added  to  a  solution  of  aoetaniiide  in  acetic  acid 
gives  a  white  crystalline  precipitate  of  />-bfom« 
acctanilide,  m.p.  167*;  (2)  evaporation  of  a 
solution  to  drv  iitss  « ith  mercurous  nitrate  gives 
a  green  mass,  clianging  to  blood  red  on  addition 
of  a  dp)j)  of  concentrated  sulphuric  acid  ;  (3) 
ferric  chloride  gives  no  blood-re<l  colouration 
with  aoetaniiide,  thus  distinguishing  it  from 
phenacetin  and  antipyrine. 

Derivatives. — CUoracetauUidcs  (Jones  and 
Orton,  Chcm.  Soo.  Trans.  1909.  1056) ;  Mitn». 
acctanilides  (Hollemaa  and  Sluiter,  Bee.  tray, 
chim.  1906,  208). 

ACETIC  ACU}«  Acidc  AWtique.  Essigsaurc. 
And  urn  Antiemn.  CMfi^  ».&  CHvCOOU,  or 
CjHjOOH. 

Acetic  acid  occurs  in  naturr;  in  the  juices  of 
many  plants,  especially  trees,  either  as  free  acid 
or,  generally,  as  the  calcium  or  )K»tasHium  salt ; 
and,  in  the  form  of  or;^anic  acetates,  in  the  oils 
from  many  scwls.  It  is  stated  to  be  present  in 
larger  quantities  when  the  plants  are  kept  from 
the  light.  It  exists  in  certain  animal  fluids  ; 
B^champ  states  it  to  bo  a  normal  con*4tituent 
of  milk.  Graelin  and  Geigor  have  found  it  in 
mineral  waters,  doubtless  from  the  decomposition 
of  Ofganio  matter. 

Beinp  a  vcrj'  stable  body  both  at  the  ordinary 
aud  at  hifAi  temperatures,  it  is  found  as  a  pro- 
duct  of  tno  decomposition  or  destructive  diis- 
tillation  of  many  organic  substances.  Acetic 
acid  was  first  shown  by  Lavoisier  to  be  formeti 
by  the  ozidatiou  of  alcohol.  Its  true  composi- 
tion was  ascertained  by  Berzelius  in  1814,  and 
Dobereiner  in  1822  provetl  that  it  was  forme<l, 
totxfthcr  with  water,  by  the  oxidation  of  alcohol, 
u  ithuui  the  formation  of  carbonic  acid  as  had 
been  previously  supposed. 

Jhreparation. — Aoetio  acid  is  pro<luced  by  tho 
oxifktinn,  flocomposition,  and  destructive  dis- 
tillation of  many  organic  boilies.  Tho  greater 
part  of  that  used  in  commerce  is  obtained  by 
the  clestructive  distillation  of  wt)o<l. 

Alcohol  may  bo  converteil  into  acetic  acid 
by  jwwerful  oxidising  agents,  such  as  chrtmiic 
acid,  nitric  acid,  &c.  Advantage  may  be  taki-n 
of  the  fact  that  spongy  jUatinum  or  platinum 
black  has  the  property  of  absorbing  oxygen,  and 
thus  acting  as  a  powerful  oxidising  agent.  If 
spongy  platinum  be  plactnl  over  a  vessel  of 
alcohol  with  free  access  of  air,  the  platinum 
alisoiVM  at  the  !«ame  time  tho  oxygen  and  tho 
ah-uhol  vap«mr,  which  combine  and  produce 
acetic  acid  and  water : — 

CH3CH,()H-1-0,=CH,('(K)H+0H,. 

Alo'hol.  Awtic  •ciil. 

In  a<ldition  to  acetic  acid,  aldehyde  (acetic 
aldehyde)  is  pro<lucetl,  which  is  interme<liAti» 
in  composition  l>ct\\ecn  alcohol  and  nt-ctio 
acid.    It  is  formed  by  the  w^^^gli^^  Sj^e^OOgl 
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atom^  (>r  liydropon  from  the  alcohol  H'ithout 
their  replfK  C  Mifnt  by  an  atom  of  oxygen  : — 


CH,  CH,0H4-0=CH,-CH0+H,0. 
Aloobol.  Ald«b7i]«. 

In  preaenoe  of  exeess  of  oxvgon  aldehyde 
fornr*  atdir  acid.  Aldehvde  i«  a  very  volatile 
Ii<iuid,  and  u  liable  to  be  iocit  Ix-fore  it«  conver- 
sion into  acetie  acM  ;  it  is  therefore  nece*«ary  in 

cases  when*  acetic  acid  in  produood  by  "  the 
oxidation  of  alcohol  to  allow  free  accetw  of  air. 

This  method  prodnces  a  very  pure  acet  ic 
arid,  but  on  account  of  the  initial  cost  of  the 

J»latinum  (which,  however,  is  not  in  any  way  in 
uied  by  use)  it  iinot  used  on  the  manufacturing 
scale.  ^ 
Patents  have  been  taken  out  in  England  f<ir 
the  aoetifioation  of  alooholio  liquors  bv  ozone 
and  by  nascent  oxygen  and  also  for  the  manufac- 
ture of  acetic  acid  from  alkali  acetates  by 
deotrolysi8(PIater-8yberK,  Eng.  Pat.  1898,  233). 
A  French  patrtit  (3fiu.  24!»,  1905)  describes  the 
preparation  of  acetic  acid  from  ar^etylono. 
Acetylene  is  passed  into  a  soUitfon  of  a  lu.nuai 
mercurir  .salt  uliich  precipitates  mercury  acetv- 
lide.  The  liouid  is  then  boiled,  when  aldehyde 
is  formed  and  the  mercuric  salt  reformed.  The 
aldehyde  is  then  oxidised  to  acetic  aoid. 

Several  kinds  of  ferments  are  capable  of 
eonverting   fermented  alcoholic  liquors  into 
nrrtio  a(  i.l.    Tlic  tuu  chief  are  the  Mijcodernut 
actli  of  Pasteur,  also  known  as  Mycoderma  vini, 
*  mother  of  vinegar  '  and  •  the  vinegar  plant,* 
and  the  Bacterium  xijlinum  o/BrowTi.    Buchner  j 
and  Meiasenheimer  have  shoM-n  that  the  fer- 
mentation is  due  to  enrv  mes  in  the  plant-cell. 
Tljcy  arr  white  gelatinous  nitrogenous  plants,  1 
requiring  for    their  healthy  growth  proteid 
substances  and  mmers!  salts,  which  are  always 
present  in  wines  and  other  alcohoUo  liquids,  i 
In  the  absence  of  this  food  they  have  no  action 
on  pure  alcohol,  but  Pfcsteur'has  shown  that 
pure  alcohol,  t.     lr<h  alkaline  phosphate  and 
ammonium  phosphate  have  been  add(  rf .  is  slowlv 
acetified  hy  this  ferment,  the  ammonia  ^upplv- 
ing  thr  nitrok^'cii.  ^'^  • 

The  concentrated  or  glacial  acid  is  usually 
prenarwl  by  the  distillation  of  a  drv  aceute 
with  an  equivalent  quantity  of  strong  sulphuric 
acid,  or  acid  potassium  or  so<liura  sulphate. 

Sodium  acetate  ia  generally  used.  Tlie 
anhydrous  salt  r-  fiis(  <l  on  sheet -iron  pans,  8 feet 
by  4  feet,  care  being  taken  that  no  sparks  reach 
the  dried  salt,  as  it  would  then  ignite  and  burn 
like  tinilrr.  Tho  marn  is  cooled,  broken  into 
suiall  lumps,  and  distUlwl  with  cr.TKrnlratrd 
sulphuric  acid.  The  first  portion  dihlillaiL'  <  on- 
tarns  thr  wnU  r.  thr  Ijii. t  |K>rtion  iscollecte<i  an. I 
cooled  ;  when  crysUlshave  formed  the  still  liquitl 
portion  ia  temovod.  the  crystals  arc  molted  and 
r  iisfillod  as  before,  producing  the  shtetal 
acid. 

When  a  solution  of  calcium  chloride  i*;  mixed 
^M1h  n  '.•f.lulinn  ,,f  calc  ium  acetate,  crvstals  of 

c«lcnimaceto-chloride(.aC',H,()/l,r)H  j>.-ra(lti 
ally  sepamt*.  These  cr>'Rtals  may  be  prmiuee.1 
I'l  (  <.iM|.arative  purity  even  vii.  i,  impure  hrotni 
acetate  of  Ume  is  used.  To  of,tam  m.  .  tic  acid 
ordmary  commercial  or  '  distilled  '  airtate  of 
Jime  1.^  inixc.l  will,  the  proper  proportfon  of  cal- 
cmm  chloride,  and  the  solution  i?  concentratofl  hy 
evaporation  until  it  crysullises;  the  mother 


I  liquor  is  poured  from  the  crvstals  and  oonoen- 

tmtrd  with  the  jinxliu  tion  of  a  second  <  rop  of 
crystals  ;  this  is  repeated  until  about  four  cropa 
have  been  produoed.   The  crystals  ate  dissolved 
In  water,  filtered  ttirough  animal  charcoal,  mixed 
with  about  10  p.c.  of  calcium  chloride,  and 
recryatallised,  Tho  ctystals  ate  distUhd  with 
a  niLvture  of  1  pari  sulphuric  acid  of  sp.gr. 
1-84  and  2  parts  water,  and  the  acetic  acid 
concentrated  in  the  usual  way.   The  glacial 
acid  may  also  be  prepared  by  the  ilist illation 
of  di-  or  acid-acetate  of  potash,  which,  when 
heated,  decomposes  into  aoetie  acid  and  the 
normal  accfatc  of  jKitasli.    Jf  onlinarv  acetic 
acid  be  heated  w  ith  normal  potassium  acetate, 
the  acid  acetate  is  formed,  and  a  weaker  aoM  at 
i\r>\  <listil.s  over  ;    as  the  Icmpcrature  rises,  the 
^  diacetate  begins  to  decompose,  and  the  distil* 
\  late  incrsaaes  in  stren^h  untU  the  gheial  acid 
passes  over.     When  the  tciDpersturc  naches 
300"  the  distillate  becomes  coloured  from  the 
deoompoeitum  of  the  acid  (Mdaens,  Annalen,  52. 
274  :  Compt.  rend.  10.  fU  1). 

Scott  and  Heudersoa  (Eng.  Pat.  1896,  «711) 
purify  the  crude  aoetateaby  boiling  w  ith  sodium 
hyp(X?hloritr  until  fhc  colour  is  ncarlv  gone. 
The  solution  is  then  cooled  and  allowed  to  settle. 
The  clear  1  iquid  la  decanted  and  erystallised.  The 
crystals  arc  of  great  purit\  .  Scott  (Eng.  Pat. 
1897,  12952)  has  patented  a  process  which 
dispenses  with  lime  m  the  manunoture  of  ac^tte 
acid,  fic  (listib  the  cnidc  acid  at  100°,  and 
fractionally  conden^  the  vapours.  The  acid 
I  ooDecta  mainly  in  the  first  portions. 

Crude  acctafcs  may  decompo.se<l  with 
Hji>l),  or  HCl,  and  the  acetic  ackl  distilled  in 
i  vacuo  (Thompson.  J.  So«.  Chem.  Ind.  1896, 357) ; 
or  crude  acetic  acid  may  l>c  trcat«'d  with  oxygen 
under  presaure,  liltcrtxl  through  charcoal' and 
I  distilled  over  pure  sodium  acetate  (Schmidt, 
Enp.  Pjit.  isofj,  i'lfid 

Uochstctter  (J.  &oc.  Chem.  lud.  1902,  1469) 
prepares  pure  aeetle  acid  bv  heating  pure  sotlium 
acetate  with  <lry  TK'l  at  120". 

•Aromatic  vinegar'  may  be  prepared  by 
distilling  crystatliaed  diacetate  of  copper  (dis- 
tilled vcnliyri-).  The  aceUte  is  dried  at 
and  healed  in  earthen  ware  retorts,  when  the 
glacial  aoid  distila  over.  The  verdigris  produces 
about  half  it«  weight  of  the  acid.  The  pleasant 
odour  of  aromatic  vinegar  is  iaraely  due  to 
acetone,  which  is  always  pnMluced  when  acetates 
of  hcaw  metals  arc  tiisiillctl,  but  camphor  and 
essential  oils  arc  frequently  added  to  incnsaao 
or  mmlify  the  smell. 

Accficai  id  Tor  pharmaceutical  and  medleina] 
purpo.se«  should  not  decolourise  a  solutiftn  of 
potassium  permanganate.  To  remove  ( he  organic 
matter  whlcYi  would  have  that  effect,  the  acid 
IS  distilled  with  potassium  permanganate  or 
dichromate. 

P roprrl {ex.— Thv  strongest  aciil  solklifics  at 
lO-i"  iu  tabular  or  prismatic  glistening  ers  stals. 
The  fffaieial  acid  may  be  cooled  to  -  10*"  w  ith- 
ont  soli  tilicjif  iuii.  <  von  when  agitAte<t.  but  on 
the  addition  of  a  crystal  of  the  atrid  the  whole 
solidifies  and  the  temperature  rises  to  16-7*. 

T}  spi  rifle  gravity  of  (he  erystals  at  15* /4* 
IS  i  (>«iU7  (Mcndeleeff.tl.  18r,(i.  7  k  *  Thcv  mrlt  to  a 
mobile  colourless  liquid  of  si  -.^r.  1  0543  at  IH*  4* 
(IVtter^on.  .T  |,r  Chem.  [2]  24,  .301),  1  0495  at 
2074°  (Briilil)  which  boik  at  1  Ifiijjfty gj^  ©^fogle 
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iPrrkin)  The  liquitl  is  tminflammahlr,  l  ut  the 
\  apour  bums  with  a  blue  tlamu  producing  water 
and  carbonio  Mid.  When  pawed  througba  red- 
hot  tulK'  only  a  nmnW  portion  is  decomposed, 
pnniiu mj:  carbon,  acetone,  benzene,  &c.  The 
ntp^n^acid  blackens  when  hentod  mth  ooaoen- 
tr»t«d  sulphuric  acid,  evolving  salphuroiu  and 
carbonic  aabvdridf^ 

NHrierad  iduomio  adds  1i*t«bo  in  >n  ;  for 
thix  reason  acetic  acid  i<<  frequently  utunl  as  a 
solvent  for  organic  substaaces  such  as  hydro- 
earilNms,  which  arc  to  be  subjected  to  the  action 
of  rJifiM.K  rtiiil.  r'hlorine  under  the  influence 
of  feiiulij  M  Tv\>l&ce^  a  portion  of  tht;  hyiirugen, 
andprtxiur*  :*  mono-,  di-  And  trichloracetic  acids. 
Similariy,  bromine  pr»>dnces  diftrotnnrrtie  acid. 
On  the  addition  of  water  to  the  glacial  acid  heat 


is  evolved  and  the  ilensitv  increases  until  20 
p.c.  of  water  is  present ;  from  this  strength  to 
23  p.c.  of  water  the  density  remains  stationarv . 
Further  dilution  lowers  the  density,  so  that 
either  dilution  or  concentration  from  this  point 
will  produce  an  acid  of  diminished  density. 
An  acid  contHinins:  only  43  p.c.  of  acid  has  the 
same  density  as  the  glacial  acid.  Thi««,  together 
with  the  slight  difference  between  the  density  of 
acetic  acid  and  water,  renders  it  impossible  to 
determine,  w  ith  any  precision,  the  percentage  of 
acid  by  means  of  the  nydrometer. 

No  dt  finite  hydrates  of  acetic  acid  are  know  n 
(De  Ann.*  Chim.  Phys.  [7J  1«,  275 ;  ('oUcs. 

Chein.  S(H  .  Trans.  1906,  1247). 

The  following  tal)I«-  shows  the  density  of 
aqueous  acetic  acid  at  15°  and  20** : — 


DnmiTY  OF  Aqvbous  Acsno  Acid  (Ovbbmavs). 
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Tlie  addition  of  a  Kniall  (jimntitv  of  water 
lowera  the  melting-point  of  the  glacial  acid 
ooimdeimbljr,  »s  shown  bv  the  annexeil  table 
ip^ ^10)  DshoH  (Ann.  dhim.  Phys.  [7]  18, 

AeHie  seid  is  inonob«6ic.  bat  forms  both  acid 
and  }>A-'ic.  an  well  as  normal  salts.  It  dissolves 
certain  metallic  oxides,  as  those  of  lead  and 
Mpper,  forming  basic  scetfttes. 

It  hsss  pungmt  sonr  tMte,  and  when  strong 


blisters  the  skin.  The  glacial  acid  has  no 
action  on  litmus,  but  on  a<ldition  of  water 
becomes  powerfully  acid.  It  is  not  affected  by 
the  electric  current,  probably  beeauKt-  a  Itad 
conductor,  but  when  a  little  sulphuric  acid  ia 
addeil  the  current  tlecomposes  it,  producing,  ac- 
conling  to  Renanl  (.\nn.  (  him.  Phys.  [5]  16, 289). 
carbon  dioxide,  carbon  monoxide  siid  oxygen. 
Alkaline  acetates  when  electrolysed  «re  decom- 
posed into  hydrogen  and  ftlksUne  hyflfefjtiidiAiflCoogle 
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appear  at  the  negative  jtolc,  Aud  ethane  aud 
carbon  dwxide  »t  (he  pOBitive  pole. 
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Acetic  acid  miw^  with  alcohol  and  ether 
in  all  proportions.  It  dissolves  rosins,  gelatin, 
fibrin,  albumen,  eesential  oil3»  &c.  Phosphorus 
.iMi)  sulphur  are  eoraewliat  eoluble  in  the  wnnn 
acid. 

Aoetie  acid  is  largely  used  in  the  preparation 
of  the  acetates  of  copper,  aluminium,  iron,  Itmi, 
Ac. ;  as  pyrol^eous  aciti  in  calico  printing  ;  in 
the  i'rrj)antion  of  varnishes  sntl  colouring 
matters  ;  in  the  laboratory  and  certain  industries 
as  a  solvent;  fordomeetiouse;  in  photography ; 
and  in  roediotne  aa  a  local  irritant  and  to  allay 
fever,  and  in  the  form  of  smelling  salts. 

Amilysut. — Commercial  glacial  add  should 
contain  at  least  97  p.c.  of  absolute  acid.  If  9 
volumcH  oil  of  turpentine  bo  agitatoil  with  1 
volume  of  aokl,  no  turbidity  will  be  produced  if 
the  acid  contain  97  p.o.  or  upward**.  Acid  of 
iK>".";  }).»■.  i>rn(lijr(i«  no  turbidity  with  any  propor- 
tioo  of  turi)eutiae  (Baidy,  Chcm.  News,  40,  78). 

A  very  delicate  teat  for  the  presence  of  water 
is  to  mix  the  aci<I  ^\iih  an  equal  bulk  of  car- 
bon disulphide  in  a  dry  tube,  and  warm  with 
the  hand  for  a  few  minutes  ;  in  presence  of  a 
trace  of  water  the  liquid  becomes  turbid. 

The  commercial  acid  may  contain  sul- 
phurio  acid,  sulphatej,  sulphurous  acid,  hydro- 
chloric Hciil,  chlorides,  arsenic  (<lerivod  from 
sulphuric  acid),  and  copper,  lead,  zinc,  and  tin 
derived  from  the  vessels  used  in  the  manu- 
fact  lire. 

The  presence  of  sulphuric  acid  or  sulphates 
is  shown  by  the  production  of  a  white  precipi- 
tat<i  with  biirium  chloride.  To  the  filtered  so- 
lution  bromine  or  chlorine  water  is  added,  pro- 
ducing, if  sulphurous  acid  be  present,  a  further 
l«r<  ( ipit.itf  i)f  barium  sulphate.  Hvdrocldorie 
acid  and  chlorides  axe  detected  and  estimated 
with  silver  nitrate. 

In  testing  for  metals  a  con8idera))k  bulk 
of  the  acid  should  be  evaporated ;  a  tew  drops 
of  hydrochloric  acid  arc  added,  and  a  current 
of  sulphuretteii  hydrogen  passed  through  the 
liquid  :  a  black  or  brown  colouration  or  pre- 
cipitate indicates  lead  or  copper.  Copper  may 
niKo  be  dctecti^l  in  the  evaporated  liquid  by  the 
brown  precipitate  produced  on  the  addition  of 
potassium  fcrrooyonide,  and  estimated  by  elec- 
tro-deposition. To  tejt  for  zinc,  (he  solution, 
after  the  passage  of  sulphuretted  hytlrogen,  is 
filtered,  nearly  neutralised  with  ammouia.  and 
sodium  acetate  added,  when  sine  will  be  pre> 


cipitated  as  .white  sulphide.  For  arsenic 
Reinsoh's  or  the  deetrolytio  test  may  bo  used. 

Small  quantities  of  acetic  acid  ina^-  he  recog- 
nised by  neutralising  with  caustic  potash,  adding 
arsenious  oxide,  evaporating;  to  dr>'neMs,  snd 
heating,  when  tlie  d&anetenstio  smell  of  OMO* 
dyl  is  evolved. 

To  determine  the  free  aoetie  acid  in  a  soln- 
t  ion  it  is  usual  to  t  it  r«  le  a  weighed  quantity  with 
caustic  soda  standardised  with  aoetie  acid  of 
known  strength,  or  of  acid  potassium  tartrate 
(Stillwell  anirtdaddinfi). 

As  indicator  litmus  may  be  used,  but  as  it  is 
rendered  blue  by  the  normal  sodinm  acetate,  it 
is  preferable  to  use  phenol-phthaleVn.  to  which 
that  substance  is  neutral ;  this  is  also  more 
sensitive,  and,  where  coloured,  the  li<;^uid  may 
be  considerably  dilutc<l  ^vithout  impairing  the 
delicacy  of  the  reaction. 

To  estimate  small  percentages  of  water  in 
acetic  acid,  the  solidifying-point  may  be  deter- 
mined and  the  percentage  found  by  the  table 
before  given. 

For  the  separation  and  estimation  of  formic, 
acetic,  propionic,  and  butyric  acids  sec  Zcil. 
Anal.  Chcm.  1899,  38,  217.  Chapman  (Analyst, 
1899,  24,  1 14)  describes  a  method  for  theestiiDS* 
tion  of  toovaleric  acid  in  acetic  acid. 

The  acetic  acid  in  acetates  may  be  deter- 
mined by  distilling  about  1  gram  of  the  salt 
nearly'  to  dryness  w  ith  10  e.c.  of  a  40  p.c.  solu* 
tion  of  phosphoric  acid  (free  from  nitric  and 
other  volatile  acidic) ;  \\at«T  is  added  and  the 
distillation  repeated  to  remove  the  last  traces  of 
acetic  acid  ;  the  distillates  are  mixed  and  titrated 
as  above  with  standanl  alkali  This  method  of 
distillation  may  also  be  used  for  highly  coloure<l 
solutions  of  acetic  acid  where  direct  titration  is 
inadnuasible. 

Fnpitlloii  of  VbMgar. 

In  all  prooesscH  fur  the  uiaiinfactiiri  i  if  \  inc^  ir 
advantage  is  taken  of  the  oxidising  action  of  the 
vinegar  fungus  already  deeoribed  ;  the  80urin)r<»f 
wines  and  other  alcoholic  liqinds  is  due  to  llii- 
organism,  the  germs  of  which  arc  always  |>rcsent 
in  the  air,  and  are  deposited  and  grow  in  any 
suitable  medium. 

The  action  ia  more  rapid  whm  the  liquid  is 
rich  in  vegetable  matter  and  poor  in  alcohol, 
and  when  the  surface  exposed  to  the  air  is  large. 
The  preccntage  of  alcohol  should  not,  however, 
be  too  low ;  the  acetous  fermentatioB  proceeds 
but  8lowly  in  a  liquid  oontaining  lees  than  3  p.e. 
alcohol. 

Wine  vinegar.  (Fr.  Viiwufre  ;  Civr.Wan^Miy.) 
In  the  wine  district  of  Orlenns.  wines  which 
ha\  (;  become  sour  are  generally  used  for  the 
preparation  of  vinegar.  For  this  purpose  fnll- 
bodied  wines  are  preferred.  If  tney  «<>iilain 
above  10  p.c.  alcohol  they  are  suitably  diluted 
with  weaker  wines.  The  wine,  before  being  for- 
ment<Hl,  is  usually  left  for  sonu-  time  in  contact 
M  ith  be<>cli  shavings,  on  which  the  lees  are  de- 
posited, rendering  the  wine  brighter.  A  certain 
amount  »»f  extractive  matter  is,  howf  \  rr.  n<-<  »•,<- 
nary  for  the  prosier  growth  of  the  plant,  and  if 
the'  M  ine  be  old  and  the  matter  deposited,  the 
fermentation  in  much  retarded.  Wine  one  year 
old  is  preferrc<l. 

The  *  Vinaigrerie '  is  usually  a  building  of 
southern  aspect;   the  roonaigAiie<Ml}i£o€^e 
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procesR  18 conduct o<l  arc  Iou-rr»ofoH,  ar<l  thf  wnlls 
are  prorkied  with  openings  for  the  atimisiiion  ol 
•tr,  which  can  be  closed  when  the  (empeftttaro 
i»  not  piufTic  ii-ntl\  hieh. 

A  nuoiber  o(  ca«kd  of  well-ncasoned  oak, 
bound  with  iion  hoops,  each  hokiiit^  from  50  to 
100  gallons  arc  Kupp>orted  on  their  8ide»  in  tows 
aboat  18  inches  from  the  floor,  one  set  being 
fnqiMntlj  placed  above  another,  in  which  oaso 
thow"  ne<ire»t  the  roof  are  found  to  work  mo«t 
r»i^ndiy.  Kach  cask  is  bonsd  with  tv*o  holes  in 
the  front  end,  a  larger  one,  the  *  eye,*  fot  the 
addition  of  win*'  or  the  n  nioval  of  villie||^?«  and 
a  smiill  out*  for  the  admiwiion  of  air. 

When  Hint  uaed  the  ceaks  «re  thoroughly 
acakied  with  boilinjz  wnater  to  remove  extractive 
matter,  oue-thuxl  tiilixl  with  boiling  strong  vino- 
gar,  and  allowed  to  stand  for  e^ht  days  ;  from 
that  time  winf  is  add*-*!  in  charges  of  about  10 
piotji  every  eight  dav<i  until  not  more  than  two-  | 
thoda  full ;  aner  a  KuHicr  intcnr*!  of  14  days  a 
portbn.  var^  inc  from  10  gallons  to  half  the 
total  bulk,  Li  draw  u  off  and  theperiodical  addi- 
tion of  the  wine  continued.    The  t<'nipt'rature 
<»f  tlu-  chiitnbfT.s'  ghtMiM  be  about  '2')°,  and  is 
kept  up   when  necetiiiary   with  a  stove.  In 
order  to  ascertain  if  the  fermentation  is  com- 
pleted at  the  end  of  the  usual  time,  the  work- 
man phinges  a  white  spatula  into  the  liquid : 
if  a  reddish  froth  ftdheieg,  more  wine  is  added 
and  the  temperaturo  raised  ;   a  white  froth  I 
indicates  the  completion  of  the  process.    More  , 
than  eight  da3'H  is  sometimes  required  to  com-  | 
plet^  the  oxiflation,  in  which  cnsc  Ktn)ngf'r  wine 
and  »  higher  tt-mneraturc  may  be  usit;d.  The 
liluggishness  may,  howoTW*  be  due  to  the  casks 
hecuraing  foul,  which  occurs  usually  after  aixiut  \ 
isii  ^  ear*  working.    The  deposit  of  argol,  yeast , 
sediment,  <.\:e.,  i:^  thoroughly  rcmovc<l,  the  ee^oi  | 
clean«>d  ami  recharged  with  hot  vinegar  as  in 
the  case  of  new  casks.    Good  casks  will  oiten 
list  tirsDty-tive  years. 

When  Working  .sjitisfactorily  each  cask  will 
produce  about  twice  itA  capacity  of  vinegar  an- 
nnsUy. 

Befon»  storinL'.  the  vinegar  is  usually  passed  I 
through  the  '  rajx-ti '  where  it  is  '  brightenetl  '  ' 
sad  the  aceiification  oomplete<l. 

In  other  part;;  of  France  and  in  Holland  and  . 
on  the  Rhine  the  fulluwiiig  method  is  used.  I 
The  wine  is  placed  in  two  large  upright  tuns  | 
about  ft  feet  high  and  4  foot  wide,  open  to  the 
air.    I-^eh  tun  ha.-i  a  J>erforatt^d  falsi'  hottom 
about  12  inches  above  the  true  bottom  ;  on  thisis  I 
piacoda  quantity  of  vine  CDttiiigs.  stalks,  Ac, so 
M  to  expi^ac  a  large  (surface  for  the  formation  of 
the  fungus.   One  of  the  vats  is  half,  and  the  other  ; 
coropkt<ly.  fllle«l.    The  aeetifieation  procresses 
more  rapidly  in  the  former  ;  this,  after  twenty- 
four  hours,  is  filled  from  the  full  cask,  in  which  ■ 
'hf  ;iction  then  incrra^f"     Thin  .alternate  trans- 
imiicc  u  eoutinucd  duii\  until  the  aeetifieation  i 
n  eomplcte.    The  most  favourable  temperatun^ 
H  a!*,  lilt  24**.    The  vinegar  is  run  off  into  rusks 
"fitainine  chips  of  birch  wood  on  which  the 
i'<s  rM  ttIc,  aud  in  about  fourteen  days  being 
ikm  claritied  is  stored  in  close  casks  for  the 
market-. 

Halt  vinegar.    Malzgetreide  Biere/fsig.    Aee^  \ 
tfun  BrilnnH>cuui.    'Yh'v-  is  prepared  from  an 
iofusion  of  malt  which  htm  tint  bccu  fcrmcutod  i 
to  tRodooe  aloohoL  Six  baahels  of  crushed  malt  < 


nre  <  xtr!\ctod  three  times  with  water,  in  a  eireidar 
mash  t  un  supplied  with  a  ceutrjil  ttlirrer,  the  liiBt 
extraction  with  water  at  72°,  the  second  at  a 
higher  temperature,  and  the  thirtl  with  boiling 
water.  The  extracts,  which  t^igether  nhouid  not 
exceed  100  gallons,  aro  pa8.Hed  int<j  a  large  cast- 
iron  tank  24  feet  hy  8  feet,  cocdeil  by  refrigerators 
to  24",  poured  into  a  large  circular  vessel, 
mixed  with  3  or  4  gallons  of  good  yeast  and 
fermented  briskly  for  about  forty  hours.  The 
extract  in  tiltered,  and,  where  intended  for  the 
manufacture  of  the  best  keeping  vinegar,  is 
stored  in  easks  for  some  months,  whereby  the 
extractive  malterrt  whith  would  induce  putrefac- 
tion are  tleposited. 

This  *  wash  '  ny\\  be  treated  i>y  th<'  '  (juick 
vinegar  pruccj^H '  or  acetitiud  in  large  casks 
lyitig  on  their  sides  in  a  room  at  a  temperature 
of  jujout  24°.  'i'he  bung-holes  of  the  cnt^k*? 
are  open,  and  at  each  end  near  the  top  an  open- 
ing is  made  for  the  eiroulation  tA  air.  when 
condut  t«tl  in  the  open  air  the  process  is  known 
as  '  heiduig  ' ;  from  eight  to  twenty  rows  of  cajskii 
constitute  a  vinegar  field.  The  operation  is  oom- 
menced  in  the  spring  and  completed  in  about 
three  months. 

The  fermenting  casks  arc  frequently  worked 
in  piirM  :  one  hemg  completely  and  the  other 
three  part«  Idled,  aeeLilicaliun  j)rogrc88es  more 
rapidly  in  the  latter ;  every  day  a  ]>ortion  is 
transferred  thereto  from  the  full  cask,  being  re- 
placed b^  an  equal  amount  of  the  more  fer- 
mented liquid,  until  completed. 

Bcforf'  storing,  it  is  necessary  to  filter  the 
vinegar  from  the  extractive  matter.  The  filter- 
ing vessel,  '  rape  '  or  '  fining  tun,'  is  a  large 
cajsk,  ustinlly  wider  at  the  base  than  at  the  top, 
httcd  Willi  a  false  bottom,  above  which  it  is 
filled  with  spent  tanner's  wood,  wood  shavings, 
or.  which  is  far  preft  rable,  with  '  rapes,*  the 
pres8e<i  cake  of  residue  from  the  Britiuh  wine 
manofaoture,  consisting  of  the  stalks  and  skins 
of  grapes  and  n\isins.  Through  this  the  vinegar 
Is  poured,  uscapmg  through  a  tap  beneath  the 
false  bottom  into  a  tank  from  which  it  Ls  i 
tinuourily  pumped  to  the  top  of  the  vessel  and 
again  jtasscMl  through  until  the  last  traces  of 
alcohol  have  been  oxidised  and  the  vine|5ar 
elcHred  and  brightened.  la  this  Way  pickllOg 
vinegar  is  prutluced. 

For  household  vinegar,  the  malt  is  acetified 
in  uitright  casks  fitted  with  falno  perforatetl 
buttom»  covered  with  a  layer  uf  rapes  ;  after 
twenty-four  houts  it  is  transferred  to  another 
similar  cask,  remaining  there  for  two  or  three 
tlays,  and  thence  to  a  third  and  fourth  cask.  .A 
portbn  of  the  liquid  is  transferred  t-o  the 
•mothers'  and  the  remainder  allowwl  t«  fer- 
ment.   A  little  argol  is  occasionally  added  to 

Eroduce  a  flavour  of  wine  vinegar*  the  liquid 
eing  clarified  w  ith  isinglnpp. 

X'lnegar  canks  are  made  in  three  sizes,  hold- 
ing 25,  50,  and  116  gallons. 

Quick  vinegar  process.  SchmUe^sighereUunfi. 
This  method,  ajiplieablo  to  any  alcoholic 
liquid,  is  founded  on  that  ^iroposrd  in  1720  by 
Boerhaavo.  and  waslirst  intifxluied  bySchutzen* 
bach  in  1823.  It  ditlen;  from  the  other  processes 
in  causing  the  liquid  to  expose  a  very  large 
surface  to  (he  aetinn  of  the  air,  one  gallon  beins 
sometimes  made  to  cover  a  surface  uf  100 
square  yards.  Digitized  by  Google 


13 


ACETIC  ACID. 


Tlie  vat  i»  UHually  from  ii  to  12  f*ct  high, 
and  from  3  to  4  feet  \iide.  lu  England  it  is 
fre<jurntly  na  much  as  13  feet  hign,  14  feet 
wide  at  the  top.  and  15  feet  wide  at  the  base. 
At  a  di.^tance  of  18  inches  from  the  bottom,  six  or 
more  air  holes  are  boretl  J  iiu  h  in  diameter,  in- 
clining duwnwardg  towards  the  inside ;  just 
alx)ve  these  a  false  perforate*!  bottom  fixed.  A 
quantity  of  beech  wood  sha\  inirs  is  thoroughly 
washed  with  hot  watcT,  dried  ami  {iUtcetl  on  the 
false  bottom,  nearly  lillin;;;  the  vat.  The  shav- 
ings may  be  substituted  Mtth  advanti^e  by 
pieces  of  charcoal  about  the  nize  of  a  walnut, 
from  which  the  saline  |>articleM  have  been  re- 
niove<l  by  acid  and  milwequent  washing.  The 
acetifying  action  is  assisted  by  the  |x)wer  of 
absorbmg  oxygen  pjossesscil  by  the  charcoal. 

Near  the  top  of  the  tun  is  lixetl  a  wootlen 
disc  j)erforated  by  holes  as  large  as  a  quill,  about 
1  inch  apart  ;  tnrough  these,  twists  of  cotton 
yam  or  ntring  are  pasj^ed,  of  sufficient  length  to 
touch  the  shaving.4  :  they  are  tied  into  knots  at 
the  upper  end  to  prevent  them  from  slipping 
through.  There  are  also  live  or  six  larger  holes 
through  which  pass  glass  draught  tubes  project- 
ing on  either  side  of  the  disc.  1  to  2}  inches  wide 
and  4  to  6  inches  long,  firfidy  fantened  so  that 
no  liauid  can  {mss  round  them  thn>ugh  the  hole. 

About  1  inch  from  the  true  bottom  is  tixetl  a 
bent  tube  attached  to  a  tap  through  which  the 
vinegar  is  dra>vn  as  soon  as  it  rises  to  a  height 
of  about  15  inches.  The  vessel  is  closetl  with 
a  tightly-fitting  lid  through  which  a  circular 
opening  is  cut  for  the  atliuission  of  liquid  and 
for  the  escape  of  air. 

Before  commencing  the  fermentation  it  is 
necessary  to  '  sour  *  the  shavings  ;  for  this  pur- 
pose hot  vinegar  is  ]M>ured  in  from  the  top  and 
allowefl  to  soak  for  at  least  twenty-four  hours. 

The  com{M)sition  of  the  fluid  use<l  varies  con- 
aiderably  :  any  alcoholic  liquid  may  be  usetl,  but 
the  presence  of  a  trace  of  tarry  matter,  such  as 
10  preeent  ia  pyroligneous  acid,  prevents  the 
action.  .According  to  Wagner  (('hem.  Tech- 
nology), the  following  mixture  is  generally  u*ed  : 
— 4^  galj.  (20  litres)  brandy  of  5(J*Tralle.*  (42  5 
p.c.  by  weight),  0  gals,  vinegar,  and  27  gals, 
water,  to  which  is  added  a  mixture  of  bran  and 
r^'e  to  promote  the  growth  of  the  vinegar  fungus. 

Another  sttandarrl  liquor  in  AO  gals,  brandy 
or  whisky  52  p.e.  by  weight,  37  gals,  beer  or  malt 
wort  with  about  part  of  ferment ;  this  is 
mixed  with  3  to  4voIr.  of  soft  water  before 
passing  through  the  tuns.  Molasses  or  honey  in 
the  proportion  of  2  Ibt.  to  50  gals,  is  sometimes 
added, to  produce  a  more  finely  coloured  vinegar. 

For  '  wine  malt,'  40  lbs.  wheat- meal  and  80 
lb«.  barley-meal  are  ground,  and  mixed  together 
wiUi  40  gab.  warm  water  (50") ;  aft^r  eet- 
tlinc,  the  clear  li<|uid  is  drawn  off,  the  residues 
are  treated  with  hotter  water  (70°),  settled, 
the  liquid  removed  and  the  residue  again  treated, 
thi«  time  with  boiling  or  nearly  boiling  water,  in 
aucb  quantity  that  the  total  washiug<t  amount  to 
about  100  gab.  The  solution  h  cooled,  mixed 
with  15  lbs.  yeast,  and  allow»»d  to  ferment  at 
27**  for  five  or  six  days ;  it  is  then  known  as 
the  *  gyle.*  The  temperature  of  the  chamber 
being  aliout  38**  the  liquid  which,  where  tlx 
'  generator  *  or  '  graduator  '  ia  new,  is  heated  to 
fiO*,  or,  ahwpo  io  uae  for  eoroe  time  and  thus 
in  good  oondition»  to  26^,  ie  poured  over  the 


upper  disc  and  trickles  slovx  ly  down  the  twiste»l 
thread.H,  which  swell  and  prevent  too  rapid 
passage.  As  th<-  litjuitl  flows  over  the  sha^'ings 
it  becomes  oxidiseti,  the  action  being  more  rapid 
when,  aft<^r  some  time  in  use,  the  shavings  have 
become  eoate<l  with  the  '  mothi'r  ot  vinegar* 
Wlien  the  acti<m  is  satisfactory  the  tern  pern  ture 
of  the  interior  rises  on  account  of  the  oxidation 
to  37°,  and  creates  a  constant  upward  current 
of  air  which  ]>asses  from  the  openings  below  the 
false  bottom.  n)un<l  the  shavings  and  through 
the  tubes  in  the  upper  disc. 

When  the  liquid  contains  no  more  than  4  p.c. 
alcohol,  the  vinegar  which  collects  is  entirely 
acetified,  but  where  a  stronger  liquid  is  used  it 
may  be  necessary  to  pass  it  three  or  four  t  imee 
through  the  graduator.  When  a  strong  vin«*pir 
is  required,  that  produced  from  one  of  the  above- 
mentioned  liquids  is  mixed  with  a  more  alcoholic 
liquid,  and  again  passe<l  through,  and  this  may 
be  repeated  until  1  oz.  of  the  liquid  will  neutral- 
ist? jiixty  grains  pure  dry  potassium  carbonate, 
correHjKmtling  to  about  12  p.c.  acetic  acid  by 
weight.  Elacn  graduator  will  txmtain  about  80 
gals,  of  liquid  and  will  produce  daily  15  gals.  o£ 
good  vinegar.  One  workman  usnially  attends  to 
ten  tuns. 

By  this  process,  on  account  of  the  large 
surface  exposcfl,  a  considerable  loas  of  alcdhol, 
and  hence  of  acetic  acid,  is  unavoidable,  amount- 
ing when  pro|>erly  carried  out  to  about  6  p.o.  of 
the  whole ;  but  if  the  temperature  hae  been 
allowed  to  rise  too  high,  the  loss  is  grt'atl\  in- 
creasc<l.  .\t  the  same  time  sufficient  air  must 
l>e  intnxlucefl  to  convert  the  alcohol  directly 
into  acetic  acid,  or  the  loss  will  be  further  in- 
creased In  the  formation  of  the  volatile  aldehyde. 

By  some  makers  the  vapours  from  the  tmu 
an?  pas-cl  omt  vr  through  water  to  absorb  the 
alcohol  uml  aldehyde.  For  this  purpose  twt> 
floating  gajM>meters  are  sometimes  used  t  one 
rises  and  rem<iv(s  the  air  which  has  perfi'micd 
iid  work,  while  the  other  falls,  keeping  up  a  con- 
stant  current  of  air  through  the  generator.  Am 
each  gas-holder  falls  it  discnarges  th>'  nir  througli 
a  cistern  of  water,  which  absorbs  the  volatijki 
products  and  ia  used  for  the  preparation  of  a 
further  quantity  of  malt  extract. 

Recent  iroprovemente  in  the  quick  vinegar 
process  have  taken  the  form  of  ubour-saving 
contrivances  ami  of  devices  to  avoid  loss  by 
evaporation.  Leaker  has  patented  a  prooeaa 
whereby  the  acetifieation  takes  plaoe  in  doaed 
rectangular  vessels  containing  shelv(>s  of  almorb- 
ent  woven  material.  To  the  veeael  is  attached 
a  condensing  worm  into  which  the  vapours  are 
drawn  by  a  fan. 

About  one-third  of  the  total  extractivo  matter 
in  the  malt  is  lost  or  dMsipated  in  the  fermetitao 
tion  and  acetifieation. 

In  Singer's  generator  a  number  of  vessels 
are  placed  one  above  another  in  a  shed  in  which 
a  suitable  tem{M>mture  is  maintained  and  from 
which  draughts  aie  excluded.  The  vessels  are 
connected  together  by  wooden  tubes  provi<M 
with  longitudinal  slits  thnnigh  which  air  can 
pass.  The  liquid  alowly  drops  through  the 
tubes  from  one  vessel  to  another,  and,  exposing 
;i  large  surface  to  the  air,  becomes  acetified, 
it  is  stated  that  the  loss  of  alcohol  usually 
experienced  is  avoided  in  this  prooesi.  In  many 
vinegar  worka  the  tarvn  of  tlligifl2ait|p6bdi||gle 
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(J>ro9opkiUt  cdlariji)  and  *  vinegar  eeU '  (^m* 
gnUhUa  actti)  aI>ountl. 

Vinegar  is  foimd  occasionally  to  deoompose 
when  shakeOf  probably  on  account  of  tha  lees 
becoming  mixed  with  the  liquid. 

Of  lat«  yearn  delicacy  and  uniformity  of 
flavour  in  the  various  kinds  of  vinegarB  have 
been  obtained  by  the  use  in  aoctitication  of  pure 
eoltures  of  the  particular  bacterium  (Henneberg, 
Zeit.  fiir  Spirituiiind,  1898,  180,  and  Cent.  Bakt. 
1905.  14,  681 ;  RothenU^h,  Woch.  fiir  Brau. 
15.  445,  and  Deut.  Essiggind,  1905,  9,217,  and 
Woch.  fur  Brau.  1906,  23,  260;  Mayer,  Zeit. 
Inr  Spiritusind,  21,  334;  Biichncr  and  Gaunt, 
Annalen,  1906,  349.  140). 

In  addition  to  wine  and  malt,  vinegar  i^  pre- 
pared from  many  other  subfltances.  Cider 
vinegar  is  of  a  yellowish  colour,  sp.^r.  1013  to 
1015.  It  contaim  3^  to  6  p.c.  acetic  acid,  and 
on  evaporation  leaves  a  mucilaginous  residue, 
■mdlBg  and  tasting  of  baked  apples,  and  con- 
taining malic  but  not  tartaric  acid.  The  residue 
varifi*  from  1-5  to  1-8  p.c.  Genuine  cider  vintgar 
b  dkiiingtmhed  from  spurious  cider  vinegar  by 
the  residue.which  consists  of  glycerol,  albuminous 
matters,  gums,  malic  and  other  organic  acifis 
and  mineral  matters.  They  have  no  rotation 
and  little  cupric  reducing  power  after  the  usual 
clarification  with  basic  lead  acetate  solution. 
The  ash  of  a  pure  cider  vinegar  amount.s  to 
not  \es»  than 0-25 p.c., consisting  mainlyof  potaHh, 
with  small  quantities  of  alumina,  lime,  magnesia, 
snluhate,  and  phosphate,  variable  amounts  of 
cirnonatc,  and  complete  absence  of  soda. 
Spurujun  cider  vinegars  have  a  molasses-like 
residue  and  an  a^ih  with  a  large  percentage 
of  lime  or  soda  (Doolittle  and  Hees.  Set 
also  Smith.  .1.  Amer.  Chem.  Soc.  1808,  20,  3 ; 
Leach  and  Lvthgoe,  I.e.  1904,  26,  375  ;  \'  ui 
Slvke.  New  York  Aapc.  Exp.  Stn.  Bull.  1904. 
258,  439  ;  Ladd,  Dakota  Exp.  Stn.  Bull. 
32,  278).  Perry  and  crab-apple  vine  jars  are 
used  in  Wales  and  Monmovtfaahiie,  and  ponocfls 
characteristic  properties. 

Ale  vinegar  is  prepare<l  from  sour  strong 
pale  ale.  It  usually  gives  a  large  residue  (5  to  6 
p.c.),  and  is  very  liable  to  decomposition.  Cryttal 
rihrijar  is  ordinary  vinegar  decolourised  by  fil- 
tration through  animal  charcoal.  A  household 
vinegar  is  made  in  Germany  from  7|  gals, 
•oft  water,  2  lbs.  honey  or  brown  sugar,  1  gal. 
whisky  or  com  spirit,  2  ozh.  cream  of  tartar. 

Obia)se  or  sugar  vinegar  is  prepared  by 
tl^  conversion  of  amylaceous  substances  into 
sugar,  by  the  action  of  dilute  acids,  followed  by 
fermentation   and   acetification.    It  contains 
ghicose,' dextrin ,  and  very  often  gypsum,  with 
hardly  any  proteins.    The  ash  is  composed 
mainlyof  potassium  salts,  is  rich  in  sulphates,  and 
IB  the  case  of  cane-sugar  vinegars,  readily  fusible 
(Allen  H  Comm.  Org.  AnaL  Hm,  498).    It  is 
stated  to  be  use<i  for  adulterating  wine  vin^^. 
It  can  be  distinguished  from  other  vinegars  by 
the  addition  of  3  or  4  volumes  strong  alcohol, 
which  produces  a  slimy  precipitate  of  dextrin. 
Barium  chloride  usually  gives  n  ctipiou'i  ])n"(  iiii- 
tate,  due  to  the  sulphuric  acid  used  in  the  manu- 
facture of  the  glucose. 

Vinegar  is  now  mtwlf  from  '•kim  milk  by 
addition  of  sugar,  neutralisation  with  chalk, 
pitching  first  with  yeast  and  then  with  Jfweoileniui 
ocdTubrbtor  Fr.Fkt.  1903,884071). 


An  artificial  vinegar  is  made  by  mixing 
acetic  aci<l  with  water  and  adding  burnt  sugar 
(caramel)  and  acetic  ester  to  produce  the  proper 
colour,  odour,  and  taste.  This  vinegar  differs  from 
g(  nuine  kinds  by  the  absence  in  the  evaporated 
residue  of  phosphoric,  tartaric,  or  malic  acid. 

Pn^teriies.-— Mailt  vinecar  is  a  brown  liquid 
of  a  oharaeteristic  odour  due  to  the  presence,  in 
addition  to  the  acetic  acid,  of  acetic  and  other 
esters.  Acetic  ester  is  frequently  added  in 
small  quantity  to  increase  this  aroma. 

The  vinegar  of  the  B.P.  has  a  sp.gr.  of  1*017 
to  1'019.  In  commerce  it  usually  occurs  in  four 
strengths,  numbered  18,  20,  22^  and  24.  The 
last  is  '  proof '  vinegar ;  it  contains  6  p.c.  acetic 
acid,  and  its  sp.gr.  is  1-019.  The  numben 
denote  the  fact  that  one  fluid  ounce  of  tho 
liquid  will  neutralise  18,  20,  22,  and  24  grains 
respectively  of  pure  dry  sodium  carbonate.  The 
real  weight  of  acetic  acid  in  one  ounce  of  liquid 
may  be  found  by  multiplying  ita  number  by 
M32,  and  the  percentage  by  weight  by  multi- 
plying the  number  by  0*269.  Thus  No.  24  should 
contain  6*22  p.c.  of  absolute  acetic  acid. 

The  addition  of  1  part  sulphuric  acid  to 
1000  parts  vinegar  is  lawful,  and  is  occasionally 
made,  though  the  idea  that  it  preventfl  decom- 
position has  been  shown  to  bo  erroneous. 

Malt  vinegar  usually  contains  alcohol,  {^um, 
sugar,  and  extractive  matter,  aoetAtea,  chlondes, 
free  and  combined  sulphuric  acid,  and  on  evapo- 
ration and  ignition  leaves  a  residue  containing 
much  phosphate. 

Wine  vinegar  varies  in  colour  from  palo 
j'cUow  to  red  ;  that  made  from  white  wine  is 
most  esteemed;  it  usually  hu.-  ui  alcoholic 
odour.  Its  sp.gr.  is  1*014  to  1*022  ;  it  contains 
from  6  to  12  p.c.  acetic  acid.  A  litre  {1*76  pint) 
of  Orleans  vinegar  usually  saturates  6  or  7 
grams  (92  to  108  grains)  of  pure  dry  sodium 
carbonate.  On  evaporation  the  total  extract 
varies  from  1*7  to  2*4  p.c,  of  which  0*25  p.c.  is 
usually  potassium  tartrate,  a  salt  peculiar  to 
wine  vinegar.  The  residue,  with  the  exception 
of  tho  taitat/  ahoald  dissolve  in  alcohol. 

The  proof  vinegars  of  various  countri^  differ 
considerably  ;  the  minimum  of  acetic  acid  al- 
lowed by  the  various  Pharraacopceias  Is — France, 
8  to  9  p.c. ;  Englami,  Germany,  and  Austria, 
6  p.c.  ;  Belgium,  5*6  p.c.  ;  Rusni»,  5  p.c,  ;  United 
States,  4*6  p.c.  Genuine  vinegar  seldom  falls 
below  5  p.c,  and  should  be  condemned  a9 
adulterated  with  water  when  the  amount  is  as 
low  as  3  ikc. 

AMlyilsof  VbMftr. 

The  adulterants  to  be  looked  for  in  vinegar 
are  mineral  acids,  es^ially  sulphuric  acid, 
more  rarely  hydrochloric,  and  still  more  rarely 
nitric  acid,  tartaric-  arid,  and  ji\  roli^'iieous  aeiil  ; 
tlavouring  agents,  cayenne,  ginger,  &c. ;  metals 
— usually  derived  fromfhe  vessrai  osed— copper, 
lead,  zinc,  tin,  arsenic  (from  Hulplmrie  aeid). 

The  presence  of  free  mineral  acids  may 
be  detected  by  the  addition  of  Paris  violet 
(methylanilinc  violet).  Pre  pa  re  ;\  il  Mi-  n 
this  dye  by  dissolving  1  part  iu  iUUO  part3 
water,  and  add  two  or  three  drops  of  the  solu- 
tion to  about  one  ounce  of  tlie  vinegar.  In 
presence  of  1  pwo.  free  mineral  acid  the  colour  is 
green,  with  0*5  i>.c.  bluish-gnen,  and  with  0*2 
p.G*  blue  (Hilger,  Arch.  Phaim.  ]0l^z^Qfl)y  Google 
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If  mineral  acids  arc  added  to  vinegar  in 
small  quantity  they  liberate  an  equivalent 
amount  of  acetic  acid  from  the  acetates,  until  the 
acetatcK  are  wholly  decomposed,  and  form  »a.]tH 
with  the  base,  thus  oeanrng  to  exist  &a  free 
acids.  As  acetates  on  ignition  pro<luce  carbon- 
ates, the  presence  of  an  alkaline  reaction  in  the 
ash  indicates  the  presence  of  acetates  in  the 
vinegar,  and  therefore  the  absence  of  free  mineral 
acicU,  though  these  may  have  been  added  in 
small  quantities  in  the  first  instance.  If,  how- 
ever,  the  ash  Ixj  neutral,  the  presence  of  mineral 
aoids  id  indicatc<1.  H  vdrochloric  acid  may  be 
tested  for  by  whlutK'  -ilver  nitrato  to  the  dis- 
tillate from  the  vinegar. 

Heavy  metals  may  be  considered  absent  if  no 
darkening  is  producofl  on  passing  8ulphurette<l 
hydrogen  for  some  time  through  the  solution. 
To  determine  the  acetic  acid  in  vinegar  110  c.c. 
may  be  dintilled  until  100  c.c.  have  passed  over. 
The  100  c.c.  will  contain  four-fifths  of  the  total 
aoid,  and  may  be  titrate<l  with  standard  alkali 
and  phenolphthalein,  making  an  allowance  for 
the  one-fifth  left  in  the  retort. 

Formic  acid  may  be  estimated  by  the  method 
recommended  bv  Ost  and  Kleui  (Chem.  Zeit. 
11)08,  32,  816). '  The  acid  is  neutralised  with 
alkali  and  titrated  with  permanganate.  Other 
substanoes  which  reduce  permangaimtc  must  be 
aliM'nt. 

Oxalic  acid  may  be  ostimatctl  by  oonoen* 
tratingthe  vinegar  and  then  boiling  with  calcium 
aoetatc  solution. 

Potassium  hydrogen  tartrate  is  estimated  by 
titration  against  N'/2  sdkali,  and  tartaric  acid  by 
conversion  to  potassium  hj-drogen  tartrate  and 
anbaequent  titration  (Zeitsch.  anaL  Chem.  1908, 
47,67). 

(For  the  estimation  of  inctliyl  alcohol  in  vine- 
gar, are  Ann.  Chini.  niml.  1901.  6,  127  and  171.) 

Cayenne  pepper,  ginger,  and  other  flavouring 
matt^^-rs  may  be  discovered  by  neutralising  the 
vinegar  and  tasting. 

Qievidlier  has  round  fuchsine  in  French  wino 
vinegan. 

MSTAIiUO  ACKTATBS. 

Aluminium  acetates. 

The  triacetate ornormal acetate  Al((C2H302)a 
is  not  kno^Ti.  A  solution  corresitondinj^  to  this 
compound,  but  which  appears  to  bo  a  mixture  of 
the  diacetate  and  aoetio  acid,  is  the  only  acetate 
of  commercial  importance.  It  is  known  as  *  red 
liquor  '  or  '  mordant  rouge,'  an<l  is  largely  use<l 
in  dveing  and  calico-printing,  especially  for  the 
production  of  red  coloum,  madder  rods  and  pinks 
(whence  its  name  of  nnl  liquor) ;  for  thopro<luc- 
tiou  of  dense  lakes,  and  for  waterproofing  woollen 
fabrics.    It  is  preparc«l  by  several  methods. 

A  solution  of  alum  is  a<Ided  to  acetate  of 
lime  li<|uor.    The  lime  is  pn><  ipitated  as  eul- 

f>hate,  ita  place  bt'ing  taken  by  the  aluminium 
orming  aluminium  acetate  ;  sulphate  of  am- 
monia or  potash  (according  to  whether  ammonia 
or  potash  alum  has  been  used)  is  produced 
at  the  same  time.  The  mixture  is  agitated 
and  allowed  to  settle,  and  a  small  quantity  of 
the  clwir  fluid  removed  and  tested  by  the  addi- 
t  ion  of  alum  ;  if  a  precipitate  forms  Miflii  icnt 
alum  has  not  been  and  more  must  be 

added,  Tlie  sohition  is  filtefad  atwl  eoneentfated 
to  a  speeifie  gravity  ot  1'<M7  to  1*10  and  allowed 


to  deposit  any  sulphate  of  lime  still  present- 
Sulphate  of  lime,  being  slightly  soluble  in  wat4>r. 
is  contained  io  the  liquid  in  small  quantity,  and 
diminishes  the  brilliancy  of  the  colours  produced. 
By  the  substitution  of  lead  acetate  for  the 
calcium  acetate  a  better  product  is  obtainc<l. 
For  this  purpose  100  lbs.  alum  is  dissolved  in 
GO  gallons  water,  and  troate<i  with  100  lbs,  finely- 
powtleretl  lead  acetate  with  constant  stirring  ;  or, 
using  the  same  quantities,  10  lbs.  crystallise*! 
carbonate  of  soda  is  added  before  the  acetate  of 
lead  ;  or,  to  1(X)  lbs.  alum  in  50  gallons  water 
a  lbs.  of  carbonate  are  added  in  small  portions 
followed  by  50  lbs.  of  lead  acetate.  The  afldition 
of  the  carbonate  is  made  with  a  \  iew  to  the  pn>- 
duction  of  a  basic  sulphate  of  alumina  as  well 
as  the  acetate,  and  as  the  sulphate  assists 
the  mordanting,  less  acetate  is  required.  The 
solutions  are  allowed  to  settle  and  decanted. 
They  contain  the  aluminium  acetate  mixed  with 
basic  aluminium  sulphate  and  alkaline  sulphat4\ 
An  aluminium  sulpho -acetate  appears  to  act 
satisfactorily.  It  is  prepared  by  mixing  (I) 
453  lbf<.  ntinnonia  alum  (or  383  lbs.  aluminium 
sulphate),  379  lbs.  lead  acetate,  1132  lbs.  water  ; 
or  (2)  453  lbs.  alum  (or  333  lbs.  aluminium  sul- 
phate) and  158  lbs.  acetate  of  lime.  The  mix- 
ture is  agitated,  settled,  and  the  clear  liquid 
decanted. 

By  the  use  of  aluminium  sulphate,  red  liquor 
of  the  same  density  contains  much  more  of  the 
active  alumina  than  that  prepared  withT  alum. 
Thus  in  a  sample  of  the  former  I  gallon  con- 
tained 4  oz.  416  grs.  alumina  whilst  the  average 
amount  found  in  three  samples  prepared  from 
alum  was  3  or..  245  grs.  The  addition  of  a  little 
ammonia  or  other  alkali  to  the  red  liquor  pre- 
pared from  aluminium  sulphate  is  advantagrons 
for  certain  colours.  R<>d  liquor  usually  contains 
from  3  to  5  p.c  alumina  (Al^O,)  and  (i  to  10  p.c 
acetic  acid  ;  it«  density  varies  from  1*085  to 
M2 

Ammonium  acetate  C,H,0^NH4. 

ITio  crystalline  salt  is  usually  prepared  by 
saturating  glacial  acetic  acid  with  dry  ammonia 
gM.  In  solution  it  may  be  jmspared  more 
cheaply  by  neutralising  aoetio  acid  solution  with 
ammonia.  On  evaporation,  a  solution  of  the 
.salt  loses  ammonia,  and  leaves  the  acid  aoetate 
or  diacetate. 

Onlinary  solid  ammonium  acetate  always  has 
an  odour  of  acetic  acid ;  it  is  veiy  soluble  in 
water  and  alcohol. 

Pure  ammonium  acetate  shouM  lye  entirely 
volatilised  on  heating.  The  commercial  salt 
usually  contains  the  same  impuritiee  as  sodium 
acetate. 

Calcium  acetate.  DiocetaU  of  lime  Pj/ro- 
lignite  of  lime.  t;ii(<'|H,(),),. 

This  imp«)rt«nt  salt  is  jireparcd  by  neutral- 
ising acetic  acid,  or  p^Toligneoos  acid,  nith  lime 
or  cnaltc 

111  the  preparation  from  pyroligncous  acid, 
the  crude  acid  may  be  used,  in  which  case  the 
acetate  of  Hmo  la  known  as  brotm  oedaUt ;  or  the 
ilistilled  liquor  may  Kc  cmplDV  id,  producing  yrry 
acetate.  'I'ho  acid  is  placed  in  large  wooma  or 
iron  pans,  and  powdered  chalk  or  Itme  added  in 
slij^'ht  t  \(  t  ss  ;  tlic  li<|ii(jr  n'mains  at  n-st  at  a 
warm  temperature  until  settltMJ,  and  is  then 
fdphoned  off  into  the  evaporating  pana  it  ii 
generally  evaporated  by  coila  ifigivKl  tiyi^Sighgle 
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vhicb  ?tram  paR-jfs;  iti  this  capo  thf*  ves.^ls  arc 
usually  wooden,  and  lined  with  l  iu\,  but  Home- 
times  mm  pans  wre  vaed,  the  eva]x>ratioii  being 
conducted  over  a  fire.  Aa  the  1  iquid  evaporates, 
t&rry  impurities  rise  to  the  surface,  and  are  re- 
moved irith  a  Bkimmer.  As  the  acetate  forms, 
it  is  withdrawn  and  drained  in  vioker  baakets 
0U<ipeDded  over  ihe  pan&. 

The  proper  drying  of  the  salt  is  necessary 
to  the  formation  f  n  good  product  h\ 
luge  uorkti  a  drying  house  is  used,  which  is 
utoaliy  a  wind  furnace  7  or  8  feet  long,  4^  feet 
hrond.  It  in  first  heated  from  76*  to  115®,  and 
the  hrt-  slai  Icencd;  the  salt  is  then  spread  over  the 
bottom  to  the  depUi  of  about  2  inches,  and  w  hen 
w»mr\\hat  dry  an  equal  quantity  is  spread  ahove 
It,  tbe  «ali  la  n.*pi*atixlly  turned,  and  the  heat 
continued  for  about  24  hours.  When  apparently 
Irv.  th<-  heat  is  increased  to  ahout  125**,  and 
I'tiv  k^i  traces  of  moisture  driven  off.  Care 
mu«t  be  taken  tbat  the  heat  is  not  too  high,  or 
th-'  !i.iU  hecomes  decnni]"  swl.  A»  in  the  case  of 
Kxliutn  acetate,  no  sparkn  must  touch  the  mass, 
(It  It  may  bum  away  like  tinder. 

The  product,  when  preparf^!  from  the  brown 
ijt|ik»r,  u  dark-coloured  and  contains  char- 
coal and  decomposed  tany  mattem ;  it  may  be 
di'>Mh  <-<l  in  3  parts  hot  -water,  filtrre<1  through 
animal  charooal,  and  again  evapur)it<<l  and 
cfyrtalUaed  yielding  »  nearly  colourless  pro<luct. 

Pnrn  calcium  acetate  crvstnllisos  in  silky 
needles  or  prit^ms  containing  l\^o  uiolecules  of 
mtar.  At  the  ordinary  temperature  the  crystals 
efBoresce.  and  at  100°  become  anhydrous,  form- 
ing a  white  powder  of  saline  taste,  very  soluble 
,  in  water. 

(^Icium  acetate  In  uschI  in  ihv  |>reparation  of 
acetates,  and  of  acetic  acui,  and  in  calico- 
ptnting.  The  pure  salt  is  completely  soluble  in 
w»ter  and  proof  spirit.  The  commercial  article 
u!(uAlly  contains  02  to  67  p.C.  of  real  acetate, 
md  I'to  8  p.c  of  matten  insoluble  in  water. 
TkM  imporitMS  an-  hydrate,  carbonate,  and  sul- 
phate of  lime  and  tarry  matti^r»  ;  formate  and 
i  other  sails  of  lime  writh  fatty  acitls  also  oocnr. 

Many  metlmdfS  of  assay  for  this  substance 
arc  in  use,  varying  considerably  in  accuracy. 

The  most  troaiworthy  method  is  to  distil 
with  j)\m-  ph'  -v^K  rir  icid  and  titrat/-  the  diatil- 
Ube  m  aliWdv  de.seriljed  under  acetic  acid  {fiee 
Stillwell,  J.  'Soc.  Chem.  Ind.  1904,  305; 
(•rwvenor.  ibid.  530;  Gladding,  J«  Lid.  Eng. 
•  "hem.  1909,  250). 

Caldam  aceto-eh!orid«OaOtU,0,CI,5H,0  has 
ulready  lieen  described  as  used  in  (xuitly'n  pro- 
cess for  the  preparatioa  of  pure  acetic  acid. 

Copper  aeeUtai. 

The  normal  copper  acfiaie  i«  prepared  by 
lUjsolving  cupric  oxide  or  verdigris  in  acetic  acid; 
or  by  the  action  of  copper  sulphate  on  the  aoe- 
tat's  of  lea<l,  calcium,  or  barium. 

U  crystallises  in  prisms ;  soluble  in  13  parts 
cold  or  5  parts  hot  water,  and  in  14  parts  al* 

cohoL  In  coriTTir  ree  it  usiially  occurs  in  liunchef: 
of  deep-green  colourtil  ojuique  crystals  known 
tt'gmppes.' 

Copper  acetate  is  use<l  in  the  manufacture 
of  pigmentei ;  as  an  oxidising  agent  in  the  indigo 
r»t ;  and,  to  a  slight  estenCfor  the  prepnmtion 
ijf  >r,ri  ■  acid. 
I  Basieeopparaeetoto.  Verdigris.  Vert-de-gri^ 
r«f  4e  M^iUpdKer,  GrUngptm* 


This  Ruhstanee  consists  of  a  mixture  of  mono-, 
I  di-,  and  tri-bahiti  acetates  of  copper,  which  are 
'  present  in  different  proportions  in  different 
varieties  of  \  »  r  Iiltis. 

At  Orenul)le  and  Montpellier  the  following 
:  process  is  used  :  The  '  marcs  '  or  residues  from 
the  whw  factories,  consisting  of  tlie  ^^kin^^  and 
stems  of  grapes,  are  loosely  placed  in  earthen 
vessels,  about  16  inches  high,  14  inches  in 
diameterat  the  widest  part,  and  12  inches  at  the 
mouth,  covered  and  allowed  to  ferment,  until 
j  on  inserting  a  piece  of  copper  (previonsly 
mui'  trued  with  verdi^'ris  and  dried),  it  becomes 
uiuiurmiy  coated  grctm  in  24  hours.  The 
fermentation  shonhl  not  prooeed  too  far,  or 
decomposition  may  ensue.  , 

The  copper  used  in  iu  sheets  5',  inch  thick,  4 
to  6  inches  long,  and  3  to  4  broa<l,  each  weighing 
about  4  oz. ;  they  are  freed  frum  scales,  if  neces- 
sary, rubbed  with  a  solution  uf  verdigris  and 
dried  ;  unl(^  this  precaution  be  adopted,  the 
first  coalintj  produced  by  the  marcs  uill  he 
black  inivtead  of  green.    They  are  heated  over  a 
charcoal  fire  untu  as  hot  as  the  hiuid  can  bear, 
and  placed  in  an  eartlicTv  ;irr»   cssfl  In  layers 
with  the  marcs.    30  to  4U  ib&  ot  copper  arc 
used  for  each  veesd.  In  horn  ten  to  twenty 
days,  according  to  the  temperature,  the  covers 
are  removed,  when,  if  the  process  has  pro* 
I  gressed  fovoombly*  the  maros  will  be  whitish 
and  the  copper  eovennl  with  line,  plossy.  fjreen 
crystals.    The  plates  are  then  removed  and 
place<l  on  end  one  against  another.    After  two 
I  or  three  day<  ihfv  are  moistened  by  immersion 
I  in  water  or  daumged  wine,  and  again  placed  on 
,  end  for  about  a  week.   This  alternate  moistm- 
ing  and  cxposun'  t(i   tbe  air  is  continued  for 
I  about  tiix  or  eight  weekn.    The  plates  thus  be- 
]  come  covered  with  inereai<ing  coatings  of  the 
verdi^ri.-^,  uhich  is  detai  he  l  an  1  the  plates  are 
I  again  usetl  imtU  entirely  eaten  away.  The 
venligris  is  kneaded  with  a  little  water  into 
leather  bags,  pveoied  into  reetangular  eakes  and 
dried. 

This  substance  is  know  n  as  blue  verUgfiSf 
i  and  oonsists  principally  of  the  basic  acetate 

(CjH,Oj)jCu,0. 

It  should  be  dry,  of  a  fitie  bluish  coIouTt  and 
soluble  in  dilute  acid.H  and  amtuonia. 

Green  verdigris  contains  as  a  principal  consti- 
tnent  the sesquilxasicacetate, CuO-2Cu((  Jl^d  J 
and  is  prepared  by  placing  the  copper  plates 
alternately  with  cloths  moistened  every  two  or 

I  thn  •  d;tyH  witli  j)yroIi>xneous  aeirl  or  acetic  acid 
until  tiic  })iatcs  bIiow  green  cr^  sUls.  The  plates 
are  arranged  so  as  to  allow  free  access  of  air  and 
occasionally  moiRtened,  for  ti\''  nr  ix  Mccks. 
Large  quantities  uf  vcriligrisare  manuiactured  in 
England  by  this  process  from  pyrolfpieons  acid. 
The  imports  of  verdigris  are  very  Kmnll. 

I       The  various  forms  of  venligris  are  u^ed  as 

I  oil  and  water  colours.  With  white  lead  it  is 
used  in  Russia  and  Holland  as  an  oil  ])aint, 
which  by  double  decom]>ositiun  produces  a 
peooliar  green.  The  paint  is  considered  a  good 
preservative.  Venligris  is  used  in  <iveint:  antl 
calico-printing,  and  for  the  prejiuration  of 
Schweinfurth  ^^rcen  and  other  copper  paints. 

Venligris isfrequently  adulti-rntfd  \\[th(  lialk, 
sand,  clay,  pumice,  and  sulphates  of  copper,  _ 

I  barium,  and  oaleium.   When  brass  dtm^mM^^Ofy^ 
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boen  ufM>d  in  the  preparation  instoad  of  copper,   quantitv  of  a  weaker  acid,  80  r>  part**  ot  iiiiiar/?' 


zinc  will  aim  be  prcHent 

When  warmea  with  dilute  hydrochloric  acid 
the  sand,  clay,  baryta,  &c.,  will  remain  undis- 
solved, and  may  be  weighed.  The  total  residue 
in  a  good  sample  will  usually  amoimt  to  3  p.c., 
but  Hnould  not  exceed  6  p.c. 


are  added  in  HHiall  (|uantitieH,  with  contit&nt 
stirrinjr.  until  thf  liquiil  is  ti*  :ir!\  ru-utral;  it 
then  lit^tttcd  (<»  boiling  and  iinj<uj  jtieri  akiminttJ 
from  the  Hurfacc-,  inmsf erred  to  atn>Lber  TeMel 
and  J'vaporated  to  a  density  of  1*6,  and  removed 
to  the  crystallising  pans,  which  are  usiially  of 


AeetO-anenito  at  flOppar.   SAvmnfurth  ^freen  i  wood,  lined  with  lead  or  copper,  4  feet  by  2  feet, 

{v.  Ak.skv>«  )  I  and  6  or  8  inthos  high.    The  <  narscly  rrvstallinf 

Ferric  acetate  Fe|(C',H,0,),.  This  salt  is  mass  thus  obtained  is  drained  on  wooden  tac  k*, 
prepared  by  the  addition  of  calcium  or  lead   and  broken  into  lumps  for  the  market. 


acetate  to  ferric  sulphate  or  iron  alum,  avoiding 


A  coarser  varii  tv.  known  as  broufn  ac»(<it>. 


excess  of  the  acetate.  It  iii  used  as  a  mordant,  its  prepared  by  Bubbtituting  distilled  pyroligneoui> 
action  corresponding  with  that  of  alaminiom  ace-  |  acid  for  the  purer  acid.  The  muddy  liquid  pro< 
tatc.  An  alcoholic  bolution  is  \isod  in  medicine,  duced  is  Mettled  in  a  lartjc  tun.  ancl  th*-  ^<ll[M  r 
For  many  puri>oaeH  a  nuxture  of  ferrous  and  ^  natant  liquid  tranHferretl  to  a  large  iron  {mn  aii  ; 
fenic  acetates  is  preferred.  It  is  prepared  by  ;  heat^-d  to  boiling.  It  ia  again  aJAowed  to  settle, 
repeatedly  pouring  pyrohVncous  acid  on  iron  tranf<ferre<i  to  another  pan,  evaporate<l  until 
turnings  until  saturated  with  iron.  The  liquid  orystalliiiation  commences,  and  about  3  vuluinef; 
i3  knoM-n  at '  pyrolignite  of  iron,*  *  bouillon  noir/  f  of  water  added,  causing  the  remaining  impuritiet* 
*  linucur  de  ft  rmillc.'  to  rise  to  the  Kurfaee.    The  liquid  is  skimmed 


Ferrous  acetate  Fe(C,H,0,),.  Pyrolignite  of  and  diluted  if  the  liquid  is  not  sufliciently  clear, 
tron  ;  inm  Uquor  or  black  liquor.    Is  prepared   and  again  evaporated  until  a  imali  portion  of 

d  ooolini* 


on  the  larsre  scale  by  the  action  of  crude  pyrolig- 
neous  acid  of  sp.gr.  1  OU.'j  to  r040  on  iron 
turnings,  nails,  &c.,  at  a  temperature  of  66**. 
The  solution  is  frequently  agitated  and  the 
tarry  matters  .skiuuued  from  the  surface  as  they 
rise. 

It  is  found  that  the  purified  acid  produces  a 
leKH  ^* a tiis factory  liquor,  a  fact  due,  according  to 
Moyret  (J.  Soc.  Dyers,  i.  1 17),  to  the  presence  of  a 
small  quantit.N  of  pyrocatechol  in  the  (  rude  acid, 
which  forms  a  compound  with  the  ferrosoferric 
oxide  in  the  solution,  and  oauaw  its  inteoae 
colour  and  keeping  propertiee. 

The  liquid  is  intensely  black,  of  sp.gr.  1*085 


the  li(|uid  crvKtallises  on  removing  and  oooling. 
It  is  then  ladled  into  pau.'i  and  allowed  to 
crystallise. 

As  a  rule,  about  :t  parts  acetate  are  produced 

from  2  partji  lithargi-. 

By  another  method  granulated  lead,  white 
lead  residues,  &c..  are  placed  in  vesM-ls  stand iug 
obliquely  one  above  another  ;  the  upper  vcftHei  u 
filled  with  strong  acetic  acid,  which  after  the 
expiratbn  of  half  an  hour  is  allow e<l  to  run  into 
the  second  venKel.  Every  half -hour  il  ix  re- 
moved to  a  lower  one.  After  the  acid  haa  been 
removed,  the  lead  absorbs  oxygen  rapidly,  an»l 
becomes  heated.     On  leaving  the  hist  \  e&tiel. 


to  r090,  and  is  evaporated  until  its  density  rises   the  acid  is  again  passed  through  the  series,  dii^ 


to  1*120,  or  sometimes  to  1*140.  It  is  then  ready 
lor  use,  and  is  known  as  'printer's  iron  liquor.' 
The  liquor  of  density  1*120  contains  about  XO 

p.c.  iron. 

The  density  of  the  liquor  useti  by  dyers  is 
frequently  raised  by  the  addition  of  copperas 

'  ff-rr'nm  sulphate) ;  thus,  the  adilit  ion  to  1  yallon 
ol  black  liquor,  sp.gr.  I  08o,  of  i  lb.  copperas, 

would  raise  its  density  to  l-lll.  Tannin  also  is 

sometimes  afMed. 

Black  limior  is  also  prepared  by  the  action  of 
ferrous  sulpnate  on  acetate  of  lime  ;  the  liquor 

produced  has  an  aveniire  density  of  I  II.  anti 
alw  a\  H  contains  sulpliatc  of  liuie.  By  the  actiun 


sol\  ing  the  acetate  which  has  been  formed,  and 
is  evaporateil  and  crystallised. 

flohmidt  (Eng.  Pat.  1897,  7192)  describes  a 

process  for  preparin<r  fhc  neutral  and  lia--ic 
acetates  of  metals  nuch  juj  lead  and  coppi>r  by 
the  action  of  dilute  acetic  acid  and  oxvgcn  upon 
the  iie-tfil  eontainetl  in  closed  iron  cyhnders. 

rure  lead  acetate  is  a  white  crystalline  salt 
of  sweet inh  ta.ste  and  weak  aoid  reaction,  con- 
taining 3  nioleeiilert  of  water.  It  di:?s<olve8  in 
1-5  part^i  cold  water,  and  iu  0*5  hot  water.  At 
280^  it  melts,  and  \<  hen  heateil  more  strongly  it 
forms  a  basic  salt  and  suddenly  solidifies. 

Lead  acetate  is  largely  uscii  in  dyeing  and 


of  lead  acetate  on  ferrous  carbonate,  carbonate  |  eatico>pxintu)g ;  for  tlie  ]neparation  of  akun 


of  lead  and  ferrous  acetate  are  produced. 

Black  ii(}Uor  aV>sorh.s  ox\^en  from  the  air, 
forming  ferric  acetate,  which  is  always  present 


mordants,  &c. ;  in  the  manufacture  of  chrome 
vellow  and  other  pigments,  and  in  nittiicine. 
Lead  forms  two  weil-dclined  ba.'sie  acetates 


in  the  liquid.    To  diminish  this  action  clean,  —the   dibasic  acetate  rh(( ' ,H;,( > J.Pbt >,2irO 


metallic  iron  is  frequently  added 

It  int  hirgdy  used  in  calico-printing  and  in 
dyein«/.  in  the  preparation  of  blue.  vioU  t.  black, 
brown,  and  other  colours,  and  for  proiiucing  a 
black  colour  on  hats,  furs,  leather,  wood,  &e. 

Lead  acetate.  Normal  or  di-actUtU.  of  lead. 
Sugar  of  lead.  Sel  dr  Saturne.  BUizucker. 
Pb<C,H,0,V 

For  the  preparation  of  tchUe  acrtatc  ol  iead, 
leaden  vetujcls  arc  used,  or  copjxjr  pans,  on  the 


(Wittstcin,  Annalen,  62,  253),  formed  by  dis- 
solving litharge  in  the  normal  acetate  in  cal- 
culated proportions  ;  and  the  trifMi.^ic  acetate 
Pb(CjH,0,)j'jri.(  t  aq.  pn-i>ared  by  boiling  the 
normal  acetate  witli  excess  of  lithftr<:e  f or  SOlne 
time.  Solutions  of  subacetate  of  leatl  arc  ufied 
in  me<iicine  as  (Joulard  unter  and  Liquor  plumhi 
subaceUitis. 

Magnesium  acetate.  A  basic  ae.  t<it.^  of  mai>- 

iie6ia,  prcpari'd  by  v\armiiig  the  normal  acetate 


bottom  of  each  of  which  a  piece  of  metallic  lead    with  magnesia,  is  stated  to  bo  a  powerful  anti 


is  soldered  to  protluce  a  galvanic  action  and 
prevent  the  copper  from  being  acted  upon.  In 


septic,  disinf"  ct^mt,  and  deodoriser  (W-  Kubel. 
Ber.  15,  684-t>8ti).    A  syrupy  solution  of  the  salt 


the  vessel  acetio  acid  of  45  p.o.  or  less  is  placed,  <  containing  suspended  magneetom  hydroxide  i-i 
and  to  100  parts  of  45  p.e.,  or  a  proportionate  I  found  in  commerce  under  the  n§]^^'^^iQ^g^[g 
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PoUssiam  acetate  C»HaO,K  occurs  in  the  Bap 
of  many  pUnt«,  and  of  trecH. 

lUi  Duxk-  of  preparation  h  Bimilar  to  that  of 
^mIiuid  acetate.  It  in  a  dcltquescent  cryttt-alluit) 
oolid.  floluble  in  0*^3  part  ice-cold  wat«r,  and  in 
hot  nat<-r  fornui  a  Holution  which,  boiling  at 
169°.  C4>attti!ii*  88  p.c.  of  the  salt. 

When  chlorine  gas  is  pamed  through  a  moIu- 
lion  of  pota*«ium  acetate,  cnrbonic  acid  i*  evolved 
and  a  powerful,  uoiitablc,  bleaching  iluiii  id  )»ru- 
duced. 

PoUsvium  acetate  may  contftin  tin-  mime 
impurities  aa  the  hixliuin  8alt.  Thu  di-  and  Iri- 
aeetatca  ave  prepared  like  thooe  of  sodium. 

Sodium  acetate  C,H,0,Na  is  formetl  (1)  by 
tiiu  acttun  of  dilute  acetic  acid  ua  sodium  carbo- 
nate, the  solution  beinjc  evaporated  and  crystal- 
It^il ;  12)  hy  neutralisation  of  pyroliKtieous  acid 
«uh  ftuila,  and  evaporation  and  fusion  o(  the  salt 
t<>  remove  tarrj'  matters  ;  (3)  by  the  atldition  of 
(Jlau!)«rV  salt  to  solution  <>f  acttati-  of  lime  or 
of  iea<i.  The  solution  is  dtx»iitcd  and  Idtered 
bvm  the  niecipitatad  eakmim  or  lead  sulphate, 
cvsporated  and  crystallised,  and  thf  rn><tals 
(iimttved  and  rucrystaliised.  Method**  (2)  and 
(3)  aro  aaed  on  the  manafactnring  scale. 

S<<«1itfm  aoetftte  forms  monoclinic  crystals, 
couUimmg  3  molecules  of  water ;  has  a  strong 
i^ine  taste ;  is  noluble  in  2'8  parts  cold  water 
and  in  0*5  boilincr  water.  The  rrA'Ktala  melt  com- 
pletely at  7«>^  arni  los<'  their  water  of  crystallisa- 
kmiat  100^.  By  .olntion  of  thia  salt  in  ordinary 
5troog  acetic  acid  and  ni])id  evaporation  the  di- 
acvtate  of  soda  is  fitrtnetl ;  ^^  hen  glacial  acid  is 
used  the  triaeetate  n  prodtn  t  d. 

Sii<ntim  acetate  is  n^^erl  for  the  preparation  of 
aoetK'  acid  aud  in  n»e«Hcine  ;  for  the  prcserva- 
tioB  of  meat  and  other  foods  insteail  of  salt,  i 
The  saturatctl  <u<]ution  is  ocoanonally  ueed  for 
tillmit  carriage  f«K>t-warmeni. 

'the  commercial  acetate  is  liable  to  contain 
*u][>h(ites,  chlorid»>s  am!  carbonates,  snd  me- 
tallic salts.  Tarry  matters  are  frequently  pru- 
wat  ftom  the  pyrol igneous  acid  used  in  its 
tnaiisfMrtnr''  \frtatc  of  lime,  and  sulphate 
aii'i  uiflc niat«'  ot  jKjtaah  arc  occasionally  added 

a<iuit<Tants. 

Fur  the  estimation  of  acetic  a<  id  in  com- 
Biemal  acetates  the  method  of  8tUlweil  and 
Gladding  in  a  modified  foim  is  used  (v.  Mjiru). 

Alxyl  Acitatss.   Acak  Mert. 

Acetic  acid  forms  numerous  acetates  with 
nrKsiii'  radicles.  Some  of  these  occur  in  the  oils 
frum  various  scetls. 

Amyl  aceUtcs  ('^H,i(C,U,0,). 

The  following  isofflerio  amyl  acetates  an- 
known  : — 

1.  Normal  amvl  acetate,  boiling  at  l47-tt° 
((iartenmeister);  at  148'4''  (737  mm.)  (Lieben 
anil  Rossi). 

2.  //«oamyl  acetate. 

3.  Methvl  pmpvl  carhim  1  ac<  (ate.  Ijoiling  at 
133'-135'*  (Wurtz);  at  134°-137=  (bchoriemmer). 

4.  Methvl  isopiopyl  carbiDyl  acetate^  boilint; 
»t  ISS'^Wurte). 

5.  Diethyl  carbinyl  acetate,  Uoihng  at  132^ 
tT41  mm.)  (Wagner and  Saytzetf). 

6.  Tr-rtian,'  amy)  arctate,  boiling  at  124 
(730  mm.)  (Flavitaky). 

Of  these^  only  tta  aeoond  is  of  ******* in- 
terest. 
Vol.  1  -r. 


I     twAmyl  acetate,  generally  known  as  amyl 
acetate  (CH,),C'H  (^H,CH,0-t'sH,(),  is  a  colour- 
'  less  lifjuid  of  an  oflour  resembling  that  of  jar- 
gonelle pears.   8p.gr.  O  S7H2  I5V4  (Mendeieeff), 
0-8502  2274*  (BriHU),  b.p.  lS8-5<'-139*'  at  7fi8-6 
I  (8ohi(!). 

I       It  may  be  prepared  by  distilling  a  mixture  of 

1  part  amyl  alcohol,  1  ])art  strung  sulphuric 

i  acif!.  til  !  2  parts  dried  potassium  acetate;  or  by 
wanning  a  mixture  of  1  part  amyl  alcohol,  1 
I  part  acetic  acid  and  0*5  part  strong  sulphuric  acid 
on  the  water-lmth  an<l  jKiurinp  the  solution  %\hen 
cold  into  excess  ot  water,  i'he  upper  layer  ot 
puriHed  amyl  acetate  is  separatiHl,  diaken  with 
a  jstrong  solution  of  sodium  carI>onate,  ajjain 
I  se{Mirat<^d,  dried  over  (mloium  chloride,  and  re- 
distille^l. 

It  may  In'  pn'j»are<l  rommerrially  from  fusel 
oil,   hydrochloric   acid,  ami    calcium  acetate 
(Wilson,  Kng.  Pat.46<)l>).    Thi-  coinmerciid  amyl 
j  acetate  containn  some  of  the  other  isomerides. 
It  is  insoluble  in  water,  but  dissolves  in  all 
proportions  in  ether,  amyl  alcohol,  and  ordinary 
alcohol.    The  latter  solution  is  largely  U8e<l 
under  the  name  ol  JanjonelU  pear  tsnence  for 
I  flavouring  confectionery. 

•  <  '»i  ?ni)fior,  tannin,  resins.  &c.,  dissolve  readily 
in  ani\  I  acetate.  A  solution  of  gun-cotton  thcre- 
I  in  is  used  as  a  varnish,  for  lactpiering  meuls. 
&c..  and  in  the  form  of  a  stiff  jellv  .  mixed  with 
upaquo  HulMtances  such  as  china  clay,  it^  a  sub- 
stitute for  celluloid. 

Tt  is  al»o  uswi  in  the  manufac  tare  of  photo« 
graphic  lilms  aud  in  some  smokelcsH  }»o«  tiers, 
j      it  has  been  reeomrnendeil  for  u«c  for  the 
protluction  <^f  n  f^tandanl  Hamo  in  photometry 
(J.  8oc.  <'hcni.  ind.  ihhii,  202). 

The  Hefner  standard  lamp  burns  amyl 
acetitf  :i ^  an  illuminant. 

Ethyl  aeetote.  Acetic  ether  (',Hi<('jH./)j)  is 
a  ;r  ijrant  limpid  liquid  of  Mj).gr.  0'1K>72  15°/I5% 
1..]..  77  o''  'Pcrkm):  sp-gr.**  <»-02l4t>  U74,  b.p. 
77' 17''  at  7t»U  nun.  (Young  and  Forty). 

For  the  preparation  of  acetic  ether  3*ti  ptH.  by 
weight  of  commercial  absolute  alcohol  is  mixed 
with  9  pis.  Hulpliuric  acid  with  con^liiut  stirring. 
After  standing  twenty-four  hours  the  mixture 
i?i  poure<l  on  6  pts.  of  fiised  sodium  acetate  (in 
sniuil  lumps),  allowed  to  jitand  for  twelve  hours 
anfl  distillei.1.  The  product  is  rectified  over  cal« 
ciutn  cldori<lc  and  carbonate  of  potash  an<l  tv- 
distilled.  L'lark  recommends  the  following  pro- 
cess :  283  c.c.  (10  OT.)  of  rectiHe<l  alcohol  (sp. 
;  gr.  0  S38)  are  placed  in  a  flask,  and  28:?  c,c.  of 
sulphuric  acid  (B.l:'. |  are  adde<l  with  constant 
stirring.  The  liquid  should  be  cooled  externally 
as  far  as  jms'^ihle.  allowed  to  stand  till  the  tem- 
perature has  sunk  to  lo',  and  It')!  grams 
(12;'  oz. )  of  dried  sodium  acetate  added  gradually 
with  c<mstant  s»tirring  and  coohn^.  'I'he  liquid 
j  is  distilled  until  400  c.c,  (14  oz.)  lias  |mshed 
over;    this  is  dige^^ted  for  three   days  \\itii 

2  oz.  freshl\  dried  potaKsium  carhonatc  and 
j  filtered.  The  tiUrutu  is  <li.Htille<l  on  the  water- 
I  bath  until  all  but  1  oz.  ha«  passed  over.    On  i  he 

large  scale  dri<'<l  soditim  acetate  may  be  sub- 
.stituted  for  the  potassium  carbonate  with  ad- 
I  vant  ij    c.  farther  W.  1.  Clark,  Pharm.  J.  [3] 

188:{,  7  7  7  t. 

I       Kih\l  acetate  is  soluble  in  S  parts  of  water 
at  0°,  and  somewhat  Urn  Hohil>le  in  water  at 
i  15«.   On  the  other  hand,  1  part  '^•''%i^ff^fl^oog\z 
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28  pftrtfl  of  the  a<!etaic  hI  0**  and  24  parts 
at  16'. 

Coromert'tal  aoetic  ether  UHually  contains  letui 
than  75  p.c.  of  ethyl  acctat«,  the  rest  being 
ncot i(;  acid,  alcohol,  water,  ether,  &c.  It oocurs, 
together  with  other  oiganto  Acetatest  in  vinegar 
and  wines. 

Methyl  acetate  CHtCC.Tf  .O,)  i^j  a  colourieM 
(ragraut  liquid  of  sp.gr.  0-9398  15715*.  boiling 
at  67*6*  (760  mm.)  (Perkin).  It  occurs  in  wood- 
spirit,  and  in  crude  wo  m1- vinegar. 

Methyl  acetate  is  best  preparetl  by  distilling 
a  mixture  of  1  jMirt  methyl  alcohol,  1  jjart  potas- 
Hiiim  acetate,  and  2  parts  sulphuric  acid.  The 
product  is  dried  over  calcium  cnloride  and  quick- 
lime and  reiiistilled.  It  is  soluble  in  water,  , 
alcohol,  and  ether. 

ACETINS.  The  acctins  arc  the  acetyl  deriva- 
ttvesi  of  glycerol,  or  glycerol  acetates.    Five  of 
these  arc  theoretically  ix>sf»ible,  two  mono-,  two  , 
di-,  ami  one  tri-  derivative,  according  to  the 
number  and  position  of  ilw  hydroxyl  groups 
attacked  by  the  acetic  acid.    Only  three  of 
the«tc  compounds  have  been  prepanxl  so  far, 
one  in  each  class,  and  the  positions  which  the  i 
acetyl  groups  take  up  in  the  mono-  and  di-  deri-  j 
vative*  does  not  appear  to  ho  experimentally 
provwl,  though  they  are  probably  terminal. 
Commercial  acctin  is  a  mixture  of  all  thme 
compounds  with  other  products. 

The  following  method  for  the  preparation  of 
mono-,  di-,  and  tri-acctin  has  been  describwl  by 
A,  C.  Geitcl  (J,  pr.  Chcm.  1897,  [ii.]  66,  417):-^ 
200  grams  of  dry  glycerol  are  heatetl  with 
fiOO  grams  of  glacial  acetic  acid  for  8  hours,  and 
the  acotio  acia  and  water  distilled  otf  under  re- 
duced pressure.  A  further  quantity  of  150  j^rams 
acid  is  then  added,  and  the  hoating  continued  ivr 
10  hours.  Triacctin  is  isolated  from  the  product 
by  diluting  with  water  and  extracting  with  cther» 
and  i.s  n  colourless  liquid,  disieolvitiu  in  water  to 
the  extent  of  about  7  p.c.  at  15^^.  It  has  a  sp.gr. 
1*1605  at  15**  and  distils  without  decomposition 
at  172M72*60/4O  mm.  Diacctin  is  obtained  from 
the  remaining  solution  by  fractionating  (after 
concentration)  under  a  pressure  of  40  mm.,  when 
it  comes  over  between  178"-176*.  It  is  a  soluble 
colourless  liquid  with  sp.gr,  1  1769  at  15".  In 
order  to  isolate  the  monoacetin  formetl  in  the 
reaetioii  the  aqueous  solution  after  removal  of 
the  triacetm  is  extracted  for  8  hours  with  ether 
at  34*'-35'*  in  an  extracting  apparatus  for  liquids ; 
the  later  extracts  are  collected  separately,  diluted 
with  an  equal  volume  of  water,  and,  after  being 
extracted  with  hut  benzene,  are  concentrated. 
Tha  monacetin  thus  formed  is  a  thick  syrup  of 
sp.gr.  1-2212  at  15*.  By  prolonging  the  ether 
extraction  still  further  inonacetyldighjctrol 
C,II,(OH),-0-C,Hj(O.Ac)-OH  may  be  obtained  ; 
it  is  a  colourless  liquid  of  sp.gr.  1-2323  at  15*. 
J)iacttyldiglycid(  may  also  ue  separated  from 
the  monacetin  hv  fractionation,  and  Iriocefyl- 
dighjctrol  is  al  ^  f  rnv  <h 

Commerciai  Aceunt*  Acdinr  ')  is  prepared  by 
heating  in  an  oil-bath  a  mixture  of  60  |)arts  of 
glycerol  and  H2  parfK  of  glarial  nrffjo  acid  for 
12-16  hours  at  J2l>°,  and  gradualh  raiisuig  the 
temperatuns  U>  1»>U*  to  oxjx^l  the  excess  of  acetic 
acid.  'rh(>  jirodin  t  i?<  a  thirk  liquid  smelling  of 
acetic  acid  aud  \uniiig  in  colour  from  li^ht 
yellow  to  dark  brown,  aoooiding  to  the  piinty 
of  the  glyoecol  used. 


Tlie  value  of  the  product  depends  u|)oii  the 
extent  to  which  comoination  has  taken  plaoe. 

and  this  is  determined  by  observing  the  specific 
gravity  and  estimating  the  free  an<l  combined 
aoetic  acid.    The  density  varies  between  1*1006 
and  1-1896,  beinj;  lowest  when  the  free  acetic- 
acid  is  present  itv  largest  amount.    The  free 
and  oombined  acetic  acid  are  determined  as 
follows  :  60  grams  of  '  acctin '  are  diluted  m  ith 
water  to  600  c.c.    The  free  acid  in  50  c.r.  of  this 
solution  is  determined  by  titration  with  normal 
caustic  soda,  usini;  phfnoli>h(hnlfiii  as  indicator. 
16  c.c.  of  normal  caustic  bodn  an-  added  to  10  c.c. 
of  the  acctin  solution,  and  the  combined  acetic 
acid  liberated  by  hydrolysis  by  boiHn^'  for  fivf> 
minutes.    I'he  excess  of  caustic  soda  n  nminin;^ 
is  a  measure  of  the  total  acid  present ;  and  thi 
amount  of  combined  arid  is  found  by  subtrai  t 
ing  from  the  amount  uf  caustic  soda  used  up  m 
tho  hydrolysis  the  quantity  account^xl  for  by 
the  free  acid.    The  follow  in^;  table  (Kopp  ana 
Crandmougin,  Bull.  8oc.  Ind.  Mulhousc,  18U4» 
1 12)  ihows  the  letulta  of  typleal  analyaM : — 


Ho.  Smuitr 


1  11774 


2 
3 


11896 
1*1608 


Acid 
free 


p.o. 
9*2 

«-98 
23*0 


Acid  I 
conMiwd  I 


p.c 
46-0 

5S*7 
43*5 


'  .'\  medium  (pial* 

ity  sample 
A  good  sample 
Fkht  nmple. 


Acetin  is  used  as  a  solvent  for  basic  eolouriiiii 
matters,  such  as  Indulinc  and  Perkin's  violet. 
I  ht  V  are  dissolved  by  being  heated  together  for 
about  two  hours,  cooling,  and  filtering  through 
a  silk  liltiT.  Acctin  is  to  bo  preferred  to  cth>  1 
and  methyl  tartaric  acids  as  a  solvent,  as  ncrtic 
a<  id  ia  lew  injurious  to  the  fibres  than  tartaric 
acid. 

Halogen  derivatives  of  the  Acetlns. 

aYdibroino-/3acetylglycerol  (t'H  tBr).t  H-l).\t 
is  obtained  by  the  prolonged  action  of  hy 
drogen  bromidi-  un  triacctin,  or  by  heating  the 
mixture  to  100"  in  sealed  tubes;  it  boils  at 
130  -135°  (40  mm.)  and  has  sp.gr.  1-5880 at  l.-i". 
It  has  an  agreeable  aromatic  odour,  is  slighth 
»t)luble  in  water,  and  readily  soluble  in  al<  oh<  l 
and  ether.  It  yields  Mopropyl  alcohol  on  n. 
duct  ion. 

a  bronio-^7-diaeety]glyoerol  CHsBr  t'H(OAc). 
(^Hj'OAc  is  produced  by  the  prolonged  action  of 
hydrogen  bromide  dissolved  in  Bc»'fi<-  acid  on 
triacetin  at  0*  in  the  dark.  It  boils  at  J')0°-15,V 
(40  mm.),  and  has  sp.gr.  1-2906 at  10".  It  yields 
liopropylene  givcol  on  reduction. 

a7-dichloro-0-aoetylglycerol  (CH.CD.t  H-OAc 
prepared  similarly  to  the  bromine  compound, 
boils  at  n5M2b<*  (40  mm.),  and  haa  sp^gr. 

11618  at  15°. 

o.chloro-07-dlacetylgiyeerol  CH,U-CH(OA(.j 
OUs'()  At  hoils  at  USMOO**  (40  mm.),  and  ba» 

sp.gr.  1  •  ]  '^*»7       \  ''^ 

atf-dlchloromonoacelin  CH^Cl-CHCl-CHjO.V 
is  prepareti  by  the  action  ot  acetic  anhydride 
on  chlorinated  allyl  alcohol,  and  has  sp.or 
1-1677  at  16*,  but  in  all  other  rrhpect**  is  t<lciittcal 
with  the  o7-dichloro-  compound. 
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ubUiiicrl  hy  tho  action  of  sodiuni  iodifli  on  tin 
com«pcMiding  chloro-  compouud.  It  ii*  an  uu- 
stable  oO  hftving  «  8p.gr.  1.4684  at  16**. 

J.  A.  P. 

ACBTOACETIC  ACID  CHj  CO  CHj  COjH  is 
I  thick  acid  liquid  miscible  with  water  in  all 
;>roportion«.  It  ia  prepared  from  its  ethyl  estf  r 
H  leaving  41  parts  of  ester  in  contact  with  1 
3Art^  of  iKJtaeh  and  S<)  jmrt^  of  water  for  24 
wuw  aad  aokiifying  with  sulphuric  nc'ul.  It  is 
nrtiBcted  firom  tho  Kolution  with  etlu  r. 

It  is  very  umitablc  and  readily  (It  coiuposes 
kIow  100*  into  acetone  and  carbon  'lioxidc.  It 
fields  a  violet  colouration  with  fi-rric  chloridt- 
ml  fiiniis  ill-ih:\ract4risf-tl  rtniori>hijiis  8alt8, 
liaAy2H,0  and  CuA}y2U|0,  wbeii  tmaUxi  nith 
Jie  oorreaponding  carbonat<'. 

Acetoacetic  acid  appears  in  the  urine  of 
iiabetic  patients,  and  indicates  (!» f.  tive  oxida> 
ion.  Its  <letcction  and  estimau  ii  liavo  been 
he  subject  of  much  oontnn  *  rsv  an<l  iiivestiea- 
ion.  Amold  (Chem.  Zeritr.  JS'io,  ii.  14<3)  niakt  s 
ue  of  a  colour  reaction  with  ac  et^phcnono,  w  hich 
A  ill  i*how  1  part  in  10,000,  hut  is 
tome  extent  by  the  presence  r  f  i  i  t  <  »iie.  Riegler 
'Vbtm.  Hoc.  Abstr.  1003,  ii.  112)  tmploys  the 
•olour  pnxluce<l  hy  tin-  addition  of  s*ul|>hurie 
umI  io<lic  acids,  which  he  states  to  b<'  miartec  ted 
W  the  pretM'nco  of  sugars,  leucine,  tyroaiue,  or 
Ketone.  Bondi  (Chem.  Zentr.  1906,  i.  707) 
necooimeads  the  use  of  a  solution  of  iodine  and 
the  detection  of  acetoacetic  acid  hy  the  cha- 
racteristic smell  of  ii.  laci  toiio  produced  ; 
but  Liiulemann  {ibid.  717)  says  that  this  smell 
«  not  characteristic  of  acetoacetic  acid.  Mayer 
kIcIh  the  urine  to  a  very  dilate  nlatkni  of  forio 
Hiloride  in  brine,  when,  in  the  presence  of 
»octoacetic  acid,  a  clant-rrd  ring  is  formed. 
When  the  red  ooloiir  is  «>idy  just  visible,  tho 
iqaid  may  be  as«<umed  to  contain  0  01  p.e.  of 
the  acid.    A  blank  test  performed  aftor  boiling 

Kcid  for  five  minutes  should  give  Ho  colour  i 
.Chem,  Zentr.  I'JOG,  i.  406).  ' 

MeBhinger's  process  as  modified  by  llup^icrt 
Analyse  des*  Harns,  1898)  estimates  the  toUl 
kflaoaut  of  acetone  and  acetoacetic  acid  jiresent 
Hth  fair  accuracy,  and  the  acetone  may  be 
>siimated  separatelv  with  considerable  exacti 
Imie  by  the  method  of  Fnlin  fj.  Bii.i.  Chem. 
I9(»7,  3,  177),  in  which  it  in  a.spirated  out  of  tho 
iqiii<i  into  iorline  and  potash,  and  the  retulting 
Jwdoform  weighed. 

Meihyl  atftoacttate  CHjCOCHjCOjMe  is 
prtpared  by  heating  together  methyl  acetate  and 
^um  under  a  reflux  Lnndeni»er  and  sub<»e- 
';u<:ntly  dbtilling  in  a  stream  of  carbon  dioxide. 
It  is  a  colourless  liquid.easilymiaeiblatrith  water, 
uluch  boils  at  169^-170*  and  has  a  sp.gr.  10917 
»t4*  ;  1-0809  at  15*  ;  and  1  0721  at  25"'.  It  L> 
'i<x:omjK)sed  oa  boiling  with  water  into  carbon 
<i»3cide,  acetone,  and  nn  thy!  alcohol.  With 
fcnic  chloride  it  jiclds  a  deep  red  colouration. 

Elhyl  acetoacetnU  (acftoacetic  ether)  ('H,*CX)' 
CHj-CO.Et  and  rH^rfOH) :  rH  rO,Kt,  was 
<U*covert'dbyGeuther  in  18U3,aud  iudcpcudtutly 

Frankland  and  Dappa  in  1865.  It  is  a, 
coioazless,  slightly  Rvrapv  liqnid.  w  ith  a  pleasant 
Odoor.  Itboil.sati80-6M81  2'/754  mm.  iBiuhl); 
IsO'-lSO-S"  /754-5mm.  (Schiff ) ;  71712  5  mm. 
»U(1 100-2° /80mm.  (KahlbaumV  Tt  ha.s a^;|K'eifie 
gavity  10465  O^/i"  (Schitl) ;  1  0282  20V4" 
(SchaomX 


Ethyl  acetoacetatv  is  pre|)are«l  h\  lli-atti.  m 
of  sodium  on  ethyl  acetate.  'Iho  following 
details  of  tho  method  are  given  by  Conrad 
(Annalen,  186,  214):  100  grams  of  sodium  are 
added  to  1000  grams  of  pur©  ethyl  acetate,  and 
after  the  reaction  has  moderated  oonaiderably, 
the  whole  h  heate<l  on  a  water  hath  tinfler  a 
reflux  condenser  for  2-2^  hours  until  all  the 
.sodium  has  disappeared.  To  the  warm  maas 
550  grams  of  5f»  p.e.  acetic  acid  are  added,  and 
after  cooiuig  500  c.c.  of  water.  The  whole  is 
well  shaken,  and  the  upper  laver  separated, 
washo<l  with  a  little  water,  and  fractionated. 
The  fractions  100''-130%  130°-165°,  IbS^-lTO*, 
I76*-185«,  186»^200*  are  ooOeeted  aepamtely 
and  refrncti  iMied  twice.  The  yiehl  is  175 
gram.s  of  product  boUiiig  at  176M85'',  and  from 
tho  fraction  boiling  below  100*,  SiMMOO  grams 
of  ethyl  acetate  may  be  recovered  after  removing 
the  alcohol  by  salting  out. 

Ethyl  acetoacetate  is  neotml  to  litmus,  but 
forms  salts  uith  sodium,  copper,  and  other 
laeUiLi  by  rcjjlacement  of  hydrogen.  Only  one 
afTc(^d  to  atom  of  hydrogen  can  be  replaced  by  sodium, 
but  if  the  sodiuin  in  (he  rc-idliiiL'  i  'inipmind  is 
rephvced  by  ati  alkv  1  ra<lielo  a  second  hydrogen 
atom  may  then  be  n^>placod.  Ferric  chloride  prO' 
duce.q  a  violet  colouration.  With  ^nrlium  bisul- 
phite a  crystalliue  addition  pro<luct  (',H,„0„ 
Na  HSO,  is  formed.  On  heating  for  a  long  time, 
or  leading  till'  vapmir  throun;h  a  Imt  tnhr.  iu  rl<inc, 
alcohol,  dehydracetic  acid,  and  methane  are 
formed.  Sodium  amalgam  reduces  itto0-hydroTy 
huhirk  aci.l  (•n,  ('HfOH)-CH,'('(),ir.  It  <i,n'- 
denscs  with  hydroxy  la  mine,  but  does  not  form 
an  oxime,  as  mtemal  condensation  takes  pboe, 
resrdtinfT  in  the  production  of  mrthyt  ixo- 
oxazolone  CHj  C  CHj-CO  which  hi  converted  by 

alkalis  into  salts  of  /3-oximinobutyrlc  acid. 

A /if'hrn' i'ntA  in  Si/i^lhi  lis.  Hv  means  of 
eth  vl  aci  tnacetatc  laity  m  id.H,  ketimes,  aud  many 
nn^  com]>ounds  may  be  prepared. 

Fatty  acids  may  hi-  i.htainnl  h\  <lissolving 
sodium  (1  atom)  iu  absolute  alcohol,  adding 
ethyl  acetoacetate  (1  mol.)  followed  by  an 
alkyi  halogen  compound  f  I  mol  ).  The  residtinc; 
I  alkyl  derivative  is  treatetl  with  strong  alkalis, 
I  when  the  molecule  is  hy<lrolysed  with  formation 
of  acetic  acid  and  the  ^ired  alkyl  acetic  acid. 


CJ[,CO CH  COjH  ->  CH 
CHj  CU  CHB  COgEt  - 


n  Xa)  :CH  CO,Et 
(  11,  I  U,H 
+  BCH«-CO,H. 

If  the  hydrolysis  is  brought  about  by  dilute 

(Kida  iiist.iid  of  concfnf  rated  alkali.-,  tho 
molecule  is  diflercutly  divided,  producing 
ketones. 

CHsCO-OHB-CO^Et 

CH,OOOHsR  +  £tOH  +  CO,. 

]>ialkyl  aeelio  acids  and  ketones  may  bo  pro- 
duced by  intro<lucing  a  second  alkyl  radicle  into 
the  molecule  by  a  similar  process  after  the  lirst 
has  entered,  but  the  two  cannot  be  introduced 
together  in  one  operati<m. 

Pyrazolones,  of  which  the  mo-st  imjM»rtant 
industrially  i.s  nutipyrint ,  are  produced  by  the 
condensation  of  ethyl  ncetoaoetato  with  hydra- 
zines. AntipyTin  ( 1  -phenyl  2 :  ^-dimethyl-H  pynt- 
zalone)  is  prepared  from  Bymmetricldi|iMa^t)|' Coogle 
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phunyihjiiraiiiue  ami  vth>l  acutuacclaUi  {v. 
Pviusout  Mid  Aktipybikk). 
PhNH  OEt-CO 

MeNH  ^A" 

HOCMe 

PhNCO 


CH  +  EtOH  +  H,0- 

MeN  (  "Mo 

Quinolines  may  be  prepared  l)y  first  making 
the  anitide  of  ethyl  acetoacetato  by  heating 
with  aniline  at  110**,  ami  afterwards  heating 
thin  product  with  cf>ncentrftte<l  hydrochloric 
acid.  (;H,rOCH,('()NHPh  changes  into 
(JH/r(OH) :  C'fT  ('(OH) :  NPh,  and  readily  con- 
denses to  l-hydroxi/-i'methi/lquinoline 
N  N 

X/\COH 

I      I  (OH 

in     \y  ^ 

^  CMC 
HOCMe 

Pyridine*  (v.  ftbo  Bone  oil)  art?  obtainerl  by 
con(len.«iii^  ithvl  nrctoacetat^f   with  iiMthydc 
ammonias.    Ethyl  dihydrocollidine  dicarboxyl- 
ate  w  the  aimpleet  ezample: 
CO,EiCH       HO-CHMe  HC<X>»Et 

if      +         1        +  '  .  I 
CH,COH        HNE  HO-C(H« 

CHMe 


boils  at  208*"200^  Mid  has  sp.gr.  0*961  a^ 

OV*"-  It  is  prepared  by  adding  to  a  solution 
of  27  grams  of  sodium  in  270  crams  abiiolate 
alcohol,  152-7  granui  ethyl  ac<  i  i  tat^,  foUowed 
gradually  by  206  grams  ptopyl  iodide. 

Kthi/l  isopropylacftoar^tatt  CHj CO  (  IlPrS 
CO,£t  boiia  at  20177^  4,  aud  haa  sp^r. 
0-0H06at0*. 

EOofl  I'^ohutylacetoacetaie  CH,  ( 'O  ( 'H((;H. 
CHMe,)  CO,Et  boils  at  217°-218*',  and  has  8p.gr. 
0-961  at  17-5*  (Rohn,  Annalcn,  190,  306  ;  Minter, 
Ber.  1S74,  501). 

Ethyl  titoumylac€toac€laU  UH,COCH(tHj 
('H,  (:HMe,)(;(),Et  boils  at  227*-228**  (Ptetws, 
Ber.  i^sT,  :i:i-2'2). 

Ethyl  amylaceioactkUe  (  H,  C0  CH(C4H.,i 
00,Et  boils  at  2420'-244'>  (Potnto  and  Pnuidi, 
Gazz.  chcni.  ilal.  2«.  ii.  l'HO). 

Ethyl  hcptylac^UMicctaU  boils  at  271°-273%  awi 
has  sp.gr.  0-0324  at  17*7*. 

Eilii/l  oi  i>,}'ir>t(>.irfiatc  boils  at 280'-283*, and 
has  sp.ur.  O  MW  at  IS'-S/H-S**. 

2.  Dt-nMittOed  alkyl  denDiUiw*. 

E(hyl  dimethyla<  >(<»ir.t  it.  (  Fl ,  ( *0  ( 'M»-. 
CO^Et "boils  at  I  K4°.  and  has  sp.gr.  O  WIZ  at  10% 

Ethyl  iiuithyUthyheeloaeekat  CH,'CO>CMcEt 
CO  Kt  boils  at  106^  and  has  sp-itr.  O-M* 


at  22717°  0. 


COiElC  CtO^Et 
CH.-t'  c'-CH, 

Vh 

i*jfrow€*.— Dehydracetic  «<i<l,  o  inethyl  fi- 
acetylpjrone,  is  producctl  on  heating  ethyl 
acetoacetatc  for  a  considerable  time. 

Constiiution. — '1110  constitution  of  ethyl  aceto- 
acetatc and  its  sodium  derivatives  was  for  many 
years  a  subject  of  dtsmsiiion  by  Frankland  and 
l>uppa,  (icuthcr,  C'laiscn,  Ijiar,  WLsliccnus, 
Briihl,  Perkin,  aiul  others.  The  genend  opinion 
is  that  ethyl  acetoacetate  consists  of  a  mixture 
of  the  two  forms,  ketonio  < 'Hj  C 'O-f'H jCO^Et, 
and  enolic  ( 'H,  (  (OH ) :  (  H  COjEt.    The  freshly 

t)re pared  substance  is  practically  a  pure  ketone, 
>ut  on  keeping  it  changes  pHrtially  into  the 
enolic  f«»rni,  and  when  equilibrium  is  reachc<l 
about  10  ]).c.  of  the  latter  is  present  at  ordinary' 
tcmperaturcK.  The  ^ioilium  compound  ia  a  deri- 
vative of  file  r  rifilir  form. 

Alkyl  derivatives  of  ethyl  acetoaedato. 

I.  M oiio-.siih^dtutcd  alkifl  derimlivft. 
Ethyl  mfO,iflnrrt(Hiceiute  CHj  UU  C  HMeCOjEt 
boilH  at  lH(i  8*,  and  has  sp.gr.  1000  at  6'. 
Pre|>an<l    from    methyl    i«Mlid4"    and  eudium 
acetoa< .  tilt,  ((icuther,  J.  18t»5,  303). 

Eth^il  >if>,jfntetonc.(tat^  CHaCOCHEt-t^hEt 
boibat  l!»rr  -ll>t)°,  and  has  sp.gr.  n  {IS34  at  iV. 
It  is  readily  decom|)oneil  by  l>aryta  or  alcoholic 
potash  into  alcohol,  carbon  dioxide  and  methyl 
propyl  ketone;  and  b\  dry  sodium  elhoxitle  into 
acetic  and  butyric  cHters  (Miller,  Annalen,  200, 
2HI  ;  Wedcl,  Annalen,  210, 100;  l^'rankland  and 
huppa.  Annalen,  138>215;  Wisliccnus,  Annalen, 

186,  lai). 


Ethifl  methylpropylttC€toaulttte  UHg-CO-tUr 
PKO^Et  boib  at  214^  and  has  Bp,gr.  0-0576at 

Ethyl  diethylaeetoaeetate  CH,'CO-CEt,  ('O.Kt 
Ijoils  lit  •2\H°,  and  has  sp.gr.  01>738  at  20''. 

Ethyldipropylitcelau'ctattVH^'ViJi^^J^tL'^ths. 
boOfl  at  230*,  and  has  sp.gr.  0-0585  at  074*. 

Ethyl  dii«cln('/hi.  tt<MtcetatehaSlB9A  iSff'-2S9f. 
and  has  sp.gr.  0  047  at  10^ 

Ethyl  dihfpttflacdoacetate  boib  at  332*,  awl 
ha^  .p.ijr.  0-89  r  at  H-rA  n-O". 

Ethjfl  dioclyiac€toac€tat€  boils  at2t»4''  /  90  mm , 
340»-342»  /780  mm. 

ACETOL.  Obtained  as  an  est^-r  *if  salicylic 
acid  by  condensing  scxlium  salioylatQ  ^ith 
monochlfwaeetone  OH  <  ',H « (^O  rH.-(  WH,. 
Furtus  m  edics  from  s<.»luti'>ti  in  uli  nliol,  m.p.  71^; 
s[)aringly  soluble  in  warm  MaU;r  (Frit«ch,  E.  T- 
3961,  1893  :  J.  8oc.  Chem.  Ind.  1894.  274). 

ACETOMETER.  A  hydrometer  graduate*!  t  • 
indicate  the  strength  of  commercial  acetic  aciti 
accofdin;;  to  tte  density. 

ACETONE  (',H,0  or  ('HjCO  CH,.  Dtmethfjl 
ktlonc.    A  product  of  the  desi  ructive  distiilatioii 
of  acetaten  ;  obtainMi  bv  Lie  big  from  lead  aoetatr 
(.Annalen.  1.  1125)  anA  further  exaniine<l 
Dumas  (Ann.  Chim.  Phys.  121  4U,  2U8),  «hv 
first  determined  iU  rnmpositfon.  Acetone 
also  ])roduce<l  in  ihr  ilrv  distillation  of  wix*! 
(Volckel.  Annalen,  80,  310;  J.  Boc  ("h^  nt  luti. 
16,  (U»7,  722  ;  27,  708);  of  citric  acid  ( HolM.n»t. 
B.  .1.  18,  ,'K>2);  of  Hugar.  btarch,  and  gums  with 
lime  (Fremy,  Annalen,  If),  279;  J.  Boc.  Cbeoi- 
Ind.  21,  Ml,  1090).    By  oxidation  of  protei* 
Mubstanc»»s  with   irtm  salts   ( ninim  iillml  an'l 
Neubcrg,  C^em.  Zeutr.  1901,  i-  Tsh;  Inglt^. 
Beitr.  Chem.  Phye.  Path.  19oi;,  i.  683),  sod 
by   heating  citric  acid  with  potassium  p<'r 
manganate  (P6an  de  St.  Giiles,  «|.  1858,  585; 
Sabhatoni,  Att!  Aead.  Bci.  Torino,  1900. 35. 678)t 
and  by  the  oxidation  f)f  i»#niilri  ii   i  i  1  ro^hj 
and  U  Sueur,  Chem.  Soc.  'Jji^j^eW^^Ie 
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Preparation.  1.  Acetone  can  be  obtaineil 
by  distilling  a  mixture  of  1  jmrt  of  caustic  iiine 
Hid  2  parts  of  crystallised  lead  acetate  (Zciae, 
Annakn,  32) ;  but  ui  usually  prepare<l  by 
the  dry  distillation  of  barium  acetate  at  a 
moderate  heat.  Calcium  acetate  oan  atso  bo  I 
employed,  h>it  the  temporaturp  n-quired  is  ! 
greater,  and  the  product  ii  contaminated  with 
impurities,  auch  as  dumasin,  an  isoiiicride  of 
mo*ityl  oxide:  but  according  to  Booker  (J.  S«k\ 
(  hem.  Ind.  26,  279)  a  lower  t^iUfKrature  ia 
required  if  the  calcium  salts  are  made  quiU' 
neutral  and  the  formation  of  froe  lime  is  pre- 
ventetl  by  the  introduction  ol"  a  .stream  of  dry 
carbon  diozide.  Magnesium  or  strontium 
acetates  can  abwi  be  used.  InduKtrially,  ace- 
tone can  be  prepared  by  paj>;^ing  the  va|)our  of 
ac«tio  «eid  into  air-tight  vesseli^  heated  to  500**, 
containing  some  porous  substances  saturated 
with  lime  or  baryta  (J.  Soc.  Chem.  Ind.  18, 
128.  8Mi  BameUnker.  B.  R.  P.  81914);  abo 
hy  padnng  a  continuous  current  of  pyroligneoua 
acid  over  a  heated  acetate  capable  of  forming 
acetone  (J.  Soo.  dlME.  lod.  25,  634  ;  20.  1002  ; 
27, 277).  An  improved  methixl  in  also  describefl 
bv  Wenghoffer  (D.  R.  P.  144328;  compare 
also  J.  800.  Ckem.  Ind.  14,  987 ;  20, 1130 ;  22. 
297). 

.\ccording  to  Squibb  (J.  Soc.  Chem.  Ind. 
1896, 231 ;  J.  Amer.  Chem.  Soc.).  pore aoetooA for 
Use  in  the  preparation  of  8mokele88  powders  can 
Ih'  obtained  by  subjecting  acetates  mixed  with 
an  excess  of  calcium  hydroxide  to  destructive 
•I  L<t  illation  and  to  the  action  of  auperbeated 
steam. 

2.  From  wood-spirit  acetone  can  be  separatetl 
by  distilling  over  calcium  chloride.  The  product 
obtained  by  these  methods  can  readily  be  purified 
by  converting  the  acetone  into  ite  crystalline 
compound  with  acid  "oflium  (or  }>()tassium) 
salptiite,  crystallising  thus,  and  nubsequently ' 
dl'itilling  with  aqueous  sodium  carbotiato  ;  the 
diHillate  is  then  treate<l  \vith  conccntratod 
calcium  chloride  solution  and  the  ethereal  lay  or 
rectified  over  solid  chloride.  According  to  j 
•'c>nroy  (J.  Soc.  Chem,  Ind.  19.  20^1.  it  should  I).- 
purified  by  distillation  over  suljjhuriu  atid  (iJutt, 

Soc.  Chem.  Ind.  27,  272),  whilst  Arnoult 
{ilnd.  27,  079)  recommends  treatment  with 
oxidising  agents. 

.■\cetone  has  i)eex\  prepared  .•>\'nthetically  from 
zinc  methyl  and  acetyl  chloride  (Freund, 
Aanalen,  118,  11 ),  It  occurs  in  the  urine,  blood, 
and  brain  of  calcium  diabetic  patients. 

Praperly-if. — Aoetone  is  a  limpid,  mobile 
liquid,  having  an  agreeable  odour  and  a  pepj^r- 
mint-like  taste.  It  is  very  inflammable  and 
bums  with  a  white  ««mokoloss  flame,  }>.]>.  .HV^** 
(Regnault) ;  sp.gr.  0  8144  at  0°,  0  79945  at  i:{ 
(Kopp,  Antifllon,  64,  214);  b.p.  56-53**  (corr.) 
•lid«pugr.  0-81858  at  0V4°  (Tlu.rpo.  Choni.  Sno. 
TriM.  37,  21") :  sp.gr.  0-8137»  at  U°  i'\  U-797U5 
tt  l5°/4*.  0-77986  at  307*4  (Sapowhnikoff,  .J.  ! 

Phys.  Chem.  Soc  2S.  220);  m.p.  94-9** 
(Udenburg  and  Kriigel,  Bor.32,  IN21  :  Formenti, 
I/Oro«i,  1900,  23,  223).  Acetone  is  miscible  in 
»ll  proportions  with  water,  alcohol.  <  thor.  and 
w*ny  ethereal  mhn:  it  can  be  M  parated  from 
its  aqueous  solution  l>y  the  addition  of  calcium 
chloride,  and  (lissolvt  *'  many  fats  and  resins. 
It  ii  also  an  excellent  Holveut  fur  acetylene 
«nd  taanina  (Trimble  and  Peaoock,  Pbarm. 
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J.  53,  317).  Arrtone  j''  ui^od  in  perfumery  and 
pharmacy ;  m  thu  mauulacture  of  smokeless 
powders ;  of  cordite  and  of  celluloid  articles 
(Marshal,.!.  Soc.  Chem.  Ind.  23,  24,  645).  also  in 
the  preparation  of  iodoform  (Teeple,  J.  .Viucr. 
Chem.  Soc.  26,  170 ;  Abl)ott.  J.  Phys.  Chem.  7, 
83);  of  chloroform  (Squibb,  J.  Amer.  Chem.  Soc. 
1896,  231 ;  Omdorff  and  Jessel,  .\mer.  Chem.  J. 
10,  363;  Dolt,  I.e.  271):  and  in  the  pieaence 
of  sodium  sulphite  it  can  Ik-  used  as  a  good 
substitute  for  alkali  in  photographic  developed 
(Lumiere  and  Si  u'i'uotz,  Bull.  Soo.  chiin.  1S»  [3] 
1164;  Mon.  Sci,  191)3,  257,  568:  Eichengrun. 
Zcitsch.  angew.  Chem.  1902,  1114).  When  its 
vapour  is  passe^l  through  a  red*faoi  copper  tttbe» 
a  ven'  small  proportion  of  tany  products  con- 
taining naphthalene  is  obtained  together  with 
a  large  ▼olume  of  gas  having  the  composition : 
carl>on  monoxide,  39*23  n.c.:  methane,  37".'>8  p.c; 
hydrogen,  1 7*54  p.c;  ana  ethylene,  5*65  p.c.  (Bar- 
bier  and  Rous*  Compt.  rand.  1(H(,  1569).  De- 
hydrating agents  readily  act  on  acetone  and 
convert  it  into  condensation  products  ;  thus, 
caustic  lime  converts  acetone  into  mesityl  oxide 
C,H,oO  and  phorono  C,H,40  when  the  action  is 
allowed  to  continue  for  a  week  (Fittig,  Annalen, 

1 10,  32),  and,  together  with  smaller  proportions 
of  other  pro<lucts,  these  two  compounds  are 
also  forme<l  when  it  is  saturate*!  with  hydrogen 
chloride  and  allnUDd  to  staml  for  8  to  14 
davs  (Bacyer.  .\nnalen,  140,  297):  with  zine 
chloride  terpene  condensation  products  are 
formed  ( Raikow,  Ber.  30, 905).  Distillation  with 
concentrate<l  sulphuric  acid  converts  acetone 
into  mesitylene,  mesityl  oxide,  phorone  and 
♦>odurene  and  other  substances  (OmdorfT  anil 
Young.  Amor.  Chem.  J.  15,  249).  A  similar 
result  is  obtaiut'd  when  it  is  heate<l  with  Ixiron 
fluoride.  The  action  of  nitric  acid  and  nitric 
oxide  on  acetone  has  been  studie<l  by  Newbury 
and  Omdoff  (.Amer.  Chem.  J.  12,  517),  Behrend 
and  S<  hmitz  (.Annalen.  277»  310),  Behrend  ami 
Tr\  11.  r  ( Annalon,  283. 209),  Apctz  and  Hell  (Ber. 
21,  033),  Traulw  (Annalen.  300.  81),  Mclntrwh 
(Amer.  Chem.  Soo.  27.  I<tl3):  of  hvdrogen  ix-r- 
oxidt'  l)v  Raeyer  and  \  illiger  (Ber.  32.  3625  :  .33. 
174.  S."j8),  PastuH'au  (Compt.  rend.  140,  1.591), 
VVolffen.stein  (Ber.  28.  2265);  ..f  t Inotwl chloride 
by  Loth  and  Michaels  (Ber.  27,  2540);  and  of 
hvpophosphorou.H  aeid  bv  Marie  ((Joinpt.  rend. 
133.  219). 

Sotlium  in  the  presence  of  water  reduces 
acetone  to  Mopn»pyl  alcohol  and  pinacone  (Fitt  ig, 
Annalen.  110,  25  -  114.  54;  Stiideler,  .\nnalen, 

111,  277;  Friedel,  Annalen,  124.  329).  but  when 
the  materials  are  quite  dry  and  air  Is  excluded, 
sodium  acetonate  isforme<l  (Freer,  Amer.  t'hem. 
.J.  12.  355;  13.  308;  15,  582;  Taylor,  Chem. 
Soc.  Trans,  1906.  1258;  Bacon  and  IfVeer, 
PhUippine  J.  Sci.  1907,  2,  67).  Red-hot 
mn^Tiesjiim  acts  on  acetone,  yielding  hydrogen 
and  all  \  l»  uo,  whil.st  magnesium  amalgam  forme 
magncsiuni  aoetonate  which  is  rapidly  decom- 
pose<l  bv  water,  yielding  pinacone  hydrate 
(Kciser,  Amer,  Chem.  J.  18,  328 ;  Conturier 
and  Mennicr.  <  'ompt.  rend.  140,  721 ).  (  hlorine, 
bromine,  and  iodine  in  the  presence  of  alkalis 
convert  acetone  into  chloroform,  bromoform, 
and  iodoform  respectively. 

Iteaction^.—W'hon  quite  pure  acetone  should 
remain  perfectly  colourleiis  on  expoeure  to  ligbt, 
and  should  not  be  atUc1ie<l  byoi^flAfWilV'Coogle 
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|MTTnr\nc;aTi?\tt»  in  the  coM  :  in  the  prcsenrr  nf 
aliiaii,  liowi'ver,  and  on  warn  iii^r.  tarbonic  antl 
oxalic  acids  are  foruuMi  (Cochonhauscn,  J.  pr. 
('h(Mii.  H)(i.  ini  ;  ('oiir»>v,  J.  St"*.  Chf-ni.  Inil. 
lU,  2U<i;  Fournier,  Bidl.  Soc.  thini.  11H)S,  3, 
259).     A«'«'tone,  when  trt-atcfl  uith  a(|ueou.s 
jKit  tsli  ami    iodine,  yields  io<loforin  (Lioben). 
(iuitniiig  (Zoitsch.  anal.  C!hcm.  24, 147)  ha8  luodi- 
fied  thi8  reaotion  to  render  it  avaiUible  when 
alcoht»l  is  prcHciit  by  employing  ammonia  and  a 
solution  of  iodine  in  amuiunium  iodide.  Auother 
te^t  proposed  by  lUynolds (f&Hl.  24, 147)  is  )>a8ed 
on  thf  fact  thnt  mercuric  nxiflo  i>  soluble  in 
ftci'toiiu  111  Unj  pm*enoo  of  ix>t&s,snmi  hydroxide  ; 
the  Buspectitl  liquid  is  mixed  with  a  solution  of 
nuTfuric  cliloridf  rfmlcnd  strnni:ly  alkaline  with 
alcoholic  potash,  and  after  ahaiiing  tho  mixture 
IB  filtered  and  the  filtrate  tested  for  mercury  by 
niran.s   of  ammonitim    sul[i!ii<lf!!   or  stannous 
chloride.    Dcnieca  (Compt.  rend.   120,  ; 
127,  963;  Bull.  8oc.  chim.  13,  [3]  543;  19,  [3] 
754)  recomnu-nds  the  u^o  of  the  additive  com- 
pound formed  by  acetone  with  mercury  .«(uiphatc, 
f(»r  detecting  acetone   in  methvl  and  ethvl 
alcohol  i()|)i)rnh.  itn<  r.  Bcr.  rj2.  MSll).  IVn/oldt 
(ZeiUsch.   anal.   (  Iien^,  24,  J47)  add.n  to  the 
Bugpeoted  liquid  orthonitrobenzaldchyde,  which 
in  ]»rrs(ncc  of  can-tic  alkali  combines  with  ace- 
t<»ne  to  form  indiuo.    Another  dclicat-e  test  is  to 
add  Bodlttin  h^raiozide,  hydroxylamino  and 
pyridine,  then  other  and   bromine  until  tho 
tiolutiou  in  yellow,  hydrogen  jK-ruxide  is  now 
added  when,  if  acetone  is  ])re«ent,  tho  solution 
becomes  I  Itii'  (Stock)  ;  diinetliyl  /)-pben\  lencdia- 
mine  juixliici  s  a  re<i  colouration  whicb  changes 
to  violet  on  addition  of  alkali  or  acid  (Malerba, 
Zciiseli.  iinal.  (  hrtii.  'M,  VtW).    Similiir  eolotir  re- 
action.s  are  uln^jiied  by  adding  a  tvv,  dru|>s  of 
aodium  nitroprusside  to  a  mixture  of  acetone  and 
a  primary  aliphatic  anune  (Hiiniui,  ('hem.  Zentr. 
1898, 2,  J32).  Of  ttil  ihcwc  ukhIh  I^iebcn's  ui  perhaps 
the  most  sensiti  ve.    To  detect  acetone  in  urine  a 
stront?  solution  of  .soilinin  nitroiiniswid<«  i:--'  adddl, 
tlu'ii  the  nuxlure  made  alkalin*'  wab  potaeh, 
when  a  reil  colouratit>n   is  ])roduced  wMch 
(  haii'jc-'  to  vi<  ilct  fin  a<ldit  ion  of  acel  if  acid  (  Lcual, 
.}.  Phurm,  (  bim.  iHM»,  17,  2(>0;  jUeniges,  Bull. 
Soc.  chim.  [31  16.  1068).    According  to  EpreUng 
(('hem.  Zenlr.   IS'M.  ii.  457),  it  i<  hv-i  to  nsc 
ammonia,  wiien  a  brilliant  violet  colour  is  al 
once  produced:  this  reaction  is  not  given  by 
nldr  hyile.    For  other  methmls  of  dctectmg  and 
estimating    acetone,   minpare  Arachequcf^ne, 
Compt.  n-nd.   110.  (i42;  ( 'olli.'^^chonn,  Zeitsch. 
anal.  C'hem.  20,  5<»2 ;  S(|uibb,  .J.  Amcr.  (  hctn. 
Soc.  18,  HKiS:  Kebler.  iitd.  19,  316;  .Schv^uker, 
(  hem.  Zeit.  15,  014;  Strache,  Monati,h.  13,  2W; 
Kl  ir,  J.  Soo.  (  hem.  Ind.  15,  290  ;  Hintz,  Zeitsch. 
mial.  (  hem.  27.  182;  Sternberg,  Chem.  Zentr. 
HHll.  i.  270;  Kcppeler,  Zeitsch.  angew.  Chem. 
18.  4(vl:  N'aubel  and  Srldnicr.  ibid.   ]S.  211: 
Jolles,  Bi  t.  30,  13O0;  Auld.  .1.  Soc.  (  hem.  Ind. 
25.  UK)  ;  lleikel,  Chem.  Zeit.  32,  76. 

(  I  'lr  estimating  acetone  in  wo<»<l  spirit,  ^fc 
ArHciic<|ucKne,  I.e.;  Vi^iiun,  Comjjt.  rend.  110, 
."»34;  112,  S73;  and  in  urine,  f^e  HupjKrt. 
Zeit  .  b.  sTuil.  Cliem.  20,  (».32 ;  Salk.AA  ki.  .T 
I'harin.  (  him.  1801,  104;  (Jeelmuyden,  Zt  iiMh. 
anal.  Cliein.  35,  .^.03  ;  \Villen.  Chem.  Zentr. 
IS07,  i.  134;  Mart/,  ii.  232;  Arfenson,  Bull. 
So<-.  ehin».  15,  |3]  1055;  Studer,  (  hem.  Zentr. 
1898.  i.  Iir>2:  Maltat,  J.  Fharm.  1807,  (120(1;, 


Sabbat ani,  Chem.  Zentr.  1  SOO,  ii.  22;  Rieghr. 
,  Zvilir^  h.  anal.  ( "hem.  40,  04  ;  V'ouma.H09.  Bull. 
I  Soc.  ehim.  31,  |3]  137;  (Jraaff,  Pharm.  We^-k 

blad,  1007.  44,  555;  Folin.  J.  Hiol.  t  hmn.  1!»(»T 
I  3,  177;  Monimart,  J.  Fharm.  Vhvm.  1892,  2tl. 

302;  Heikel,l.e.;  Hart,  J.  Biol.  Chem.  1908,  4. 
i  477.) 

I       I)trivtUtv€fi. — Acetone  combines  directly  will. 

I  a  largo  number  of  subataooes  yielding  well 
ehar,ti  teri<ed    aihlitiv  o    compounds.     1.  Cf;?< 

I  pounds  with  alkaUnt  aulphitts  : — Acetone  form-' 

I  definite  erjrBtalline  compounds  when  shaken  w  ith 

I  concentrated  solutions  of  the  a(  id  >nlphit<«  (bi 

'  sulphites)  of  the  alkali  metab  tPn-cht,  Phut. 
Ontr.  1002,  8,  301 ;  Kcrji,  Kai.«erl.  Citjsiundh. 
1904,21,40;  Rothwood,  Monat»h.  2t).  1>t.-.k 
potassium  salt  C3H  (O.KHSO,,  and  the^ocit  um  salt 
CjH,0,NaHSO„  crystallise  in  nacreous  scales 
(Limpricht,  Annalen  93,  23R)  ;  the  nmtrtrminn, 
salt  I'jHjCNH^HSO,  erv!«t^illiiies  in  lauim.x' 
(Stiideler,  Annalen,  111,  307).  The  barium 
salt  formula  2C,H,(),Ba(S(),H  ).,H  ,(>  fFa- 
gard,  J.  Pharm.  Chim.  1805, 2, 145).  Thet*f  i»*lt^ 
^•ield  acetone  when  heate<l  with  aqueous  potai^h. 
— 2.  Comjmund^  with  rlUoroform  illi:cr<-U. 
Ber.  14,  2451;  16,  2308;  Camonm  and  Hoil), 
(;hcm.  Zentr.  1808,  ii.  277  ;  Jocitwh,  ibid.  1899,  i 
(306;  Willgerodt  and  Durr,  J.  pr.  Cbeni.  148.  2K1' 
— 3.  Cotnpoundn  uUh  hydrogen  cijannk  ^L'rciii, 
Annalen,  164,  255): — Acetone  vields  acctori**- 
cyanbydrol  C4H,N0,  b.p.  120®,  when  a.lded  to 
anhydroua  hv'drocen  cyanide ;  and  diacetont- 
cyanhydrol  a  crystalUne  snbstanee. 

when  treatcfl  with  a  25  p.o.  solntinn  faqumus]  o; 
hydrogen  cyanide  (Tiemannaiul  Frieiiiander,  Ber. 

I  14, 1965) ;  with  3*3  p.c.  hytlrogen  cyanide  acetone- 
eyanhydrin  i-?  obtained  in  the  dark,  but  in  the 

:  light  a  mixture  of  produoU  ij9  formed  (Silbcr. 

I  Ber.  88, 1671).-  4.  CmnpmimU  with 
Ammonia  unites  with  acetone  in  the  cohl  with 
the  elimination  of  the  elements  of  water ;  the 
reaction,  however,  proceeds  more  quickly  if  the 
temiMTaturo  is  rai.sed  to  UH»**,  or  if  ilry  animonin 
ga.s  i.H  passed  into  boiling  iicetone.  S<.'vcril 
bases,  diacetonamine  C,H,,NO,  triacet^mamine 
C„TT|.X().  triaeetoncdiiimine  C„II.,.|X20.  and 
tkh\dn>trmueluuamHieC,H,,N;  the  ianl  two  in 
very  small  quantity  only,  have  been  obtained  by 
tli<  se  iiictbod<,  (he  relative  proportions  in  whitli 
they  are  tuinu-d  varj'ing  with  the  temjHirature 
and  time  employed.  These  baws  an<l  their 
diiivatives  have  been  examined  bv  Heintz 
(Annalen,  174,  133;  175,  252  ;  178,  305.  320 : 
181,70:  183,  276;  180,214:  101.  122;  10\ 
12.  87  :  201,  00 ;  203,  330)  an<l  bv  Sokolow  and 
i^atschinow  (Ber.  7,  1384),  iiuheuiann  and 
C^amegie  (Chem.  Soe.  IVans.  1888,  424),  RQ^hri- 
mer  (H<  r  21.  3325;  25,  1562),  Harries  f  Ar 
nalen,  20(i,  32j>),  Kranchimont  and  FritHimani! 

'  (Hec.  Trnv.  Chim.  1007. 223).  Cabriel  and  Colman 
/l?er.  35,  380.1),  Kohii  and  Lindauer  (Monat-h. 
23,  754),  Kohn  t.AniiuIi  n,  351,  134  ;  Monat,-h. 

[24,  705,  773;  25,  1.35,  817,  850;  28,  420. 
508,  520,  537.  1010);  they  yield  well-cryst^lliMMl 

,  ^alts,  and  can  be  separated  from  one  another 
by  means  of  their  oxalates.  Methylamine  slwi 
l:i\cf;  enrrc'^ijnnding  comf'onnd<i  with  acetrtne. 
but  diHu  tti>lanuno  yiclda  dimethyldiaccton- 
anunn  as   the  sole  product  (G6ttsehmann. 

I  Annal.  II.  i;>7,  27). 

Thioacetonca  have  been  studied  by  B«u- 

1  mann  and  Fromm  (Ber.  22,  1036,  2S92]k 
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AeeUmo  forms  compounds  with  raoreiiric  sul- 
phate (Deniged,  I.e.;  Opjuiihciintr,  l.r.),  with 
mercuric  oxido  (Auld  and  HafUxMch,  Ber. 
38,  2677;  LuKseire,  J.  Pharm.  Chini.  181K), 
22,  246),  with  mercuric  cyani<lo  (jMarsli  an(l 
Struthers,  Chcm.  See.  Trans.  I1K>5,  iHlH),  with 
mercuric  iodido  (Gemei,  Compt.  rend.  137,  255; 
Marsh  and  Striithi-r;*,  ('hem.  Soc.  Prnc.  1008, 
2*i6),  and  with  mercuric  nitrate  (Hofmanu,  Ber. 
:U,  2212).  Metallic  derivatives  of  the  type 
(.'Hj  CO  CHjK  are  obtaiiuvl  l>y  the  el.  r  trnlyais 
of  acetone  .<;olution8  of  potassium  or  bodiutn 
iodides  or  of  potassium  tniocyanate  (Lot!  and 
Voghcra.  (  Jazz.  chim.  ital.  35,  i.  277). 

Acetone  yields  substitutiuu  derivatives  when 
acted  upon  with  chlorine  or  bromine  (Bischoff, 
Ber.  5,  863,  963;  8,  1329).  The  following  deriva- 
tives have  been  obtained: — ^Monochloracctone 
( Henr>,  Ber.  5, 190;  Mulder,  Bar.  6,  1009;  Bar- 
baglia,  Ber.  7.  467 ;  Linnemann,  Annalcn,  134, 
171 ;  Koeni^  and  Wag8ta£fe,  Ber.  26,  554 ; 
NS'islicenus,  Kircheisen  and  Sattltf,  ibid.  26, 
808;  Frit*.  h.  ihid.  26,  597:  Trhemiac,  B«-r. 
25, 2629 :  Klitig.  Bull.  Soc.  chim.  [3]  33,  322) ; 
misymmetrical  dichloracetone  (Fittif ,  Annalm, 
110,  40:    Borsche  and  Fittifr,  Annalfn,  133, 
112;  Erlenbach,  Annaicn,  269,  46;  Tcherniac, 
I.e.:  Frit«chy  Lci  Mcintosh,  Chemi.  Soc.  Trans.  I 
1905,  790):  symmetrical  dichloracetone  (Barba- 
a^Lc.i  Fritach,  I.e.);  trichioracetono (BischotT, 
£&;  Knemer,  Ber.  7,  252;  Perrier  and  Frost, 
<^bmpt.  rt>nd.  140,  1 46  ;  Hantzsch,  Ber.  21,  242) : 
U-traclUoraci  tA>ne  (BLiK^hofF,  Levy,  Witte  and 
Cnrchod.  Annalon,  252,  330,  254,  83;  Levy 
and  JcHllicka,  Ber.  21,  318);  and  pentachlor- 
acetoiie  (tloiiz.  Bull.  Soc.  chira.  [2]  39,  638  ; 
nitsch,  Annalcn,  279,  310  and  Lc ;  Levy 
and  .iL-dlirlia,  l.r.).    Tin-  corrrsp<indinfr  bromo- 
denvalives,  with  the  extteption  of  trilirfnuace- 
tone,  are  obtained  by  the  direct  action  <>f  bromine 
upon  acetone  (Mulder,  J.  1864,  330  ;  Mcintosh, 
i.e.;  Lapworth,  Chem.  Soc.  Trans.  1904,  33), 
aUo  bv  other  methods  (Hjelt  and  Siven,  Ber. 
21,3288  ;  Norton  anfl  WiMciihc.iT.  Amer.  Chem. 
J.  10,  213;   Hantzsch,  Lc).     Other  halogen 
derivatives   (J.    Soc.   Ghmn.  Ind.    16,  933; 
HantMch,  I.e.  and  Ber.  22,   1238)  and  th< 
compounds  of  acetone  with  the  halogen  acids 
(.Archibald  and  Mcintosh,  Chom.  Soo.  Trans. 
WW,  924)  have  been  dcscribtfl. 

Acetone  forms  a  largo  number  of  condonsa- 
tioD  prodnets  and  derivatives  with  other  organic 
compounds  :  ('vanacetones  (Hantzsfh,  Ber.  23. 
1472 :  Tchemiac,  Ber.  25,  2607,  2621 ;  Kowj>pa, 
Bct.  33, 3630).  Acetone  dioxalie  ester  obtatnc<l 
l*y  the  action  of  podinm  ethylatc  on  n  mixtnrc 
U  acetone  and  oxalic  ester  is  converte<i  when 
treated  with  sodinm  ethoxide  to  a  <lienolic 
fubftanrc  formin;^  lomon-yellow  necdlf'^.  ni.p. 
9S",  and  dyeing  wool  in  alcoholic  solution. 
It  li  thefifst  nitrogen  free  dye>stttff  of  the  fatty 
^mf^  vet  obtained  (VVill-tnttcr  and  Pumincrf  r. 
Bcf.  il,  3733),  Pseudocyciocitraiideno  acetone 
uid  its  homologues  have  an  odoor  of  violets, 
iiHl  aro  suitable  for  use  In  peifnmea  (J.  Soc. 
<  bem.  Ind.  24,  290). 

For  aoetone  dicarboxvlic  aeid  and  its  defiva* 
Jives,  «M  Ormerod,  Chem.  Sor  Pr  r .  lOOR.  20r) ; 
I^enig&jt,  Gompt.  rend.  128,  080 ;  Lippmann, 
B(T.  41,  3981 ;  for  aoetonyl  acetone  and  its  I 

fVnvtttivrH,    r-    Knorr,    Hit.   22,    168,  2100; 
liaisen  and  lOu-hatdt,  Ber.        1009 ;  Zincko  j 


and  Kegel,  Ber.  83,  230;  Claisen,  Ber.  26, 
3164 ;  the  aio-  (Bulow  and  Scldotterbeck,  Ber. 
35,  2187)  and  diazo-  derivatives  of  aoetonyl 
acetone,  have  dyeing  properties  (Faniel,  Cbmpt. 

rend.  128,  318). 

Acetone,  with  diazoljcnzcne  chloride  in  the 
presence  of  alkrtli,  \  ii  Ids  a  c  om})ound  Cj5H,|0N,. 
m.p.  134°- 13.')°,  whkh  has  dyeing  properties 
(Bamberger  and  Wulz,  Ber.  24,  2793).  For  other 
condensation  prodncts  compare  Boessneck,  Ber. 
21,  1906 ;  hmann  and  Wehsarg,  ibid. 
2994;  Franko  and  Kohn,  Monatlh.  19,  354; 
SO,  876 ;  Spier,  Ber.  28,  2531 ;  Perkin  and 
Thorpe,  Chem.  Soc.  Tran  1      ;  WciihM, 

Monatah.  17,  401  ;  Micko,  ibni.  442  ;  Stobbe, 
Ber.  28,  1122;  Cornebon  and  Kostaneeki,  Ber. 
29,  240:  Clai^en.  ihid.  2931;  Rohraer.  Ber.  31, 
281 ;  Pfitiinger,  d.  pr.  (  hem.  164,  283  ;  Freer, 
Amer.  Chem.  J.  17.  I  ;  Barbier  and  Bouveault, 
r  nij)f.  rend.  118,  198;  Haller  and  Maich, 
Cumpt.  rend.  139,  99;  Straus,  Ber.  37,  3293; 
Harriet  and  Ferrari,  Ber.  36,  656 ;  Ulpiani 
and  Bemardini,  Atti  H.  .Af(a(l.  T  i;  i,  1904, 
13,  331;  Pechmann  and  iSuigvuck,  Bir.  37, 
3816 ;  Duntwitc,  Monatsh.  27,  773  ;  Knoeve* 
nagel,  Ber.  39,  3451,  3457  :  rnrdi.\  Chem.  Soc. 
Trans.  1906,  1200 ;  Richard,  l  ompt.  rend.  146, 
129.  Diaoetones  and  their  derivatives  have  been 
><tu(lic(l  by  Combes  (Compt.  rend.  108,  1252; 
Behai  and  Auger,  Compt.  rend.  109,  970 ; 
Qaisen  and  Stylos,  Ber.  21,  141);  derivatives  of 
triaeetono  bv  Weinschenk  fH(  r.  34,  2186). 

ACETONECHLOROFORM.  aaa-tnc/Uar-  fi-hu- 
droxy-fi-methylpropftne  {Chloretonf  )(IJHf)^K!(On)' 
CCl^.    propartil    by   slowly   adding  powflrrod 
[Kitassium   hyiiroxide  (3  parts)  to  a  cooied 
mixture  of  aoetone  (5  part*)  and  chloroform 
(1  part)  (\VilIgero<lt,  .!.  p:  rh,-n\.  \2]  37.  3f?l)  is 
a  white  cry.Htallino  coni|><iuud,  b.p.  107'',  njeit- 
ing  near  but  above  07** ;  it  has  a  camphor- 
like  odour,  i.H  soluble  in  hot.  spnrin^rly  soluble 
in  cold  water,  and  crystallises  well  from  ether, 
alcohol,  acetic  acid,  acetone,  or  chloroform ;  it 
forms  no  (h  tlnitc  hydrate,  but  the  system  arrtnnr- 
chloroform /water  presents  a  quadruple  i>oint 
for  thesolia,  two  solutions  and  the  vajxjurat  75*2* 
(Cameron  and  Hollv,  J.  Plus.  (Ihvm.  1898,  2. 
322).    The  acftate  ■{CH,),-C{0.\c)-CCl,  boils  at 
I9r.    The  beitzoaie  (CH,)j  C(()Bz).CCl,  IjoiLs  at 
282**  (VVillgerodi  and  Durr,  J.  ]n.  Chfin.  [2]  39, 
283).    Acetoneoldorufui  in  i.s  reduced  by  xinc-dust 
and  alcohol,  forming  dichloroi>obutvlene,  iw- 
ori)(  \  Ichloridi-.uiui  Molmtylene  (.Jocit.sch,  J.  Rubs. 
Vhyi^.  CliciH.  8o<!.  18Si8,       920) :  and  is  docom- 
po«e<l   by   water  at   180°,  yielding  hydrog«*n 
t  liloride  and  hvdroxywobtit  vrir  ai  id  i  \M!I(,'('ro«it, 
Ber.  1882,  16,  2305).    By  the  action  .«[  1« n/..  ne 
in  pvesenoo  ci  aluminium  chloride  th<-  c  hl(irin« 
atoms  of  acetonr'chlor()form  are  rrplaceil  winill\ 
or  in  part  by  phenyl  residues,  and  the  eoni)>ouiul.s 
diphenyhhJoromHhyl  dimethyl  carhinol  CPhjCl* 
CMc .  OH  l).p.  239°;  phcnyldichloromeihyl dimethtfl 
carbi'tiol  CFhClj-CMe.  OH  b.p.  217°;  and  /n- 
phenylmethyl  dimtth^  Mt^'fM  CPli,  <  .M(  ,  ()H 
b  ]i.   'J'iO^,   havo   Vicrn  prcparrd.  and  similar 
coui|H>unds  are  obtaine<i  using  toluene  or  />- 
xylene  (Willgerodt,  J.  pr.  Ghem.  f2]  37,  361). 

Arrtonochloroffjrin  is  a  powerful  jfrtnicide,  a 
HaLiisla<:tory  Hurgkal  drt.-vHiug,  and  hyj>notic  for 
internal  use  (Aldrich  and  >Iou>,d»tt)n,  .\mer. 
J.  Physiol.  1900,  3,  2<.)  :  it  is  uhikI  as  a 
specific  for  sea'Siokness  (Merck,  Ann,  Report. 
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uAiue  uf  ancsitt  fur  producing  local  anteatheeia 
(Cofin.  niarm.  Zentr.  H.  40,  33). 

ACETONEDICARBOXYLIC  ACIDi'.Kkton'k«5. 


\  under  the  i  anicsthetic  properties,  which  arc  not  diminished 


by  condensing  it  with  aldehydes  containinj?  a 
pnenolio  hydroxy!,  but  arc  destroyed  v\h> n  it  if 
rnndiMisp<l    with    brn7Jil(lf)i'  !' .  tolualdehvdf". 


ACETONE  OIL  in  the  oily  residue  remaining  ,  or  cinnaniaidehv(ie  (Hildebraiult,  Chem.  Zentr. 

"         1905,11.602:  Seholr,  and  Huber,  Ber.  87, 390; 
Schiiri  r.  BfT.  :iO.  2181). 

Acftaphcnonephenttidene,  m.^.  88%  an  anti- 
pyretic aubstonoe,  can  be  obtained  hj  heating 
molecular  proportions  of  acetophenone  find  p- 
phenctidene  in  vacuo,  then  didtiUing  in  wtcuu  at 
2100-212"  (Valentiner,  J.  Chem.  Soc  Ind.  15. 
50;  17,  (K)2), 

^.ACETO  PROPIONIC  ACID.    Lirvul,c  actd 


be  prepared  by  the  dry  distillation  of 
mltfl  obtained  by  neutralinnff  fleece 


after  the  separation  of  aoetone  from  the  producta 

of  the  dry  (listilln1  imi  of  calcium  acetate.  It 
can  abo 
the  lime 

\vashiii;.;s  with  milk  i.f  lime.'  About  IT)  \\trc<^  of 
the  oil  are  obtained  from  a  cubic  metre  of  fleece 
waabinga  of  ll^B.  It  ia  a  nlightly -coloured 
liquid  uf  s|>.;:r.  OSr?."),  luiviii:,'  a  |M'nftratiiiir 
smell  and  acrid  burning  taste.  1 1  con.Hi8Ui  mainly 
of  methvl  ethvl  ketone  (A.  and  P,  Biiiaine. 
Cumpt.  fnwl.  12n,  12S.  nr, I).  Acconlinrr 

to  Ducheniin  (  Hull.  Soc-  cliim.  [SJ  21, 798)  acetone 
oil  is  of  \  <  r\  v  ariable  oompoaition,  depending 
upon  the  nature  i»f  tlif  |>\  iulii:riat<'  from  whirh  it 


CHjCOC'HjCHjfO.H. 

This  subatance  ia  formed  by  the  action  of  dilute 
acids  on  a  number  of  carbohydrates— f.(/.  levu- 

lose,  innlin,  galact<».-r     It  is  aim)  a  prtwluct  ui 
ia  prepared.   A  French  Commission  reported  that  i  oxidation  of  the  terpens  alcohols,  but  ia  be»»t 


it  was  effpctive  as  a  denaturant  of  alcohol  and 
it  was  adopted  for  this  porpoae  by  the  Swiss 
Government  in  1895. 

For  details  of  mode  of  manulaetuxe  from  wool 

wa-shin^M.  v.  Buisine  (J.  Soc.  ('him.  Ind.  18, 
292  ;  21,  104);  P.  Baechlin,  (lie v.  Chim.  lad.  9, 
112:  Iff.  240). 

ACETONTC  ACID  -  !f vDROXYBUTVRif  a( m. 
ACETOPHENONE  i'Atny/  tmihyl  kdone. 
H^nonp.  (  JI (M)  ('H,-  is  obtained  by  acting 
with  Ix  ir/.uvl  chloritle  on  zinc  mfthyl  ;  by 
distilling  a  mixture  of  the  calcium  salts  of 
benzoic  and  acetic  acids;  or  by  Imiling  together 
Ikii/iiic  und  Hiitvl  chloriih:  with  iiliinunium 
chloride.  It  can  be  isolated  from  the  fraction 
of  heavy  oil  of  coal  tar  boiling  at  lOOO-IOO" 
by  adtlitimi  of  sul]i!nirif  arid,  distilling  the 
solution  in  steam  anti  cuuverting  the  distillate 
into  the  p>bromophenylhydrazone  derivative 
of  acrt  uj>hrin>iic  I  \VriN.s:_'i  rlK'r,  B<  r.  'M\,  754). 
It  is  best  obtained  synthetically  by  adding 
small  quantities  of  sublimed  ferric  chloride 
(7  part>l  1..  a  mixture  ..f  iM  ir/.i  nr-  (.1  parts)  atul 
acetyl  chloride  (7  parts)  diluted  with  carbon 
disuiphide.  The  mixture  is  then  warmed  on  the 
water-hath,  dri' >!  and  fractionated  (Nencki  and 
Stoeber,  Ber.  30,  I7G8). 

Acetophenone  cryntallises  in  largo  plates,  m.p. 
20-;>°;  b. ]».  202°.  It  jM>s.«<essr'j  a  jM'rsistent 
oduur  of  oil  of  bitter  almonds  ami  cherry  laurel 
water ;  is  insoluble  in  water,  but  diasolvee  easily 
in  alcohol,  ether,  chI»»roforni.  or  Ixri/cm-. 
It  is  readily  oxidised   by  potassium  perman 


prepared  by  heating  on  the  water^bath  cane 

8U<:ar  with  dihitc  fiyilroohlorir  arid  (-4  voU. 
watrr,  1  vol.  cone,  acid)  untU  a  brown  Hooottlrat 
prt  i  i  I  >  1 1  ate  b  no  longer  formed.  (Oompare  Td- 
lens,  Her.  17.  ''•'I'^ ;  \\'(  htncr  a.  ToUens,  Annaleii. 
243,  214.)  The  filtered  liquid  is  then  evaporated 
on  the  water-bath,  extracted  several  times  with 
t'th<T.  ami  aft.r  distilling;  of!  the  ether  the 
residue  is  fractionate>d  in  a  vacuum. 

It  can  be  obtained  by  the  hydrolysis  of  vanow 
nucleic  arids  fKnssi  !  nmX  Neiiinann.  Zoitsch. 
phyaiol.  (  hem.  27,  2215;  Inouye,  ifc»<<.  42,  117; 
I^vene,  Qnd.  43,  119).  For  other  methods  of 
pji'parat ion,  compare  Tiemann  and  iSemmU-r 
(Ber.  2S,  2120);  Veriev  (Bull.  Soc.  chim.  [S] 
17.  190):  Rrlenmever  (S.  pr.  CSiem.  170,  362); 
Blaise  (Bull.  Soe.  chim.      21.  n47i. 

LkvuUc  acid  oxystalliscs  in  plates  M'hicb 
melt  at  33^.  Tt  bolls  at  230*.  140O-149*'  /IS  mm. 
(Michael,  J.  pr.  (  hem,  152,  1 H).  and  ha«  M 
15^  aYp.gr.  1*135.  It  is  very  soluble  in  water, 
alcohoK  or  ether,  and  is  not  attacked  by 
broMiini'  in  th<-  cnld.  Xitrie  acid  cunvirf^  it 
into  carbon  dioxide,  acetic  acid,  succmic  and 
oxalic  aoida.  Io<1ine  and  sodium  hjrdroxide  form 
iodoform  even  in  the  cold.  Hy<lriotlic  ariti  ami 
phosphorus  at  200°  convert  it  into  normal  valeric 
acid ;  whereas  sodium  amalgam  forms  sodium 
■y-hydroxyvalerato  acid  in  an  Hleoh<ilir  solution, 
and  norniai  valeric  acid  in  an  acid  solution. 
When  added  to  boiling  iodic  acid  solution  diiodo- 
acetoacrvlic  acid  i«  fornird  (AiiLT'  li  and  ('hia~-i. 
Ber.  25,  2205).    When  placed  over  sulphuric: 


ganate  to  phenylglyoxylio  acid  (GlOoksmann,  ^  acid  in  a  vacuum  it  deoompoaos»  leaving  • 


i  <  -HiHc  of  dihydroxy valeric  acid  (Berthelot  and 
Andre,  (Xtmpt.  rend.  123,  341). 

The  mercury  salt  Hg(0,iH70,),,whieh  crystal- 
lises in  ^ilvrry  platet*.  hn  akf  up  on  (r<  atm»  nl 
with  sodium  hydroxide,  forming  the  (\\<>  nwt- 
curittfvulio  aeiiki  ( UI^OjHg  and  rjH.OjIlg,. 
La\nli.'  acid  readily  ctuulensos  with  beniil 
(Japp  and  Murray,  (  hem.  Soc.  i'roc.  189<»,  146), 
and  with  aldehydes  (Meingast,  Honatah.  26,265)^ 

It  ^^>rrn^  a  scmi  <  arl>a/.oni',  in.|'  IST"*  (]Mai*\ 
I.e.).  The  ethyl  ester  when  treale^l  with  ethyl 
magnesium  bromide  yields  a  lactone,  h.^ 
105  ^KM>V18  mm.  ((iriL'nard.  Conif.f.  n  iid.  ItW. 
027).     Halogen  substitution  derivatives  of  X*- 


Mrmat-h.  !1.  2lHi.  r?\  t!i<-  action  of  ammonia  ftn 
an  ulcohulic  solution  ot  acetophenone,  the  aeet(»- 
phenone  ammonia  ufonnc(l('MePh<N :  (?MePh)„ 
m.|K  115"  (Thomae,  Arch.  Pharm.  244.  643)  (v. 

KKTUJiKs). 

Acetophenone  forms  a  large  numlicrof  deriva* 

tivc--  and  condensation  pr<Klufts  with  aldehydes, 
huiugeiis,  acids,  mercury  nalts,  &.c. 

Acetophenone  was  discoverwl  by  Dujarrlin- 
B«^atnnrt/,  a?id  Banlet  to  ikik-^chs  p<iuerful 
suixjnlie  jirowTties  (Coiupt.  rend.  101,  900; 
Karmenaky,  Liss.  Med.  llii.  Acad.  8i.  Peters- 
burg. IMHX-IHHO.  No.  70),  In  quatititics  of  0-05 
to  0-15  gram,  it  induces  a  quiet  sleep,  but  is  _ 

said  to  iiuftart  a  disagreeable  odour  to  the  \  vulio  acid  have  also  been  obtained  (Wolff,  Ber. 

Imath  (I'harin   I   IH^t;.  .-,82).  2«5.  22in  ;  Wolff  and  Hiid. !.  .Vnnalen.  294.  192; 

Autifiuai  ifojtfh  noiw  (Camps,  Arch.   Pharm.  .  Conrad  and  j:>climidt,  Annalen,  285,  203). 
40,  16),  b.p.  2Sh'*-96i'' i  l9Sf*/ll  mm.,  has  ^     The  snbetanoe  is  empluyed  on  a  nniuiite- 
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tiirin?  w»le  as  a  mordant  infstrad  of  acetic  acid, 
Oft  ii  pudaeijijea  the  advantage  of  not  being  volatile 
«ith  8team. 

It  i-  a1s».  u.-nc.I  in  the  preparation  of  the  anti- 
pyretic aHiUh^rmin.  Phenylhytlrazine  is  dis- 
solved in  dilute  acetic  acici,  and  on  a<lilit)^  a 
itolution  of  la«vulic  acid  n  yillnw  pn^ripitato  is 
fofiaed,  which  is  purified  by  recrv»»taili8ation 
fnnnalooliol  (Phftrm.  J.  [3]  acvii  SOI)  (v.  Avn- 

TOERMIXV 

ACETOPURPURINE    v.   Azo-  colouring 

SiATTERS. 

ACETPHENETIDENE  v.  Phksacktin. 
ACETYLENE  GROUP.  HydrocarbonH  having 
the  p  ii'  Tttl  formula  CnH,n_ 

I  la-  hydrocarlxws  f>f  this  .-^t  ri»  s  exiat  in  two 
idomenc  modiiications.    Representatives  of  the 

(•II  (•!!  CH,-C-:C?H 
Acetylene.  jUlytoae. 
Aad  of  the  second 

CH- :  (• :  t'H,      CH, :  CH-CHj  CHj  CH :  CH, 
bonedc  aUyiniA.  DUOlyl- 

The  hydrocsrbonB  of  the  first  group  thus 
contain  the  group  ~  f'H  uuit<Ml  to  one  carbon 
atom,  and  may  be  dettignated  true  acetylenea. 
Thtry  form  compouncb  mth  copper  uid  suver  in 
which  tlx-  hydrogen  of  the  f^up  (CH)  ii  re- 
placed by  the  mefcaL 

When  heated  to  ft  high  tempentme  with 

ilcoholic  potash  in  a  scaled  tube  tOO  triple  bond 
changes  its  position  thm  : 

U,H.-CH,-C;:CH   -»   0,11^0  jC-C'H,. 

CtHj-CiOH-  CH,<J:C-CH,. 

The  reverse  action  OCeufS  by  boiling  with 
poetaUic  tiodium. 

The  following  geneni  leaetiona  yield  hy.lro- 
eerbons  of  this  st-rieH  : — 

1.  Bv  heating  the  monohalogen  derivatives 
of  the  hydrocerbooft  CbH^  with  deoholio  pota^^h  i 
CH,-Oa:CH,+KOH-CH,<J:CH+Ka+H,0. ! 

2.  Bv  the  action  of  alcoholic  potash  on  the 
'lihalogen  derivatives  of  the  ethylene  series.    In  ■ 
thU  case  the  reaction  takes  place  in  two  stages.  ; 

I,  CHjBr-CHjBr+KOH  ! 

=CHBr  :CH,  +  KBr^H,0. 
IL  CUBr  :  CH,+KOH=CH  :  CH-l-KRr+H,0. 

The  bromine  derivatives  give,  as  a  rule,  a 
better  yield  than  tlu-  chlorides.  i 

3.  Bvflectrolvsing  un>4aturateddiba«ic  acids.  \ 

C  H  <  0,K :  CHVo J H H :  (  H  +  2( '(), -j-  H j 
Tomarie  add  Acetylene 
The  acetyh'ni's  combine  with  Brj  or  Br4;  thus 
Acetylene  furuw  C^HjBrj  and  CjHjBr^. 

Nascent  hydrogen  converts  the  aoetyleiieeinto 
the  hydpK  iirKins  C„Hj„  and  C„Htn4.r 

Tht'  acetylenes  in  presence  of  mercuric 
bromide  combine  with  water  to  form  aldehyilcs 
aDdketonee<Kutscheroff,  Bcr.  14. 1&42;  17, 2»). 

(',Hj  +  H,()-C,H,() 
Acetylene.  Aldel>>ti< 

CHj-C  i  CH  4-H,0=CH,-('0  (  H, 

Allylene.  Acetone. 

According  to  Desgrez  (.Vnn.  ("him.  Fhys. 
mi.X  21.',  ;  Bull.  S<M-.  <hini.  (31  II.  362),  the 
elerocnu-4  o£  water  can  be  made  to  combine 
dheetJy  with  the  acetyhmes  without  the  pfesenoe 
of  condensing  or  other  agents. 

By  polymenaation  of  the  acetylenes,  com- 
pouA^  of  the  bemeoe  aoEjes  are  formed.  Thus 


acetylene  at  a  red  heat  yields  benzene  (Bone 
and  Cowanl,  ('hem.  Soc  Ttana.  1908.  1197; 
Bone  and  Jertlan,  ('hem.  So*  .  Pn.c.  IWl.  1(55; 
Maquenne.  Coropt.  rend.  115,  558);  allylene 
('jH,.  by  thf»  action  of  sulphuric  acid,  gives 
mesityleno  ('.Hij  (trimethy-l  h.  n/.cnc)  :  and 
crot<>nvlpne  (;,H- givea  hexamethyl  bciirene. 

Acetylene  C,H,  i.e.  HC  ;  C  H  is  produced  when 
an  electric  arc  is  formed  between  i  arbon  jHiints 
in  an  atmosphere  of  hydrogen  (Bone  ami  .lerdau, 
Chem.  Soc.  Trana.  1897, 54).  Further,  by  passing 
the  vapours  of  many  carlwn  compounds  (  ah nhol, 
ether,  ethvh-ne)  through  red-hot  tubes  (Bone  and 
Cowanl,  U. ).  It  is  atoo  formed  by  eleotrolyidng 
the  sodium  or  pt)ta-siiun  salt  of  fuinario  or 
maleio  acid,  and  by  the  action  of  silver,  copper, 
or  zinc-ilust  on  iodoform  (C^teneuve.  Oompt. 
rend.  97,  1871).  A  w(.  a<ly  Ktrcain  of  can 
be  obtained  by  the  action  of  the  copper-ainc 
couple  on  bromoform  (C!a«eneuve,  Gompt.  rend. 
I  113,  1054). 

'  By  the  action  of  water  on  the  carbides  of 
I  barium,  calcium,  or  strontium  (TcavenB,  Chem. 
I  Soc.  Proc.  1893,  15;  Maquenne,  I.C.;  Moiman, 


Bull.  Soc.  chim.  13)  11.  10U7}. 

By  allowing  the  flame  of  a  bunien  burner  to 
strike  back,  or  by  the  action  of  alcoholie  potash 
on  ethylene  dibromide. 

Acconling  to  Matthews  (J.  Amer.  Chem.  Soc. 
22, 106),  a  good  laboratory  method  is  to  cover  cal- 
cium carbide  with  absolute  alcohul  and  add  water 
clrf»p  by  drop.  The  gas  is  purified  by  passing 
into  (i)pper  sulphate  solutiim  acidnhitcil  witli 
Hulphuric  acid,  then  over  pumice  stone  saturated 
with  an  aoetic  or  wilphurie  acid  solution  of 
chromic  acid. 

Commercially  acetylene  is  nearly  always  pro- 
duced from  calcium  carbide  (Lewes,  J.  Soc. 
Chem.   Ind.   10.  33;  Clowes.  200.  :?lt); 

Wilson,  ibid.  15,  103;  Liiuke,  Eiektr.  Chem. 
Zeit.  1895,  145 ;  Wvatt.  J.  Hoe.  (%em.  Ind.  14, 
1:J5;  796  ;  20,  109  ;*  Bambcr    r.  Xi  itsch.  angew. 
Chem.    1898,   720).    A  rapid   evolution  of 
gas  is  also  said  to  be  obtained  by  treatmf; 
calcium  carbide  uith  cr\stalliscd  .sodium  oar- 
Ixinate  previously  ojixed  with  powdered  rock 
salt  (J.  Soc  C%em.  Tnd.  27,  4S8).  Commercial 
acetvlene  often  contains  as  impurities  :  ammonia, 
other  hydrocarbons,  carbon  monoxide,  hydrogen, 
nitrogen,  oxygen,  araine,  sulphnrettisd  hydrt^n, 
I  and  phoaphoretteil  hydrogen,  the  last  of  which 
!  is  the  niost  dangerous.    The  action  o£  the  gas 
i  on  copper  is  due  chiefly  to  theee  impurities. 
The  gas  tan  l>e  purifletl  and  the  impurities 
deteotetl  by  passing  it  through  cooled  solutions 
of  sulphuric  acid,  lime,  lead  or  mercury  salts, 
and  chromic  ac  id  in  sulphuric  or  acetic  acid 
(Clowee,  ^.c. ;  Lun.stroem,  Chem.  Zeit.  23,  180; 
Berge  and  Reychler.  Bull.  8oa  chim.  [3]  17.  218; 
(iottig.  Ber.  '.V2.  IsTO;  R<Ks.Hel  and  I^ndrisset. 
Zeit.  angew.  Chem.  1901, 77 ;  Caro,  J.  Soc.  Chem. 
Ind.  22.  17;  2.3,  16;  Ullmann  and  Goldberg, 
Chem.  Zentr.  ISWh  ii.  19;  Pfeifer.  J.  f.  dasb.  42, 
.551;  Fiaeuckel,  Chem.  Zentr.  1908,  ii.  643; 
Kit  net  and  Keppeler  J.  f.  Geeb.  44.  648; 
.laubert.  d.  S<u  .  (  h.-m.  Ind.  24,  116;  Willgerodt. 
Ber.  28,  2107;   Hoffmeister,  Zeitsch.  anorg. 
Chem.  48.  137). 

The  best  method  of  frecini^  acetylene  fmm 
phosphine  is  to  pass  the  cooled  gas  over  bleaeh- 
inc  powder,  or  the  compound  CaO,CaOCli.2H  /  > 
or  UaO,CaOGl„H,0  (Diti»P.  R.  P-iiPid^g^^ogle 
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moistened  with  just  sufficient  water  to  make  it 
cohere  in  Im]1b«  and  finally  over  lime  (Lunge  and 

( Vdercit'uly,,  Z(  itsi  h.  ajij^ow  (.'ht*m.  1897,  rtftl; 
J.  8oc  Cheoi.  lud.  16»  37  ;  24,  1294  ;  27,  7U8 ; 
WoUr,  J.  f.  ftaab.  1808.  41,  683). 

Ac  c(  \  lcnr  is  a  c<)lourlrsj*^aK  \vhi(  h.  uhon  quite 


magnesium,  aluminium,  chromium,  mauganew. 
iron,  nickel,  cobalt,  bismuth,  antimony,  •rsenic. 

and  tin  (Makowkii.  Zoitnch.  iin.il.  ("lu-ni.  4>i, 
145  ;  Eixlniann,  ibtd.  40,  125;  iSotlerbaum,  ik-r. 
30,  760,  814,  902,  3014). 

AcetylriH-  can  he  used  as  a  startinK-point  fur 


pure,  has  a  diiitiuct  and  agreeable  ethereal  odour;   the  production  of  alcohol  (J.  Soc  Chum.  lud. 


tt  has  no  action  on  raetak  (Clowes,  J.  Soc  Chem. 

Ind.  in.  100:  Moi^siin,  f  •otnjit.  rend.  121.  5tt«), 
and  is  non-puisonous  wlu  ti  inhaleil  in  small 
quantities,  although  it  ma  y  pn  xluce  asphyxiation 
wh«  ii  iiioru  than  4()  ji.f.  ot  it  i.s  present  (Clowes, 
l.c. ;  Korda,  Mon.  ScL  45, 409  ;  Mosso  and  Otto- 
Icnghi,  Ann.  di  Chinu  e.  dL  FarmacoL  26,  103; 
Vitali,  Chem.  Zentr.  1898,  ii.  5M(1  ;  M(.i<san.  .  ; 
Urehaut,  Compt.  rend.  121,  5U4 ;  Berthelot, 
ibid.  121.  fi66;  Bnoiner,  ibii,  121,  773;  J. 
Soc.  Chem.  Im).  16,  819;  Roeemann,  Chem. 
Zeutr.  1895,  iL  998). 


1900.  476;  Caro,  Und.  1886,  226),  bat  the 

methods  are  C06tl .  ui  I  the  yield  poor.  Accor  K 
ing  to  Vitali  (L'Uru^i.  21.  *217),  acetylene  ha» 
considerable  antiHeptic  properties. 

'l>oubel  (J.  f.  (Jusl).  4s,  1069)  recommt  n4-< 
the  use  of  acetylene  for  autogenous  soldering. 

When  acetylene  is  Inumed  with  compceased 
air  or  oxygen  in  asperlally  ailaptcd  glnss  hlowor's 
lam|»,  a  Bame  oau  be  pruduced  but  Hlightly 
luminous,  which  is  either  onditting  or  quite 
neutral,  is  comparable  with  the  electric  arr  in 
int^*nsity,  and  whilst  capable  of  melting  nickeU 


It  condenses  at  1*  and  48  atm.  to  »  colourless  gold,  and  platinum,  is  free  from  the  ledocing 

liquid  which  on  rapid  exhaustion  solidities  ;  with  and  carhurcltiu^  prii]Mrtiea  of  the  MC(Nioliols, 
water,    liqui<l    acetylene  fornw  a  crystalline   ,J.  Soc.  Chem.  ImL  20,  29). 


hydrate  C,Hj,OH,0  (Villarrl,  Compt.  rend.  120, 
12('2).  With  oione  acetylene  is  violently  de- 
composed (Otto,  Ann  Chim.  Phys.  1898, 13, 116). 
It  explodes  more  Tiolently  tlian  other  hydro> 
carbons  with  oxygen  (Meyer,  Ber.  27,  27n4  ; 
Chatelier,  Compt.  rend.  121,  1 144 ;  Gr6haut, 
ibid.  122,  832:  Berthelot  and  VieiUe,  Atd.  123. 
523;  Tiono  and  Gain,  Chem.  Sf»c.  Proc.  1896, 
176 ;  Oowes.  J.  Soc.  Chem.  Ind.  15,  90, 418,  701, 
891). 


On  heathig  sodium  in  acetylene,  hydroscst  is 

given  off,  and  the  c<.>ni|H  inuls  (  ,IINa  and  C,Naj 
are  formed  (Matignou,  Compt.  rend.  124,  775 ; 
Skosarewskv,  J.  Russ.  Phys.  Chem.  Soc.  36, 
803 ;  Moi,^s.i II.  Compt.  rend.  126, 302).  With  ih^ 
hydrides  and  ammoniums  of  the  alkali  mc-iai.'^ 
and  of  calcium,  compounds  of  the  typo  C^M'.. 
C.H.  aro  formed  (Moisaan,  Cn  rend.  127. 
911  136,1217,1522;  137,463;  Berthelot  and 
Del^pine,  ibid.  129,  361). 


•Any  mixture  with  air  coutjiining  .V82  p.c.  of  ■  'I  hr  coitipounds  with  copiK  r  Ai\tl  silver  cofi** 
acetylene  is  explosive  (Bnnte,  Bcr.  31,5;  Clowes,  j  spond  r«*s}>ecnvely  with  the  formul»  C.HjCutO 
Chem.Soc.  Proc  1896, 143;  Berthelot  and  Vieillc,  and  C,H2Ag,0,  or  (;fH22Ag20.  The  former  ia 


Compt.  rend.  128,  177),  hut  the  t  xplosibility  is 
reduee<l  by  admixture  with  inert  gases.  It  is 
slightly  soluble  in  water,  more  so  in  alcohol 
or  cth'T.  and  v<  ry  n  adily  so  in  acrtoiic.  with 
the  last  three  of  which,  according  to  Mcintosh 
(J.  Phys.  Chem.  1907,  306),  it  forms  crystalline 
compounds. 

Since  acetylene  g&n,  em  well  as  the  liquid,  ia 
highly  explosive  unoer  i  resimTe,  it  is  best  stored 
by  Htihition  in  awtone  lH<  rfh<-lot  and  \  ii  i'l  , 
Compt.  rend.  123,  623;  124.  966,  988,  996,  iOUO; 
Claude  and  Hess.  ibid.  124,  626 ;  128,  303 ;  J. 
Soe.  Chem.  Ind.  20.  injl,  110(1;  22,  288;  24, 
191,  1101;  16,  788;  Wolff,  Zeitaoh.  aogew. 
(Iiem.  1898,  919 ;  Caro,  J.  8oa  Chem.  Ind.  25. 
1138). 

I'he  gas  bums  in  air  with  a  nmoky  tiamc, 
decomposes  when  expoM^I  to  sunlight,  and  forma 

(  (■nilcnsat  ion  and  resinous  products  uhru  suh- 
iectwl  to  an  1 1(  (  trie  discharge  (Berthelot,  Bull. 
Soe.  chim.  i  4,  480;  Jackson  and  Laurie, 
Chem.Soc.  IVo.  .  IfMtfl.  lo.l;  T.t.s;uiits<"h,Monat.Hh. 
29,  753 ;  Javitschitsch.  ibul.  29,  1  ;  Coehn,  Zeit. 
f.  Elektr.  7,  681  :  Billitzer.  Monat^h.  23,  199; 
8chnl/'  nheri.'er,  Compt,  r<  ud.  110.  SSM). 

Acetylene  in  now  used  fairly  extensively  for 
illuminating  puriKisea,  and  is  a  safe  form  of 
artifl'  i.il  lighting  (hiipke.  KVktr.  Z.  ISO,'.  H.")  ; 
J.  Soc.  Chem.  Ind.,  16,  33;  18.  476,  343; 
Bullier,  Bull.  Soc.  chim.  (3)  17.  646)  (t-.  infra). 

It  i^  u-<  (l  in  fla-liin'_'-l><>int  I^■^t-^  '.T.  Soi'.  ( 'hi-m. 


re<l,  the  laitrr  yt  llo\\  ish.  Both  exphKle  on  hrnt- 
ing  (Blochmano,  Annalen  173,  174;  Kuntamann, 
BulL  Soc  Chem.  f 31  6.  422  ;  Alexander.  Ber.  32, 
238;  Ia<.l\a.  P.id.  2007;  VhiUips.  Anirr.  Chmi. 
J.  16,  340  ;  Scheiber  and  Flcbbe,  Ber.  41,  3816 ; 
Makowkik,  ibid,  824;  IVeund  and  H«i,  Cbsa. 
Zcntr.  1889,  i.  410 ;  Berthelot^  Compt.  rend.  112, 
1525). 

It  also  forms  such  compounds  as  C^HgCu  jCI,., 
CjAgj.AgNO,,  and  more  (.oiujilcx  oiu\s  still,  .^ome 
of  which  are  very  explosive  (Chavastaloo, 
Compt.  rend.  124,  1364;  126.245;  126,1810; 
127,  6S  ;  no.  ir.:it.  1701  :  ni,  48  ;  i:?2.  14^*0  : 
Hofmann  and  Kiispcrt,  Zcitsch.  ouocg.  Chem. 
15.  204;  Soderbaum.  Bcr.  30,  760.  814; 
Willgerodt,  Ber.  28,  2107  :  Arth.  Compt.  rend. 
124, 1534;  ikTthelot  and  Delupine,  Lc. ;  Nieuw- 
land  and  Ifaguire,  Amer.  Chem.  J.  28,  1025; 
I'dwanls  and  Hwlgkinson,  J.  Sor.  Chrm.  Ind. 

I  23,  054  ;  25,  495;  British  Association  Reports. 

I  1004;  Alexander,  Ber.  32,  2381}  Goooh  and 

I  Baldwin.  Zeit-^eh.  anorg.  Chem.  22,236;  Keiser, 

;  Amer.  Chem.  J.  14,  285). 

I      Aoetvlcne  forms  compounds  with  mercury  i)f 

the  tyiKTCjHgjJl.O;  :U '.ITl'.TI  .O  ;  C^fM-No,!  . 
many  of  which  are  very  explosive  (^'icuvvald 
and  Maguire,  l.c. ;  Plinjpton  and  Travers.  Chem. 
S.ic.  Trans.  1894,  2<44  ;  K.  is.  r.  J.r.-.  lMinii>f..n, 
Chem.  Soc  Froc.  1894,  32  :  Bcrgc  and  Ueychlcr, 
Bull.  Soe.  chim.  (3]  17,  218;  Peratoner,  Gan. 

Alexander,  l.r.  ; 


ehim.  ital.  24,  ii.  36;  Gooch.  l.r. 
Iml.  1898,  949).  and  has  been  recommended  by  |  Hofmann,  Ber.  31,  2212,  2783  ;  Kuthner,  2475  ; 
Lunatroem  for  freeing  alcohol  from  water ;  i  Burkard  and  TraTcrn,  Chem.  Soc.  Trans.  1902, 
l»y  Vinllr  (t'om])t.  r- nd.  122,  79).  for  use  in  |  1270;  Bilz  and  Mu nun,  Ber.  37,  4417  ;  T^ranie. 
pholtiDKtry ;  by  Krdmann  and  Makowka  i  Chem.  Soe.  Trans.  1905.  427 ;  Hofmann  ami 
(Zeitsch.  anal.  Ckm,  46,  128)  for  the  Bejvara-  j  Kimureucher,  Ber.  41,  314). 
tion  of  copper  from  silver,  alkalino  earths,  i      It  also  fonns  bromO'magns*togBijBWp®rtgIe 
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HC  :  filgBr ;  BrMtfC  :  CMgBr  (OUdo,  Atti  R. 
Acad.  Linoei,  13»  1^ ;  Gftis.  ehim.  itaL  88»  i. 

With  faming  sulphuric  aoid  acetylene  yields  n 
sulphonic  acid,  and  from  the  potfuwium 
(C,H,),(S0,KH)4  y.h.nol  tan  !).<  obtained  l)y 
treating  with  pota^sh  and  diAlilliug  the  product 
(Berthelot,  Compt.  mid.  127,  908;  Scbroeter, 
Ber       2isn:  Mufhmann.  i^>>J.  ISHO). 

With  luuung  tittric  acid,  nitrolorm,  certain 
OMtnl  And  acid  com|X)undH  and  the  explosive 
substance  0^11,03X4,  m.p.  78*,  are  ulitaine<l 
(Tustoni  and  Mascarelli.  Atti  Real.  Aca*l.  Lincci, 
1901,  10,  i.  442;  Bus(  hu-ri,  Gazz.  chim.  itaL 
31.  i.  4r,I  :  Masrnrrlli.  tbid.  33,  ii.  319). 

W  illi  hydtxtgyn  peroxide  acetylene  ia  oxidiscU 
to  act*tic  abid  (ChtiM,  BeTan»  and  Heibei;g,  Ber. 
33.  2015). 

Nascent  hydrogen  converts  acetylene  into 
ethyi'  iie  and  ethane. 

When  acet  \  1  no  and  hydrogen  are  pa<i«c<l  over 
fre«hly-reducf<i  nickel,  cobalt,  copper,  or  iron,  or 
platinum  Uadk,  ethane,  ethylene,  and  liuuid 
hydrocarbons  nre  forme«l,  in  amounts  deperuiiii;; 
on  the  naturu  u£  the  metal,  the  relative 
proportions  of  acetylene  and  hydrogen,  and  the 
temperature  of  ihe  reaction.  When  acetvlene 
alone  is  passed  over  the^e  metals,  etKane, 
cthjlene,  nydrogen,  and  liquid  paraffins,  arc 
forme*!,  together  with  ethylenic  and  aromatic 
hydrocarbons,  the  proportion  of  the  products 
fonned  de})endiiig  on  the  eataljit  and  tempera- 
ture. In  th«'  rasti  of  copper  a  greenish  hydro- 
carbon— cupnne  (C,H,)n  is  also  formed;  a 
similar  eompound  is  also  obtained  with  nickel 
(Sabatier  and  S^nulorons,  ('ompt.  rend.  128, 
1173;  130,  250,  1559,  1628;  131,  187; 
ibuma^tbid,  122,  1240). 

A  mixture  of  nitroffen  and  acrtyleiu-  8ub- 
to  iht'  attion  of  mduction  sparkn  yields 
prufwic  acid  :  C,H,+N,«»2HCN  (Beilirtcin). 

'"hlnrinp  and  ftcetylene  combine  rxplLsivcly 
when  cxjM.si.l  to  tlaylight,  but  according  tu 
Moaoeynt  ((  ompt.  rend.  126,  1800),  chlorine 
tnd  acetylene  in  tin-  absence  of  oxygen  combine 
without  explosion  f(>rming  acetyb-ne  tetra- 
chloride, which  together  with  thr  dielili>ride,ean 
aW)  Ik-  prodiH  '  d  by  the  action  of  acctyleno  on 
«niuj.i.ri\  I xiitachlorido  (Tompkins,  ii.  R.  P. 
1%324:  .1.  See.  Chem.  Ind.  24,  180).  The 
t' trH«  hlornli".  which  is  an  excellent  solvent  for 
fats,  uik,  luui  resins,  can  also  be  prepared  by  the 
action  of  acetylene  and  eidorine  on  acetylene 
dichloridc  when  expns(xi  to  radium  emanations 
(Lidholm,  D.  R.  P.  201705).  Acetylene 

CMabobe  chlorinat4-<l  by  pa.ssing  it  into  a 
mixture  of  sulphur  (.  hloriib-  and  a  catalyst  such 
as  an  iron  compound  (J.  iioe.  Chem.  Ind.  24, 
1250;  27,  643,  344;  Nieuwald,  Chem.  Zentr. 
l»(»r»,  L  lf>sr)i. 

Brorainu  abided  to  an  alcoholic  solution  of 
•ct'tylene,  or  acetylene  pa.ssed  into  bromine 
water,  formn  CjH,Brj,  but  if  the  gas  bo  passt-d 
through  brumine  the  sulratauccs  C'jHjBrj.  and 
((',HBr,),  are  obtained  (Gray,  Chem.  Soe.  Trana. 
IH97,  1027  ;  V.]}>t^  anil  X< nvmann,  J.  pr.  Chem. 
[21  Tiii,  245);  tlibronuMuetylene  CjBr.,  b.p. 
76'^-77',b  obtaine<]  by  treating  an  aJCOholio 
wliitinn  i.f  tribromrthyleno  with  potaah 
(b  moult,  I  oiiipt.  rtud.  130,  1333). 

According  to  Keiser  (Amcr.Chem.  J.  21, 261 ) 
vheo  diy  aceiyleoe  ia  gently  wanned  with  aolid 


i'tdint*,  two  io«litIt  H  arc  ftirnicd — a  solid,  m. p.  78°, 
liquid,  b.p.  185**  (Patcrni)  and  Femtonflr,  Gaas. 
chim.  ital.  19,  580;  2i»,  670). 

Acetylene  iljioiliilo  U,1,(C :  CI^  Nef  )  is 
inifn.M  l\  poisonous  (lx>ew,  Zeit.  Biol.  37,  222). 
Accortling  to  Schenck  anrl  Litrendorff  (Ber.  37, 
3462),  it  can  bo  used  with  benztni;  in  making 
gotid  jiholographic  paper. 

When  fiul)j<  <  ted  to  theai  t  v^n  <.f  heat  or  light, 
C,I,  is  chaugi  d  into  ;  m  itii  nitrous  fumes  it 
vielils  nitro-triiiKloethvlene  CI,  :  CI.NOj,  m.p. 
■l07*»(Meverand  Pemse'l,  Ber.  29,  1411  ;  Bilz  an.l 
Werner, 'Ber.  30,  1200;  33,  219(> ;  Bik  au.l 
Kiippers,  Ber.  37,  4412  ;  Chalmot.  Amer.  Chem. 
J.  19,  877  ;  Nef,  Annal.  ir.  -J^'h,  21  >2). 

MixHl  halogen  deri\aii\ivv  imw  also  l>cen 
obtained  (Lemoult,  l.c. ;  Kciaor,  l.r.). 

W  ith  water  nnd  » arhcm  tetrachloride  or 
simUar  halogen  comi>uuiida  al  it",  iw^etylenc  forma 
mixed  crvstaUme  hydrates  (Forarand  and 
Thoma«».  Comi)t.  rend.'l26,  100). 

Actiyltnt  }>linl.\  the  soot  produced  when 
acetylene  burns  \\ith  a  trooky  llame  Of  when 
it  is'exjibxled  under  two  nlniospheres  pressure, 
mas  Ik)  UM-d  in  the  colour  industry,  calico* 
printing,  and  also  in  production  of  ink  (J.  Soo. 
Clieni.  Tn.l.  ITS,  711  :  1 S,  284  ;  20,  955 ;  Ui-pierre, 
ihtd.  20,  8S)U ;  Frank,  Zeitsch.  angew.  Chem. 
1905,  1733). 

Allylene  or  AUsM  C^Ht  ezista  in  two  iaomerio 
modiiications. 

I.  Methyl  Meifflent  or  aUjfline  C1I,  (!  :  CH. 

Is  formed  by  the  action  of  alcoholio  potash 
on  bromopropylenc 
CH,:CBr:CH,+KOH 

(  ifj-CtCH  +  KBr  }-H,0. 

Also  by  aottng  with  aodium  on  dkhkiiaoetono 

chloride 

CH,-cn,-CHCl, + Na4 =CH,'C:  CH+4NaCL 
Or  by  electroly  sing  the  alkali  salts  of  citraconio 

or  mesaronic  ai  id.",  or  l>y  nrtinn  of  majpesium 
on  acetone  vii|x>ur  and  treat iiiL:  the  solid  mass 
thus  obtainetl  with  wat*  r  (Kei-.  r,  Amer.  Chem. 
J.  18,  328;  l).--;:raz,  Bull.  8»»c.  Chem.  [3)  II, 
391  ;  Ix'.spieau  and  Cliavanne,  Compt.  n'lid. 
140,  1035). 

Allylene  is  a  coloitrle'?M  ffafi.  b.p,  —  23-5"; 
m.p.  —  1 10° ;  very  similar  to  acetylene,  and,  like 
it,  forming  compounds  with  metals.  The 
mercuric  compound  (C3Hj);jHp  is  obtained  by 
passing  allylene  through  water  containing 
mercuric  oxifU;  in  susjiension.  It  crystal- 
lises from  hcit  ale. ill.. I  in  fine  needles.  It  is 
soluble  in  hydrocliloric  acid  \Mth  evolution  of 
allylene,lwit  does  not  explode  on  heatnig  (Keiser, 
I.e.;  Lossen  nnd  I>omo.  Antialen,  342,  187  ; 
Plimpton  and  Tra vers, /.t  . ;  Bik  and  Mumm,/.c. ; 
Hofmann.  Ber.  87,  4459). 

The  silver  compound  (CjH  j) .  A^;  fcrms  mioro- 
8coj»ic  noodles  which  explo<ie  at  aliuut  150°. 

According  to  Berthelot  (Compt.  rend.  120, 
.161,  507,  609,  016)  allylene,  when  subjecU'd  to 
the  silent  electric  discharge,  condcii*es  to  a  solid 
with  a  pungent  empyrcumatic  odour ;  with 
nitrogen  the  .substfinre  '',-11  .„N  is  f. .rnied. 

Allylene  form.s  with  brumine  uelditive  pro- 
docta,  CtH4Br,  and  C3H4Br4,  and  with  halo|.'en 
aeid^  compounds  of  tin-  tyi>e  CHj-C* 'la'Cllj. 
(  oncentral*-*!  sulphuric  acid  absorbs  allylene 
readily  and  ondiatiUing  the  solution  with  wutt  r. 
aoetone,  meiMtylene,  and  •Wylraea^gtjg^byitioogle 
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C,H,SO,H  aro  formed  (Sdirnhe.  Ber.  8.  18 
and  ;it»7).  With  hypochloroiH  and  hypobromous 
acids,  allylenc  forms  <li(  hlnr-  and  dibroni- 
acettmes,  and  trimethyl  allylenc  yiekls  the 
halogen  pinaooImH  (VVittorf,  ( 'hem.  Zeit.  23.  695). 

2.  Symmelriml  allyUne  or  alleneVH. :  V :  ( 'Hj 
ia  obtained  by  the  action  of  souium  on 
jS-ohlorallylchloride 

(^HCl :  CH<'H/'l4-2Na=CH, :  G:  CH«+2NaCl. 

Or  by  ihf  net  ion  of  zinc-dust  nn  an  alcoholic 
suiutioii  of  ciibrtimpropylene  (Uuatavson  and 
Dttmjanoff,  .J.  pr.  Chem.  1888.  201 ;  Vaubel, 
Bor.  21.  inSf);  I>  spi(>nti  nnd  rhavaiuH-.  ^r. ). 
And  1»\  the  electn»ly.Ht.H  oi  the  alkali  saltii  of 
itaconic  acid. 

Thesubstancc  isagas(l).p.  —32"  ;  ni.p.  —  14f5**), 
but  differ*  frt»m  unHymmetrical  allylenc  in  giving 
no  precipitate  with  an  ammoniacal  copper  or 
.silver  solution  (Phillips,  Amer.  Chem.  J.  in,  340). 
With  aqucoua  mercuric  chloride  aUene  aiid  its 
bomologuea  yield  white  precipitatoa  (Vaiib>d»l.c. ; 
LoHsen  and  Domo./.c).  It  unites  mth  bromine 
to  form  C,H4Br^,  b.p.  225--230%  with  deoom- 
position. 

According  to  SmirnolT  (  J.  Rnss.  Phys.  Chem. 
Soc.  35.  854  :  3(;.  1  iH-i).  the  allene  hydrocarbons 
can  Im-  i<i<-nt  ifit-d  by  treatment  with  bypoohloroiis 
n  I ;   J 1  1  koto-akohola  of  distinctive  propertiea 

are  (jbtaitu'd. 
Butlnes  C«H,. 

Four  isdiiicridcs  cxiat. 

1,  KtliyUuidykim  C,H,C:CH.  Formed  hv 
the  action  of  alcoholic  potash  on  CjH,-mj«CH. 
(Bruylants,  B.  r.  S.  412). 

By  paiJ«ing  acetylene  and  eth\lene  through 
a  refl-hot  tube  (Berthelot,  Ann.  dnim.  Phv«.  141 

The  compound  is  a  iit^uid  boiling  at  18°,  and 
IH  a  true  acetylene,  ainoa  it  forms  precipiutes 
with  ammonia.al  copper  and  silver  solutions. 
W  ith  ammoniacal  ijilvt  r  cldoride  and  alcoholic 
silver  nitrate  it  forma  exploeive  componmls 
(WisIirfMUJs  nnd  Schiniilt,  Annalrn.  313,  221);  it 
also  yields  a  .•^u<iiutn  tb  rivative  (Jociez,  Chem. 
Zentr.  1897,  i.  1012). 

2.  CroltmyU  nc  or  d im  *  f  h  v  /  ylene 

CH,-C:ct'H,. 
Formed  by  acting  with  alcoholic  potash  on  0y- 
dibromobutane  CH,-CHBr-C?HBr  CH,  ;  by  the 
action  of  Rodium  ethoxide  on  monobromi.M  udo- 
butylene  McCBr  :  CH-CMe  (Holz,  Ai  uialcii,  250. 
230);  or  by  the  decompwitiom  of  the  galt.s  of 
/S-bromoangelic  acid  ' Wislirfpiis,  Talbot,  and 
Henge.  Annalen.  313.  -22^).  It  in  h  liquid, 
b.p.  27-2«'-27-«*  (Wislicenus  and  St  liinidt,  I.e.). 
With  bromine  it  forms  a  Ii>piii!  (  ,H  J?r.,  b.p. 
lifi^^Ul"  (Hiilz,  I.e.),  and  C^H.Br,,  uluch  "is 
M)lid.  m.p.  243°  ;  iVoorotonylene  dibromide,  b.p, 
HiP-lSO*,  18  also  known,  and  i.s  not  r.  adilv 
attacked  by  zinc  -  ilu.st  (\\  ii^licc'iiuH  and  ' 
Schmidl,  /.»-.). 

Crotonylic  mono-  and  hydro. br«MnidfH,  aw  well 
as  the  iodide  and  chloride  derivatives,  have  alst) 
been  (d>tained  (WialioenUR.  Talbot,  and  Henge. 
l.c, ;  Peratoner,  Garz.  chim.  ital.  22.  ii.  S6 ; 
Charon.  .Ann.  Chim.  Phvs.  ]HW\  17,  228; 
Favorsky,  ,1.  pr.  Cln  nt.  |2]  t2,  143). 

Ontihaking  the  hydrocarbon  with  ^lulphurie 
add  and  water  (3:1),  hexaniethvllx»nzcne  i.s 
obtainetl 


3.  Vinyl-ethykneVHt  iCa  CH  :  CH,  (Perkin 
and  Simon wn.  Chem.  Soc.  Trans.  1905,  857). 
Prcpart'il  by  jjas.si.jL:  the  vapours  of  fusel  oil 
through  a  red-hot  tube  ((^vontou,  Annal^-n, 
127,  348).  It  is  present  in  compres.soil  coal  gai> 
(Caventou,  Ber.  6,  70),  and  in  oil  gaa  (Armstrooie 
an<l  Miller,  Chem.  8oc.  Trana.  18S0, 74).  It  gives 
no  ]>recipitate  with  an  ammoniacal  cuproiu 
chloridf  solution.  When  treated  vith  bromina 
in  chloroform  .solution  cooled  to  —21%  it  gives  a 
liqnid  dibromide,  b.p.  74°-76*»  /26  mm.,  which  at 
1<'H)®  is  converted  to  a  folie!  oi  thf  ^me  com- 
uosition,  m.p.  63°-64%  b.p.  92*'-93*'  /15mm.;  with 
bromine  the  liquid  dibromide  vields  a  tetra- 
bromide  (Griner,  Compt.  n  lul.  116,  273;  117, 
553 ;  Thi«ie,  Annalen,  308.  3:i3). 

4.  The  bvtins  CH,  CH  :  C  :  ('Hj  i«  prt  i>urcd 
by  heating  tetrachlorbutane  with  alcohol  and 
the  zinc-copper  couple ;  or  from  chloral  by  tre-at- 
ment  in  the  cold  with  zinc  ethvl.  It  i8  a  colour- 
leas  liqnid.  b.p.  I  S  I!)*',  yields  no  precipitate  with 
ammoniacal  copper  solutions,  but  with  bromine 
yields  di-  and  tetra-bromine  derivatives  (Norton 
and  Xoy.  a,  Amer.  Chem,  J.  10.  430). 

The  compound  CH  :C  C:CH,  formed  by  the 
action  of  ouprio  chloride  on  copjx^r  acetvlene. 
is  described  b\  Xoves  and  Tucker  (Amer.  Chem. 
J.  19,  123)  i  pentai;hlorbutine  C.HCl.  by  Zincke 
and  Kttster  (Ber.  26,  2104). 

Derivatives  of  the  bulines,  .some  of  which  are 
used  aa  dye-stuffs,  are  described  by  Freund 
(Ber.  34. 3109). 

Pentlnes.  Seven  of  eight  possible  pen  tines 
are  known,  of  which  woprene  obtained  in  th.  <hA 
distilUtion  of  indiarubber  is  the  mo*it  i 
(IpatiefT  and  Wittorff.  .1.  pr.  Chem.  [2j  55.  1  ; 
Ipatieff,  tbid.  4).  It  can  be  obtainetl  svnthe- 
tically  by  the  action  of  alcoholie  potash  on 
3-dimethyltrimethylenc  dibronii  lc  It  has  b.p. 
33--34**,  unites  with  hydrogen  bromide  forming 
c;.VIe,BrCH,-CHjBr,  and  ha.s  no  action  on 
Hiiiiiioniacal  cuprous  chloride  or  silver  nitrate 
(Euler,  J.  pr.  Chem.  [2]  67,  131). 

When  saturated  with  hydrogen  chloride  at  0* 
and  then  allowed  to  remain  in  a  sealed  tube  at 
the  ordinary  temperature  for  two  or  three  weelc*. 
a  substance  analogous  to  indiarubber  is  formed 
(Bonehardt.  J.  Soc.  Chem.  Ind.  21,  56). 

Two  trimethylenc  pentinea  aiul  cycfepenthie 
have  also  been  obtained. 

Of  the  higher  terms  of  the  series  th<  htrine 
iiaU^l  is  of  interest.  It  ia  formed  by  the  actioo 
of  sodhim  on  allyl  iodide 

•IV II,  A'  HCH  J + SNa-CB^CH  CH,CHi-CH:CH..-|.  2.\*al 
al.Mo  by  distilling  mercuric  allyl  iodide  with 
potassium  cyaniile.  It  proljably  consists  of  a 
niixtun  i.t  two  isonierides  (Wagner,  Ber.  21, 
3343;  22.  'Mm-,  Sidennko,  J.  Rusa.  Phys. 
Chem.  .Sue.  S!18). 
I  It  forms  a  Inpiid  smelling  of  horse-radiali* 
boilinL;  at  r)!P.  und  combines  with  l>romin<*  to 
lorui  the  tetrabrumide  C,H,„Br^.  meltuig  at  63*. 
If  this  be  boileil  with  jxitash  a  liquid  dibromo- 
:  diallyl  is  obtained,  whli  li  boils  at  210'*,  and  by 
the  action  of  alcoholit  jjiitiush  yields  dipropargj^ 
(\H,.  a  liquid  boiling  at  85**  isomeric  with  ben* 
2ene»  but  ha\  iHl'  the  constitution 

(11  (ir.fHj-cicH. 

ACETYLENE  AS  AN  ILLUMINANT.  Al- 
though  acetylene  was  discovered  by  Davy  aa 
far  back  as  1836,  its  use  aa  an  iU«lf||||««(^d^eO09g[e 
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|iracticablu  only  in  ISi)2,  \%heu  Mt>itu«an  in 
fnactt  ftod  L.  WilLson  at  Spray,  8howe<l 
th»t  it  WAS  pfi-sil)Ic  lit  iiirtkf  calcium  carbide  on 
«  comnurmal  scale  in  the  electric  furnace. 

At  tenpentuns  Above  3000"  •  mixture  of 
!"mr*  nnfl  «(ime  form  of  rarlxui,  siirh  &9  coke-, 
soot,  aiubriurito,  or  charcoal^  becomes  tiemi- 
liquid,  and  reductino  of  the  oalcittm  oxide 
rt>:«ultj»  with,  proliutinn  of  carbon  monoxide 
and  liberation  of  cslciu  m,  which  uoiteti  with  the 
ttem  of  okrboa  to  form  cftloium  carbide : 

LVaO  4-  '2('()    ^  2f 

Lime.      Carbon.    ('arl.x>ii  mixkuxide.  Caieium  carbide. 

Water  decompuses  the  carbirle  with  reproduction 
of  line  and  generatioa  of  MWt jkne : 

(aCj       4-    H,0    =    C«0    +  C,H, 
Caldnm  carbide.    Water.         Lime.       Acety  Iiim-. 

In  the  early  days  of  carbide  manufactun* 
little  attention  wa^t  paitl  to  the  parity  of  the 
materiaU,  with  the  res^ult  that  tne  cnmj>ound 
formed  eoiitaine<l  impurities,  some  uf  wliich 
*ere  dccomposeti  by  water  and  gave  product** 
contaminating  the  acetylene.  Since  the  im- 
portance o(  punty  in  tlie  acetylene  hait  been 
wccgniaedt  everjrthing  poisible  in  now  done  to 
reduce  I'tirh  impurities  to  n.  mifiininm. 

ITie  lune  employed  i«  burnt  in  iipccuil  kilns 
heated  by  ga«»  as  tiie  ordinary  method  of  lime* 
^»i!mins  by  mcaiM  of  coal,  &i-  ,  intriHluce«  so 
tHAin  iiu|iuritie8  into  the  finished  material  that 
a  bad  carbide  re««ultH.  The  limestone  from 
which  the  lime  i>  ohtainecl  mast  be  aa  fnc  from 
forvign  matter  jM>8sible  for  the  game  reason. 
The  mne  restrict  iun  applies  to  the  earbonaoeoiia 
rnatU'r  used  as  the  source  of  thr  rnrbnn.  nnA  it 
u  of  the  utmoift  importance  that  the  ash,  sulphur, 
and  phodphonu  ahottld  be  an  low  in  quantity 

Thi-  prujxirtions  of  the  lime  aiul  carbon 
R-qutriHl  by  theory  are  66  partn  of  lime  to  36 
part*  r>f  ( arlx  in.  Imt  allownnrp  has  to  b<*  made 
fur  impurities  and  Iuhh  in  manufacture,  so  that 
the  ratio  now  adopted  is  100  of  lime  to  70  of 
carbon,  whilst  in  -nm.-  cases,  to  ensure  a  more 
futible  product,  a  rather  higher  proportion  of 
hroe  i.4  u.4e<i,  but  the  carbim  M)  made  has  a 
•litchtly  inferior  c'^v! -^fnerating  power. 

Various  tvpe^b  uf  electric  furnace  have  l>een 
(levb^l  for  tlie  manufacture  of  calcium  earbi<le, 
but  they  can  be  <livided  practicnlly  iiitu  tun 
classes:  (u)  those  in  which  the  arc  in  struck  m 
a  mass  of  the  mixed  lime  and  carbon  placed 
ro'infl  till'  |«>Ies,  th'"  upp-r  jmiIc  Ih  ;tv_'  r>iisrd  an 
the  c«rbi(l<-  i-i  pfiAlueetl.  thus  ;^ra<iuaUy  building 
tip  an  'iri<.'<>t  and  (6)  those  in  which  tho 
mixture  is  fe<l  continuously  btitween  the  carl>on 
jKjles,  the  carbi<ie  remaining  in  tho  furnace  in 
a  fuaed  condition,  and  Ijeing  tapped  from  time 
to  time,  the  pgroduct  being  known  aa  'run' 
carbide. 

At  the  present  time  nearly  all  the  £uroiK>an 
c«r)>tde  is  ma<le  by  the  latter  process,  whilst 
iugiit  carbide  w  still  largely  made  in  America, 
a  foteiy  furnace  of  the  '  Horry  '  typo  being 
much  tiwl,  in  which  the  slow  revolution  of  the 
furjia4.c  removes  the  ingot  as  it  is  formed  from 
the  direct  impact  of  tne  arc,  and  pceaents  a 
fresh  p'>rtion  of  the  charire  to  its  action. 

For  all  j)ra<  tieal  purjjoses  it  may  Ijc  stated 
that  1  E.h.p.  per  year  will  yield  one  ton  of 
nrfaide.  The  mm  oI  the  iumiMw  in  the  oaea  of  j 


the  '  run  '  carbide       limited  only  by  tho  size 
of  the  carbon  electrodes  that  can  lie  obtained ; 
with  '  ingot '  carbide  a  furnace  tukiiii:  about 
200  E.h.p.  is  the  most  useful,  taking  into  con- 
sideration efficiency  as  well  as  \\  <  ar  and  tear. 
The  most  usual  current  for  such  a  furnace  would 
be  alxjui  12  to  15  ampere^i  per  square  inch  of 
I  electrode  surfaee  at  a  pressure  of  55-65  volts. 
Cheap  power  is  of  course  the  main  fac  tor  in 
the  economical  production  of  calciuiu  carbide, 
I  and  this  has  resulted  in  the  carbide  industry 
IxToniini;   li>cali  <  l    in   those    districl.s  uhero 
water  power       available,  but  the  important 
I  advances  which  have  of  late  taken  place  in  the 
development  of  power  fmm  gaj»eous  fuel  will 
probably  result  in  the  c>-tabli.-«hmciit  uf  factories 
I  ra  looaliti^  where  the  neeessary  material  can  be 
!  readily  obtained  and  a  local  market  sectired  for 
the  product,  since  carriage  necesBarily  influenccu 
the  cost  of  produeiion. 
j      The  cost  of  jirocluction  f>f  calcium  carbide  may 
j  be  taken  a.s  beiii«  alxmt  7/.  [x  r  ton  under  the 
I  most  advantageous  conditions. 
'       Calcium  carbi<le,  as  made  in  the  electric 
furnace,  ia  a  dark  crystalline  substance  with 
a  metaOio  lustre,  having  a  density  of  2  22.  Th<; 
pure  compound,  however,  has  been  )ir<Klui;e<l  by 
Moissau  in  thin  white  semi-trans[>areiil  plates, 
the  colour  of  the  commercial  material  Uting  due 
to  the  presence  of  iron  and  other  impurities. 

Tho  impuritic^s  found  in  commercial  carbide 
may  be  divided  into  those  which  can  be  decom- 
])osed  hv  water,  and  thoMC  on  uhich  water  has 
no  action.  Amongst  the  former  are  tsubstauces 
evolving  phosphorus  compounds  on  contact  with 
waf4  r.  aluriiiniiim  sulphide,  or j^anie  .milphurcom- 
I  jK>uads  and  metallic  nitridca  :  whil-sl  the  latU'r 
class  contains  such  bodies  as  graphite,  carbides 
of  boron  and  silicon,  carbides  and  silicides  of 
various  metals  c<mtained  in  the  lime  and  in  the 
ash  of  coke,  these  Ix'ing  left  with  the  lime  residue 
after  the  decomposition  of  tho  carbide  by  wat<*r, 
and  ill  no  way  mtluenciiig  the  purity  of  tho  gas. 

The  purity  of  commercial  acetylene  depends 
primarily  on  the  purity  of  the  carbide  from 
which  it  is  generate'^l,  and  lung  a.-i  it  is  im- 
possible to  get  absolutely  pure  materials  for  the 
manufacture  of  the  rarbi»!e.  ho  long  will  im- 
purities b*'  found  in  tlie  ^as  made  from  it.  Tho 
most  important  of  these  impurities  are : 

(a)  Phusphorette<l  hytlrogen,  obtained  from 
the  decoiapo^siiion  of  calcium  phosphide,  &c., 
b^  water,  and.  in  burning  with  the  acetylene, 
gives  rise  to  phosphoiniH  pMitoxide.  which  f(»rms 
a  light  haze  in  the  room  m  uhich  the  ua.H  is 
being  burnt. 

(h)  Sulphurette<!  h\ilrojcn.  fctrnied  h>  the 
action  uf  water  uii  aluiuuaum  hulpliide,  lVc,  and 
yielding  when  burnt  sulphur  dioxide,  which  if 
dissi)lve<l  !)y  eon<lensin;;  moi>tur*'  ^'ill  absorb 
oxygeii  Iruni  the  atmosphere,  forming  traees  of 
sulphuric  acid. 

(r)  Ammonia,  from  the  magnesium  nitride, 
which  rapidly  corrtnles  brass  gas-tittings,  anil 
on  burning  produces  traces  of  nitrogen  acids. 

Silieiuretted  hydrogen  is  also  found  in  small 
quantities  in  crude  acetylene. 

Several  prooesi^s  have  been  deiviaed  for  the 
puritunti.ni  of  neetylfiie  the  removal  of  these 
comj>oun(ls  well  a-s  of  llio  hydroearbou 
vapours  formed  bv  the  polymerisaticn  of  the 
gM  due  to  high  temperatuia  <i«riB(^«5|8«i5i^*eft)ogIe 
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The  only  impurity  that  oflFers  any  real  difficulty  CaC.       +  H.O    ^  Caf)     j     (',M  . 

in  ivtnoval  is  the  phoaphort'ttcd"  hydrogen,  auii   Calcium  carbide.     WiUer.       lime.  Acetylene- 
thfoe  substonocH  have  been  suggested  and  iwed  CaO   +   H,0    =  GaCHO),. 

in   practice    for    this    piirpnsr  :    (n)  l.lcachiii-:  I-imp.  Wafer.    ralrioTn  hydr(ixi.i<-. 

powder,  (6)  acid  copper  or  iron  salts,  and  .  And  ao  groat  in  the  iaffimtv  of  the  carbide  for 
(e)  acid  Bolutioa  of  ehromic  acid.  I  water  that  the  oalchrai  bycuoxide  so  fonned  is 

The  bleaching  powder  is  rini)Inyi'(l  in  Ihnform   ulowly  decompoied  oa  Standing  by  any  exoess 
of  small  iumpe,  as  offering  the  Icai^t  resistance  |  of  the  carbide. 

to  the  flow  oil  the  gas  when  in  a  slight  l\  mois*  |  The  first  generator  was  of  the  »irap]eRt  eon- 
toned  state,  its  a(  ti()ii  is  purily  tliat  of  oxi-  struction,  the  carlii  l'  li  nug  contained  in  a  ;_'l.iic<l 
dation,  the  phoflphorctted  and  sulphuretted  |  vessel  provided  with  two  side  tobulures  and  a 
hydri^n  being  (ronverted  respectively  mto  nhos-  .  tid  that  oould  be  clamped  down  gan-tight. 
phoric  and  sulphuric  acide,  the  acetylene  bcina  Tlirniigh  one  of  the  tubulures  wat^-r  \4a^ 
unaffected.  To  obtain  as  large  a  surface  admitted  by  moans  of  a  siphon,  whilst  the  ga» 
possible  the  bleaching  powder  is  sometimes  ]  evolved  was  led  through  the  other  tulmlnre  to 
mixed  with  an  inert  IkxIv,  siuh  as  sawdust  or  a  holder,  but  wlu  n  the  eonunen  ial  possibilities^ 
oxide  of  iron,  but  in  whatever  condition  the  of  the  gas  had  become  apparent,  inventors  at 
bleaching  ))owder  is  used  the  gas  requirev  an  ^  onoe  tnmed  their  attention  to  the  multiplioation 
after-purification  for  the  elimination  of  el\l(»rine    of  the  forms  of  geix  rator. 

compounds,  for  which  purpose  a  lime  purilier  is  i  Although  the  generation  of  acetylene  by  thus 
generally  employed.  I  bringing  calcium  carbide  in  contact  with  water 

Bleaching  powder.  tlioiiLih  an  enieient  i-urify-  seems  so  simple,  yet  in  actual  practice  it  wa* 
ing  agent  when  in  good  order,  is  apt  to  Ix)  uu-  •  complicated  ny  several  difiioolties,  amongst 
certain  in  its  action,  and  cases  have  frequently  i  whicn  may  be  mentioned  the  heat  of  Uie 
occurrc*!  <if  spdiitaiieous  firin;;  and  explosion  reaction,  wlueh  caused  the  jx'ly/nerisat  ion  of 
when  air  has  been  admitted  to  puritiers  con-  .  some  of  the  acetylene,  and  by  the  fact  that  the 
taininiK  this  material  that  have  been  in  use  for  |  evolution  of  gas  did  not  cease  immediately 
Komc  time,  so  that  precautions  are  neoessary  i  the  water  supply  \\as  ( ut  ofT,  this  Ijcing  due 
when  using  this  method  of  purification.  I  water  mechanically  held  in  the  residue  f<mned, 

Anacidsolutionof  cuprous  chloride,  or  solids  i  to  the  dehydration  of  the  calcium  hydroxide 
matle  by  impregnating  kiewelgiihr  or  similar  by  the  unchanged  carbitle,  as  well  as  to  the 
porous  bodies  with  the  acid  copper  salt,  are  ^  moisture  condensed  from  the  gas  as  the  tem- 
also  very  effective  in  removing  the  various  .  perature  of  the  generator  fell, 
impurities,  the  ]ihosi)lionis  and  sulphur  com-  Acetylene  generators  can  be  divided  into  two 
pounds  beuig  transformed  into  copper  phosphide  i  main  classes — those  in  which  water  is  brought 
and  sulphide.  The  disadvantagee  of  the  process  |  in  contact  with  the  carbide,  the  latter  being  in 
are  that  a  He<  uiid  ]nirifieation  with  limo  is  ,  excess  ;  and  thos«' in  which  t lie  carbide  is  thrown 
required  to  remove  acid  vapours,  and  that  the  |  into  water,  the  water  bciu^  always  in  excess, 
material  being  highly  acid  cannot  be  nsed  in  ;  The  first  class  may  be  subdivided  into  those  in 
onlinnry  metal  containers,  whilst  if  the  cop|X?r  which  Nvater  is  allowed  to  rise  to  the  carbide, 
fialt  became  neutralised  by  ammonia  there  might  [  those  in  which  it  drips  on  to  the  carbide,  and  those 
be  danger  of  the  explosive  copper  acetyude  I  in  which  a  vessel  full  of  carbide  is  lowered  into 
being  formed.  I'lider  suitable  conditions  1  kilo-  water  and  then  withdrawn  as  the  generation  of 
gram  of  the  material  will  purify  20  to  25  cubic  ^  the  gas  becomes  cxcesnive. 
metres  of  the  gas,  the  acetylene  not  being  acted  \  Each  of  these  tyi>es  may  bo  *  automatic  *  or 
upon,  and  the  action  being  regular  and  cert  a  in.     'non-automatic'      In  the  former  are  to  be 

Chromic  acid  in  aolut  ion  containing  sulphuric  |  found  devices  for  regulating  and  stopping  at  will 
or  acetic  acid,  or  kie^elgQhr  charged  with  this  the  generation  of  tne  gas  within  limits,  whilst 
mixture,  is  the  thirtl  purit>in.;  aL^eut.  and  the  *  non-automat ie  '  \ariety  aim  at  developing 
eliminates  the  phosphoretted  and  sulphuretted  the  gas  from  the  carbide  with  as  little  loes  as 
h>  drogen  and  tne  ammonia.  When  exhausted  possmle  and  storing  it  in  a  holder, 
the  spent  material  can  be  regenerated  by'  The  points  to  w  aimed  at  in  a  good  ganena* 
exposure  to  the  air.  '  tor  are  : 

In  practice  these  three  materials  seem  to  give  ,      (a)  Low  temperature  of  generation, 
equally  good  results,  and  the  passage  of  the  gas        (6)  Complete  decomposition  of  the  carbide, 
through  the  solution  or  solid  scrubs  out  of  it  i      (c)  Maximum  evolution  of  gas  from  carbide 
to  a  great  extent  the  tarry  fog  and  lime  dust '  used. 

often  mechanically  held  in  the  gas  when  it  hfl>        (  0  Tvow  pressure  in  every  part  of  the  ap* 
been  generated  too  rapidly  or  at  too  high  a  ^  paratus. 

temperature.  t      (e)  Removal  of  all  air  from  the  apparatus 

Absolute  purification  is  Vp\  no  means  neees-  before  collection  of  the  gaj<. 
aary;  for  ordinary  use  all  that  is  required  being  Generators  of  the  'drip'  ty[ie,  in  wiiieh 
tu  reduce  the  amount  of  impurity  Iwlow  the  limit  '  water  is  allowed  to  fall  slow  ly  u|K}n  a  mass  of 
at  which  the  pro«hj<  t  of  I  .  >rtd Hist ir>ii  arc>  injurious  carbide,  possess  most  of  tlie  d isad van t Ages  due 
to  health  or  cause  haze  ;  and  with  a  fairly  pure  to  heat  of  generation,  fluctuation  of  pressure, 
specimen  of  carbide  mechanical  scrubbing  is  '  &c.,  and  this  type  has  been  abandoned  except 
sufticient  if  a  generator  of  the  non-automatic  for  the  smallest  forms  of  portaMe  generator, 
type  is  employed,  and  the  gas  is  stored  in  a  |  Those  in  which  water  ris&s  to  the  carbide  are 
holder  before  use.  |  most  efficient,  and  overheating^  can  be  avoided 

When  c^ilt  ium  carbide  is  a.  i.  <l  ui"Ui  by  water  by  ensurini!  that  the  water  ne\  er  rises  above 
the  changes  that  take  place  may  be  represented  i  that  portion  of  the  carbide  which  is  undergoing 
by  the  equations : —  !  decomposition :  in  other  «ords»  that  ikv  gas 
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K.t\f3  thi"  carbide  immediately  upon  its  forma- 
'\->n  And  imimm  auay  to  the  holder  with  the 
least  op{K>rtunity  for  lH<'(iining  overhMted  by 
cuutACt  with  dccoinjw>oia^  carbide. 

Generators  in  which  tho  oarbide  dips  into 
water  and  i»  then  withtlrawn  are  apt  to  overheat 
tn  a  dangerous  extent,  especially  if  the  generator 
be  over -driven. 

Although  it  nnV'ht  bo  expert*,!  that  the 
dropping  of  the  carbide  iato  an  v\cem  of 
WBt«r  wottki  produce  the  coolest  and  purest  gas, 
yet  this  is  not  the  fact,  and  evidence  of  over- 
heating of  the  gaa  m  often  found  in  gencratora 
of  thi^  ehiss,  aa  ft  ooating  of  lime  oan  form 
around  the  luuij)**.  preventing  the  free  access  of 
\»Hter,  and  allowing  the  interior  of  tho  maHS 
from  which  generation  is  proceeding  to  become 
heated  to  n-dneas;  the  efficiency  al^'o  is  very 
low,  hs  n  coiiiiiderable  amount  of  the  gas  is 
dissolved  in  its  upward  pMBtge  ihfoiigh  ttie 
Urge  volume  cf  WHtrr. 

Theoreiicaiiy  64  imrtH  by  weight  of  carbide 
leqiiire  only  96  puts  by  weight  of  water  for 
eomplete  decomposition  an'l  eonver<ioii  nf  the 
lime  into  hydroxide,  but  it  kn  found  in  practice 
tiwt»  oving  to  the  heat  of  the  xeaotion  driving 
»>ff  4omc  of  the  water  as  steam,  and  a  further 
i»  rtion  mechanically  adhering  to  the  slaked 
brae,  double  thki  Mnoant  of  water  is  neceasary, 
and  the  oidy  safe  way  to  ensure  entire  decom- 
fKwition  of  tho  carbide  is  to  add  sufficient  water 
tw  tloo<l  the  residue. 

When  acetylene  Is  burnt  in  air  under  mch 
conditionH  aii  to  complete  its  combustion,  it  ia 
I  onveited  into  eerbon  dioxide  and  wat4T  vapour, 
the  same  compounds  that  are  jirodueed  l>\  all 
combustible  hydrocarbons,  I  cubic  foot  of  the 
reauihng  2^  cubic  feet  of  oxygen,  or  fi^e 
limes  lh«t  amount  of  air. 

When  acetylene  was  fint  used  for  liliuninat- 
tni?  (nirposes.  Bray  union  jet  buniers  were 
employe*^!.  and  althont:h  a  very  hij^h  dirty  wan 
obtained,  the  preswurch  iitee^itaLcd  were  too  j 
hijfh  U)  be  desirable,  and  carbon  was  rapidly 
dvpo!»ite«l  on  the  burner  ti)>,  an'!  eatised  siieh 
•erious  .Hnioking  of  the  tlame  as  to  considerahly 
fwejadice  the  use  of  the  new  illuminant.  The 
prfiper  com  bust  if)n  of  any  hydrocarbon  ^as,  Ikjw- 
fver  rich  in  earbon,  can  be  effected  by  supplying 
the  iUme  with  exactly  tiie  amount  of  air  neoes- 
nary  to  prevent  r^niokins,  and  it  h  under  these 
rondilions  that  the  highest  illuminating  effect 
p>Mible  with  a  particalAr  burner  is  obtained. 
The  ratio  between  the  air  to  be  supyilicHl  and 
the  gad  consumed  dcpeucis  upun  the  thickue^  | 

of  tte  flame  an«l  the  proeaure  at  which  the  gas 

i*suM  from  the  burner. 

If  acetylene  be  burnt  from  a  tMX>  iiray  union 
jot  burner  at  ordinary  pnwure  a  smolrfr  flame 
i-i  obtained,  but  if  tho  prei«9urc  be  increased  to 
4  inches  an  intensely  brilliant  flame  results,  free 
from  smoke  and  giving  an  illumioating  value  of 
240  candles  per  5  cubic  feet  of  gan  consumed. 
Y(x  practical  purposed,  however,  this  pressure 
u  too  high,  and  the  largest  bnmers  at  fint  | 
•dopted,  which  required  the  ron«inmption  of  j 
I  cubic  foot  of  acetylene  per  hour,  gave  on  an  i 
average  32  candltt  at  an  inch  preanue.  I 

These  first  burner?  were  of  the  union  jet  type, 
in  which  very  fine  holes  were  employed  for  the 
delivery  of  the  gas,  and  drilled  at  a  more  obtuse 
*Dgie  than  cntitnarily  need  for  ooal  gas,  thua  : 


causing  a  ^(reator  iusuck  of  air  into  the  liaiiie, 
and  enranng  a  more  complete  combnstion. 
Some  specially  small  onion  jet  burners  were 
also  produced  by  Bray,  and  both  thc^e  nipples 
answered  extremely  well  for  a  time  and  aeve- 
htpcfl  from  30  I  o  36  candle  power  \>ct  enbie  foot 
of  giis  coiisnint'<l,  but  they  both  had  the  mine 
weakness,  and  after  a  few  hundred  hours  began 
to  smoke,  and  evol?e  oopioua  clouds  of  soot* 
llakcH, 

This  trouble  genetally  began  by  a  filiform 

growth  of  carbon  apiK'aring  on  the  ji  t  of  the 
burner,  which  quickly  distorted  tho  lianie, 
impedhig  proper  combustion  and  eausing  the 

formation  of  quantitie*^  of  fr<«e  carbon.  If  the 
burner  was  cleaned  and  relighted,  the  trouble 
began  again  in  an  hour  or  two,  and  the  mily 
remedy  was  to  n*place  the  burner  l»y  a  new  one. 

The  smokinjr  of  acetyleite  burners  after  they 
have  been  in  iiso  for  some  little  time,  more 
particularly  if  the  f;as  be  turned  down,  is  due 
indirectly  to  the  projxTly  posiicsjied  by  acetylene, 
in  common  with  many  heavy  gaseous  hydro> 
carbon  compounds,  of  polynieri.-^in;:  as  the  tem- 

Eerature  riacs ;  and  also  to  the  prob^ure  at  tho 
nmeT'tip  being  insnfltoient  to  im])art  to  the 
gaw  the  velocity  necessary  to  ensure  tho  admix* 
ture  with  t^ufficicnt  oxygen  to  effect  its  complete 
combust  i( in ;  or,  in  some  oases  to  the  flow  of  gas 
throuL'h  the  burner  holes  being  cheok^  by 
accuimiiaiion  of  foreign  matter  therein. 

If  the  steatite  jot  of  a  burner  in  which  smoking 
has  developed  be  broken  it  will  be  found  to  bo 
carbonised  fur  some  depth  into  the  material, 
showing  tliat  a  liquid  hydrocarbon  has  soaked 
int<}  the  sti'atite  and  has  been  deeompowvl  by 
heat  with  dcixisition  of  carbon.  Tho  geueraily 
accepted  id<  a  is  that  the  heat  of  tho  burner 
polymerised  some  of  the  acftylene  to  b<'n«ene, 
anfl  that  this  scrultbed  out  In-  friction  at  tho 
tiiiiple  led  to  the  carbonisation  and  ohoking  of 
tlie  burner.  Anotlier  theor\,  however,  is  that 
the  heat  evolved  by  the  icaetiou  lH;tvveeii  tho 
carbide  and  water  in  the  ^^'cneration  of  tho  gas 
IMdyinerises  ?ome  of  tht-  ait  tylcne  immediately 
upon  its  formation,  and  that  a  certain  quantity 
of  the  liquid  hydrocarljon  ho  formed  is  held  in 
.suspension  and  carried  by  the  gas  as  a  vapour 
to  the  burner,  where  it  is  scrublxxl  out  by 
frictional  contact  and  gndtiaUy  aocumulates 
there  and  is  deeompof^ed. 

Although  the  dcj>o:^iti()n  of  carbonaceous 
matter  does  not  take  place  so  readily  in  burners 
supplied  with  cas  that  has  been  pcnerafed 
sluvvly  and  at  a  low  temix-rature  with  subsequent 
washing  and  purification,  yet  it  is  a  faet  that 
the  trouble  arises  when  the  gas  is  in  the  purest 
posiiiible  condition.  Gas  generated  below  280° 
will  not  so  frequently  give  rise  to  the  trouble  of 
carbonisini;  at  the  burm  r,  1)ut  if  this  temperature 
be  exceeded  in  gcneratiuu,  no  after-trcHtuieut 
of  the  gas  will  prevent  it, 

A  small  jK-n  eiitaiie  of  m  atiT  carried  along  with 
the  g&a  niecluitiicaily,  or  a  little  lime  dust  held 
in  suspensioii,  is  also  a  sottioe  of  carbon  deposit 
at  the  burner. 

Carbonisation  of  the  burner  is  aggravated  by 
'  turning  down,'  in  which  case  the  flow  of  gas 
is  checked  and  the  flame  plays  about  the  tip 
of  the  burner,  heat  mi;  it  to  a  temperature 
favourable  to  polvmeri>ation,  when  carbon  i.s 
deposited,  and  by  ite  catalytic  •otioftj^g^^^^QQgig 
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aocamiifetkm  of  furllier  growtlis.   IS,  however, 

tlir  t;a.-i  is  humod  at  full  pn'ssurp,  th<"  fljuiu'  is 
iiut  in  actual  contact  with  the  burnur,  and  the 
veloeity  of  the  iaming  jet  of  gee  indnoee  ounentfl 
of  air  around  and  throujjh  it,  which  pr«'v»'iit  thi' 
temperature  uf  the  burner  beiutf  raiiMxl  to  a 
degree  enffioient  to  polymeriBe  the  gas  to  any 
matrriftl  extent. 

For  the  above  reaijonti  it  wa«  8oon  ditfcoverud 
that  ordmary  gas  bumen  of  the  anion  jet 
pattern  wen-  nnsuitable,  although  atti-nipts  had 
bei!u  made  iu  America  to  uae  acetylene  diluted 
with  a  oertafai  proportion  of  air,  whieh  per- 
mitted it  to  be  burnt  in  flat  flame  buniern,  but 
the  danger  of  such  admixture  being  rocogniacd 
efforts  in  this  direotion  were  soon  »Mndoned. 

In  France  bnrners  were  doviHod  in  which  jets 
of  acetylene  coming  from  two  tubes  H|>aced  some 
little  custance  apart  were  made  to  impinge  and 
8p]ay  eaeh  other  out  into  a  flat  flame,  whilst 
noon  after  Bullier  introduced  the  idea  of  suciung 
air  into  the  flame  at  or  just  below  the  humer- 
tip. 

No  real  advance,however,  waa made  in  burners 
for  acetylene  nntfl  1899-47,  when  Bullier'8 

principle  of  making  the  tips  nf  the  burner  jets 
into  small  bunsenn  wmi  adopted  by  i>olan  in 
America,  and  Billwiller  on  the  Continent. 

The  Billwillpr  btirnor  ha.s  two  steatite  arms 
rising  at  right  angles  from  a  common  base 
from  whieh  the  aoetylene  issued  at  two  small 
orifiei'^  rxH<  tly  »ip]M)site  j-aeh  other  and  Iiil: 
the  double  jet.  immediately  above  the  gas 
orifice  a  small  pMatintim  plate  was 

tixed  at  a  distaiiee  (if  about  0-5 
mm.  from  the  steatite,  with  a 
hole  in  it  rather  larger  than  the 

orifiee  in  the  steatiti-  just  1m>1ow. 
The  acetylene  iiMUinu  from  the 
hole  in  the  steatite  rushed  through 
the  hnje  in  tlie  jilatinum  alxjve 
and  drew-  air  in  under  the  plati- 
The  air  so  drawn  in  flowed  to  the 
tlir  rapidly  tra\ellin;:  stream  of 
aeet\  l(  ni>  and  pamMxl  upwards  around  it,  so 
nnenting  contact  between  the  edge  of  the 
•  •If  in  tlic  platinum  and  the  acetylene,  whilst 
the  metal,  bemg  part  of  a  collar  of  platinum 
fixed  round  each  steatite  arm,  and  being  a 
goo«l  eonductcir  t)f  heat.  jtreM  iited  such  heating 
Hs  >\()tdd  lead  to  the  deposition  of  carbon  from 
the  yas. 

'i'hrve  biinuTs.  made  by  Sehwarz  of  Nurem- 
U  rj:,  anil  M>ld  under  the  name  of  the  '  Basle  ' 
burner,  gave  excellent  results,  as  Is  diown  in 
the  following  table : — 
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I  though  of  slightly  different  eonstnietion.  It 

con.si.^tetl  of  a  metal  bajse,  the  upri^dit  fr.ra 
which  forked  into  two  arms,  which  near  their 
extremities  were  bent  inwards  at  right  aniilBa 
These  arms  carried  Hteatito  or  *  lava  '  tip*, 
bored  with  a  iiue  hole  from  the  interior  to  the 
base  of  the  mushroom  head,  where  its  diameter 
WKH  more  than  dniihled.  whilvt  four  small  lateral 
air  tubeti  were  bore<l  at  rt*gular  intervals  from 
the  base  of  the  head  to  the  broad  aperture  of 
the  liipph'.  with  the  result  that  the  flow  i»f 
acetylene  from  the  narrow  into  the  wider  tube 
sucked  air  in  throiwh  the  side  tubes  and  ssr* 
routided  the  a-sceruling  ga.s  with  an  envelo|>f 
which  prevented  its  contact  with  the  heat«d 
tip.  These  burners,  whieh  are  more  generaDr 
known  as  the  '  Najihey  '  burners,  tzave  very 
good  results,  anil  have  btfcn  more  widely  adopted 
than  tiie  Billwiller  burners  that  preceded  then, 
|Mirtly  !)eeause  they  did  away  with  the  expea**- 
of  the  platinum,  were  cheaper  to  make,  and 
were  less  liable  to  break. 

These  tiy>8  were  very  lar^;el\  maiiufactuml  en 
the  Continent,  both  the  American  and  iOiiglmh 
supply  coming  from  Nurembi>rg.  The  form  of 
mounting,  howe\  (  r,  wa<  i  nnsidi  rahly  variei!  :n 
order  to  suit  the  taste  of  the  user  or  to  give  the 
burner  a  new  name.  In  one  very  populai 
form  the  arms  are  made  as  a  jxirtion  of  a 
circle,  this  moditication  doing  away  with  the 
friction  and  cheek  to  the  flow  of  gas  due  to  the 
shar])  bend  in  the  ori;:inal  pattern,  whil>t  thv- 
again  are  made  up  in  groups  of  tuo  or  three 
burners  where  greater  imimination  is  required. 

The  great  drawback  to  all  the  Naphey  tip 
burners  is  that  the  heat  from  the  Hame  causw 
a  slight  and  gradual  warping  of  the  metal 
mountiiiLT.  with  the  result  that  after  a  time  tlx 
jet«  become  slightly  thrown  out  of  their  true 
position,  which  at  once  distorts  the  flame  and 

causes  it  to  thrtiw  Uji  -^nu'Ky  jmints.  'I'hi" 
trouble  is  not  found  w  ith  burners  having  stealtU 
or  composition  Mtns,  as  these,  being  pressed  or 
cut,  do  not  warp  with  the  lieat. 

These  buniers  proved  the  forerunner  of  a  host 
of  otheiB  in  all  of^ which  the  same  principle  was 
adopttMl,  one  of  the  simple«<t  and  most  jKipular 
being  shown  in  Fig.  2,  whilst  Fig.  3  is  a  section 


Number 

CUll- 

Pressure 

Total 

Caudlea  per 

uf 

Hun)e<l 

in  liichps 

light 

cab.  ft.  of 

burner 

(cub.  ft.) 

(wat«r) 

(caadlei) 

gas 

1 

U-35 

2-25 

4-2 

12-0 

0-625 

2-25 

30-4 

t)-75 

3-0 

24  0 

32-0 

4 

0-90 

3-0 

32  0 

35-5 

5 

1<N> 

30 

36-0 

36-0 

6 

1 

lilO 

3-0 

40<0 

40O 

In  1807  Dolan  in  America  made  a  liunier 
on  the  same  principle  as  the  Billwiller  burner, 


Fio.  8.  Fto.  3. 

of  tiie  same  burner,  showing  the  oonstruotioo 

and  air  inlets. 

Although  these  burners  possess  many  advau* 
tages  and  can  be  used  for  several  hundred  houn 
wiihont  -tnoking,  they  have  the  drawback  that 
the  llame  cannot  be  turned  down,  as,  after 
the  flame  has  been  left  turned  down  for  sa 
hour  or  two.  it  will  he  found  that  it  wil! 
generally  start  smoking  when  the  normal  con- 
sumption is  restored. 

In  order  to  overcome  this  trouble  Bray  intro- 
duced a  burner  in  which,  by  plin<ing  a  second 
aiT'^upply  chamber  of  larger  dimensions  above 

the  first,  such  a  complete  encircling  of  the  jet 
Of  gas  by  air  was  ensured  t^Jf,  thg  ^vi^nj^^ 
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ill  giu  pn-ssiiff  c'aiu>etl  by  turning  down  the 
ttame  du  uot  lead  to  oarboaiiiatiuD. 

The  same  principle  is  utilised  by  Sohmus  in 
the  '  Supreroa  '  bumrr  msde  at  Nniembevg, 
vthkk  h  showu  in  Fu;,  4. 

Another  burner  htm  been  brought  out  by 
this  maker  in  u  hich  the  idea  of  air  injection  has 
been  successfully  adapted  to  a  sUi  bumer: . 
the  08  israee  from  »  scvies  of  fine  holes' 
iJsscd  below  a  cap  proWded  with  a  brand  dit 
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md  si.|<-  air  tubuliiru,  the  gas  drawiii;:  in  Muffi- 
I  iiiit  air  in  itii  jwiasago  through  thu  stiiL  tu  L»re%'ent 
smoking  or  carbonisation  of  the  bumer  (Fig.  6). 

From  \]u'  earliest  intriKhiotion  of  acetylene 
attemuld  have  been  luadc  to  utilise  it  with 
incandewwnt  mnntles,  but  under  the  pressures 
which  are  u«n>illy  obtaimxl  from  the  ordinary 
generating  » j<paralu«  this  hem  not  pruv  ad  8ucce8a> 
loL  Aeetylene*  when  eonnuDed  in  an  atmo* 
spheric  burner,  gives  an  excessively  hot  flame, 
not  only  on  a<;couut  of  its  composiLiuu,  but  aU>o 
ffom  its  endotliermio  character.  Several  diffi-  ! 
sullies,  however,  ar"  !?v  t  with  in  trying  to  bum 
acetylene  mixed  witii  air  in  sufficient  proportion  | 
to  yield  a  non-Iujninons  flame,  namely :  j 

(o)  The  \«ide  noge  over  which  such  muctnres  ' 
are  explosive. 

(6)  The  low  temperature  of  ignition. 

{c)  TTie  high  sjx-c<l  at  which  the  explosive 
wave  traveLs  tlinmgh  the  mixture  of  gas  and  air. 

In  order  to  mal» a  hnnsm  bumer  foraoetyleiM  ( 
the  tube  hft>  to  \yc  very  narrow,  and  even  then 
fUslung  b»«.k  in  very  liable  to  occur,  whilst  a 
high  pressuic  is  needed  to  bring  about  a  oatia- 
factorj-  mixture  of  the  (jas  with  sufficient  air  to 
ensure  combustion  with  an  abyolutelv  non- 
huninoUB  flame.  The  ran^e  of  explosibiiity  lies 
between  3  p.e.  and  82  p.c  .  of  acetylene  in  the 
mixture,  and  the  propagation  of  the  explosive 
wave  esonot  be  stopped  oy  the  ordinary  device 
of  usini;;  wire  gnny",  on  aeeonnt  of  the  low 
u^tion  jHunt  of  tiu'  juixturi  tj.  By  using  a  tube 
1^  am.  in  diameter  the  explosion  ceases  to  be 
propH  jitf.l  at  all,  but  such  tubes,  nn  account  of 
th*  ir  -tiiail  diauiftcr,  cannot  b«-  utilised  singly. 
The  difficulty  can  be  surmounted  by  using  a  : 
bundlt-  of  small  tuTK-^  iiTut<xi  to  form  a  single 
borutsr,  or  by  cmpIo\ mg  a  large  tube  having  a 
raostrietioD  at  one  point  of  not  more  than  5  mm. 
diameter.  The  diameter  of  the  tube  at  the 
constriction  must  be  in  a  detinitv  proportion  to 
the  particular  mixture  of  air  and  acetylene  con* 
"nttied,  as  thf  more  air  the  ;Tn»ater  mn«t  he  the 
iiitisiriciioa  m  the  strangulated  portion  ot  tlie 

tttb^  owing  to  the  ineieased  velocity  of  the  ex*  i 

ploare  \vrv*> 

With  ail  acetylene  bonsen,  and  using  a 
Weisbach  No.  2  mantle,  as  much  as  90  candles 
per  rnbie  to* it  r<f  n<  ttyl<  ne  has  been  obtained. 
U  may  be  taken  ttiat  when  used  with  a  mantle 
MStylene  will  give  diraUe  the  illuminating  pow  er 
pPT  cubic  foot  as  compar*-<l  with  th--  li.ht 
obtained  when  the  gas  is  burnt  m  the  uiuinary 
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acetv-leno  llat-Bame  Ijurners  under  the  best 
ocmditious,  but  very  widely  different  results 
have  been  obtaino<l,  owing  to  irregidarit  ies  in 
the  pressure  or  laek  of  air  regulation,  and  at 
the  moment  of  lighting  or  turning  out  there  Is 
a  liability  of  a  snmll  but  violent  explositm, 
which  has  disastr(»us  effsots  upon  the  mantk-. 
A  further  difficulty  ia  caused  w  hen  phosphoretted 
hydrogen  is  present  as  an  impurity,  for  this 
leads  to  the  fonnation  of  fusible  phosphates  of 
thorium  and  cerium,  with  consequent  destruc- 
tion of  the  juantle.  Apart  from  these  con- 
siderations, the  mantle  appears  to  be  hardenetl 
and  strengthened  by  the  intense  heat  to  which 
it  is  subjected,  but  it  u  uot  yet  determined 
how  the  life  of  the  mantle  is  affscted  by  the 
temperature  of  the  flame. 

Under  the  light  yielded  by  the  combuttiioa  i>f 
acetylene  colours  appear  practically  the  same 
as  in  daylight,  and  all  fint<  and  shad,  s  cm  btj 
as  clearly  distmuuL'shed  fruia  one  another  as  in 
sunlight.  For  this  reason  the  has  been 
found  to  be  of  invaluable  utilit  v  m  dyeing  and 
colour  printing.  The  spectrum  ot  acetylene, 
however,  although  the  same  as  that  of  daylight 
for  red  and  j^ellow,  has  an  increastt  in  the  blue 
rays  of  0-40,  which  brings  them  to  about  the 
same  value  as  the  Northern  Light*  The  violet 
rays  show  a  slight  inerease,  so  that  acetylenf^ 
is  even  richer  than  sunlight  in  the  rays  wliu  h 
«re  so  Msential  to  the  chemical  action  of  light, 
and  yet  the  re<l  rays  whicli  nn-  -,o  <l(  Lriin<  nl al 
in  colour  work  do  nut  pn-doininate,  as  in  the 
electric  arc. 

In  I89f}  Claude  and  Ue.ss,  in  France,  sug- 
gested the  idea  of  iiiakinj^  use  ot  the  tiulubilitv 
of  acetylene  in  certain  liquids  as  a  means  of 
storing  tliis  gan,  and  acetone  was  tried  as  the 
solvent.  JUit  it  was  found  tliat  the  simple 
solution  of  acetylene  in  acetone,  although  loss 
liable  than  the  comprcKsod  or  liquetieil  acetylene 
to  explosion,  could  not  l>e  said  to  be  sufficiently 
free  nom  danger  to  admit  of  its  general  use. 
It  was  soon  cfiiBeovered  hy  Janet  and  Fouche 
that  when  acetylene  is  dissolved  in  acetone 
absorbed  by  porous  material  of  the  right  kind 
under  10  ntmosphen's  pre^stire,  it  w  as  impossible 
to  produce  explusKin.  i'he  medium  employed 
has  a  porosity  of  80  p.c.  soaked  with  43  p.c.  of 
the  capacity  of  the  cylinder  with  acetone,  hi 
this  way  one  cubic  foot  of  cyliiulcr  bpace  can 
be  made  to  hold  KX)  cubic  feet  of  acetylene, 
w  hich  is,  to  a  large  exti>nt,  given  ofl  when  the 
tap  of  the  cylinder  is  opened. 

Acetone  dissolves  24  times  its  vcdume  of 
acetylene  at  15^  and  und<r  nr»linary  atmo- 
spheric pressure,  thu  solubiiily  increasing  with 
the  augmentation  of  pressure,  and  the  volume 
of  the  acetone  also  increasing  very  largely. 
Under  12  atmospheres  300  volumes  of  gas  are 
dissolved. 

The  oxy-aeetylene  flame  has  within  tlv  la-t 
few  years  become  of  great  .service  m  aulo- 
genotts  welding.  The  advantages  of  such  a 
flame  were  we!!  reeognised  previous  to  1^0].  but 
Lonsiderabl*'  (hlliculty  was  cxperience«i  in  pro- 
viding a  }>lowpipe  which  would  consume  the 
acetylene  at  low  preastircs,  and  it  was  not  until 
the  lutrotluction  of  dissolved  auctyleae  that 
success  was  attained.  Blowpipes  ate  now  made 
in  which  the  oxvir'^n  alone  is  nniler  pres.'^ure, 
the  acetylene  being  under  the  low  pressure  as 
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delivered  from  a  generator.  The  two  syetems 
are  knuwn  as  tho  high-pressure  and  loW'pWiWMW 
metbodi  of  oxy-acetylene  welding. 

The  tempemturo  of  the  oxy-acetylcne  flame 
is  approximately  3(XI0*',  and  from  the  nature  of 
the  combuation  the  tlame  has  a  reducing  action 
tending  to  exclude  the  jiofwibility  of  oxidation 
of  the  metals  undergoing  treatment.  Theoreti- 
oaily  2*5  volumes  of  oxygen  are  ret^uircd  for  each 
volume  of  acetylene,  but  in  practice  it  is  found 
that  the  proportions  are  approximately  1-4  tu 
1*0,  this  low  proportion  of  ozygea  eDBunog  a 
reducing  action  in  the  flame. 

In  the  high-pressure  system  the  oxygen  is 
delivered  from  an  ordinary  cylinder  under 
pr^sure,  and  the  acetylene,  dissolved  in  acetone 
under  pressure,  is  also  supplied  from  cylinders. 
Both  cylinders  are  fitted  with  sjweial  govtmors, 
aa  a  jierfect  rcgulatirm  of  the  tlame  is  one  of  the 
main  secretft  ot  success. 

With  the  low-preiwure  plant  the  acetylene  is 
made  in  an  ordinary  generator,  which  may  be 
of  the  automatic  or  non-automatic  typo,  the 
size  of  the  works  to  a  groat  extent  influencing 
the  kind  of  j;ctjerator  used,  but,  whatever  tyix; 
be  adopted,  it  is  necessary  that  the  generation 
of  the  gas  should  not  be  accompanied  by  over* 
heating,  as  this  leads  to  low  temperaturtn  at  the 
burner  ami  other  troubles.  The  gas  should  be 
puritied  before  use,  as  the  presence  of  the 
pho«<phoretted  and  sulphuretted  hydrogen  would 
tend  t«  spoil  the  welfl,  and  the  purif\  ing  ngent 
shouKi  renewed  when  necessary'.  After 
leaving  t  li<  {luritiers  the  gaa  is  distributed  to  the 
various  points  in  the  workshops  in  gas-  or 
steam- barrel  piping,  and  at  each  point  a  hy- 
draulic back-pressure  valve  is  inserted,  in  order 
to  prevent  the  oxygen  through  any  raist  liiincf 
flowing  back  through  the  acetylene  service.  The 
first  sticcessful  blowpipe  was  the  Fouche,  em- 
ployctl  with  the  low -pressure  system,  and  this 
type  has  held  its  own  in  spite  of  the  competition 
of  other  patterns.  After  the  weld  has  been 
made  the  plate  is  annealed,  this  bt  iiig  e^^ntial. 
Although  the  results  of  tests  up  to  the  present 
are  not  very  consistent  ,  it  may  be  taken  that, 
on  the  average,  the  welded  joint  haa  a  tensile 
strength  from  95  to  80  p.o.,  dependii^  on  the 
thickness  of  the  plate. 

There  are  many  classes  of  work  in  which 
oxy-acetylene  welding  can  be  advantageouslv 
employed.  In  the  motor-car  industry,  both 
in  the  gar\ge  and  repair  shop,  it  has  proved  of 
great  service,  it  being  a  comparatively  simple 
matter,  for  instance,  to  mend  a  cracked  cylinder 
or  gear-box.  For  tlie  welding  of  tubes,  repairs 
to  boilers  in  .^Hu  needed  Ev  corrosion,  &c., 
for  the  mending  uf  ftvctured  stems  and  stern 
post«,  the  process  has  been  invaluable. 

Acetylene  has  been  found  of  great  service  iu 
the  illumination  of  small  towns  and  country 
villas^os,  md  for  isolated  houses  and  farms.  It 
hue  U-en  employed  in  photography  on  act?ount 
of  its  richness  in  actinic  rayf.  Fc»r  headli|,(hts 
on  motors,  for  train  lighting,  tor  l>noy>i,  nnd 
in  fact  in  a  number  of  cases  where  bright  and 
trustworthy  light  is  required  without  the  com- 
plication of  »  coal-gas  work»  or  the  dangeis  of 
oil.  acetylene  has  proved  its  worth. 

it  hufi  been  found  that  the  rays  from  an 
uotlylmn  Iwht  possess  remarkable  penetrative 
powers  in  fog  or  mist,  being  in  this  respect 


superior  to   the  arc  light  or  ii 
mailt ]<:\  V,  B>  I<* 

ACHRODEXTRIN  v.  Dextrin. 

ACHYRANTHES  ASPERA  or  Aghan,  An 
Indian  plant  used  M  n  aimple  uid  u  a  remedy 
lor  toothache. 

ACID  ALBUMEN  v.  PnoTKms. 

ACID  ALIZARIN,  -BLUE,  -GREEN  tv  Au- 

I  ZAmy  AND  ALLIED  COLOURIKO  MATT£&». 

'      ACID    CERISE     V.  TRrraEJJTLii«TiiA»« 

(  OI     I  KING  MATTERS. 

ACID     GREEN     v,  TBira»iVXJi£XHA>£ 

C0L0UR150  MATTERS. 

'      ACIDIMETRY  and  ALKALIMETRY.  Thi 

I  branch  of  quantitative  analysis  dealing  with  the 
I  estimation  of  acids   and  alkalis  is  of  great 
I  technical  importance.    In  pun*  aqueous  {solu- 
tions the  amount  of  acid  or  alkali  can  usuAiiy 
,  be  ascertained  with  considerable  aecnracy  by 
determining  the  specific  gravity  of  ihv  Jiq»n<l 
'  at  a  definite  temperat  ure  and  referring  to  a  table 
I  especially  drawn  up  for  this  purpose, 
i      Direct  estimations  may  al>o  In-  niado  by 
I  suitable  gravimetric  methods,  but  volumetric 
,  processes  are  almost  exclusively  employed,  and 
,  are  indeed  the  only  methods  available  for 
(lintinguishing  between  free  and  combined  acid 
or  alkali.    In  these  operations  the  quantity  of 
'  acid  or  nlkali  present  is  calciilHti-d  from  the 
I  amount  of  standard  alkali  or  acid  required 
respectively  to  neutralise  it  exactly,  the  precwe 
point  of  neutralisation    Ixing  (lft«rniiiH-d  by 
the  addition  of  a  small  quantity  of  an  indicator^ 
i.e.  a  substance  which  by  undergoing  a  niarlced 
'  change  of  colour  renders  evident  the  transition 
I  from  acidity  to  alkalinity,  or  vice  verad, 
!      Indicators.   Although  many  natural  and 
artificial  colouring  matters  hiivc  been  reroni- 
mended  as  indicators,  comparatively  few  are 
actually  used,  those  rooet  frequently  employed 
being  methyl  orange,  phenolphthalcinf  and  titmv/i. 
Artificial  indicators  are  either  vecy  weak 
I  organic  acids  or  (more  rarely)  weak  baiies,  and 
'  the  prevalent  view  regarding  their  behaviour  u 
that  in  solution  their  colour  in  the  non-ionised 
state  differs  from  that  which  they  exhibit  in 
the  ionk  condition. 

In  accordance  with  the  ionic  theory  of  solu- 
tion, a  very  weak  acid  HM  exists  In  sdntion, 
'  mainly,  but  not  entirely,  in  the  non-ionisotl  state, 
j  the  equilibrium  between  ions  and  undissociated 

:  molecides  HM^H+M  being  ezpreaaed  qnantt* 

I  tatively  by  the  equation 

t  -  + 

M  X  H/HM  =  constant 

I  in  which  the  symbols  denote  the  molecular  con- 
'  ccntrations  of  the  ions  and  moleeulee,  and  where 

J  as  in  the  case  under  discussiou  M  and  U  are  very 
\  amtll  in  comparison  with  HBL 

+ 

Any  increase  in  the  value  of  H,  which  is 
effected  by  adding  a  small  quantity  of  a  fairly 
strong  (ionised)  acid  to  the  solution,  leads  to  a 

corresponding  diniimition  in  the  VHlnr  fif  y\. 
)  The  reverije  change,  leading  to  an  ijierea»e  in 

I 


the  value  of  Up  with  a 
+ 

in  thi'  vuhic  of  H.  is  <  {TeoteJ  l)y  adding  a  tdisht 
amount  of  a  fairly  strong  (ionised)  alkali  hy* 


Digitized  by  Google 


ACXDIMBTBY  AND  ALKALDUETBT. 


86 


Uroxidc,  tiiiice  the  equilibrium  UxOH=coniitaat 
oMuM  in  aqueous  solut  ions,  and  the  alkali  added 
inoMMt  ctmudeaMy  tlie  value  ol  tbe  f eotor 

OH.  If  the  aeia  HM  and  tlie  ion  M  differ  in 
colour*  then,  in  any  aolntkm  oontaining  this 
acid  a  ehange  fnnn  acidity  to  alkalinity,  t.e.  from 

a  !>tat«  m  which  H  predominates  over  OH  to  the 
revene  condition,  may  be  indicated  by  an  appre- 
ciable change  of  colour.  The  degree  of  ionic 
dissociation  of  the  indicator  H  M  must,  however, 
be  considerably  smaller  than  that  of  cittier  acid 
or  alkali  employed  in  the  titration  ;  nioreov<T, 
another  acid  HH,  having  a  smaller  degree  of 
kmintion  than  Hlf,  will  tndieate  the  transition 
with  even  greater  precision,  providing  that  the 
Rcognitton  of  the  colour-change  is  not  more 
difBewt.  Tlie  quantity  of  indicator  employed 
must  be  80  small  that  the  amount  of  allcali 
required  to  neutraliite  it  is  negligible. 

For  Theory  of  Indicators,  r.  Ostwald  (Soi 
tilic  Foundations  of  Analytical  Chemistry,  ti 
laied  bv  McGouan),  Kiister  (Zeitsch.  anon* 
Chem.  1*897,  13,  127),  WaddcU  (J.  Phya  Chem. 
1H98,  2,  171).  VaUlant  (Compt.  rend.  1903,  136. 
1192),  8ticgliU  (J.  Amcr.  Chem.  8oc.  1903,  20, 
1112;  Amer.  C!liem.  J.  1906,  39,  651 ;  1909,  42, 
115).  McKoy  (Amer.  Chem.  J.  1904,  31.  503), 
Uewitt  (Analyst^  1908,  33,  85),  Salm  (Zeitsch. 
plijrrioaL  Chem.  1906,  67,  471 ;  Zeitach.  Elek. 
rhem.  1907,  13,  125),  Salessky  (Zeitsch.  Elek. 
Chem.  1904,  10,  204),  Fels  (Zeitsch.  Elek.  Chem. 
IWi,  10,  106),  Schoorl  (Chem.  Zcntr.  1907, 
i.  300,  .502,  585),  Hantiach  (Ber.  1907,  40, 
1566;  1908,  41,  1187).  Rohland  (Ber.  1907,  40, 
2172),  Acree  (Amer.  Chem.  J.  1908,  39,  528.  649, 
789),  Handa  (Ber.  1909.  42,  3179) :  and  rf.  Noyea 
for  the  phjaico-chemical  theory  (J.  Amer.  Chem. 
8oe.  191^  82,  815). 

Indicators  may  be  divided  broadly  into  three 
clMMt:  (i.)  Those  insensitive  to  very  weak  acids, 
swh  aa  carbonic,  boric,  and  hydroenlphnrio 
aoida;  th<  Hc  indioaton  comprise  among  others 
mdhyl  oranyCf  Ittcmoid,  ccchinml,  and  iodoeoein. 
(iL)  ThoM  eomewhat  senaitifo  to  traak  aeide, 
althouph  as  a  rule  these  acids  cannot  be 
Accurately  titrated  with  their  aid;  if  weak 
vchtile  acids  snch  as  carbonic  ackl  are 
n^movtHl  by  boiling,  these  indicators  act  like 
thode  of  the  first  cla.s8  towanLs  fairly  strong 
Midi  and  bases.  Litmus  is  the  chief  represen- 
tatlTe  of  this  group,  (iii. )  Those  highly  sensitive 
emi  to  weak  acids.  I'his  vla.ss  contains  phenol- 
phtkaU'in,  (vrmerie,  and  roaolic  acid  (v.  Glaser, 
Zeitioh.  iin/il.  cniem.  1899,  38,  273  ;  Wagner, 
Zeitieh.  anorg.  Chem.  1901,  27.  138). 

The  more  important  indicaton  are  de- 
scribed below  in  alphabetical  order. 

AuriD  {Commercial  or  para-Bosolic  acid) 
ii  a  mixture  of  several  substances,  produced 
by  heating  together  phenol  and  oxalic  and 
snlphnrio  acids ;  it  appears  in  commerce  in 
jnuovadi-brown  resinous  lumps.  A  1  p.c.  solu- 
tioQ  in  60  p.c.  alcohol  is  employed,  O  o  c.c.  being 
added  to  the  solution  to  be  titrated.  In  acid 
•ohition  the  colour  is  pale  yellow,  in  alkaline 
!"^lution  roff-ffd.  This  indicator  is  very  sensi- 
tive and  well  adapted  for  titrating  barium 
bjrdroidde  sohrtkms,  but  it  is  affected  by  carbon 
duNode  and  hydrogen  sulphide. 

Xhe  colouring  matter  in  the 


product  obtained  from  the  dried  female  insect 
(7oeeiU  cadi  (Linn.),  is  termed  earminic  acid. 
The  best  trade  product,  which  is  called  '  silver 
cochineal,'  was  firHt  recommended  as  an  indicator 
by  Luckow  (J.  pr.  Chem.  1861,  84, 424 ;  Zeitsch. 
anal.  Chem.  1862,  1,  386) ;  3  grams  of  the  sub- 
stance  (not  pulverised)  is  extractetl  with  250  c.c. 
of  dilute  alcohol  (1  voL  alcohol :  3—4  vols,  water), 
and  the  clear  liquid  decanted.  In  alkaline  solution 
the  colour  is  vioUt,  in  acid  yellowish-red.  This 
indicator,  which  is  very  sensitive  to  strong  acids 
and  bases,  is  extremely  useful  in  titrating 
ammonia ;  it  is  scarcely  affected  by  carbon 
dioxide.  The  colour-change  is  well  denned  even 
in  artificial  light.  Cochin^  is,  however,  useless 
for  titrating  organic  acids ;  and  iron,  aluminium 
and  copper  sMts  must  be  absent,  since  thnr 
solutions  remain  pink  even  when  acid. 

Cureumin  {Turmeric yellow).  The  colouring 
matter  from   the    roots   of    Curcuma  kmga 

iLinn.),  is  turned  yellow  by  acids  and  redditk' 
rown  by  alkalis  ;  it  is  neariy  alwa^  employed 
as  a  lest'paper,  and  is  usef  id  in  detectiQg  ammooia 
and  boric  acid. 

Gallein  {Alizarin  videt,  PyreaaUdlpMka' 
le'in).  This  compound,  prepared  by  heating 
together  p\rogallol  and  phthalic  anhydride 
(ftMver,  Ber.  1871,  4.  457.  555,  663),  was  pro- 
posed  as  an  indicator  by  Dechan  (Pharm.  J.  15, 
849).  A  0-1  p.c.  alcoholic  solution  is  used, 
10  drops  being  added  to  100  c.c.  of  liquid.  In 
alkaline  solution  the  colour  is  reddisK-viakt,  in 
acid  pale-brown.  This  indicator  is  aoaicely 
affected  by  carbon  dioxide,  and  can  be  used  in 
the  accurate  titration  of  organic  acids. 

lodoeosin  (Tetraiodt^wMre/KcXn,  Eryihrotin 
B.).  This  Huustance,  prepared  by  iodating 
fluorescein,  is  a  brick-red  powder  soluble  in 
hot  alcohol  or  in  ether,  but  almost  insoluble 
in  water  or  cold  alcohol ;  it  was  first  recom- 
mended by  Mylius  and  Forster  (Ber.  1891,  24, 
1482) ;  0*5  gram  of  the  sodium  derivative  of 
iodocosin  is  dissolved  in  1  litre  of  water,  2-5  c.c. 
are  added  to  the  solution  to  be  titrated  together 
witii  6  c.c.  of  chloroform,  the  mixture  being 
shaken  in  a  stoppered  bottle  durin|^  titration. 
While  alkaline  the  aqueous  layer  is  row,  red, 
when  acid  the  aqueous  layer  becomes  colourless, 
and  the  chloroform  assumes  a  yellowish  tint 
(EUms.  J.  Amer.  Chem.  Soo.  1899,  21,  359;  M. 
and  F.  used  ether  instead  of  chloroform).  With 
this  indicator,  centinormal  or  even  millinormal 
solutions  can  be  titrated ;  it  is  indifferent  to  car- 
bon dioxide,  and  phosphoric  acid  can  be  titrated 
as  a  monobasic  acid  with  sodium  hydroxide 
(Glticksmann,  Cliera.  Zentr.  1902,  (i.)  1131). 
Feeble  bases,  such  as  the  alkaloids,  may  also 
be  titrated,  using  iodoeosin  as  indicator. 

Lacmoid  {Resorcin  Blur).  This  suhstanc*- 
is  obtained  by  heating  gradually  to  llO'' 
a  mixture  of  100  parts  of  resoreinol,  5  parts 
of  sodiiun  nitrite,  and  5  parts  of  water.  \\'hcii 
the  violent  reaction  motlerates,  the  mass  is  hcaletl 
to  115**-120''  until  evolution  of  ammonia  ceasea. 
The  priKluft  is  a  glistening  reddi-sh  powder 
(Traub  and  Hock,  Ber.  1884,  17,  2615). 

A  0-3  p.c.  alcoholic  solution  is  emplojred  ;  a 
le  tter  colour  change  is  produced  if  ^  gram.««  of 
uaphthol  green  are  dissolved  in  a  litre  of  this 
solution  (Zeitsch.  aneeu.  Chem.  1890.  3.  163).  In 
alkaline  solution  the  colour  is  fAur  ;  in  acid, 
red.    Although  thci>e  colour  changes  resvmblu  ' 
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those  of  iitmiis,  the  indioator  is  more  closely  |  sodium  salt)  is  diMolved  ia  1  litre  of  water^  and 
allied  to  methyl  orange.  It  is  only  slightly  two  drops  ot  this  MibtiDn  are  added  in  each 
affectetl  by  carbon  dioxide,  although  direct  titriilion  ;  if,  owing  to  dilution  during  thr 
titration  of  carbonates  is  not  satisfactory  in  titration,  the  colour  booomee  too  faint»  another 
oold  solution ;  laemoid  test  jiaper  may,  now-  drop  of  the  indioator  is  added ;  on  no  aoooont 
ever,  be  ustnl  in  almost  uiiy  cxprriimnt  for  should  too  much  indicator  Ix'  ustHl.  sinr«-  th<- 
which  methyl  orange  is  suitable.  This  indicator  colour  changet  from  ytUow  in  alkaline  to  pt»k 
is  Qseien  for  organic  aoids.  m  acid  solution,  is  not  sharp  in  such  ^rmun- 

Lltmus  occurs  in  commercf'  in  the  form  uf  HlanccH.  Mrth\!  orange  is  exceedingly  tifpful, 
small  cubical  granules  mixed  with  a  large  pro-  since  its  indications  are  practicallv  unaffected 
portion  of  mkmm  oarbonate.  An  aqneoas  solu-  by  the  prcsenoe  of  cartwnic,  hydrorndpfanric, 
tion  of  this  jpcodoot  not  only  contains  fkee  alkali,  horif,  and  .silicic  m  i  ;  (  irlntnat^^-.s  and  tiulphid«'.= 
but  also  »  variable  proportion  of  colouring  may  therefore  be  titrated  in  cold  soluticm  as  if 
matters  which  interfere  wiUi  the  ddieatqr  of  the  they  were  hydroxides.  All  titrations  nmst  he 
react  ion.  Spcicial  precautions  miist  therefore  be  ma<lo  with  this  indicator  in  cold  aqueous  solution, 
taken  in  piraari^g  the  solution  for  use  in  and,  since  methyl  orange  is  not  very  seoaitive  au 
aeidimetiv.  Various  processes  have  been  reeom>  compered  with  vaiions  other  indicators,  tlie  acid 
mended  by  Bcrthelot  and  Do  Flenricu  (Ann.  or  alkali  employed  should  be  fairly  concentmttd. 
Chim.  Phys.  1865,  \4]  5, 189),  Wartha  (Ber.  1876,  ,  It  is  advisaU'e  to  employ  normal  solutions, 
9,  S17K  Mohr  (TitTirmethode).  Luttke  (Zeitsok  though  with  N/2  or  even  N/6  solutions  it  is 
anal.  Chem.  1892, 31,  002).  Tlic  following  method  possinle  to  determine  an  en<l-|*<>int  to  within  a 
gives  excellent  results:  The  litmus  is  extracted  siqgle  drop.  With  ii/LQ  solutions,  especially 
three  m  four  times  with  bdling  methylated  '  when  carbonates  are  beii^  titrated,  there  is  a 
alcohol  of  85  p.c.  in  order  to  remove  the  injurious  distinct  hroo-uUh  tran.'^ition  tint  l>et\vecn  the 
colouring  matters,  the  residue  is  extracted  with  yellow  and  pink,  and  results  may  be  uncertain 
cold  water,  slightly  acidified  with  snlphnrie  acid,  \  to  the  extent  of  one  or  two  drope  (c/.  Kfister, 
and  boiled  to  exjx"!  carbon  dioxide.  The  extract  \  Zeitsoh.  anorg.  riieni.  1897.  13,  140). 
is  neutralised  with  baryta  water,  a  few  babbles  i  The  addition  of  indigu-cannine  to  methyl 
of  carbon  dioxide  pMsed  in  to  remove  excess  of  ]  orange  has  been  recommemled  by  Luther  (CSiem. 
baryta,  and  the  liqtiid  a^;ain  boiled  and  filtered,  Zcit.  1907,  31,  1172),  who  stut«>s  that  the  colour 
The  solution  should  contain  about  20  grams  of  ,  change  is  very  pronounced.  Kthyl  orange  is 
solid  matter  per  litre,  and  must  be  kept  m  vessels  statvS  by  Wieland  to  be  even  better  than  methyl 

to  which  thi'  air  has  free  access.  If  ke]it  in  orariLi  Hi  r  1 '^S.'l.  ir>.  1989). 
dosed  vessels  it  undergoes  fermentation  and  is  ,  Methyl  red.  i'his  substance,  pre|iamt  by 
decolourised.  The  colour  is  restored  when  the  diasotisii^;  anthranilic  a^  and  coupling  tike 
liquid  is  exposed  to  air.  The  colour  of  the  n^nltinp  diazoniuin  .^^alt  with  dimethylanilin'% 
solution  should  be  vurpU ;  it  turns  blue  with  was  introduced  as  an  indicator  by  Rupp  and 
alkalis,  and  red  with  acids,  and  is  affected  by  ;  Loose  (Ber.  1908,  41,  3905).  A  O'S  p.e.  aloo. 
carbon  dioxide,  Hulphur  dioxide,  and  hydrotjen  holic  .solution  is  employetl,  and  two  drops  of 
sulphide.  (For  the  relative  merits  of  litmus  and  ,  thiii  are  added  in  each  titration.  The  colour 
methyl  orange,  «.  ReinitMr,  Zeitsoh.  angew.  change  is  from  a  pare  yeOoto  in  alkaline  to  a 
Chem.  1804,  M7,  574;  Lunge,  AmL  1894,  nddi«h-xndet  in  id  solution,  and  is  very  prf»- 
733jk  nounoed.    This  indicator  is  vcr>'  sensitive,  and 

The  colour  change  is  rendered  more  delicate  ,  oan  be  used  for  tilting  weak  bases  in  centt- 
by  conducting'  the  titration  in  the  mono<hro-  normal  solution.  The  yirfcise  extent  to  \\hich 
matic  light  obtained  by  heating  a  bead  of  sodium  it  is  afiected  by  carbon  dioxide  has  not  yet  been 
carbonate  in  a  bunsen  ftune  (L.  Henipr,  06mpt.  '  determined ;  irat  ordinary  sodium  hydroxide 
nnd.  1873,  76,  222).  The  red  solution  seem.s  solutions  containing  a  little  carbonate  oaa  be 
colourless,  whiliit  the  blue  solution  is  almost  black,  accurately  titrated  in  the  cold. 
Litmus  is  net  well  adapted  for  use  by  gas-  or  -  PhtOMetoHo,  first  recommended  by  Degener 
lamp-light.  (Zeit.  d.  Vcr.  f.  d.  Riibeniucker  Industrie,  1881, 

LuteoL  The  preparation  of  this  substance,  a  357 ;  J.  Soc.  Uhcm.  Ind.  1882, 1, 85),  is  prepared 
hydroxyohlorodiphcnylquinoxaline,  is  described  by  boiling  together  for  several  hours  molecular 
b\  Aiiteririeth  (Anh.  Pharm.  isnn,  '2'^3,  43).  and  proportions  of  phenol,  acetic  anhydride,  and 
by  Ulaeas  and  Bernard  (Mon.  Sci.  1900, 14,  M)9)i  sulphuric  acid.  The  product  is  extracted  with 
it  forms  fine,  woolly,  yellowbh  needles,  m.p.  246*.  '  water  to  remove  excess  of  acid,  dried  and  dis* 
A  0-33  p.r.  alenhoiic  solution  is  used  as  an  indi-  sf)lvcd  in  alcohol  in  the  pro]x>rtion  .f  i  trrnni  to 
cator.  In  alkaline  solution  the  colour  is  yellow ;  500  c.c.  It  is  paU  yeUow  with  aikali»,  red  with 
in  acid  it  is  edoitrless.  This  indicatar  is  said  to  carbonates  oi  the  alkdis  and  alkaline  aartha. 
Ix;  re nia rka bly  ^enfitive,  excelling  Nei^sler's  solu-  cohudess  or  pah  i/rllow  with  acids.  It  \b  ust^l 
tion  aii  a  test  for  ammonia ;  but  it  is  sensitive  for  estimating  both  hydroxide  and  c&rbonatx; 
to  carbon  dioxide  (Higginn,  J.  fioc  CShem.  Lad.  when  present  in  the  same  solution. 
1900,  II),  O.-iS).  It  \\a>  (>]«  (  iallx  recoinraended  Phenolphthalein,  ohtninrrl  by  heating  phenol 
by  Autenrieth  for  use  in  Kjehldahl's  process  (v.  .  with  phthalic  anhydride  ami  concentrated  sul* 
AxASAtta).  phuric  acid  (Baeyer,  Annakn,  1880,  202,  69), 

Methyl  orange  { H'  lianthin.  Pnirritr's  Orange  was  pro}>oscfl  as  an  indicator  by  Luck  (Zeitsch. 
III.),  This  substance,  prepared  by  diaaotising  anal.  Chem.  1877, 16,322).  One  or  two  drops  of 
sulphanilio  acid  and  coupling  the  remdting  diaso>  a  0>6  p.c.  alcoholic  solution  are  used  in  each 
nivim  salt  M'ith  dinnthylaniline,  wa«  introduced  titration.  In  alkaline  solution  the  colour  is  nd ; 
as  an  indicator  by  Lunge  (Uer.  1878,  11,  1944  ;  the  acid  solution  wcolourUss.  Owin£  to  it^  very 
J.  Boc.  Chem.  Ind.  1882,  1,  16).  <^  gram  of  \  wcsdc  add  chamoter,  pheoolphiluuebi  is  tas 
pure  methyl  orange  (either  the  free  acid  or  its  <  indioator  par  tzcelknce  for  otgaaio  aoidt;  U 
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is  OBdMB,  however*  in  the  presenoe  of  am- 
monium saltM,  and  since  even  carbonic  and 
bydrosolphuric  aokls  diichMge  the  red  colour, 
it  k  Meentry  to  woA  with  solations  free  from 

these  acidB  or  titrate  in  boiling  solution; 
heooe  its  u*e  is  somewhat  rt'strictetl.  A  con- 
Tcnieiit  method  of  titrating  organic  acids  with 
ordinarr  s<  k1  iu  rn  li  \'tlr<  >xide  solutions  using  phenol- 
pbthalein  an  indicator,  is  deticribed  by  Philip 
(CTiem.  Soc.  Trans.  ISNttS,  87,  991);  cf.  McCoy 
(Amer.  Chom.  J.  1904,31,008);  ftnd  SohmatoUa 
(Ber.  1902.  35,  3906). 
Turmeric  r.  CuBCUMXir. 

Many  other  indicators  have  been  proposed 
from  time  to  time,  among  t>ther8  the  following  : — 

/l/izartii(SchMl,Ber.  1873, 6. 1180);  AUtarin- 
ffd  1.  W.S.  (Knovvl.-s,  J.  S<x'.  I)y<  rs,  1907,  23, 
12tJ);  Congo-red;  cyanine  (iScluinbein,  J.  pr. 
Cbero.  1865,  90,  449) ;  cyanogen  iodUe  (KmMb 
and  ("lark,  Amer.  Chem.  J  in<)3,  30,  87); 
dtamiaazoatoluenesulphonic  actd  (Troeger  and 
HUle,  J.  pr.  Chem.  1903, 08, 297) ;  ferric  aalieylaie 
(Weiske,  J.  pr.  Chem.  1875,  12,  157;  Wolff. 


Gompt.  rend.  1900,  130,  1128;  Gerock,  Chenv 
Zentr.  1900,  ii.  1294) ;  flavescin  (Lux,  Zeitsch. 
anal  Uiem.  1880,  19,  457);  fluorescein  (Krilger, 
Ber.  1876,  9,  1872 ;  ZeUner,  Chem.  Zeit.  Rep. 
1901.  2r>.40);  A«matory/in(\ViM.  nstoin,Zeit«ch. 
anal.  Chem.  1863,  2,  9) ;  mdanU  ydioxv  (Linder, 
J.  Soe.  Chem.  Ind.  1908,  27,  485);  mtthyl  Z- 
aminoqutnolinr  (Stark,  Ber.  1907,  40,  3434) ; 
extract  of  mimosa  flower  a  (Robin,  Compt.  rend. 
1904,  138,  1046);  ftara-nUropheHol  (Langbeck, 
Chem.  News.  1881,  4r?,  Ifil  ;  Spiegel,  Ber.  IO(X), 
33,  2m);  ZeitMch.  angew.  Chom.  1904,  17,  715; 
Goldberg  and  Nannuum,  ZeitMh.  angew.  Chem. 
1W3,  16,  644);  parnnitrobenzeneazo-a-naphihol 
(Hewitt,  Anai>-8t,  1908,  33,  86) ;  and  Poirrier't 
Uru  G4B  (En^  Compt.  rend.  1886,  lOt,  214). 

The  n^lative  sensitiveness  of  the  more  im- 
portant indicators  and  their  behaviour  under 
various  conditions  have  been  investigated  by 
Wieland  (Ber.  1883.  16,  1989),  and  e.'<p«  riallv  by 
Thomson  (Chem.  News,  1883,  47,  123,  135,  184; 
1884,  49,  32.  38,  110;  1885,  52.  18,  29).  whoM 
results  are  summarised  in  the  following  table  :•— 


Litmus 


Lacmoid 


Anrfn     iMethyl  orange  PhmaostoUn 


S«kiitivene»«  . 
Hot  tolatlons  . 
AnimMfiiA  .     ,     .  . 
Ammonium  saits  . 
Nratral  alkaline  salts 
Tirlx  >ii  dioxide  . 
l{><ir(j»{einalphlde  . 
.Vikaliue  carbonates  . 
.UksUne  tfictfboiMtM 
Solphitet  .    •    •  . 
Add  lalphitea    .  . 
SlUdcMld    .    .  . 
Alamins  .    ,    ,  . 
Bark  add.    •    .  . 
dodhnnttiloMilplMte. 
SalphidM  .    .    .  . 
HydTMolpriildes  .  . 
FMMiUD  nltrtte.  . 
OwikacW    .    .  . 


0  05 

Available  . 

Available  . 

Not  affected 

Kot  affected 

Indeflnite  . 

ludetliilte  . 
I  Indefinite  . 

Indefinite  . 
I  Indefinite  . 

Indefinite  . 

Xeutral 

Indefinite  . 

Indefinite  . 

Neutral 

Alkaline  . 

Indefinite  . 

Neutral 

AvaUable  . 


Neotnl 
Keatrsl 


0  01 
Available 
AvftiUlhlr  . 
Not  artecft  d 
Not  affected 
Indeflnite  . 
l>eoolouri«ed 
Indefinite  . 
Indfefluite  . 
Alkaline.  . 
Neutral  .  . 
Neutral  . 
Alkaline . 
Indeflnite  . 
Neutral  . 
NotavaUable 
ICotavatlable 

Notavailable 


001 

Available  . 

I^'sssensitive 

N'<it  alfected 

ladelliilte  . 

Indeflnite  . 

,  Indeflnite  . 

Indeflnite  . 

Neutral  .  . 
{ Acid . 

Neutral  . 

Indeflnite  . 

Indefinite 

Nentad .  . 


Moooheslc  . 

Ifentnl  ■ 
Xentrsl  . 


Neutral  . 
Available 
Indefinite 
Indefinite 
Xndaialte 
ITevtnl  • 


005 

Available 
Lessst'nsitive 
lyessBoiifiitive 
Not  alfected 
Not  afle<;ted 
Alkaline  . 
Alkaliiu-  . 
Alkaline .  . 
Neutral  .  . 
Neutral  .  . 
Alkaline .  . 
Neutral  .  . 
Neutral  .  . 
AlkaUne.  . 
AlkaUne.  . 
Destroyed  . 
Not  available 
MoDobaalo  . 
Monobeale  . 


I 


001 

Available  . 
Not  affected  . 
Not  affected  , 
Colour  changed 
Not  affected  . 
Red  colour 

Not  available  . 
Not  available  . 
Neutral 
Neutral  .  . 
Indeflnite  *  . 
Neutral  .  . 
Alkaline   .  . 

Neutral  . 
Not  avsiUble . 
Indefinite .  . 
Monobasic  . 
Keatnl  .  • 
Keatnl  .  . 


0-01 

Not  available 

Not  available 

Not  affected 

Indeflnite 

Indeflnite 

Alkaline 

Xi'utral 

Neutral 

Aii.l 

Nut  available 

Neutral 

Indeflnite 

Neutral 

Alkaline 

Neutral 

Neutral 

Available 

Dibasic 

Dibasic 

Indefinite 

DidflAnlte 


The  sensitiveness  w  mea.«iur<'(l  in  cc.  of 
decinormal  acid  re<iuired  to  produce  a  ilistinct 
change  when  the  volume  of  the  liquid  IB  100  c.c. 
It  should  be  borne  in  mind,  however,  that  the 
tensitiveneee  of  many  indicators  changee  (usually 
dnnaaliee)  m  the  preeonco  of  cooaidenble 
quantities  of  dissolvea  salts.  Where  a  reaction 
u  given  as  ^  indefinite,'  it  is  not  meant  that  there 
is  no  effect,  but  that  the  change  is  not  suffi- 
ciently nharp  to  be  available  in  analysis.  In 
ntany  cases  where  the  reaction  is  indeliuite  in 
cold  solutioas  it  beoomee  definite  if  the  liquid 
is  boiled,  e.g.  litmus  with  sulphides,  sulphites, 
snd  carbonates  ;  phcnolphthakin  with  sulphides 
and  carbonates.  Laemoid  is  most  serviceable 
in  the  form  of  paper,  and  several  of  the  reactions 
which  are  unsatisfactory  with  the  solution  are 
bharp  and  distinct  with  the  paper,  with 
carbonates,  sulphides.  an<l  sulphites. 

Gawalowski  recommends  (Zoitsch.  anal. 
Chem.  1883,  SS,  397)  the  uso  of  a  mixture  of 
methyl  orange  and  phenol phthalein,  which  is 
'icep-red  with  excess  of  alkali,  pale-yellow  when 
Matral,  and  ro«e-red  with  exccM  of  acid.  Com- 
pere abo  Schlotz  (Zeit«ch.  Eldu  Chain.  1904^  10, 
bi^)  on  mixed  indicators. 


PnpHitloii  ol  SIibM  Adds  aad  Altadlk 

Standaid  solutions  of  acids  and  alkalis  are 
ufunlly  prepared  on  the  normal  basis,  the  normal 
solution  of  a  chemical  reagent  containing  one 
gram-equivalent  of  the  substance  in  one  litre  of 
the  solution  {v.  Analysis,  Volumetric  section). 

In  acidimetry  and  alkalimetry  it  is  essential 
to  have  a  Standard  solution  of  8ome  acid  or 
alkali,  the  concentration  of  which  is  known  with 
great  accuracy;  this  solution  serves  to  stand* 
ardiie  the  others.  Various  suggestions  have 
boon  made,  but  the  general  choice,  at  least  for  . 
tecliniciil  ])urpo8e8,  has  fallen  on  hydrochloric 
acid  us  the  standard  acid;  sulphuric  mid  is 
frequently  employed  and,  lees  often,  oxalic  acid. 

The  commonest  method  of  fixing  the  exact 
concentration  of  the  hyilrochloric  (or  sulphuri*  ) 
acid  consists  in  titrating  the  acid  against  weighed 
amounts  of  pure  anhydrous  sodium  oarbonate, 
a  process  originally  omployt^l  by  Cay-T.ussac, 
and  strongly  recommended  by  Lunge,  Sutton, 
and  Tread\vVll.  Separate  weighed  quantities  of 
the  pure  carbonate  are  dissolv*-*!  in  r»<)  KM)  c.c. 
of  cold  distilled  water,  and  each  titrated  with . 
the  acid,  using  methyl  orange  as  faiaSafe^^^^OOS^^ 
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ronofntrfition  <^f  tho  acid  solution  is  calculated 
from  each  result,  and  the  ineau  of  the  concordant 
rahum  adopt«<l  m  oomot.   Ckemioftlly  puve 

8odium  carhoiiHU?  i;s  (fht AiliftMc  'ui  r  rimnurff, 
and  should  be  free  from  all  but  tracet>  uf  ctiiun«io 
and  snlpluite ;  it  fa  dried  in  »  pbtinuni  eraoible 

with  rontinual  Btirrlii^r  for  20-30  minuteg  nt 


Hiilphate  solution  (Hart  and  rrnasdalf,  Chora. 
Neu^»  1891,  03,  93;  Kohn,  J.  Hoc.  L'hem.  Ind. 
1900,  10,  962). 

Hydrochloric  acid.  In  prvp.irin^'  a  norfn.il 
oulultou  advantage  may  bv  taken  ot  the  lact 
that  aa  Bqwsm  aolntion  of  hydrogen  oUoridv 
which  boibj  at  a  coniitant  temperatun-  lut>  :i 


such  a  temperature  that  the  crucible  bottom  is  |>ractioaUy  constant  oompoaiiion.  A  quantity 
barely  red  hot,  or  tbe  emoiUft,  embedded  in  >  of  ordinary  concentrated  mM  Is  dirtiliea  from  a 

Hand,  niay  be  hrnttvl  at  3(K)*'  for  half  an  hour,  capfu  ioiii^  rctdrt  until  one-third  has  ]>assed  over. 
Pure  sodium  carbonate  may  alao  be  prepared  Xhc  n'siduai  liquid  wdi  contain  20*2  p.c.  of 
by  heating  the  bioarbonate  at  a  tempeimtare  hydroizcn  chlorioe,  and  165  ce.  when  aJfaitcd 
ru  f  '  xtmling  300**  (Lun<.;r,  Zritsrh  nn^ow.  t  !  litr.  will  form  an  iiIriMi-t  exactly  normal 
(Jhvm.  1897,  10,  622).  Sulphates  and  cbiurides  ,  suiuliou ;  it  should  be  ataudardiaed  by  one  uf 
are  removed  from  the  bicarbonate  by  washing  the  following  proenaam. 

with  cold  water.    fF<>r  the  prejiaration  oi  pure        The  strong  acid  is  dilut<?d  until  il*  s|K'cifi 
•odium  bicarbonate,    Keiuitaer  (Zeitsch.  angew.  ,  gravity  is  approximately  1*1,  and  distilled ;  alter 
C!hem.  1804.  7,  Ml),  and  North  and  jMaleey  <J.  ;  Uiree>foiirthfi  of  liquid  hare  paaaed  over,  the 

Soc.  C'heni.  Infl.  ]9()fy,  24.  3?>rt).)  remaininp  distillate  i«  oollected  apart,  and  Ili> 

The  foregoing  methixl,  although  extensively  barometric  height  observed.  The  tinal  quarter 
used,  haa  mm  adversely  criticised,  the  chief  .  of  the  diatiUate  is  of  perfectly  definite  eom 


objection  hv'uvj^  thai  it  is  im|X)H,*ihle  to  dehydrate- 
the  carbonate  or  bicarbonate  without  losing  a 
little  too  much  carbon  dioxide.  It  is  asserted 
that  aodium  ox  trie  in  present  even  when  the 
teinperatiire  of  drying  ha.s  not  exceed  cm  1  170** ; 
V.  Kning  (Zeitaeh.  angew.  Chem.  ISOO.  3,  202); 
Higgin-,  (.1  Soc.  ('hem.  Ind.  lOOO.  19,  958); 
Soreuscn  and  Andersen  (Zeitsch.  unal.  ("hem. 
1005^  44,  IM) :  North  jmd  Blakoy  (J.  Si>c. 
(Vm.  Ind.  IWn.  21,  396):  S.htlin  ((liem. 
Zeit.  1906,  29,  638);  but  f/.  Sevda  (Chem. 
Zentr.  1090,  fi.)  1104);  Lunge  (Zeitaeh.  anal. 
Chem   T<WM.  17,231;  190.').  IS,  1.^20). 

A  stttinfactory  method  of  checliing  the  value.- 
obtained  by  tin  carbtniate  method  deiHuuls  on 
fh  fai  t  that  sodium  oxnlat* .  wlim  heatctl,  is 
coiivertod  into  Ho<lium  carbonate.  As  this 
oxalate  can  be  prepared  in  a  high  degrt«  of 
purity,  the  residue  of  carbonate  theoretically 
obtainable  from  a  Jmown  weight  of  oxalate  e«!> 
be  calculated,  and  the  preeence  of  any  so<iiuin 
oxide  U  immaterial  providing  that  all  caleula- 
tions  are  based  on  the  original  weight  of  sotlium 
oxalate. 

The  weighed  oxalate  U  carefully  heat«<l  in 


p<>.-*ition,  and  the  following'  tal)h"  pivi-^  th-  t  tu»1 
content  of  hvdrogen  chloride  for  a  detiuit«  baro- 
metric height,  tt^ether  with  the  weicht  of 
distillate  whieh  eontain!!  one  gram-eq\iivHient  •  f 
hydrogen  chloride,  i.e.  which  yields  a  normal 
aoltttjon  when  diluted  to  1  litre : — 


Grams  ot  tiuxture  con- 
taiaing  1  mcl.  HOI 

loo'aoo 

1S0170 
179-960 
170*74S 
179-MO  ' 


Baiomatar  >HC1 

770  20-210 

7r>n  20-242 

760  20-266 

740  S0400 

700  90-814 

TheKe  results  were  ealeu!ate<l  from  thf 
observed  weights  of  liquid,  without  reduction 
to  vacuum  standard ;  the  eomixMitions  were 
determined  gravimotrically  by  precipitation  a>: 
silver  chlorine  (Huktt  and  JBonner,  J.  Amer. 
Chem.  Soc.  1900.31,390). 

The  simplest  methrxl  of  preparing  a  larg« 
quantity  of  nearly  normal  hydrochloric  acid  ii 
to  find  the  approximate  com(K\-<ition  uf  tht' 
ordinary  concentrated  acid  by  taking  its  specifie 
gravity  with  a  hydrometer  and  reining  to  a 
suitable  table;  the  requisite  quuitity  of  thf 


haa  been  burnt  off  and  the  residual  carbonate  l^i..*^.!  ...u  mn-^imm^^ 
iH-  'ins  ti>  fuse  ;   the  ( oolrd  re>i<lue  i,i  dissolved 


in  water  and  titrated  as  alreativ  <lef*eribe<l ;  v. 
Sarenaen  (Zeitaeh.  anal  Chem.  1897,  36,  030; 
1W3,  42,  333,  512;  l^m.  It,  156).  Lunge 
(Zeitsch-  angew.  Chem.  1906,  IH.  1520);  and 
ANALvais,  <Voluraetrio  aection,  aUndardiaation 
of  {M'rmanganate). 

From  time  to  time  many  other  standaniB 
have  b^  pmixiseH,  and  among  othen  the 
following  : — 

FotuMtum  tctrorahitr  ;  nucctmc  tmd  (I'hflps 
and  Hubbard,  Zeitsch.  snorp.  Chem.  HM)7.  a'J. 

361:  PhrlpK  and  W  1.  ibid.  HM)8,  69,  114, 

120);  bor(u  (Kimbach,  Ber.  1803,  26,  171); 
pctauiumhyirogeiitaftnUt  {Bomtrager.  Zeitsch. 
anal.  Chem.  18f>2.  V-i)  :  pr>tn^<iinii  ilirhromnte. 
(Richter,  Zeitsch.  anal.  Chem.  I8h2,  21.  2ur>); 
pctouium  fbdole  (Ftaael,  Zeitsch.  anal.  Chem. 

38.  449):  lyoinsxium  hil"'hiff  (Meineke, 
Cljcra.  Zeit.  1895,  19.  2);  ^fMitum  (Hartley, 
Chem,  Soc.  Tnma.  1873,  20,  123:  Neitzel, 
ZeiUch.  anal.  Chem.  1893,  32,  422;  c/.  Hopkin,«*. 

J.  Amer.  Chem.   Soo.    1901.  23,  727);  and  ^  , 

»v^f^lmric  add,  pn  {>ared  by  elcotiolTMng  oopper  ,  -*  times  nofmal,  say.   Aa  tCt^^im  ih«qg^r 


diluted  with  distdled  water. 

To  atandaidne  the  solution,  it  is  titf«t>ed 
a;:nin^t  puecefvsive  ■\v(>if»h'"'l  'inantities  of  ptiro 
sodium  carl)Oitalo  (or  sodniin  uxiilate),  as  de- 
scribed al>ovc.  Each  separate  amount  of  car- 
lx>nate  should  wci^;h  fnun  2  0  to  2-5  grams,  in 
onler  to  ensure  a  burette  reading  of  40  to 
50  e.c.  It  ia  best  to  use  methyl  orange  for 
indicator,  since  th(>  titrations  can  bo  rapidh 
anci  occuraitly  carric^i  out  in  the  cold  ;  if  litmus 
is  us(h1,  the  titration  mufll  be  m«de  in  boiling 
solution.  In  the  latter  ea.se.  it  is  Quicker  to  add 
a  measured  excess  of  acid  to  the  cart>ouate. 
and  titrate  back  with  sodium  hydroxide  the 
value  of  which  i.'^  known  in  terms  of  the  acid  ; 
but  the  titralioii  must  nevertheless  be  done  ia 
boiling  solution.  The  calculation  is  very  afanple : 
if  X  '^Tumn  of  sodium  carbonate  require  y  c.c.  of 
hydrochloric  acid,  then  1  c.c.  acid  x/jf  srams 
of  aodium  carbonate.  Now,  1  ce.  N'Ucid 
=0*06800  grams  aodium  carbonate^  and  iMnce 

concentration  of  acid  b  ^^^^ 
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cobveoieat  method  ui  exprtteuimg  the  reeult ; 
e^.  if  the  aoid  k  used  to  «stitii»te  an  tOudi  of 

eqnhftlmt  e»  then  1  co.  »eiA^       X  sgnums 

qI  aflblL   n  neoeeaery,  the  acid  eolntioa  may 

hv  (lilcted  with  distilled  water  so  that  the  ratio 
liaai  Tdlume  -|-  initMl  volame  —  s ;  it  will  then 
be  exactly  aormeL   A  aimpie  arithmetioal  oalini- 

!.4?iiin  u  requirr-d.  and  if  thus  proc<^  Ls  con- 
teinplat<d»  c*re  should  be  taken  initially  to 
emie  tkirt  e  shall  be  dightly  greater  than  ' 
eoity. 

Uydroehloric  acid  m  niutit  accurately  etaad- 
•idMed  gtaTimetrie^y  by  precipitating  chlorine 
with  excess  of  silver  nitrate  and  ^^^  i^^hintj  the 
silver  chloride  in  a  Gooch  cmvible.  The  solution 
may  be  titnied  ^;ainet  pore  ailTer  aoeofding  to 
thf  Mint  proc  frr  Assaying  this  metal.  The 
method  may  be  muditied  by  adding  the  silver 
soiotioii  In  very  slight  esoeas«  ttiia  exeeee  heing 
determined  in  the  mtra*  ^vith  N/10-thiocyanat«' 
(Thorpe's  Qoaotitative  Analysis ;  Dittisar's  , 
QuaotitatlTe  Anal3rsifl ;  Knofr,  J.  Amer.  Chetn.  ; 
Soc.  1897.  19.  S14:  Hopkins,  ibid.  1901,  23, 
727).  These  methods  are  trustworthy  only 
whm  the  hjpdrodilono  aeid  is  fiee  from  ehkyrideB. 

A  simple  and  ri'T-irate  proces."  nf  stanrlnrrlisa 
tion  consists  in  immersing  weighed  pieceti  of  Ice- 
iMid  wptr  in  a  measmed  TolDme  61  the  acid,  and 
noting  the  los.s  in  weiyhl  of  the  spar  after  ihr- 
acid  w  neutralised  (Masson,  Chem.  News,  1900, 
91, 73 ;  Oreen,  ibid,  190S.  t7,  ft ;  e/.  Thiele  and 
Richter.  Zeit<*ch.  angf««-.  C*hein.  1900,  13,  486). 

Small  quantities  of  standard  hydr(xliluric 
•eid  nay  be  prepared  by  abeorbing  dry  hydrogen 
•hlv  r  !■    ii>   a   v,ei^he<l  (pmntity  of  wit<r  and 
aawftatiting  the  increase  in  weight  (Moodv. 
Chem.  8oe.  T^mna.  I8M,  7S,  868 ;  Higgina,  J. 

Sfx:.  (Tiera.  Ind.  1900,  V\  9r,S  ;  ActOO  aod 
Brunei,  Amer.  Chem.  J.  imi,  'M^  117). 

Sulpborte  aeM.  An  approxknately  normal 
«><.-Iution  is  obtained  by  diluting  to  1  litre  28  c.c. 
o(  pure  oonoentrated  sulphuric  acid  (8p.gr.  I  'M). 

The  sohitkm  may  be  etandaidisea  with 
sodium  carlxjnato  or  oxalate  (v.  Hydrochloric 
AcmU  or  a  measured  quantity  treated  with  a 
Ml%ht  eneees  of  araoKmia,  OTaporated  to  dryness, 
and  the  residual  ammonium  sulphate  hoatfd  at 
l2Sf  and  weighed.  This  method  gives  trust- 
wocthy  reealta  only  when  pure  redistilled  add 
i«  employed  in  prcparinc  the  solution  (Weinig, 
ZsitaoL  ansew.  Chem.  1H02,  5,  204;  Shiver, 
J.  Amer.  Chem.  See.  1805,  17,  351 ;  Hopkins, 
1901,  23,  727:  Marboutin  and  Pteoul, 
BulL  Soc  chim.  Ib97,  17,  880). 

A  mea sored  volume  of  the  aeid  is  added  to  a 
uei::*.!  1  rxrr:^^  of  F  sdinin  rarbonate  in  a  platinum 
dish,  the  ttolution  evaporated,  the  residue  dried 
at  300*  and  weighed.  Hie  change  in  weight  due 
to  the  tr  in-f  rmfitir  n  of  Bodium  carbonate  into 
sulfate  indicates  the  amount  of  acid  present  in 
the  sohrtion.  This  method  is  much  preferable 
to  pri^i'ipitatinc  an  1  v^  r  ighing  the  acid  as  barium 
sulphate  {cf.  Hichardi^on,  J.  Soc.  Chem.  Ind. 
lW7»tS,7S). 

Sulphiirtf  nc  id  nlutions  of  definite  concent  ra- 
tioo  may  be  prepared  by  specific  gruvity  nu-aHurc- 
menta  (Fiekering,  Chem.  Soo.  Trans.  1890,  57, 
A  quantity  of  the  purest  acid  is  dilut«-d  \\  ith 
hall  its  volume  of  water,  and  the  specitic  gravity 
ol  niztafa  aoomrately  detemmed  at  16"  or 
18*  hi  a  ^veogel  pykn^meter.  The  pecoentage 


of  sulphuric  acid  in  the  solution  is  then  obtained 
by  reference  to  tablss  giving  the  values  for 
IS''  i:>^  or  1S718*»  (r.  Sutton's  Volumetric 
Analysis,  9th  ed.,  or  J.  Soc.  Chem.  Ind.  1899,  18, 
4).  The  table  riTen  in  J.  Soc.  Chem.  Ind.  1902, 
21,  1511,  may  he  emplo\  1  ■.\ht  a  the  npecific 
gravit)'  (157  IS"*)  ^»  calculated  without 
mtrodaeiiig  any  ▼aeoum  oorteotiona,  whieh 
must  be  allowed  for  if  the  other  tables  are 
employed.  Bet^veen  the  limits  of  66  p.c.  and 
81  p.0.  the  followfaic  formula  reprooooe  the 
value<i  in  the  tables  ^th  an  error  not  exceeding 
0-04  p.c 

P  =  80S,, -69-00 

where  P  =  percentage  of  sulphuric  acid,  and 
S,j  and  S,^  the  H|>fcific  gravities  referred  to 
water  at  15°  and  18"  resiiectively.  calculated 
without  allowing  for  *  air  displaced  '  (Marshall, 
J.  Soc.  Hieni.  Ind.  1899.  18,  4).  The  dilute<l 
aeid  may  be  kept  iu  a  stopi)erod  bottle  without 
change,  and  by  weighing  out  the  appropriate 
amount  and  diluting  to  a  litre,  a  normal  solution 
of  sulphuric  acid  can  be  rapidly  prepare. 

Oxalic  aold.  .\  nonnal  solution  ia  prepared 
by  di-jfiolvinjj  t),'{  (>3  grams  of  the  recrystallised 
hydratcd  aciil  H ^€,04  +  211^0  in  water  and 
dilating  to  lOOO  e.c.  As  the  crystaUiaed  acid 
is  snTTT^vv^iat  effloresont,  es|xci!illv  on  slightly 
waruiiuK.  11  may  contain  Icsji  than  two  molecular 
pro}>ortion«  of  water.  The  solution  may  be 
I  becked  a^'iiinst  a  standard  alkali,  using  phcnol- 
phthalfin  a.s  indicator,  nr  against  an  accurately 
standardised  permanL'anuto  solution  {cf.  TntM- 
M'ell-Hall,  Analytical  <  lu  inistry.  vol.  2V 

Oxalic  aci<l  solutions  do  not  keep  \h  i  s  v\  ell. 

Sodium  hydroilii.  To  prepare  a  normal 
solution,  clear  transparent  lumps  of  the  best 
white  commercial  caustic  soda  arc  selected,  any 
opaque  portions  of  their  surface  scraped  off,  an^ 
50  j^rams  of  th<'  substance  %veie»hed  out  for  each 
litre  of  solution.  The  cotdetl  solution  is  stand. 
ardiHod  against  the  Standard  hydnx-hloric  acid, 
usin^r  methyl  orange  as  indicator,  and  talcing 
50  c.c.  for  each  titration. 

For  the  preparation  of  sodium  hy<lroxido 
solutionsfree  from  carbonate,  f.  Kii  iter  (Zeitsch. 
anorg.  Chem.  1897,  13.  134  ;  1904,  41,  472,  and 
Bous6eld  and  Lon  rv .  Phil.  Trans.  1905,204,263). 

Potissium  hydroxide  c/.  S  idit  m  hvdroxidk. 

Barium  hydroxide.  An  appmximately  N/lO- 
(tliition  is  best  prepared  from  (he  crystalline 
hytlroxide  Ba(OH),,  «H,0.  The  jiowdc red  sub- 
stance is  shaken  with  distilled  water,  the  solu- 
tion allowed  to  settle,  the  clear  liquid  siphoned 
off  and  diluted  with  an  equal  volume  of  rt^cently 
boiled-out  water.  The  solution  must  be  kept 
permanently  in  cont<u  t  -Mth  that  portion  alreacly 
in  thi"  burette,  and  guard  tulK's  are  required 
to  prevent  access  of  carbon  dioxitlc.  Tho 
solution  is  standardised  agaia-^t  ;<uccinio  aeid, 
phonolphthalein  being  used  as  indicator;  or  a 
measured  volume  may  be  evaporated  to  dryness 
with  a  slight  excess  of  pure  .sulphuric  aci<i,  the 
resiflual  >mrium  sulphate  being  gently  heated 
and  weigheil. 

The  chief  us<-  nf  this  solution  is  in  titmting 
orc«nir  acids,  using  phonolphthnli-m  )>*j  indicator. 
For  this  purpose  carbon  <iioxidc  nuist  be  cx- 
'  eluded,  and  barium  hvdroxido  is  consequently 
,  the  moat  convenient  alkali  to  ©mplgl^itized  by  Google 
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Ammonia.  This  solution  w  not  often  cni- 
fdoyed  ;  an  ni>]>ruximat«  iy  .sonii-nomiAlfldtttion, 
rca<lilv  <iIp( aiiuHl  by  'liliitiii^'  28  c.c,  of  concen- 
lrHt«-<i  iitnnionia  solutiun  to  1  litre,  is  titrnttni 
against  hydiochliiric  noid  in  tho  ooM,  u»ing 
nuthyl  orange  aa  indiofttor;  phenolphthiUeio 
c-unnot  be  ciu ployed. 

SchuliM  hA8  detormined  the  nU*  of  expul- 
sion of  normal  solutions  of  ncids  and  alkaliH 
and  other  solutious  ©mploytHl  ia  volumetric 
analysis  (ZoitaelL  anaL  Chem.  1882.  21,  170). 
Thf'  fdllowinn;  ^  the  leBiiltB  for  avenge 

l«'inporalun?8  :— 


OxaUc  Mid 

iry.lro- 
clUuricacid 

Nllricacid 

0^ 

10" 

20* 
26* 

lOOtX) 
1(K)IU 
10019 
10031 
10046 

10000 
KKUi) 
10019 
10030 
10043 

10000 
10018 
1(X)31 
10045 
10061 

1 

1 

SulDhuric 
MM 

roUuium 
tiydmlde  , 

bodium 
lnydiosldc 

()• 
lU* 
16» 

2(>*' 
26" 

10000 
10017 
10020 

I'toi  1 
100I»0 

10000 
10019 
10031  , 

10062  1 

100(X) 
10021 
10034 

1(K)4S 
10005 

TyPICAX.  AOIUIMKTBIO  AND  Al.tUUMETRIO 
ESTIMATIOHS. 

Determination  of  total  ailcali.  A  wcifrhcd 

qimntity  of  the  substance  (10  grams)  in  dissolviHl 
m  watt-r,  filtered  if  necessary,  and  diluted  to 
600  0.0. ;  00  O.C.  are  withdrami,  mixed  with  a 
measured  cxcetw  (25  c.v.)  <>f  normal  acid,  boiled 
gently  for  ten  minutes  to  exjxl  carbiiu  dioxide, 
and  the  exeetw  of  acid  determined  with  standard 
alkali.  The  volume  of  standard  acid  minus  the 
excess  of  acid  gives  the  volume  of  acid  required 
to  neotraliee  the  total  alkali,  i.e.  the  alkali 
present  as  hydroxide,  carbonato,  "idphide, 
aulphitc,  thiosulphate,  aluminat<-,  and  silicate. 
If  methyl  orange  is  used  as  indicator,  boiling  is 
unnf^cpy^ary,  and  tlic  alkaline  solution  i>  lilratetl 
directly  with  standard  acid.  It  direct  titration 
with  litmus  as  indicator  is  preferretl,  the  solution 
must  ho  rnnlit'i'M'i  Iv  l>oilril  duriii;^  tin-  titration. 

Alkaline  hydroxide  in  presence  of  carbonate. 
KKJ  e.c.  of  the  above  solution  are  heated,  mixt  d 

witli  cxrcfs  fif  barium  chloride,  allowed  to  tool, 
ciiiuted  to  2aU  c.c.  and  well  jsiiukeu.  W  hcu  the 
precipitate  has  .settled,  50  c.c.  of  tho  clear  liquid 
are  withdrami  niu\  titrated  witli  Hlandanl  acid. 
The  quantity  ot  at td  used  x  25  gives  the  volume 
equivalent  to  the  hydn>xide  in  the  weight  of 
substance  originally  taken.  Thv  reaction  which 
takes  \t\  irr  is  f-xpr»'H'ie«l  l>v  the  equation 

=  xBaCO,+  |BaH.O,  +  (2«+  y  )MCa. 

Tho  barium  carbonate  is  precipitated  and  a 
(juantity  of  bariam  hydroxide  equivalent  to  the 


alUaliiie  iiydroxide  remains  in  solution.  The 
solution  cannot  be  tiltered,  since  the  barinm 

h>«lr«)xide  wouM  absorb  carl»nn  dioxide  from 
the  air  with  formation  of  the  insoluble  car- 
I  ))onate. 

In  order  to  avoiil  error  due  to  the  preg'-ncc  of 
the  precipitate,  and  to  economise  time,  Wataon 

I  Smith  (J.  8oo.  Chem.  Ind.  1882.  1,  8A)  prefers  to 
add  just  suffu  ii  iit  luiriiiin  chloride  to  j)n  cipitiil«» 
the  carbonate  without  afieoting  the  hydroxide. 

I  No  barium  remains  in  st^ution,  Mid  evisn  if  car* 
boti  dioxide  is  absorbed  tho  alkaline  carbonate 
formed  remains  in  solution.  Tlis  barium 
diloride  is  added  gnuinaUy  to  the  hot  solution 
until  precipitation  is  just  coinpli'te.  and  th«« 
liquid  ia  filtere<l  into  a  250  c.o.  liaak  and  an 
akquot  portion  titrated.  It  is  preferable  for  th^ 
liquid  eontaininp;  the  precipitate  to  be  diluted  to 
260  CO.,  tho  precipitate  allowed  to  settle,  aad 
60  0.9*  €i  the  tupematant  liquid  wtthdiawn. 
(For  various  details  and  precaution.^,  r.  S^enaeo 
and  Andersen,  Zeitsch.  anaL  Chem.  1908, 47»  270.) 
OaAonato  in  presenee  of  liydnxldt.  Tbe 

solution  is  coloure<l  a  very  faint  yellow  ■n-ith 
I  phenacetolin,  and  standard  acid  is  added  until 
'  the  yellow  oolour  ehangee  to  a  tOM  Unt.  The 
volume  of  acid  reqtiircd  gives  the  amotint  of 
hydroxide  present.    A  further  quantity  ot  acid 
I  is  now  added,  aad  the  red  oolour  increasse  in 
,  inteasityt  but  oventualh-  changes  to  yellowish* 
red,  and  finallv  to  i^oldon-yellow.   At  this  point 
a  second  reading  is  taken,  and  the  diSerenoo 
between  this  and  tho  first  rea<linu;  piv  rhe 
volume  of  acid  corresponding  with  the  carbuiiatc 
present  (Lunge,  J.  800.  Chem.  Ind.  1882,  1, 66). 
This  methoil  i.s  not  available  for  the  estimation 
,  of  small  quantities  of  hydroxide  in  presence  of 
large  quantities  of  o&rl>onate  (Thonsnon). 

The  following  method,  due  to  Wrtrder,  pivrs 
fairly  satisfactory  rosulta :  To  the  cold  dilate 
solution  phenolphthflJeIn  is  added  and  standsid 
hydrochloric  acid  run  in  slowly,  the  burette  tip 
being  immersed  in  the  liquid,  till  decolourisatiou 
takee  place.  This  ooours  when  all  the  hydroxide 
and  half  the  carbonate  have  been  lu  iitralised. 
Methyl  oraiigo  ia  then  added  and  the  soluUon 
titrated  again  till  an  acid  reaction  is  indioateH. 
If  this  second  titration  requires  y  c.c.  and  th<' 
tirst  one  x  cc,  then  the  carbonate  ia  equivalent 
to  2y  c.o.  and  tiie  hydroxide  to  «— y  co.  (K6sler, 
Zeitsch.  anorg.  ("hem.  1S96,  13,  127;  Longe, 
Zeitsch.  angow.  Chem.  1897,  10,  41 ;  North  and 
Lee,  J.  800.  Chem.  Ind.  19(tt,  21*  822;  ef. 
Camemn.  Amcr.  Chem.  J.  1900.  23,  471). 

In  ortler  to  estimate  the  proportion  of  car- 
l>onate  in  quick>Ume  or  daked  lime,  the  purpose 
for  which  phenacetolin  was  origitinlly  ret  .Tr 
monde<l  by  l>egener,  100-160  grams  of  the  iiuie 
are  made  into  a  cream  willi  watsr  aad  diluted 
to  ."itX)  r.c.  After  vi^nr  Tis  notation  100  c.c.  are 
withdrawn  and  dduted  to  1000  cc,  and  26  co. 
of  this  liquid  are  taken,  mixed  wiUi  phenaeetdlin, 
and  standanl  acid  added  until  a  pa ic- rose  tint  is 
obtained.  In  order  to  estimate  both  hydroxido 
and  carbonate,  the  substaaoe  is  dissolved  in 
standard  acid  and  the  excess  of  acid  det<T 
mined  by  revorso  titration  in  the  usual  way 
(Lnnge,  I.e.). 

Acid  carbonate  !n  pmenee  of  nomud  «ar> 
bonate.  The  cold  and  dilute  solution  of  normal 
carbonate  and  acid  oscbonato  is  mixed  with 
phenolphthalein,  and  fltHidar4)j|Rjyb«4)Kio^e 
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burette  tip  tlippinf;  into  thr  liquid  to  prevent  for  a  method  of  estimation  entirely  diffeient  in 

^tcape  of  t^rbon  dioxide^  until  the  liquid  be-  principle  from  the  foregoing.) 

comes  colouriesa.    At  thm  point,  which  corre-  Hydroehlorio,  HydTOteomlc,  Hydriodlc,  Sol* 

spoada  with  the  complete  conversion  of  the  phuric,  and  Nitric  aclds  are  rrarJilv  Pf?timat«<l  hy 

normal  carbonate  into  acid  carbonate,  the  volume  direc  t  titration  with  standard  alkali,  Uiiiig  mctli  v  1 

uf  acid  added  is  read  off.    The  liquid  is  then  orange  as  indicator. 

boiled  and  acid  is  added  gradually  until  thi-  Oxalic,  Tartarie,  Citric,  Acetic,  and  Lactie 

solution  remains   colourless  evtn   after  lung  acids  ran  likewise  be  titrated  accurately  \*ilh 

boiling,  and  the  volume  of  acid  is  again  read  Ktanilard  alkali  if  phenolphthalela  ia  used  as  the 

off.   If  X  represents  the  first  reading,  and  y  the  indicator  (Thom.son,  I.e.).    Oxalic  acid  nuy  aJso 

second  reading,  then  2x  =s  the  normal  carbonate,  be  titrated,  utiinj^  lit  tnus  a.s  indicator, 

andy— 2x^-  the  acid  oirboitftte  (Watdor,  Ghem.  Borie  aeM  gives  no  very  definite  reaction 

News.  1881,  43,  22H).  with  the  majority  of  indicators,  but  it  is  quito 

Lunge  (J.  Soc.  Chem.  Ind.  1882,   1,  67)  neutral  to  nit-thyl  orange,  and  hence  the  quantity 

propose*  a  diffeieni  method  baaed  od  the  of  alkali  in  akaline  borates  can  be  accurately 

lection:  estimated  by  dinxt  titration  with  .^^taiulanl  arid 

fMXO;  +vMHCO.t  +  zXHs -f  (X -t- y)BaCl2    if  aiethyl  oraugt'  is  used     indicator  (Thuai«>ii). 

=(tr4-v)MCi  +  irjfH«Cl+ C»+»)BaC03  +  («-|rJllHi.  The  titration  of  boric  acid  itself  becomea 

The  solution  to  be  tfstod  is  mixed  with  a  mea-  possible  if  the  solution  contains  at  kast  ^ii  p.r. 

sured  excess  of  standard  (half-normal)  auinionia,  of  its  volume  of  glyctTol.    The  boric  acid  tlica 

'■xc«m  of  bariam  chloride  added,  and  the  liquid  ^  behaves  towards  phenolphthsk  in  a.^  a  tnonobasic 

dilated  with  recently  boiled  \\at(T  to  a  definite  acid  (Thomson,  J.  Soc.  Chem.  Ind.  lH\Ki,  12,432; 

volume.    When  the  precipitate  Ima  settled,  an  Jorgeiii>en,  Zeitsch.  angew.  (  hem.  1897,  10,  5; 

aliquot  portion  of  the  clear  liquid  is  withdrawn  Hunig  and  Spit/.,  ihid^  1800,  9,  549;  Gopanx, 

and  titrated  with  standard  acid  in  order  to  as-  Compt.  rend.  1898,  127,  7.''i(l).    A  similar  result 

certain  the  excess  of  ammonia.    The  difference  is  enected   by  saturating  the   solution  with 

between  the  Yohune  of  ammonia  added  and  that  mannitol.    Since  phenolphthaleTn  is  employed, 

remaining  after  precipitation  gives  the  volume  carbon  dioxide  must  not  be  present  in  the 

corresponding  with  the  quantity  of  acid  carbonate  solutions  to  be  titrated  (Jones,  Amer.  J.  ScL 

in  the  liquid  analysed.  1898.  7,  147;  Stock,  Oompt  xand.  1900,  130, 

By  adding  a  definite  excess  of  pure  sodium  r>l(\). 

h}-droxide  free  from  carbon  dioxide,  &  mixture  Sulphurous  acid  can  be  titrate<l  din*ctly  if 

of  normal  carbonate  and  hydroxide  is  obtained  |  Diethyl  orange,  phenolphtlialein,  or  nurin  is  wnsl 

which  mrt%-  He  analy.-^ed  as  de.'^cribed  above.  as  indicator  (T.ungp.  l)in;jl.  poly.  J.  260,  530). 

Anunooia.    In  order  to  determiue  the  quan*  With   methyl  orange  tlie   hydrogen  8ulphiti> 

tity  of  free  ^■mmwU  in  «  solution  of  the  gas,  an  I  MHSO,  is  the  neutiw  ealt,  whilst  w  ith  the  other 

acoirately  measured  quantity  (10  c.e.)  of  the  two  indicators  the  normal  salt  is  neutral.  This 

liquid  is  transferred  to  a  light  tared  iiuak,  and  ditfereace  can  be  utiliisetl  fctr  the  determination 

weighed.    Hue  gives  at  once  the  weight  taken  |  of  the  relative  proportions  of  normal  and  acid 

f«>r  analysis  and  the  sp.gr.    The  liquid  is  then  sulphite  in  the  same  solution  (Blarez,  Compt. 

titrated  with  standard  acid  iu  the  usual  way,  rend.    1886,    103,    69 ;     Chem.    Soc.  Abst. 

using  litmiifl,  laomoid,  or  oiethjl  orange  aa  |  1886,  00,  918).    Caustio  eoda  or  potaah  mnat 

indicator.  '  be  iiKOtl.  suicc  ammonia  givi-s  inaccurate  results. 

Ammonia  in  combinatiou  is  determined  by  Phosphoric  and  Arsenic  acids  are  monobauic 

boiling  the  soiiataiiee  iriUi  aodimn  hydroxide,  |  with  methyl  orange,  and  dibasic  with  jihenoU 

leading  the  ammonia  into  a  measured  excess  of  phthalein  (Joly,  Compt.  rend.  1882,  94,  529  ; 

standard  acid,  and  determining  the  residual  acid  the m.  Soc.  Abst.  1882,  42,692).    These  aeidH 

ttith  standard  alkali.    The  substance  is  weighed  !  can  be  most  accurately  titrated  with  barium 

into  a  flask  fitted  with  a  cork,  through  one  nole  '  hydroxide,  using  phenolphthalein  as  indicator. 

Bi  which  passei^  a  pipette  containing  a  strontz  Towards  the  close  of  the  reaction,  time  must 

tolotion  of  sodium  hydroxide,  whilst  through  be  allowed  for  the  gelatinouH  tribarium  phosphate 

another  passes  a  tube  le^iding  to  a  ila.sk  or  bull>  to  change  into  the  crystalline  dibaxium  salt 

U-tube  containing  a  knov^'n  volume  of  standard  (Joly,  Compt.  rend.  1886,  102,  316;  Chem.  Soc. 

acid.   The  flask  or  U*tube  is  fitted  with  a  cork  Abut.  18B0,  50,  418).    Advantage  can  be  taken 

which  carries  a  calcium  chloride  tulx?  containing  of  the  different  basicity  with  methyl  orange 

heads  moistened  with  some  of  the  acid  in  order  and  phenolphthalein  to  estimate  phosphoric  acid 

to  ensure  complete  absorption  of  the  ammonia.  I  in  preeenoe  of  monobasic  acids  such  as  hydro- 

After  addition  of  the  sodium  hydroxide  solution  chloric  acid  (Joly,  Compt.  rend.  1886,  100,  65 ; 

the  liquid  is  gently  boiled  for  half  au  hour,  and  Chem.  Soc.  Abst.  1885,  48,  348). 

the  residual  acid  dBtwmined.    From  the  volume  (For  another  simple  and  accurate  method,  v. 

of  acid  which  has  combined  with  the  ammonia  Segalle,  Zeit.sch.  anal.  Chem.  1895,  34,  33.) 

the  quantity  of  the  latter     readily  calculated.  Carbonic  acid  in  solution  is  estimated  by 

The  sodium  hydroxide  may  be  replaced  by  milk  adding  excess  of  ammonia  and  calcium  chloride, 

of  lime,  and  the  most  cfTectual  nietho<l  of  The  liquid  is  then  boile<l,  and  the  precipitated 

removing  the  ammonia  i.s  to  dLntii  the  mixture  calcium  carbonate  collected,  well  washed,  and 

in  steam.    The  use  of  magnesia  in  place  of  dissolved  in  a  measured  excess  of  standard  hydro- 

8odiam  hydroxide  is  not  aflvantageous  (Kober,  chloric  acid,  the  excess  of  acid  being  determined 

J.  -\mer.  Chem.  Soc.  1908,  30,  1279).  (For  a  by  means  of  standard  alkali.  The  volume  of 
'lif!>*rent  method  of  distilling  off  the  ammonia,  j  nwmal  aeid  actually  used  multiplied  by  0*022 

r.  Kober  (J.  Amer.  (Jhem.  Soc  1908,  30,  1131).  gives  the  quantity  of  carbon  dioxide. 

S«t  also  Ronohdse  (J.  Pharm.  Chim.  1907,  25,  Insoluble  carbonates  are  weighed  into  a  flask 
<U)  sad  WOkio  (J.  Soe.  Cbem.  Ind.  1910, 29. 0)  I  fitted  with  a  oock  whkli  oarriee  Ci^MUbatqdCoogle 
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delivery  tube.  The  bulb  contaiuH  moderately  , 
strong  hydrochloric  acid,  which  ia  allowed  to 
drop  slowly  on  the  carbonate,  and  the  evolved 
gaH  is  led  into  a  flask  oontaimng  strong  ammonia 
solution.  This  flask  ia  cloeed  with  a  cork, 
through  which  paMm  tbe  delivery  tul)o,  which 
ends  just  above  the  surface  o!  the  liquid.  The 
cork  also  carries  an  exit  tube  filled  with  glass 
beads  moistened  Mith  ammonia  to  arrest  the 
Ia.st  traces  of  carbon  dioxide.  When  all  the  gas 
has  been  expelled  from  the  carbonate  the  am- 
monia  is  mixed  with  rakium  chloride,  boile<l, 
and  the  precipitate  trcateti  as  above;  r/.  (Jooch 
and  Phelps  (Amer.  .1.  Sci.  1895,  flO,  101).  With 
slight  modification  this  process  can  bo  adapted 
to  the  e«tiinfttk>ii  of  cftrboa  dioxide  in  aSrated 
M'aters. 

For  the  direct  titratkm  of  carbon  dioxide  in 
solution,  f.  Seyler  (Analyst,  1897,  22,  312) ; 
Ellms  and  Beneker  (J.  Amer.  Chem.  Soc.  1901, 
211  4or>  j :  and  Forbes  Mid  Pfcfttt  {J.  Amer.  Cheiii.  I 
Soc.  UHY.l  25,  742).  I 

Hydrofluork)  Mid  may  bo  accurately  titrated  ! 
with  sodium  hydroxide  free  from  carbonate, 
using  phonolphthalein  as  indicator  (Winkler, 
Zi  itHch.  angew.  Chera.  1902,  15,  33  ;  cf.  Haga 
and  Osaka,  Chem.  Soc.  Trans.  1896,  fi7,  251  ; 
and  J.  Amer.  (^hem.  Soe.  1896,  18,  415; 
Monatsh.  1897,  18,  749).  ' 

Py^flaiMdlldc  Mid  may  be  titrated  with 
sodium  or  barium  hydroxide  in  the  pronence  of 
alcohol  (an  equal  volume  is  added)  u.sing  phenol-  j 
phthaleTn  or  Iscn:  i  1  us  indicator;  the  alcohol 
renders  the  salt  producecl  insoluble  in  the  solu-  i 
tion;  t'.  8ahlbom  and  Hinrichsen  (Ber.  1906, 
.19,  2(KK>);  r/.  Schucht  and  Moller  (Ber.  1900, 
39.  3093) ;  and  Honig  and  Ssabadka  (Clieni. 
Zeit.  1907.  31,  1207). 

Combined  acids  In  salts  may  be  estimate<i 
with  approximate  accuracy  by  adding  to  a  solu* 
tion  of  the  salt  a  measured  excess  of  sodium  ! 
hydroxide  or  carbonate.  The  liquid  is  boiled, 
Hilow(><l  to  cool,  an<l  diluted  to  a  definite  volume. 
When  the  precipitate  has  settled,  an  aliquot 
portion  of  the  clear  liquid  is  withdrawn,  and  the 
excess  of  alkali  determined  by  titration.  From 
the  volume  of  alkali  used  the  pri»purtion  of  acid 
in  the  salt  is  calculated.  In  order  to  avoid  the 
error  due  to  the  presence  of  the  precipitate,  the 
liquid  may  be  filtered  before  diluting  to  a  definite 
volume,  but  methyl  orange  or  cochmoal  must  be 
umhI  as  indicator  in  ortler  to  avoid  any  erroi 
from  carbon  dioxide  absorbed  from  the  atmo- 
sphere. Salts  of  copi^er,  silver,  mercury,  cobalt, 
nickel,  iron,  and  chromium  are  precipitate<i  with 
sodium  hydroxide ;  salts  of  calcium,  barium, 
strontium,  magnesium,  aluminium,  zinc,  bismuth,  » 
and  mnnpnnese,  with  sodium  carbonate. 

Kiefler  s  method  is  useful  for  coloured  solu- 
tions, or  in  presence  of  normal  saHj*  with  Mid 
reactions  (Annalen,  1855,  93,  386).  Sixty  grams 
of  crystsUisecl  cupric  sulphate  an*  dissolved  in 
water,  mixwi  with  ammonia  until  the  precipitate 
is  almost  but  not  quite  dissolved,  diluted  to 
about  900  e.o.,  the  solution  left  for  s  -me  time, 
and  the  clear  liquid  siphuned  off,  or  filtered 
through  glasi»-wi«>l.  ami  diluted  to  1000  c.c. 
If  any  further  j)nn-ipitAt^'  forms,  it  miLst  be 
siphoned  off  or  cc>IU<  i  Tf  the  solution  of 
cuprammontnm  sulphate  thus  obtained  is  added 
to  an  acid  liquid,  ^'o  long  as  the  acid  is  in  excess 
an  ammonium  salt  ami  cupnc  sulphate  are  ; 


formed,  but  as  soon  as  the  free  acid  is  neutralist 
the  ammonia  in  a  fresh  quantity  of  cupram- 
monium  sulphate  reacts  on  the  cupric  sulphat*- 
already  in  the  liquid  and  produces  a  precipitate 
of  a  basic  salt,  the  formation  of  which  indicates 
the  point  of  saturation.  The  precipitate  is  most 
readily  seen  against  a  black  background.  In 
order  to  standwdise  the  liquid,  10  c.c.  of  norms] 
sulphuric  acid  an  placed  in  a  Hask  or  beaker 
ami  Kieffer's  solution  added  until  a  permanent 
precipitate  is  produced,  and  from  the  volume 
of  solution  required,  its  strength  in  terms  of 
normal  acid  is  readily  calculated.  The  strength 
of  the  solution  gradually  diminishes,  and  it  rauurt 
be  titrated  from  time  to  time.  In  making  an 
actual  determination,  the  Kieffer's  solution  is 
added  to  the  liquid  to  be  tested  until  a  per- 
manent precipitate  is  formed.  The  method 
not  very  accurate,  owing  mainly  to  the  fact  that 
the  precipitate  is  not  quite  insoluble  in  solutions 
of  ammonium  salts,  and  therefore  the  end  re- 
action does  not  take  place  until  the  liquid  as 
saturated  with  the  basic  salt.  The  magnHude 
of  the  error  depends  on  the  concentration 
of  the  solution.  When  the  liquids  to  be  ti- 
trated contain  barium,  strontium,  &c.,  tke 
Kieffer's  aoltttion  mutt  be  pcepand  with  oaprie 
nitrate. 

(For  other  methods,  v.  Sims  (Chem.  News. 
1907.  !)').  253)  and  Ahlum  (Chem.  Soe.  Ftoe. 
1906,  22.  «3). ) 

Bibliography: — Mohr's  Cliemisch- .\nalytisehe 
Titrirmethotle,  6th  ed.  188(>  :  Sutton's  Volu- 
metric Analj'sis,  9t  h  ed.  1904 ;  Fresenius' 
Quantitative  t/hemische  Analyse,  v.  2,  6th  ed.  : 
Tread  well- Hall,  Analytical  Chemistry,  v.  2.  2nd 
ed.  1910 ;  Lunge's  "Technical  Chemist's  Hand- 
book ;  Cohn's  Indicators  and  Test  Papers,  2ml 
e«l.  1!M)2;  ( i  laser's  Indikatoien  der -Acidi met rie 
uiul  Alknlimrrri.'.  1901.  Ci.  T.  M. 

ACID  AUZARIK,  -BLACK,  -BROWNS, 
-PONCEAU,  -TBLLOWS  «.  Aao-  ooiiOirBtini 

MATTKR.S. 

ACID  MAGENTA   r.  Triphesylmkthane 

ACID  VIOLET  V,  TRiTHXNYUfamaHK 
coLouaufa  mati-krs. 

AOIDIMB  BRILIIAIT  BID  «.  Aso-  coLomu 

INO  MATTFR>;. 

ACME  YELLOW  v.  Azo-  c'oloiiri>'o  matters. 

AOOKANTHERA  SCHIMPERI.  The  arrow, 
poisons  of  East  Africa  are  prepared  from  the 
wood  of  the  genus  Arokanthem,  which  contains  a 
crystalline  glucoside,  acokanth^nin  CJ]«H|.0,„ 
H",0  (Amaud),  Cj^HjoO,,  (Faust).  Crj-sUllijtes 
from  water  and  alcohol ;  insol.  in  ether  or  chloro* 
form :  soL  neutral  and  bkter.  Stnmg  salpluuie 
acid  gives  a  rod  colour  eventually  bccominK: 
green.  On  boiling  with  dilute  mineral  acids 
hydrolysed  with  formation  <>f  rliamnose.  It 
optieally  inac  tive,  softens  at  130"  and  decom- 
poseti  ut  220°.  The  pharmacolosiral  action  of 
the  gluooiMB  n^sembles  that  of  im  m  ixTs  of  the 
digital  in  group  (Fraser  and  Tillic*,  I'roc.  Rot. 
Soc.  68.  70 ;  Faust,  Chvm.  Zentr.  1902,  2. 
[I9J  1217). 

ACONINE.  ACONITE,  ACONITINE,  AOO- 

NITIC  ACID  t'.  VE4iEX«>- ALKALOIDS. 

ACORUS  CALAMUS  (Linn.).  The  iutninoa 
sweet  flag.  The  root  is  used  by  distillen  to 
tlavour  gin,  and  the  essential  oil  by  anuff-maken 
for  soenting  muff.  It 
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WiiMvl  nrnrin  r!j,H,,0,  (FaiMt,  Bull.  Soc  chim. 
121  9,  im  ;  Thorns,  Arch.  Pharra.  [3]  24,  4<i6) 
(r.  Calamus). 

ACRIDINE  C„II,\.  CriKlo  anthracene  con- 
Uiiw  Italic  i>ub»tuiice8,  and  Htuong  them  acri- 
diae,  which  can  be  is<iliit«Hl  by  extraoting  it  vnih 
dihitc  iculphuric  acid  and  adding  potassium  di- 
chromate  to  the  acid  solution.  The  precipitated 
aeridine  ohromate  k  thm  nory stall  isea  from 
vattr,  trtpatcd  w  ith  ammonia,  and  the  base  crys- 
taiU^eti  frum  hut  water  (Graebe  and  C'aro, 
Aanalen.  158.  266 ;  Ber.  IS,  99). 

Acri'lmi^  hjks  also  lxK>n  ohtftin''<l  :  ytitheti- 
caDy  by  |«issirvj;  the  vapours  of  orthotoiyianilinc 
and  of  orthoditulylamine  through  a  tube  heated 
lo  dull  mliu-.^!^  ((:.,  Bt-r.  IT.  1370):  by  srverally 
beating  formic  acid  and  Uiphcuylauiinu  (Ik-ruth' 
MRMid  Bender,  Ber.  16,  767.  1802),  chloroform, 
diphpnyljinnn©  and  zinc  ori'lf  fKinchor  and 
Komer,  Ber.  17, 101 ).  and  amUnt  and  salicvlalde- 
hydft  (MohUn,  B«  r.  19.  24")1)  with  /ino  chloride; 
hv  p«it«injr  o-aniidodiph»-'nyl  methanr  through 
a  lax'er  of  li-ud  oxitb:  lieated  to  tluli  i  dncsM 
(Fischer  and  S.  huttc.  Ikr.  26,  3085).  By  eii- 
tdlinjrtetraliy  droacridino  with  litharge  (Borsche, 
Bcf.  41,  2203),  and  from  acridone  (Docker 
Md  Domnt.  1^  r.  39,  2720;  Ullmatm,  Bader 

and  Tjihhardt,  Ber.  40,  4795). 

Pro^rtu:*. — Aeridine  crystallises  in  Biuali 
colourless  newlles,  or  four-sided  rhombic  prisms, 
sublimes  at  100**.  melts  at  IIP,  boils  above  360** 
nithoQt  decomposition,  and  distils  with  steam. 
It  is  sparingly  soluble  in  hot  trator,  but  readily 
liahble  in  alcohol,  ether,  or  rarlion  di.sulphide, 
yielding  mlutions  showing  a  blue  Huorcseonco. 
When  inhaled  cither  as  dust  or  vapour  it  c  ujscm 
vi<>[»-tit  i^noczing,  and  in  solution  both  it  and  its 
hdit.-i  cau-s«;  much  irritation  on  the  skin.  On 
trt«tm«-iit  with  niteio  acid  it  yields  two  nitro- 
<l«*rii.alivc^  (m.p.  154*  and  214°)  ui  !  i  fHnitro- 
denv&tiv  f  (G.  and  C.) ;  potassium  pcrmaiigaaate 
oxidises  it  to  2 :  3*quinoUo0diowbozflio  acid 
(',H|N(CX),H)j,  and  srxliuin  amalgam  reduces  it 
lo  kydroacridiw  C„H,,N  (B.  and  B.,  Ber.  16, 
1971 :  C,  Ber.  16, 2831).  The nlto are  yellow  and 
Tv^itallLsf  well,  but  arc  dccompoae<l  into  their 
tuiistituentij  on  boilinc.  Heated  with  hydrogen 
and  finely  divided  nickel,  it  forms  2  :  3-dimetnyl 
quinoline  (Padoa  and  Fabria,  Atti  R.  Acad. 
Liocei,  1907,  [v.]  16,  i.  921).  The  halo^n  addition 
compounds  of  aeridine  and  its  derivatives  an 
f  )rni-  '!  bv  the  din^ct  action  of  the  halo^rcn  on 
xht  aciidiuc  (Senicr  and  Austin, Hicin.  Sue  Tran?. 
liMv  1198) ;  or  by  the  action  of  a  mixture  of  phos> 
pborns  oxychloridc  and  |icntachlori<lo  on  thio 
writiom-  (fylinsrer,  BtT.  33,  3770;  D.  R.  i*. 
I205sr. .  }->linger  and  Arnold,  J.  pr.  Chem.  [ii.]  64, 
182.  471  :  D.  R.  P.  122807):  for  other  methods, 
compare  Dunstan  and  Stubbs  (Ber.  39,  2402; 
D.  R.  P.  126795).  r.raebe  and  lAgodsuuki 
^Annalcn.  276,  48).  Alkyl  iodomagncsinm  com- 
pMund.'^  of  acrridinc  have  also  been  obtained 
(Senier.  Austin,  and  Clarice,  Cbem.  Soc.  Trans. 
1905,  i4»><»).  When  exposed  to  sunlii;ht  acri 
dine  forma  pale-ydlow  crystals,  m.p.  276**  (Om- 
dorff  aad  CsiBflfon,  Amer.  Chem.  J*  1890,  17, 

2 . 7-dimeihyl-  3  :  6-diaminoaeridiQe  or  acri- 

dm€  mlUnr    NH,  C,H,Mcc^ '^^^C.HjMe-NH, 

u  ubtaine<l  by  heating  under  preefiure  tetramino« 
ditfl^jrhMthaiMivith  hjrdMoUocie      and  w«t^^ 


the  product  U  then  nxMiscd  with  ferric  chh>rido 
or  potafijiium  ixTcarbonato  KjCjO,  or  hvdr(>jren 
fwroxidc,  and  the  resulting  metallic  salt  de<  orn 
posed  w  ith  hydrochloric  acid  (D.  R.  P.  r)2324 : 
Lymn,  J.  Soc,  (  "hem.  Ind.  1897,  16,  40ti ;  Ull- 
mann  and  Mari6,  Ber.  34, 4308 ;  Haaae,  Ber.  36, 
589).  It  forms  ycllov^-  ervstals  molting'  »\bove 
300*^,  soluble  in  alcohol,  acetone  and  pyndin, 
and  forming  a  yellow  eolatkm  in  sulphuric  acid 
with  a  green  fluorescence.  It  j'ields  derivatives 
which  form  yellow,  orange,  brownish-,  preeniah-, 
and  leddish-yellow  dyes,  and  can  be  used  on 
cotton,  leather,  wool,  and  silk.  The  folluwuig 
are  some  of  the  methods  of  preparation : 
(1)  heating  with  mineral  acids  under  preMOve, 
when  it  yields  aminohydroxy-  and  dihydroxy- 
dimethyl  aeridine  (D.  R.  P.  12H'»hiJ  Chem. 
Zentr.  1901,  ii.  78;  J.  See.  Chem.  Ind.  21, 
37) ;  (2)  heatin<<  with  monochloracetic  acid  and 
water  under  i)re.H«ure  (D.  R.  P.  133788;  Chem.  ' 
Zentr.  1902,  ii.  616 ;  D.  R.  P.  136729  ;  fhem. 
Zentr.  \W1,  ii.  13!Hi);  (3)  heating  with  fonnaldc- 
hvdo  and  mineral  acidb  under  prouture  H.  P. 
135771;  Chem.  Zentr.  1902,  it.  1233;  J.  8o& 
(  hem.  Ind.  21.  112.  M4.  402);  (4^  by  treatment 
with  formaldehyde  and  aromatic  baM^-^  (J.  Soc. 
Chem.  Ind.  22.  140;  D.  R.  TP.  131366.  132116; 
Chem.  Zentr.  11>02.  ii.  172  ;  i.  1288) ;  (5)  heating 
with  benzyl  chloride  in  presence  of  nitrobenzene 
(J.  Soc.  Chem.  Ind.  21,  701,  1530);  (6)  treating 
with  aqueoua  formic  acid  ( Oiid.  21, 90) ;  (7)  heat- 
ing with  glycerol  at  15O''-180°  (D.  R.  P.  151206) : 
(8)  alkvlation  (Ullmann  ami  Marie,  Ix.  ;  D.  R.  P. 
79703;  J.  8oo.  Chem.  Ind.  19,  1010;  24, 
840). 

Phenylaeridine  C,,H,,N  ia  obtained  by  heat- 
ing diphenylamino  with  benzoic  acid  urul  xino 
clUoride  at  260*  (Bomthson.  Ber.  15.  3012  ;  16. 
767,  1810).  and  melts  at  181".  The  hydroxy- 
phfui/hirritlitifJi  wbieh  form  yellow  dyes  in 
mineral  acid^i  can  be  obtained  aimilarly  by  using 
the  corresponding  hydroxy  aoid  (Laadauer,  BnC 
Soc.  chim.  31,  1083). 

Other  aeridine  dyes  can  be  obtained  by 
heating  t«traminoditolylmethane  or  the  leuoo- 
compounds  of  amino-acridines  wi'h  mitu  ral  a(  id 
and  alcohol  under  presauro,  the  Hha<ic  depending 
on  the  quantity  and  nature  of  aloohol  and  of 
acid  u.sed  (J.  Soc.  fhem.  Ind.  20.  888;  22, 
1126  :  23,  932).  Also  by  the  interac  tion  of  an 
aromatic  or  atiphatie  m>diamine  with  an  aide 
hvde  {ihul.  21  i  V29;  Chem.  Zeit.  14.  3:t4  ; 
J.  iH>c..  Chem.  Ind.  17,  573;  22.  1241).  By 
heating  the  formyl  derivatives  of  m-di»ninee 
^^ith  ammonia  naltw  or  .salts  of  organic 
ba.He.s  at  i50^-200*»  (D.  R.  PP.  149409, 
149410).  For  other  metiiods  of  preparing 
a  rirlinederivativeH,  many  of  which  have  avciu'^ 
j*n>ptTtieH.  compare:  Bizzarri,  (.<azz.  chim.  ita'. 
20.  407  ;  I>ecker,  J.  pr.  Chem.  153,  161  ;  Mohlau 
and  Fritzsche,  Ber.  26.  1034;  Volpi,  Oazz.  chim. 
iUl.  21,  ii.  228;  J.  Soc  Chem.  Ind.  19,  732; 
21,338.701.  911,  1528;  Goodwin  and  Senior, 
t^em.  Soc.  Trans.  1902.  285  ;  J.  Soc.  Chem.  In-l. 

,  22,  23,  90 ;  D.  R.  PP.  133709.  107517:  Ullmann. 

I  Ber.  36,  1017.  1025;  D.  R.  P.  141297,  141356; 
Biinzlev  and  Dec  ker.  }'>■■■'  37.  575;  Fox  and 
Hewitt,  (liem.  Soc.  Irunh.  1904,  529;  1905, 
1068;  SchSpff,  Ber.  26.  1121;  Ber.  27.  2316; 

[  T>nval.  Cotnpt.  rfnd.  142,  341  ;  Kncni^''.  Rn .  32, 
3599 ;  Ullmann  and  Maag,  Ber.  40,  25 1 5 ;  Auxtiii, 

1  Cham.  Boo.  Tmm.  1906^  1790 ;  P.  W99kn»knOOglc 
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162662 ;  Pop©  and  Howard,  Chcm.  8oc.  Trans.  ^  /\«tr  ^  »^ 

NaphthAcrldfne  an.l   its  il.  rivativea,  which  '  C!H,\  X  JcH 

can  also  bo  used  as  dyes,  have  been  rarepared  (J.  ,  CH(CgHg)^    ^  * 

See.  Oiem.  Ind.  18,  826 ;  19, 237 ;  Ullmann  and  i  NH 
Naof,  Ber.  33,  905,  912.  2470;  J.  See.  Owm.  Ind.  i  /  ,  y-. 

20.  37.  673 ;  D.  R.  P.  126444 ;  UUmann  and    NH,.  ,  NH, 

Bamner,  Bar.  38.  2870  :  37.  3077  ;  Ullmann  and    CH,\  y\  /  v  yCH,  (**Clt) 
Fflzvadjinn.  tfe»rf.  36,  1(»27:  I'llmaniiandFarre,  CH 
ibid.  37.  2922 ;  Ullmann  and  Fitxeabam.  ibid.  ^„ 
38, 8TO7 ;  Baesner  and  Oanllol,  ibid.  39,  2623 ; 

Baoznor,  ibid.  2050  ;  Scnicr  and  Austin,  Chem.  N 
Soc.  Trans.  1907,  1233,  1240 ;  Senior  and  Comp-  i  KR  \/  \vw 

t©ii»  fWa.  1907.  1927;  Bawtnw  and  Ooeorgniein  I       |  ^.V* 

Ber.  89.  2438).  CII,\/'  \^'CH, 

In  tho  case  of  many  of  the  naphthacridine  ■  C 

derivativea,  patenta  have  been  taken  by  Ullmann  ;,  « 
(D.  R.  PP.  104667,  10471S.  10S273.  117472, 

119673, 123260,127686, 128764, 130721, 130943)-  '^"'^^  reaction  1.4  capable  of  conaiderablo  modi- 

the  further  alkvlation  «f  aome  of  thtw,  as  well  -  ''Nation  ;  thiw  from  formaldehyde  and  dimethyl- 

asof  other  acridine  (  in|M  III,  1?4haaWnpat«nt«^  "»-phon\lenediamine,  ocrirftne  oraw^c  in  proluctil 

by  the  A.-0.  fflr  Anilin-iabriJcatioa  (D,  R.  PP  analogous  manner.    It  should  bo  noted. 

117068,  129479).  however,  thai  m-phLnylcnediainine  giTes  pitv 

ACRIDINE  DYESTUFFS.    Acridino,  though  ^^^^^^  v^'hkh.  are  evidently  miTtnirj*.  and  canii-.t 

colourless,  shows  absorption  bands  in  tho  ultra-  puriUcd  (li.  Moyer  and  14.  Gross,  Ber.  im, 

videt.    The  salts  are  ydlow,  and  the  addition  32,2.366). 

products  with  alkvl  lialides  are  al.so  coloured.  1  he  react  mn  betwcon  an  aldehyde  and  a 

(For  absorption  spectra  ae^.  Dobbieand  Tinkler,  2"^**'"'"**         ^  carried  out  in  two  ata^; 

Chem.  Soe.  Tranii.  1905,  87,  269.)  The  salts  '           ^d  Gross  {U.  p.  2368),  for  example, 

of  arridine  it  si  If  ai     uscle^js  tinctorially,  but  P^!'!^"""^  ^  monobenEylidene  derivative  of  w- 

amino-  and  alkyl-aujino-  derivatives  of  acri-  t<Ji".vknediamino    and    converted    this  into 

dine,  phcnylaeridine,  Ac.,  are  nsefnl  dvestuflfs  f«trannnoditolyl-phenylraethane  by 

generally  prixhuin'^  vdlnw  shades.     For  the  ^^^^'^'^^^^i*^  ''ohitioii  \sith  the  hyclrot  hlorido  c5 

preparation  of  th^e  substances,  synthesis  is  "*-*»^"yleii*-*<ii»niiue  for  three  hours  at  t>U''-70*. 

generally  resorted  to,  althouf^h  aeridine  may  bo  '^'^e  itself  may  be  obUined  in  good  jieM 

nitrated  (flraebc  and  Cnro,  Annalen,  1871   158  ^  hcatuif^  t^Ucylidene-aniline  with  phosphunis 

275),  and  a-nitro-acridine  has  been  retiucwi  P®"t<>*"ic  to  250"  (Blau,  Monatsh.  1897, 18, 123). 


to  an  amino-aeridme  (Ansohfttz.  Ber.  1884.   j  A    closely-rclated   synthesis  of  ^ 

17.437).  derivatives  is  that  of  F.  Ullmann  and  E.  NVf 

One  dyestuff  of  tho  aeridine  series,  chn/Jt-  '  1900,   33,   905).    When  dihydroxydi- 

aniline^  is  formed  as  a  by-product  in  the  manu-  "f  P'i«yl«««>«"».  the  product  of  the  intersotaon 
rartiire  of  inau.-iita  (H<jfniaan»  Jahnab.  1862  °*  *^^'"^'"^^yf^c  anfl  3-naphthol.  is  heated  with 
346).    Its  constitution  *  I  P-toluidint;  hydrochloride,  methylhydronapth- 

•        _  !  •ondme  is  produced  with  riimination  of  fi- 

C.H.<^<2>^  2)-^  _  '  naphthol. 

^•H*^(1)C[(1)C.H,(4)NH,1(1)>C.H.(4)NH,    ch;(C.,H..OH), NH.  C.H,.CH. 

was  determined  bv  O.  Fischer  and  G.  Komcr ;  =  C,oH,  OH  -f  CH,<^«!?/«i,  .^NH 

probably  two  mdeotdes  of  aniline  and  one  of  '^«\C,H^CH,)^«" 

P  toliiidine  eondense   when  oxidised  to  opp-        RhSOnlne     is     obtained     from  ni-umino- 
iriamiauiripheiiyimethane,  this  yielding  ohrys«   phonylauramine  or  tctramcthyldiaminobenxo- 
aniline  when  further  oxidised.   This  view  is  '  P^none  and  m-pbeiijieDediamiiie  at  200°,  using 
"up]Kirt<d  by  the  fart  tliut  when  t>/yy;-triumino-  *MW  chlofide as  condensing  agsttt, 
tripht  n^lmuthaiie  is  hoatod  with  arsenic  acid  to  y\  >^ 

150O-180*,  chrysaniUne  is  prodnoed  (Annalen, '  {G^*)^f\        .  NHy^NH, 
18H  J.  22«,  188).  '  1       I        +        I      I  4.0 

The  processes  for  preparing  amino-  dcriva'  ^^CO 
tives  of  aeridine  on  a  technical  scale  may  be  '  I 
illnstrate<l  hy  tho  methods  of  preparing.'  I' nzo> 

flavnie,  rhtvnim  ,  and  diaminoacridylbenzoic  acid,  ■  t 

Symmetrical    diamittcaeridines    ai«    ob-  \.  ' 

Uitw<l  hy  tho  condensation  of  aldehvd.-s  witli  K/r'»^  \ 

m-diauuncH,  removnl  of  the  elements  of  ammonia  1  ^l^'^sJi 
from  the  result  in-  t.  tra-amino-  compound  by  .  / 

heating  with  hy<lrochloric  acid,  and  oxidation  (GH,),Nr^  V  f  V  ^NH. 

of  the  dihvtlro.aeridiuo  thus  produewl   with  I  =2HsU+  I      •  ' 

ferric  chloride.     In  the  ease  of  beuzojlai'ine 

.>eiizaldehyde    and    in>toluylene>diamine  are !  1 

employed.  '  Jt 
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Some  derivfttives  of  xanthene,  when  ener- 
g««ic»lly  tiMted  with  unmoiu*,  enfler  re|dMe- 

nient  of  the  pjTone  oxygen  air  rn  hy  an  imino- 
grcHip.  Bjr  pcokuigQci  heatuiM  of  fluoreao^ 
with  Mnmoiii*  under  pnwsave,  R.  Meyer  (Ber. 

18SS,  21,  3376)  obtainrd  an  acridino  derivative, 
to  which  one  of  the  three  following  constitutions 


NH  N 


-0 


III'  -alts  of  the  t«'tra-ethvl  dorivativc  i  f  tliis 
wrapound  form  the  tlvestu^  known  us Jlavf  ofiiic. 

Aeridine  Orange  NO  (Farbwork  Mahlheim, 
l>.  R  P.  17  D.V.  1889),  Ci,H,N[N(CH,)j1j. 

H(Jl-ZnClj  was  discovered  by  Bender,  It  is 
produced  oondensaiion    of  dinKt)iyl>iii> 

phcny Icnrdiamine  with  formaldeliydt*  and  pro- 
t^)&dmg  according  to  the  method  referred  to 
above.  It  feniii  ui  mange  powder  yAueh 
dinolvee  in  water  or  alcohol  with  orange- 
red  colour  and  greenish  fluorescence,  lue 
aqueous  solution  is  reddened  by  hj^dro- 
.  hlori<*  acid ;  BO<liuin  hydroxide  gives  a  yellow 
precipitate.  Thu  solution  in  concentrated  sul- 
plivne  mad  is  nearly*  colotirless  and  has  a  greenirii 
flnore.sicr-ncf.  dilution  with  Avntor  prtxiuecs  suc- 
cessively red  and  orange  colouratiou.  The  dye 
gif«s  onngo  shades,  fairly  fast  to  light  and  soap, 
on  cotton  mordanted  with  tannin ;  it  u  also 
aaitable  for  printing  and  leather-dyeing. 

The   analogous  dycstuff  from  diethyl -m* 

•  ri' I  'M  <li.-iniini'  is  describt'tl  in  D.  R.  P. 
b7t309,  the  tiubiitAuces  derived  from  monoalJcyl- 
phmyleiMduuiunes  in  D.  R.  P.  TCNOS. 

AnnthfT  mfth'xi  yirr^ji  irin::  acrldiiif  ornnri' 
IS  to  heat  12  ii)lo*i.  ul  Bnnnodinitithylanilinc 
*-ither  ttnth  10  kilos,  of  formic  acid  (sp.gr.  1-2)  and 
10  kiIo=i.  ..f  j-fnr  rWoride  grsdually  to  150*- 160*, 
or  with  12  kilu«.  of  dehvdrated  oxalic  acid,  10 
kiloti.  of  glyoool  and  11  kikw.  <rf  lino  eUoride  to 
IfAi^.  HtntiitL"  nnd  btirrin!?  are  continued  as 
lung  as  any  (iarkeuiuiz  of  &ht\.da  can  be  observed, 
ammonia  is  liberatea  during  the  reaetioa,  and 
formic  acid  having  been  employed  instead  of 
formaldehyde,  the  product  when  worked  up 
fields  the  dyestuff  inrtead  of  Ha  leueo*  compocmd 
(D.  R.  P.  67126). 

The  formyl  derivatives  of  m-diamines  may 
also  be  used  (D.  R.  PP.  1491140,  161099).  or  the 

*  methAno  *  carhon  ntnm  may  be  fumi.-'hi  fl  f  v 
rariouA  formvl  dunvatives  «uch  tm  fornianiiido 
(D.  R.  P.  149410). 

Aeridine  Oringe,  R  extra  (Farbwerk  Mulil- 
heim,  D.  R.  P.  68908,  7  Feb.  1890).    The  dye- 
I  the  hydrochloride  of  tetramethyldia- 
-O-phenylMtidinB,  and  it  obtamed  from 


dimothyl-m-phenyleucdiuiuiiio  and  benzaldehyde. 
Ite  reactions  and  uses  are  aisiilar  to  ^oee  of 
Mark  NO. 

t      D.  R  P.  68U08  also  mentions  the  use  of 

I  iw*aniinodimethyl-o-to]ttidine.  If  the  latter  base 
bo  conden8C4l  with  p-nitrobensaM(  hyde  to  a 
tripbenylmothano  derivative,  the  nitro-  group 

I  redttoed  and  eondenaation  and  oxidation  e&eted 
in  the  usual  way,  an  acridine  dyeatuff  possessing 
two  tertiary  and  one  primary  amino*  group  is 

I  obtained  (D.  R.  P.  70066;  oompare  R.  P. 
71362). 

I      The  use  of  acetakiehyde  as  a  eoiu^iunent  yksm 

'  olaimed  by  the  Qes.  f.  Ghent.  Ind.  (D.  R  P. 

I  143893.  13  March,  1902). 

Aeridine  YeUowjIFarbwork  MUhlheim,  D.  R.  P. 
62^4,  S7  Jnn«w  1889)  was,  ,  like  the  two  pre* 
coding  colour?!,  discovered  hy  Bender.  Its 
constitution   in  that  uf  a  3  :  ti-diamino-2  :  7* 

'  dimethTlacridinc  hydrochloride;  it  is  produced 

from  formaldehyde  and  rr7-triIi:v!cnf-TliaTn:ne. 
It  forms  a  yellow  powder  soluble  in  water  aud 
aloohol  with  yellow  oolonr  and  green  fluore- 
Hcence;  yelinu-  precipitates  are  obtained 
with  hydrocliluric  acid  (hydroohloride)  and 
•odinm  nydrozide  (free  ba^e).  80k  is  dyed  n 
greenish  \  -How  with  jrreon  fluorescenoe,  ootton 
(tanmu  mordant)  is  colourod  yellow. 

The  salts  with  aliphatic  acids.  e.g,  formate 
and  acetate,  are  more  f»olubl«>  (I'-irbenfabriken 
,  vorm.  ff.  Bayer,  D.  R  P.  140848,  13  March, 
'  1903).  Acrkune  yeUow  is  oonverted  into  an 
orange  yellow,  more  easily  soluble  d3'e6tuff  by 
heating  with  twice  its  weight  of  glycerol  for 
4-0  hours  to  170*>-180*  (Badisehe  Anilin  nnd 
Soda-Fabrik.  1>  H.  P.  161S06,  26  July,  1903). 

(For  the  action  of  aldehyde  on  aniUoe  yellow, 
see  D.  R.  P.  144098^)  Compoonds,  probably  of 
acridinium  typo,  aro  obtainc  rl  from  aniline 
yellow  by  the  action  of  munoohloraoetio  acid 
(M.  L.  B..  B.  R  PP.  133788,  136729,  162662) 
an  i  >  thcr  dy  -iifTs  by  condensation  with 
formaldehyde  aud  m-diamines  (D.  R  PP.  131366, 
132116,  136771).  Either  one  or  both  of  the 
amino-  groups  in  acridine  yellow  and  anal(>):;nua 
dyestufra  are  replaced  by  hydroxy  1  on  heating 
witfi  dihite  solphurlo  aoid  to  180*-^20<*  (D.  R.  P. 
121680),  and  similar  compounds  may  l.e  (jlitained 
from  formaldehyde  by  condensation  with  amino- 
oresolg  (D.  R  P.  120466). 

T)ifi' nzvl  aniline  vellow  is  claimed  bv  Baver 
&  Co.  as  a  Uiieful  leather  dye  (D.  R.  P.  141207). 

Benxoflavine  (several  marks),  3:6-diamino- 
2 : 7-dimethvl-9-phcnvlacridine  hydrochloride 
C„H4N(U,H,)(NHj),(CH3)„HCl,  was  discovered 
by  Rudolpn  in  1887,  and  introduced  oommeroially 
In  K  Oehler  in  1888  (D.  R.  PP.  43714,  28  Julv, 
1897 ;  43720, 40294, 45298).  Its  preparation  ha^ 
been  given  above.  Thedye,whioh  is  usually  mixed 
^v)th  rlexfrin,  form?;  an  orange  powder, difficultly 
soluble  in  cold  water,  more  ea^iily  in  hot.  Both 
aqneoos  and  alooholksdntions  are  orange,  with 
strong  preen  fluores-reneo.    llydnu  hlorjc  acid 

elves  an  orange  precipitate,  sodium  hydroxidy 
bmtes  the  yellowudi-white  base.  The  solution 
in  concentrated  sulphuric  acid  is  greenish  yellow, 
and  shows  a  very  strong  green  fluorescence.  It 
may  be  used  for  dyeing  both  mordante<l  and 
unmorrlanted  cotton.  The  acetate  ami  Lirtate 
are  more  readilv  soluble  (Bayer,  D.  R  P* 
142463,  19  April,' 1902);  it  l>ebave»  like  aeridine 
yellow  when  heated  with  glyoeroL    Digitized  by  Google 
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The  Patent  Phos|ihiaes  of  the  Get.  t.  Oiem.  i  obtoined  by  the  esterifiofttion  of  the  prodook  of 
Ind.  in  Basel  are  obtained  by  aJkylation  uf  the  interaction  of  ammonia  and  fluoresoein 
Ijcnxoflavine  and  acridine  yellow  (D.  R.  P.  (B.  A.  S.  F.,  D.  K.  PP.  783H  7fiS6S ;  oonpaie 
79703;  compare  D.  R.  P.  131289).  D.  R  P.  141356). 

CorlophosphllMS  (Bayer  &  Co.).  Tbeee  dye-  Rheonine  (Badlsohe  Anilin  und  Soda  Fahrik). 
Htuffs,  which  are  suitable  for  leather-dyeing,  are  !  This  dye«tu£[  was  discovered  by  C.  L.  Molkr 
probably  unsymmetrically  alkylated  diamino-  (D.  R.  P.  82989,  16  Deo.  1894).  Its  method  ol 
acridines  obtamed  by  condensation  of  formaldc-  preparation  has  nlrcady  been  given.  Rheoninc 
hyde  with  one  molecule  of  an  asymmetrically  i  forms  a  brawn  powder,  soluble  in  water  and 
dialkylated  m^diamine  and  one  molecule  of  *  '  alcohol,  with  browniah-yellow  (K>lour  and  green 
non •alkylated or  monoalkylated  m-diamine,  mth  fiuoD-so  iuc  H\  drtxhloric  acid  turns  the  stilution 
Bubflequent  elimination  of  ammoma,  and  ozida*  brownish-Fed*  caustic  soda  gives  a  bricht  brown 
tion  (D.  R.  P.  133709).  I  pteoipitate.    It  is  used  for  obtaining  brownish- 

ChrysaniUne  0^,11  occurs  under  many  '  yellow  Hhudcs  uu  leather  or  cotton  (tanning 
other  namee  commercially,  e.g.  Leather  yellow,  Two  marks,  N  (bnghter)  and  A  (darker)*  an 
Xwithine,  Philadelphia  yellow  0,  Leather  brown,  '  in  nse. 

Phosphine  (several  marks),  &c  Reference  to  The  use  of  diaminobcnzophenone  and  of 
its  occurrence  in  the  manufacture  of  magenta  ^  Miohler's  hydrol  for  condensation  uith  m-dia- 
has  already  been  made.  Numerous  methods  mines  have  been  patented  (M.  B.,  D.  R.  P. 
for  preparing  homologues  and  analogues  of  this  I  89660  and  B*  A*  S>  If,,  R.  P.  85199  le- 
Hubstance  have  been  patented  (D.  R.  PP.  65985,  ;  spectively). 

78377,  79263,  79585,  79877,  81048,  949S1,  '  Many  acridine  and  naphthaoridine  d.yestufis 
102072,  106719,  114261,  116353).  The  nuthod  containing  only  one  amino-  proup  have  been 
adopted  for  this  purpose  by  Meister,  Lucius,  and  ;  described  (D.  R.  PP.  104667.  107517,  107626, 
Brunins  may  bo  mentioned  (D.  R.  P.  66986,  |  108273,  118075,  118076,  125697,  130360);  and 
2  Apru,  1892).  p-Toluidine  and  its  hydro-  I  it  has  also  boon  oJ)s<rv<Ml  that  dyi-stuffa  can  be 
chloride  are  heated  with  ferric  chloride  (oxygen*  i  obtained  when  onlv  one  molecular  proportion  of 
oarrier),  and  m-nitroaniline  gradually  added,  a  m-diaraine  is  nsed  with  formaldehyde  (D.  R.  P. 
The  resulting  dyestuff  is  the  next  higher  homo-  '136617).  '    J.  T.  H. 

logue  of  chr>'8aniline,  containing  a  methyl-  group  i      ACRODfiXTRiMS  v.  1>julthi2I9. 
in  ]x>8ition  7.  I      ACROSS  v.  GamfttmrDBATW. 

According  to  Friedlander  (Fortschritt*-  der  ACTINlUIlL  A  radioactive  element,  <1L< 
Theerfarbenfabrikation  V.  373),  the  yields  pro-  i  covered  by  Debieme  in  the  procipitate  produced 
duced  by  this  method  are  not  goo^,  bitt  the  '  by  adding  aininonia  and  ammoranm  mnphide  to 
nNMTtion  between  |>-aminobenzaWehyde  or  a  the  tiltniti  froiu  th<'  hydrogen  sulphidr  ]»recipj. 
derivative  and  phenyl-m-phenylene-  (or  toluyl-  .  tato  obtained  in  the  course  of  analysing  pitch- 
ene-)  diamine  proceeds  nearly  quantitatively  :      blende  (Delneme,  Compt.  wnd.  129.  5M  ;  190, 

C,  H4-NH<J,H,-NH,  .f  C«H4(NH,)CHO  +  0  fractional  in;:  t  h.-  rar.  earths  thus  ob- 

u  vu  '  tamed  from  pitchblende  by  means  ot  their  doaUe 
ass  2H|0  4-  C»H|.     .      1  tHj^  Hj  !  nitrates  with  magnednm  nitrate,  aetininm  neeu* 
^  ■^^«H**NHj      I  mulates  in  the  rnort"  noluhh'  ]»ortions  tt>i;ethcr 
(B.  A.  8.  F.,  D.  K.  pp.  94951,  102072).  with  neodymium  and  samarium  (Compt.  reiML 

Chryaaniline  foraia  an  onmge.yellow  powder,  I  13U,  538).    The  predominating  rare  earth  in 
soluble  in  water  and  alcohol  with  rcddish-yeHow  I  pitchhi'-ndt-    is    thorium;    hut  udinium 
oolouraadyeUowish-green  fluorescence.  The Bolu- 1  occurs  in  uranium  minerals  containing  no 
tk>n  is  unaltered  by  hydroehlorio  aoid ;  sodinm  I  thorium  (Szildrd,  Ohem.  Soc.  Abstr.  1909,  ii 

hydroxide    cWoh  a.  hri^ht    yfUo'.v   ]  n  i    iuit  it  c.  tWi^). 

Chrysaniline  is  chielly  used  in  leather  dyeing.  i  Actinium  has  not  been  obtained  pure,  but 
GMtoltanrilMt  (Grieaheim-Elektron).  Theee  I  it  appears  to  reeemble  thorium  cfiemieally 
dyestufLt,  which  occur  comni'  i  i;illy  is  murks  (</.  hn\u-vcr.  Clcscl,  B-  r-  ^'^  .1011).  It  i.s  {.r> 
0,  GQ,  R,  and  KK,  arc  used  in  leather-dveing  |  cipitated  by  oxalic  acjd.  h\  drofluork  acid,  and 
and  ealleo>printing.  They  form  red  or  reodiih* '  by  ammonia.  Aetimum  prVparatione  am  highly 
brown  povvdorH,  which  rli^ssolve  in  concentrated  radioafti\ c,  imparting  induced  radioaiitivitv 
■uluhttric  acid  m  ith  yellow  or  orange  oolouration  '  to  surroundiiu;  objecta  (Curie  and  Debieme, 
and  green  fluoreeeenee ;  tiiese  eolations  turn  Compt.  rend.  132,  548),  and,  like  fadium.  fluy 
re  I    r  r  1  l  i  h  hriiwn  on  dilution,  spontaneoui^ly  give  rise  to  helium    H  hi<*me, 

Flaveosine  (Metster,  Lucius,  and  BrOning,  Compt.  rend.'  141,  383) ;  they  are  not  iominea- 

D.  R.  P.  49860.  11  May,  1889)  is  a  tetiaethyl-  cent  Their  aqueous  solutioiui  alowiy  evoHv 
ilianiinoarTid\Ihcii7.  i  i  id.  which  is  obtained  hydrogen  and  oxygen  in  the  prf>port !•  "ns 
by  heating  m-acetaiuinodimethylaniline  with  .  neoessary  to  form  water.  Actinium  salts  aleo 
phthalio  anhydride.  It  has  been  examined  by  '  bycHvb  an  tmamatiom,  an  inert  gas  liavinic 
Crandmnuirin  Jiml  Lnng  (Ber.  1909,  42,  4014).       a    molecular  weight    of    approximately  70. 

The  hydrochloride  crytttaliiaes  in  shining  ,  aooording  to  difiusioii  experiments  (Debione, 
brownish-yeUow  needles,  the  sulphate  in  prisms  I  Compt.  rend.  136,  446,  767  :  138.  41 1 :  Bmhat> 
exhibiting  a  cantharides  lustre.  The  base  is  C<»rap.  rend.  148,  02H  ;  Russ.  Phil.  Mac  17, 
precipitated  from  the  saltA  by  sodium  carbonate,  I  (vL)  412),  and  condensing  to  a  liquid  «t 
and  HMnns  ^den^yelbw  shining  leaflets.  ^  120*  to  -  IM^  (Kinoshita,  PhU.  Ibg.  10. 

Flavoosmo  dyes  silk  goldrn  yellow  (yellottiph-    (vi.)  121). 
green  fluoresowce)  from  a  feebly  acid  tjath;  wool       The  spontaneous  decomposition  of  aotinitua 
and  cotton  <tannm  mordant)  are  oolonied  \  apprars  to  give  rise  to  six  soooessive  nrodoeto : 
reddish  yellow.    The  cnlour.H  are  fast.  radio  ai  tinium  (Hahn,  Ber.  39,  160o  ;  Phil.  Mag. 

Substances  closely  related  to  flaveosine  are  i  13,  (vi)  165).  which  is  said^to  '^^]^|)(^f^ 


allulme  mtUis  (Giesel,  Ber.  40,  SOU),  and 

vvhich  chAiigM  mto  Cbctinium  X,  a  Hubstance 
sohiUe  in  ftmoionia;  thistnuuforioi  into  actinium 
tmamiiam,  from  wMoh  aeiiwimm  aeftttMim  B, 
and  aciinium  C  surro!«ively  arise  (Hahn  and 
Meitoer,  Cbem.  Hoc.  Abate.  1008,  ii.  920) ;  thev 
•n  indoMd  actiTe  deposits.  Aofeiiiiain  ftself  is 
rayh's^i  ;  all  the  other  products  except  actinium 
A  emit  a-  particles ;  and  radio  actinium,  actinium 
A,  and  aetiniam  C  emit  $-  ravti  (Hahn  and 
Meitmr.  Chem.  Soc.  Abstr.  lOOH.'ii.  10()7). 

Actinium  ia  identical  with  the  substance 
fSMntinn  diMxrveied  by  Giesel  {v.  Giesd,  Ber. 

3608  ;  36,  342  ;  37,  im),  3963;  Debienie. 
i<>mp.  rend.  139,  538 ;  Uahn  and  Saokur»  Ber. 
38,  1943  ;  rf.  Xarokwald.  Ber.  38,  2264). 

ADAMANTINE  SPAR  t .  Coruxdum. 

ADAMITE.    An  artihcial  abrasive  made  in 


ADAMITE.  Hydrat«d  basic  zinc  arsenate, 
ZD^Aa04)j*Za(UH)M  crystalUsing  in  the  ortho- 
Thwato  system,  rast  fonnd  in  1866  as  violet 
rvHtab  in  a  silver-mine  at  Chani*rcillo,  Chile, 
and  subsequently  as  greenish  and  yeilowiah 
erystab  in  oonsimtaUe  abondaaoe  ia  the  sinB- 
mill*  .s  at  Oapo  Gnoiiiie  ia  Vnnob,  and  Laarion 
in  Greece. 

ADARSCMflA  DIGITATA  (Linn  ),  the  Baobab 
1'^"  .  \\t  \iU  a  fibre  which  has  been  uscil  in  papcr- 
makmg.  Its  bark  (Gowik  Chentz  or  Churee 
(lieatK)  is  said  by  Bnchaissaingr  to  ba  •  inefnl 
substitute  for  dnohoiia  (Dymoei^  Fliarai.  J. 
[3]  7.  3). 

ADEMAME «.  Ekstmbs. 

ADnn»  ^AwUmepmimt 

N:C(MH.)-C-llHv 

?^CH,3U,0 

::N  C-^;^^ 

diseovered  in  the  panereatio  gland  and  spleen 

of  the  ox,  <>< curs  in  all  v(  ■^'(•talilc  and  animal 
tiwues  rich  in  cells  (Koasel,  Ber.  1885,  18,  79, 
1928;  Zeitsch.  physiaL  Cbem.  1886,  10.  248); 
'hoa  il  has  Ijeen  extracted  from  tea  leaves 
iKoawl,  from  beet-juice  (v.  Lippmann,  Ber. 
1886, 29,  2645),from  the  young  shoots  of  bamboo 
(Tf.Uni,  Zeit^ch.  physiol.'  Chem.  1909.  fi2,  113); 
from  human  excretory  products  (Kriioer  and 
SeUtteohdn.  Zeitaeh.  Physiol.  Chem.  1902,  9S, 
I'>9»,  and  from  herring  brine  (Isaac,  Chem. 
Zentr.  1904,  ii.  647  ;  from  Beitr.  chem.  physioL 
Path.  1904,  5,  600) :  it  is  probably  one  of  the 
dtera/lation  products  of  nuclein  (Schindler, 
Putsch,  phyi-iol.  Chem.  1889,  13,  432),  and  is 
foaad  in  Maall  quantity  when  imdefn  if  heated 
with  dilate  sulphuric  aoid  (Koaad,  Ber.  1888, 
18,  1928). 

Adenine  ia  isolated  from  tea  extract  after 

ihr  removal  of  caffeine    by  i>recipitating  the 
cuprous  compound  CgUgN^Cuj  by  means  of 
copper  sulphate  and  sodium  bisulphite,  and  de- 
con  p-k  inn    the    precipitate    with  ammonium 
solpikide;  the  crude  adenine  is  then  isolated  , 
tnm  the  ffltrate  in  the  fonD  of  the  sulphate.  ' 
For  the  method  nf  separating  adenine  from 
other  purine  bases  compare  Sdiindler,  Zeitech.  | 
pfaynot  Cbem.  1889,  13.  432).   The  syntheiis  I 
of  adenine  ha.<?  been  effected  by  reducing  with 
hydnodic  acid  2-anuno*2 :  8*dichioropurine  ob-  i 
tained  by  the  action  of  aqueons  ammonia  on  | 
trichloropurine  (E.  Fischer,  Ber.  1897,  30,  2226; 
1898,  31,  104;  Bohringer  and  Sons,  D.  R.  P. 
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96927,  24/3,  97 ;  Traube,  Annalen,  1904, 331, 

64). 

Adenine  crystallises  from  dilute  aqueous 
sohitioo  in  long  rhombie  needles  that  become 
anhydrous  at  1 10°.  and  melt  with  decomposition 
when  rapidly  heated  at-360''--365*'  (Fischer.  I.e.), 
and  sublime  in  mierosoopie  needles  without 
decomposition  at  2*20°.  Adenine  is  sparingly 
soluble  in  cold  (1 : 1086)  and  readily  soluble  in 
hot  water  (1 :  40) ;  insolnble  in  ether  or  chloro- 
form, sparingly  so  in  alcohol.  It  forms  com- 
pounds with  bases,  acids,  and  salts.  The  nilmU 
('sHsN^.HNOj.iHjO  is  crystalline,  and  tho 
<iry  Hall  diswolvcs  in  ll0<i  parts  of  water;  the 
drocJUondc  C«U^|,UC1,1U,0  forma  transparent 
monoolinie  prisms  a :  o ;  eat2'0794  :  I  :  1-8127, 
P  =  61"  40*  the  anhvdrou.s  salt  dissolves  in 
41-9  parts  of  water}'  the  chloracetate  C^U.N,, 

I  CjHsOja  melts  and  decomposes  at  I62*-I63°'; 
the  sulphate  (C,H,NJ„H,S0.,2H,0,  the  oxalaie 
ii.ii,N*.C;,H,04,a,(JLanddM:Aroma/«  (C.H.N,),. 
H,Cr,0,  afo  orirstgllhie :  the  merate  C^.N., 
CgHjNjO^  is  stable  jit  220°,  and  is  so  sparingly 
soluble  in  cold  water  ( 1  :  3500)  that  it  is  usocl 

j  as  a  msMia  of  estimating  adenine  in  solution 
(Bar.  1890,  23,  225) ;  the  picrolonaU  C'jH.Nj, 

I  C|qH.0|N4  crystallises  fron^  water  and  melts  at 
266»(Levene,Biochera.ZoitBeh.l907,4,320).  The 
platinirhloridr    ( C5HjNj)„H.PtCl,  cryBUlIises 

I  from  dilute  solution  in  needles,  and  yields  the 

I  soft  CjHjNj.HCl.PtCl,  when  a  concentrated 
solution  is  boiled.  The  a4:€tyl  derivativa 
C^4N.Ac  does  not  melt  at  260",  the  benzoyl 

'  deriTa^ve  CsH^X.Bs haem.p.  234»-236®  (Kossel, 
Ber.  1886.  20,  3356).  The  methyl  and  bcvztjl 
derivatives  have  been  prepared  (Thoiss,  Zeitsch. 

'  physioLOhem.  13,395).  Bromadenine  CjH,NjBr 
is.  strongly  bn.sic,  forms  an  insoluble  picrate, 
and  on  oxidation  with  hydrochloric  aoid  and 

\  potassium  chlorate  yields  alloxan,  urea,  and 
oxalic  acid  (Bruhn>,  T?er.  1890,  23,  225  ;  Kriiger, 
Zeitsch.  pfaysioL  Chem.  1892,  16,  329).  Adenine 

j  is  converted  into  hyposaathine  bv  the  action 

I  of  nitrous  acid  (Kossel,  Ber.  1886,  *l  8.  1928). 

M.  .\.  W. 

I  ADHBNVBS,  as  distinguished  from  cements, 
may  be  defined  to  be  substances  or  preparations 
:  of  a  gummy  or  gelatinous  character  used  for 
•  the  purpose  of  joining  together  or  effecting  the 
mutual  adhesion  of  the  surfaces  of  bodies.  They 
are  usually  substances  which  ( 1 )  soften  in  water, 
e.g.  gum  arabic,  isinglass,  glue,  &c.  ;  (2)  gela- 
tin i-e  in  water  or  other  menstruum,  and  harden 
either  by  the  evaporation  of  the  solvent  or  its 
absorption  by  the  cohering  surfaces,  t.g.  liquid 
glue,  gelatine  dissolved  in  acetic  acid,  rubber 
or  guttapercha  in  benzene,  &c. ;  or  (3)  which 
soften  on  heatimr  and  congeal  on  cooling,  t.g. 
marine  glue,  sheUac.  &c.  The  surfaces  of  the 
articles  to  be  joined  should  be  perfectly  clean ; 
they  should  M  brought  into  intimate  contact, 
and  as  little  of  the  adhesive  as poasible  emplove<i. 
In  certain  ca^s  perfect  contact  is  ensured  by 
heating  the  jmrts  to  be  joined  to  a  temperature 
such  that  the  adhesive  acdidiflea  «mly  when 
union  is  effected. 

BohttionB  of  g:um  arabic,  or  of  dextrin,  or 
British  gum,  mixed  with  acetic  acid,  are  fro> 
quently  employed  in  the  case  of  paper.  Flotu 
or  atareh  mixed  with  water  containing  a  little 
alum  so  as  to  form  a  thick  cream,  which  is 
then  heated  to  boiling,  and  when  c^jji^g^  Qoogle 
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ADHESIVES. 


with  oil  of  cloves,  thymol,  phenol,  or  salicylic 
acid  so  aa  to  preserve  it,  makes  an  clTcctivf 
adhesive.  A  transparent  p>aste  may  be  made 
by  the  of  rice  starch  instead  of  ofdinary 
flour.  Occasionally  a  small  quantity  of  lin.seeil 
oil  or  glycerol  is  added  in  the  case  of  labels 
exposed  to  moisture.  Or  the  labels  may  be 
protected  from  damp  by  being  coated  \\ith  a 
mixture  of  2  \)U.  Hlicllac,  I  pt.  borax  diasolvcd 
in  Iti  ptH.  of  boiling  water.  An  altenrntive 
method  is  to  apply  a  coating  of  c  oi>al  varnish. 

A  strong  adhesive  may  bo  made  from 
shredded  gelatine,  swollen  in  water  ooi^iinng  observed  l>y  Fonreroy  in  1786,  when  the  C\ 
26  p.c.  of  glacial  acetic  acid  and  ap}>lie(l  hot.  (iVrc  drs  InnoccnU  at  Pari.s  wjus  cleaned  out. 
The  iniKttin-  should  be  kept  in  a  closely  corked  A  largo  number  of  ooffina  had  been  piled  to- 
phi aJ.  Another  rcciije  :  Dissolve  60  i)ti.  borax  '  gethcr  and  had  Temained  for  many  yeara ;  the 
Ml  420  pto.  water,  add  480  pts.  dextrin  and  50 
pts.  gluooac,  an<l  heat  carefully — not  above  90°— 
with  coiiBtant  stirring  until  thfl  wfaiCdo  Ib  in 
Hulution ;  replace  the  evaporated  water  and  filter 
throuj^h  flannel  (Hiscox). 

Wheat  Hour  rich  in  proteins  is  mixed  with 


distilled,  and  no  anh3^dride  is  obtained  by  Uv 

distillation  of  the  aeid.  It  is  >Iightl>  .-ohibt 
in  water  at  tho  ordioaiy  temperature,  and  ha» 
a  great  tendency  to  form  supersatorated  tdo- 
tion.s  (Dieterle  and  Hell.  "Ber.  11,  2221)  :  readily 
soluble  in  hot  alcohol  and  ether.  It  forma  Miiu 
wit^  most  metals  which aiegenerally  ei^hle in 
water  and  ervtstalli.sable.  ifiere  are  ei^lit  iso- 
meridos  of  adiipio  acid,  all  of  which  have  beoi 
prepared. 

ADIPOCERE  (from  adcp.i.  fat  ;  Rn<l  rero. 
wax).    A  peculiar  wazy-looiung  substance,  fiiat 


corpses  in  many  of  these  were  eonverted  iiit^' 
a  saponaceous  white  subetaacc  JTourcroy  piaoed 
this  substance,  together  with  oholeBteiol  and 
spermaceti,  in  a  separate  cla.ss  ternu-d  hv  him 
<  Adipocexe.'  tiregoiy  (AmuOcn,  61^  Z&ii, 

observed  a  similar  snbetanoe  in  the  ease  of  • 


concentrated  sulphite  liquors  and  evaporat<'d  to  hog  which  had  die<l  of  an  illness?,  an<l  had  beeii 
a  snitAblf  consiistoncy  (Koboson).  I>ry  casein  buried  on  tho  slope  of  a  mountain-aide.^  The 
mixed  with  half  its  weight  of  borax  and  a 
sufficiency  of  water  makes  an  excellent  adhesive 
for  hrokeii  china  or  earthenware.  Milk  casein 
disHoived  in  alkali  and  an  alkaline  silieate,  snch 
as  water*gla88»  and  mixed  with  a  solution  of 
)na^n(*!^iTiTn  or  calcium  chloiide,  also  constitutes 
aa  eUective  adhesive. 

Metallic  surfaces  after  having  been  rubbed 
with  an  ah  oholic  solution  of  hydroGhlorio  acid 
may  be  caui>cd  to  adhere  by  meaoa  of  •  mixture 


substance  was  oompletcly  eoluUe  in 

contained  no  Blycerides,  and  consijited,  accordini; 
to  Gregory,  of  about  25  p.c  of  stearic  acid,  and 
about  75  p.c.  of  palmitic  and  oleic  aeids  (thew 
three  acids  form  the  chief  constituent*  of  lanh 
The  absence  of  lime  was  explained  by  Grcigor) 
as  due  to  the  solvent  action  of  water  saturated 
with  carbonic  acid,  which  continually  ran  over 
the  carcase.  Gregory  fully  recognised  thnt  th< 
fattv  acids  had  been  formed  by  the  hydr^ 


of  10  pts.  tragacanth  mucilage,  10  pts.  honey,  i  of  t"he  fat,  water  hax  ini:  wa.^hed  a\\a>  all  tb 


and  !  pt.  flour  (Spon).  ....    .  . 

A  marine  glue  may  bo  made  by  dissomne 

10  pt<*.  caoutchouc  in  120  pts.  benzene,  and 
adding  the  solution  to  20  pts.  melted  as-  ^ 
phaltuiu,  the  mixture  being  poured  into  moulds 
to  consolidate.    In  order  to  use  it  the  ^;1iie  is 
s<>Mk'  <l  i;t  boiling  watcr  and  heated  over  a  flame 

unul  iH(Uid. 

ADIPIC  ACID.  Buinnc-a-h-ilirnrloxytic  acid 
(  (),H  (ni.),  CO,H.  Obtained  by  the  action  of 
nitric  acid  on  sebacic  acid,  or  on  tallow,  snet, 
and  other  fatty  bodies  (.Vrpp-,  Z.  1865.  nOO  ; 
l^urcnt,  Ann.  ("him.  Phys.  I2|  06,  166; 
Bromcis,  Annalen.  35,  105;  Malaguti,  Ber. 
1879,  572).  It  is  pnsent  \i\  beet- juice  (Lipp- 
m.'»nn.  B«  r.  1891,  and  ma^'  be  obtained 

tiorn  Hn-siau  petroleum  by  distiUmg  the  fraction 
containing  naphthalene  hydrocarbotis  ( Asehan, 
Ber.  iS'.i!),  1769).  It  may  be  jprepared  by 
the  reduction  of  mucio  acid  (Crom-Brown, 
-Annalen,  125,  19).  saccharic  acid  (dc  la  Motte. 
Hf  r.  1H79, 1672).  lAosacchario  acid  with  hydriodic 
nei-1  and  phosphorus,  or  of  muoonic  acid  with 
.>*odium  amalgam  (Marquardt,  Ber.  1800.  3fir.) ; 
b\  hratinp  ^-iodopropionic  acid  with  silver 
( VVtohcenus.  Annalen,  149,221);  by  the  electrolysis 
of  the  potflf^sinni  salt  of  the  monoethyl  e>t»  r  of 
snccinir  neid.  whereby  the  diethyl  ester  of  adipic 
at  id  w  produced  (Brown  and  Walker,  Annalen, 
261,  117);  by  oxidising  eydo-hexanone  with 
]K.tas?ium  permanganate  in  the  presence  of 
Kodium  carbonate  (Roeenlew,  Ber.  1906,  2204; 
Haanioh  and  Hancu,  Her.  1908,  57f;i 

Adipie  acid  crvutallie>cs  in  monoclimc  laminae, 
iuclt*j  at  149°,  and  sublimes  at  a  still  higher 
tempar^re (Wirz,  Annalen,  104, 2r.7 1.  rvr/o|>en- 
tanone  is  produced  when  the  calcium  salt  is 


glycerol  simultaneously  produced,  and  he  dearij 
stated  his  view  that  from  corpses  of  aaimal* 

all  nitrogenous  nnd  earthy  constituents  cooll 
be  wash^  away,  fatty  acids  only  romaanmg! 
behind.  Ebert  (Ber.  8,  775)  in  the  BBain  e«o- 
firmed  those  results  in  th<>  examination  of  u 
specimen  of  adipoeere.  On  saponifying  witli 
potash,  about  1  p.c.  ammonia  escaped  Mid  an 
msoluble  residue  (about  fi  i>.e.).  consisting  cl 
lime,  &c.,  from  tissues,  remained.  A  mixtoi^ 
of  potassium  Mlt«  was  obtahied,  which  by 
fra<.*tional  precijiitation  \\\\]\  mapnesium  acetatr 
yielded  mainly  palmitic  acid.  The  last  fractioQ, 
not  precipitablc  by  magnesiam  acetate,  Iwt 
by  lead  acetate,  yielded  a  hydroxylat<vI  achi. 
the  formida  of  which  is  given  as  C',.H,tO|- 
This  acid,  termed  by  Ebert  hydroxy  margarir 
a(  id,  melts  at  80*,  and  \^  most  likely  1  :  1<» 
hvdroxvstearic  acid  of  tho  meltink-poiat 
81*.  The  occurrence  of  tide  add  in  thr 
adipoeere  examined  by  Kbert  is  very  likely,  a? 
he  could  not  detect  any  oleic  acid  it  would 
thus  appear  that  in  the  course  of  time  the  olek 
acid  had  been  oxidised  to  1  :  10  h\ drox\  st«^an? 
acid.  More  recently  Schmelck  (Uxem.  Zeit. 
1902,  11)  found  in  the  ezaatiafttlon  of  three 
specimeni  ol  adipoeere  the  following  resolta 

Melting-point    .         .  62-5°C 
Insoluble  iatty  acids  .    83-S4  p-c 

Ash  ^  P-^ 

(containing  83-6  p.o.  GbOj 
rnsaponifiablo  matter     16*7  p.0. 
Acid  value  .    ,    .    .  197 
Neutoalisation  value  of 
the  fatty  acids    .     .  203 

Iodine  value     ...    14      ^  , 
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Ttrugi  (GasB.  diiiii.  itaL  34,  iL  469)  Also 
st4it«s  tli»(  ftdqpooero  consMa  diiafly  of  palmitio 


The  fornfttion  of  adipooen  from  aninwl 

MiatttT  had  w  t  i  li  'l  t;la>v-<  vcssi'ls  tilled 
with  water  by  Krattcr.  Krattcr's  opiiuoa  that 
adipoceio  origiiiat««  froin  the  albamtnoidB  must, 
however,  he  n  jn  t'^'d  as  crroiieou.s.  for  thi-n  m 
be  no  doubt  that  the  free  fatty  acida  are  formed 
by  the  hydrolyda  of  the  body  fat.  All  the 
docQmpf>sitit)u  products  of  the  albuminoids  and 
the  glycerol  would  bo  washed  »way,  and  the 
fatty  aeids  wooU  natOfftlW  form  with  the  Ifane 
<-»f  the  boiu-^.  linu'  Hoap,  wliich  may  or  may  not 
be  further  hydroiysod  by  water,  to  free  aoid  and 
lime,  aooording  to  the  oonditioiu  obtaining  in 
the  decomposition  of  the  bo-ly.  There  can  ho 
little  doubt  that  the  h^drolysinA  action  of  the 
vmter  is  greatly  assisted  by  1»e  pfcaenee  of 
enzymes  wriitli  act  a,s  acceltrators  in  the  hydro- 
Ijtae  action  of  the  water  on  the  body  fat. 

J.L. 

ADONIN  r.  Glucosidib. 

ADONITOL  V.  Carbohydbatks. 
ADREHALINE.    Epinephrine,  SuprartninA 
C,H,(OHVCH(OH)-CH,  XH  (  H,.    It  nifty  be 

ot)tjiit>e<l  h\  extracting  tincly  (livitknl  suprnn'nal 
Klanda  with  trichloracetic  acid,  coucoutratiu^ 
the  extract  under  reduced  pressure  and  pfecipt* 
tatin^  the  adrenaline  by  the  addition  of  ammonii 
(Abei.  Ber.  1903,  1839;  1904.  368).  Takauuu. 
(CSiem.  Sde.  Abstr.  1903.  i.37ft,D.  R.  P.  131496) 
obtatnH  a  eoncentr« ' i •' 1  nqneotis  solution  of  the 
glaudiij,  renders  it  aLkalinc  and  precipitates  the 
adrcnalliie  by  the  ad  Uti  ni  of  an  ammonium 
■ailt  or  by  pasrtinjj  cartoon  dic^xide  through  the 
.«»tlutioii.  Tb«  crude  product  is  rccryatallised 
from  hot  water.  The  constitution  of  adrenaline 
ba.-i  \nH-n  investigated  by  .Touott  (Chem.  Soc. 
Trans.  VMH,  192),  Bertram!  (("ompt.  rend.  I9f>4, 
139,  502),  Abderhalden  and  Bergcll  (Ber.  liH>4, 
2f>22).  and  Botteht  r  (B«  r.  190!»,  263).  Adrenaline 
ha«  be«u  Hy uthetitiicd  from  catcchoL  Catechol 
is  treated  with  chloracety  I  chloride,  and  the 
r**!n)I»in-:'  cMoraretvlcatechol  c<tTi»I<'tncd  with 
n)"-th » lauiiiif,  whereby  monomethyiaminoacctyl 
eatechol  is  produced.  Reduction  of  this  with 
aluminium  in  the  presence  of  nierctjric  sulphate 
Yields  adrenaline  (8tiik,  Ber.  1?H>1,  'M,  4149; 
^arb.  Meister,  Lucius  and  Briining.  D.  R.  PP. 
152814.  155632.  I573W;  (hem.  Zentr.  1904, 
!i.  270,  1487;  imri,  i.  315.  Other  nyntlicrtes,  v. 
Barger  and  Jowett,  Chem.  Soc.  Trann.  1905, 
967;  Farb.  Mt  ister.  Lucius  and  Briining,  D.  R.  P. 
212206,  Chem.  Zentr.  1909,  ii.  486;  Bottcher. 
Ber.  1909.  42,  2S3;  ef.  Faulz.  Ber.  1909,  42, 
4H1>.  An  »qneou>  ■j'»lHtion  rapitllv  oxidi/.e?*.  be- 
ct-nimg  puik  and  lui  illy  brovui  (Takuniine, 
Amer.  J.  Phann.  1901.  iw.  523).  Fusion  with 
potash  f■,^}^\>'T*^:  adrenaline  into  catechol  ; 
potassium  ^^crtuaugaaate  oxidue^i  it  tu  foriuic 
aeid.  oxalk  add.  and  methylamine  (Jowett. 
U.). 

Adreiialiijc  Is  a  very  Jttrou^  ha  /nostaf  ie  agent 
•ad  an  intravenous  injeotion  produces  an 
enormoM!^  rise  in  bloiwl  pTes.«nrr.  'I  hr  following 
reactiotid  serv  e  for  itx->  detection  ;  {i-i^  ieu  drops 
0<  1 : 1000  solution  added  toascdation  contAinmg 
copp»»r  -iulphate  and  ]int j\-"jiu m  cvnnifle  ^ive  a 
characteri.ntic  red  colour  t  Knill,  I'hai  tu.  /eit.  191)7, 
2S,  116) ;  (ii.)  a  <  haracteristic  odour  resembling 
pho«>phoretted  hydxogeo  is  obtained  by  adding 
Vol-  1.— T. 


a  few  drops  of  adrenaline  solntion  to  a  Httto 

si  Hliiini  hydroxide  (('iu:iu  Ln  I  Harrison, Pharm.  J. 
1907,  78,  718) ;  (iii.)  a  tine  red  colour  is  obtained 
by  boiling  a  solution  containing  a  little  potas* 
slum  iodalc  and  a  few  drops  of  phosphorio 
acid  with  a  few  c.o.  of  the  adreaaline  solution. 
Adrenaline  may  be  estimated  oolorimetrioaliy 
by  means  of  iodine  and  sodium  thioaulphate 
(Abelous,  SouUd.  and  Toujan.  BulL  Soc.  chim. 
1905,  23,  624). 

ADSORPTION  r.  ('..LI.01DS. 

ADUROL.  Trade  oamo  for  a  haloid  aub- 
stitution  prodnct  of  hydroqninone,  used  as  a 
photographic  developer. 

AERATED  or  MINERAL  WATERS. 

Originally  the  term  *  mineral  water  '  was  used 
to  describe  natural  spring  waters  (containing 
small  quantities  of  various  salts  in  .solution,  and 
frequently  saturated  with  carbon  dioxide, 
hywigea  sulphide,  or  other  gases.  When  these 
waters  were  first  imitated  by  the  artificial  intro- 
duction of  cArbou  dioxide  into  ddute  salino 
Uqnids,  they  were  known  as  *  aSrated  waters,' 
to  distinguish  them  from  the  natural  products. 
At  the  present  time  the  two  terms  are  employed 
indiscriminately,  and  as  a  rule  the  whole  of  the 
products  of  the  mannfarturer  of  aerated  watsm 
are  popularly  known  as  "  mineral  waters.' 

Natural  Mlntnl  Waton.  In  every  quarter 

of  the  globe  natural  spring  waters  rontaiiiin.' 
salts  with  medicinal  properties  are  common, 
though  fashion  has  made  some  man  eelebrated 
than  others.  Some  of  t  lic^o  waters  (t.g.  Hunyadi 
Janos)  contain  magneHuim  and  sodium  sulphate, 
and  have  an  aperient  action,  wliiUt  others  con- 
taining iron  (e.y.  Tunbridge  Wells  water)  are 
valued  as  tonioe.  Others,  again,  like  the  waters 
of  Harrogate,  oontain  sodium  sulphide  (0-02  p.c), 
and  are  used  as  remedies  in  various  complaints. 

The  most  widely  consumed  natural  mineral 
waters  are  those  which  contain  only  a  small 
proportion  of  salts  and  a  large  amount  of  l  arbon 
ilioxide.  Typical  examples  of  thewo  are  Apol- 
linaris  water.  Belters  water,  and  St.  Oanlnier 
(French). 

The  table  of  analyses  (p.  r>0)  show  the  chief 
constituents  of  typical  natural  mineral  waters. 

Small  (|uantilit\s  of  many  other  romjjounda 
are  also  pri-nuat  m  all  these  watcr.s,  l>ut  the 
figures  given  above  represent  their  main  con- 
stituents. The  compoftition  of  all  natural 
laijieral  waters  varies  from  time  to  time,  but 
they  pr'    r  \ '  their  general  characttTisties. 

Artificial  Mineral  Waters.  Special  mixtures 
of  saltii  approximately  corresponding  in  com- 
position to  those  in  many  of  the  well-known 
medicinal  waters  are  now  sold,  with  directions 
fur  preparing  solutions,  which,  when  aerated, 
shall  produoe  passable  imitatioos  of  the  natural 
jiro<lucts-. 

Among  the  purely  uriiiuial  aiiueral  waters 
mention  roust  be  miido  of  seltzer  water,  which  is 
prepared  somew  hat  upon  the  lines  of  the  natural 
SeltiTii  vvatir,  and  contains  sodium  carbonate, 
chloride,  and  sulphate,  and  sometimes  calcium 
an<l  magnesium  chlorides,  the  pro]iortion  of  the.'ie 
ingredients  being  varied  to  suit  the  pu[>ular  taste 
of  the  di.Htrict.  It  is  btjttled  at  a  pn<Hsure  of 
about  1 20  lbs.,  eorresponding  to  about  46-55  lbs. 
in  the  bottle. 

Other  medicinal  artificial  mineral  waters 
iocittde  soda«water,  potaah-wateri 
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and  magnosia-wator.  Soda* water  was  an  official 
drug  in  the  London  Pharmacopceia  of  1836,  but 
was  not  introduced  into  the  British  Pharma- 
copoeia until  1867.  In  the  present  Pharma* 
copoeia  (1808)  it  is  omitted,  together  with  the 
other  alkaline  waters.  There  is  thus  now  no 
standard  for  soda-water,  and  since  the  old 
standard  of  30  grains  of  sodium  bicarbonate  to 
the  pint  is  sometimes  found  too  alkaline  to  be 
palatable,  a  large  proi^rtion  of  the  soda  water 
upon  the  market  contains  much  le«  than  the 
Old  apeciHed  proportion  of  alkali. 

Mttitods  of  Afrating. — The  process  of  im- 
pregnating water  with  carbon  dioxide  under 
pieastire  aatos  back  to  the  middle  of  the  18th 
century,  one  of  the  earliest  inventors  of  appa- 
ratus for  the  purpose  being  the  Duke  de  Challons 
in   France.    In   this  country   the  artificial 

*  aeration '  of  water  was  suggested  by  Bewley 
in  1767,  and  in  1772  Priestley  constructed  an 
apparatus  somewhat  on  the  principle  of  the 
modem  Kipj^'  gas  generator.  A  similar  ap> 
paratuB  was  devised  about  the  same  time  by 
Bergman,  and  was  eztenaively  used  thzpughout 
Sweden. 

The  earliest  processes  of  bottling  aerated 
waters  made  use  of  what  is  known  as  the 

*  Geneva '  or  mni-etmiinuous  process,  in  which 
the  carbon  dioxide,  after  being  generated  from 
chalk  and  acid,  was  forced  under  pressure  with 
water  into  a  cylinder,  whence  it  could  be  drawn 
of!  into  the  bottles.  This  process,  which  is  still 
employed  in  modilicd  forms,  is  useful  when  a 
relatively  small  arootint  of  liquid  is  to  be  im- 
pregnated, but  has  the  drawbacks  of  requiring 
the  work  to  be  interrupted  to  recharge  the 
cylinder,  and  of  bottling  the  liquid  at  lower 
pressures  than  art'  often  require*!.  Hence  in 
moat  mineral  -  water  factori^  the  continxuma 
proctM  is  employed.  Although  numerouis  patents 
in  connection  with  aiirating  machinery  have 
been  taken  out,  the  tvpo  of  machine  which 
originated  with  Braman  is  still  the  one  in 
general  use. 

In  Bramah's  continuous  proo^  the  gtui  i^ 
generated  In  a  leaden  or  lead-lined  generator 
irum  sulphuric  acid  and  a  carbonat<^,  and  {ms-ses 
into  a  gasometer  consisting  of  an  inverted  copper 
bell  in  a  tank  of  water.  Thence,  after  expanding, 
it  19  iniraped,  .simultaneously  with  water,  into  a 
oolukllMr  or  globe,  where  the  water  ia  finely  j 


divided  and  saturated  wuii  the  pas  under  a 
pressure  indicated  apoD  •  gauge.  From  this  ii 
passes  into  the  bottling  jHirt  of  the  machine, 
where  each  bottle,  placed  by  baud  iu  positkm, 
receives  a  meaMured  quantity  of  concentntad 
sodium  carbonate  solution  or  of  sweetenetl  s^njp 
and  is  filled  up  with  the  water  charged  vviUi 
the  gas. 

A  'blow-off'  valve  is  provided  go  that  the 
air  may  be  completely  exiK-ilcd  from  the  bottle, 
and  in  some  types  of  machines  there  are  iimuw 
for  returning  the  excess  of  gas  to  the  ira-^ometer, 
though  this  is  not  altogether  advunuigrou-^. 

A  rrangement  of  Apparaiu§,'^Thi'  Kt  iu-ral  nuide 
of  arranging  the  aerating  apparatn  in  the  fac- 
tory is  shown  in  the  accompanying  lij<ur<*  (p.  61 ). 
The  generator,  t,  is  now  frequently  replaced 
by  cylinders  of  liquefifsl  carbon  dioxide,  which 
are  connected  with  the  gasometer.  The  soda- 
water  machine,  properly  so  oalled,  has  one  or 
two  pumps  for  forcing  tho  gas  htuI  rh'>  watrr 
into  the  condenser,  o,  the  latter  Ixung  fuaic  oi 
gun-metal  with  a  lining  of  pure  tin,  and  capable 
of  withstanding  a  pressure  three  or  four  times 
in  excess  of  any  normally  employed.  In  aruail 
installations  a  gas-enginB  nauallj  takea  the  plaoe 
of  a  steam-engine. 

Carbon  Lhoxidc  Swpply. — The  general  use  of 
liquefied  carbon  dioxide  instead  of  that  generated 
from  acid  and  calcium  earboiiato  is  the  chief  im- 
provement on  the  original  method  of  bottling. 
The  new  method  ia  less  exp«"nsive,  more  con- 
venient, and  obviates  the  didicuUv  attending 
tho  older  process  of  disposing  of  the  residue 
of  calcium  sulphate  from  the  generator. 

Liquefied  carbon  dioxide  collectt'd  from  the 
fermenting  tuns  in  breweries  ia  sometimw  em- 
ployed, but  in  the  writer's  experience  gas  £ron 
this  source  not  infrequently  contains  traces  of 
volatile  impurities,  which  imimrl  an  unpleasant 
Havour  to  soda-water. 

Pressures  for  AercUing.  .Soda-water  and 
simUar  unsweetened  mineral  waters  are  usually 
liottled  at  a  pressure  of  100-120  llw.  to  the 
square  inch  in  bottles,  and  of  ]  i  Ib^.  in  siphons, 
whilst  for  lemonade  and  tiie  lii^e  a  preasure  of 
60-80  lbs.  is  employed.  In  the  eaae  of  gooda 
intended  for  export  a  much  lower  pTe-»TOre 
(usually  40-50  lbs.)  is  generally  considered  suffi- 
cient. The  figures  hflra  given  are  those  indicated 
upon  Uu»  pMuM  9«g6  of  ^mffi^^^ 
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Plav  of  a  Soda-water  Makufactoby. 


A.  Main  water  •nvply  txom  well  or  watenrarln. 

B.  Water  reicnre. 

C.  Filter. 

D<  Pipe  and  branche*  tapplying  Altered  water  to  Hyrup 
boiler,  solution  tank,  and  MxUrwmter  nwchliM. 


E.  Steam-cased  pan  for  boUing  i 
FFF.  MUng  and  oooUag  pan*  fair  tfraM. 
OOG.  Ml  flil«ciiicl«ti(  Uaaa^i  mMi  ijmp  is 


IhBk  In  eonpvtaMBts  for  ttorins  filtered 
■jrapi. 

m.  Syrup  JnnothmMid  pipes  supplying  syrup  pump* 

at  bottling  marhhw. 
UJ.  BoltUag  nMhfaiM 

K*  Sotation  pan  feeding  soda>irater  machine  with 
plain  water  from  Alter  C,  or  toda  or  other 
itankL. 


L.  8oda-wat(  r  noIuUnn  tank  for  mixing  mineral  waters 

which  re'luire  no  syrup*  Wbm  luing  thU  tank 

the  tap  M  id  closed. 
M.  Taptoihut  off  pUrin  iMmd  water  wImb  bottHiig 

nnn  ifnihirinr  beverages. 
Soda- WBter  machine, 
u .  Condenser  eoiitalnlng  aeratad  water,  to  whleh  pipet 

leading  to  Iwttllng  nuiditnM  an  attadied. 
P.  Whiting  bin. 

i Whiting  shoot  to  goMmtor. 
Vitriol  dttenu 
8.0Mometer. 
X.  GeMrator. 

V.  BIow*back  pteventlon  add  bor. 

V.  steam  cnghic. 

X.  Steam  pipe  to  syrup  boUer  and  bottle-washing 


<»t  tual  preaaure  in  the  closed  bottk;  beinj,'  very 
much  lew.  Thus  experiments  made  hy^  the 
writer  hftTo  shown  toftt  fho  piBwiuo  within 
hottlfs  of  .-'hIji  \vat<?r  lx)ttle<l  at  a  niachim* 
preesure  ol  100-120  lbs.  does  not  exceed  46-66 
MM.  An  eioegf  of  prettoie  above  »  certain 
limit  does  not  iMoIt  in  tiie  liquid  eoriteining 
more  gaa. 

An  eewntiil  of  sood  bottling  is  that  all  air 

-hould  be  expelltxl  mim  the  bottle,  siiu c  other- 
wise, air  being  onh'  aliffhtly  soluble  as  compared 
with  carbon  dionde,  the  liqtdd  will  mih  with 
almost  explri-ive  violence  from  the  bottle,  when 
opeaedy  but  will  become  liat  almost  immediately. 
On  the  other  hand,  a  liquid  proix  rly  aatorated 
'.Mth  carlx)n  dioxide  and  free  from  air  will 
continue  to  emit  minute  babbles  of  gas  for  at 
l«eiat  five  minutes  after  it  leaves  the  bottle. 

Prennire  OoiuftM.-  The  mode  of  iin  asuring 
the  pressure  of  the  gas  varies  iu  different 
oountrice.  Thus  In  England  and  Ae  United 
Stat^  the  zero  mark  on  the  dial  of  the  iirt'ssure 
gaoH^  indicated  atmospheric  pressure,  and  the 
raeeeeding  figures  represent  the  number  of  lbs. 

i  ^TCfif  of  that  pressun".  In  Germany  the  dial 
IS  grsduated  in  atmospheric  preasures  in  excc^is 
of  tlw  nonnal  pressure,  whioh  is  represented  by 
lero  ;  whereas  in  Frunc*-,  adopts  the  same 

nKxLe  of  expression^  the  figure  1  represents  the 
normal  preesure,  and  the  figure  2  cotrciponds 
:■>  I  on  the  German  scale  and  to  15  lbs.  OH  the 
British  and  American  scales,  and  so  on. 

8wedeiteiA9faled  Drintt. — ^Lemonade,  ginger 
ni''.  And  similar  .swfH^t^'ned  *  mineral  waters  '  are 
prepared  in  the  same  way  as  soda  water.  A 


thick  sjTup  is  made  from  sugar  aiid  Haccharin 
and  water,  and  this  is  acidified  with  citric  or 
tartaric  acid  and  Havonred  with  an  es^ntial 
oil,  which  is  conveniently  added  in  the  form  of 
an  alcoholic  solution  termed  a  'soluble  essence.' 

The  syrups  sre  filteied  through  the  filter  bags 
shown  at  r.  r,  c,  in  the  diagram,  into  their 
respective  tanks,  u,  u,  u,  whence  they  are 
drawn  off  into  the  bottling  machine.   The  use 

of  saccharin  to  replace  jjart  of  tlie  SQgar  in  the 
syrups  is  almost  universal  in  this  country.  It 
lias  th»  advantages  of  reducing  the  cost  and  of 

acting  as  a  preservative,  whilst  its  disadvantages 
are  its  cloying  taste,  which  }  re  vents  its  being 
used  in  more  tban  a  certain  proportion,  and  the 
want  of  fulness  on  the  palate  of  syrups  containini' 
it.  The  latter  drawback  is  sometimes  remedied 
by  the  addition  of  g^oose  syrup. 

Methods  of  detecting  and  identifying  sac- 
charin are  described  by  Boucher  and  Boungne, 
Bon.  See.  Chfm.  Belg.  1903,  17.  126 ;  Analvst, 
1903,  28.  241  ;  von  Maler.  Farmaz.  J.  lOfH, 
1089;  Analyst,  1904,  29,  374;  Villiera,  Ann. 
Ohim.  Anal.  1904,  9.  418 ;  Analyst,  1900,  90, 
21  ;  Chace.  .7.  Amer.  Chem.  Soc.  1904,  26»  1687 ; 
Jorgensen,  Analyst,  1909,  34,  156. 

AaUiim  of  Bapenin. — ^Tho  )X)pular  demand 
for  a  liquid  which  shall  rt>tain  a  frotliy  head  fur 
some  time  after  it  has  left  ihf  liottl**  luis  led 
to  tibe  mannfaetnren  frcquri.Uy  adding  an 
extract  of  quillaia  bark  or  other  j>reparalion  of 
saponin,  sold  under  the  name  of  '  foam  heading,' 
ftc.  Such  an  addition  is  more  necessary  m 
liquids  containinir  safrhnrin  tlian  in  all-sucar 
beverages,  which  froth  more  with  ^b^5  '^^'^q^ 
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dioxide.  According  to  tlio  remilta  of  exucri*  was  held»  and  it  was  decideil  to  adopt  strio^nt 
ments  made  by  Lotunann  (Z.  offentL  Chem.  |  measnres  to  guaid  agauiat  bacterial  eontanuiia- 
1903,  9,  320;  Analyst,  1903,  28,  361),  aaponin  I  tion. 

no  injurious  uhyi»tological  efiecta.  On  the  .  In  addition  to  the  obvious  precautions  of 
other  hand,  according  to  Bonreet  and  Chevalier  |  having  a  pure  water  supply  and  obeerving  clean* 
^Pharm.  J.  75,  691)  cotiinifiviul  .naponin    liness  in  i-vrry  stai^M-  ot  the  manufacture,  it  was 

contains  neutral  saponins  of  a  toxic  nature.  agreed  tu  discard  all  wooden  tanks  and  yeaaeis 

For  the  deteetion  of  imponin,  sec  Brunner  (except  for  preliminary  soaking  to  nmove  tabeb 
(Zeit.  Untersuch.  Xahr.  (n  nussm.  1902,  6,  1197)  from  uld  bottles),  to  rinse  the  bottles  nith 
and  Riihle,  ibid.  IdOfi^  16,  165  (J.  ChJEsni.  boc.  water  of  assured  purity  immediately  before 
Ifid,  1908,  27,  954).  filling,  and  to  xue  for  this  purpose  •  metal  jet 

Fermented  Bevcrarjcu. — The  protlucts  of  the  of  sufficient  force  ^^  ll  ^^ver  practicable,  rubbiT 
mineral  water  factory  include  one  at  two  rin^s  were  to  be  removed  from  the  stoppers,  or, 
beverages  in  which  the  aeration  is  the  result  of  |  failmg  that,  were  to  be  immened  in  »  eohrtioQ 
a  limited  fermentation.  of  cal<  iurii  bis-xilphit*  ,  rtnl  afterwards  ringed  \^  ith 

(jiinger  beer,  which  is  the  type  of  this  class,  pure  water.  The  plant  was  also  to  be  inspected 
is  prepared  by  adding  sugar  and  oitrio  add  to   by  a  competent  authority. 

a  dilute  infusion  of  ginger  root,  infecting  the  'I'lu  re  is  no  doubt  that  the  adoption  of  such 
liquid  with  a  siuall  quantity  of  a  suitable  yeast,  precautions  has  had  the  result  of  raising  the 
bottling  it,  and  allowing  the  bottlea  to  itend  standard  of  purity  of  soda> water  thron^ont  the 


country. 

In  considering  the  bacteriological  aspect  of 


at  a  proper  temperature  until  aofBcient  fer- 
mentation has  taken  place.  _  _  _ 
As  a  rule  the  fermented  liquid  oontaina  leas  I  the  question,  seyeral  points  suggest  themoel 

than  1  p.c.  of  absolute  alc(»hol,  but  occa-  Thus  an  unfavourable  bacterioscopic  exaraina- 
Hionally  in  very  hot  weather  the  fermentation  \  tion  of  one  or  two  samples  taken  casually  do«a 
may  proceed  much  further,  and  the  ginger  beer  not  necessarily  imply  faiUty  manufaotore,  for 
may  then  contain  oh  much  as  5  or  6  p.c  of  it  may  be  the  result  of  accidental  contamination 
aicohoL.  The  pressure  in  the  bottle  of  ginger  of  the  stopper  by  the  hands  of  the  worker — 
beer  when  ready  for  oonsumption  avenges  about  against  which  there  is  no  complete  safegoMd. 
16  lbs.  to  the  square  iiu  h.  but  in  cases  of  Absolute  sterility  of  the  contents  of  the 
abnormal  fermentation  it  may  reach  100  lbs.  or  bottle  should  not  be  demanded,  and  it  is  un- 
more,  and  burnt  the  bottle.  reasonable  to  require  a  greater  degree  of  purity 

Occasionally  objectionable  flavours  are  pro-  than  that  of  tlie  average  water  supply  of  Londun. 
duee<l  by  infection  of  the  liquid  with  wild  yeasts  i  Given  a  sufficient  d(^;rec  of  purity  oi  the  original 
or  bacteria,  just  as  in  the  case  of  ordinary  beer.  '  water,  whieh  is  essential,  efficient  inspection 

Other  drinks  of  this  dcscrij)t  ion  are  bore-  of  the  factory  at  irregular  intervals  is  a  iK-ttor 
hound  beer  and  other  herb  beers.  Certain  non-  ,  protection  than  an  occasional  bacterioacopk: 
alcoholic  ales  on  the  market  are  prepared  by  '  examination.  When  such  examinations  mn 
partial  fermentation  of  an  infusion  of  malt  made  jx-riodically,  tlii-y  should  be  made  under 
and  hope,  which  is  then  used  as  a  syrup,  and  i  comparable  conditions,  i.e.  at  the  same  intervals 
bottled  with  aSrated  water  as  in  the  case  of  '  after  bottling ;  otherwise  the  product  of  the 
lemonade.  cleaner  ])roccss  may  show  the  worse  n-sult-. 

Stopptr*  oj  BoUkd. — The  screw  stopixT  of  .  Standards  are  notoriously  difficult  to  £b^, 
vulcanite  or  stoneware  with  a  rubber  ring  to  I  but  making  allowance  for  the  various  chancae 
effect  a  tight  joint  is  now  universally  employed  ;  of  contanjination.  an  average  sarnjile  <tf  sikIa 
for  the  glass  ball-stopper  (which  had  much  to  water,  examined  one  day  after  bottling,  should 
recommend  it)  has  fallen  into  popular  disfavour, '  not  yield  more  than  100  oigftnisins  per  1  co.  »t 
and  i.s  now  rarely  met -with,  except  in  out-of-the-  20°,  or  contain  sufficient  colt  to  bo  din- 
way  districts.  coverablo  in  10  co. 

The  chief  objection  to  the  rubber-clad  stopper  ,  Presermtivet  in  Minerai  WtUen. — Thm  pro- 
is  that  impurities  of  various  kinds  may  lodge  servativcs  most  likely  to  l>c  met  with  in  un- 
beneath  the  rubber,  and  unless  strict  clean-  i  sweetened  mineral  waters  are  sulphites  and 
liness  is  observed,  may  contaminate  the  oon-  I  bisulphites,  sohitjons  of  whieh  are  frequently 
tents  of  the  next  bottle  into  which  it  is  ased.  as  in  breweries,  for  cleansing  the  plant. 
introdu(^d.  i      A  small  proportion  of  salicylic  acid  is  often 

Beu:Uriohgical  CondUiona, — Untfl  about  two  i  employed  to  prevent  fomentation  in  the  so- 
or  three  yeors  ago  it  was  commonly  believed  called  'fruit  s\rui)s'  and  other  sweetonod 
that  sterilisation  was  efiected  by  aerating  a  |  article!^,  which  might  otherwise  ferment  and  be 
liquid  nith  carbon  dioxide  wider  a  nigh  pressure,  the  subjec  t  of  an  excise  prosecution  for  eoii> 
In  1908.  however,  bacterioscojiic  exiiniinations    taining  alcrthol. 

were  made,  at  the  instigation  of  the  medical  ^  FermentcUioni  occurring  in  Mineral  Water*. — 
officer  for  the  City  of  London,  of  a  large  number  Rxoessive  fermentation  of  ginger  beer  is  not 
of  bottles  of  soda-water,  and  it  was  found  that  uncommon  in  very  hot  weather,  and  the  wTitcr 
about  25  p.c.  could  be  rc^rded  as  pure,  and  has  met  with  samples  containing  as  much  as 
over  33  p.c.  as  im])un',  the  remainder  being   6  p.c.  of  absolute  alcohol. 

*  fairlv  pure'  or  'not  pur«\'  In  some  of  the  Occasionally  acetic  or  lactic  fermentation 
wornt  samples  the  numbers  of  micro-organisms  may  take  place,  and  spoU  a  batch  of  goods,  but 
per  1  e.c.  at  20"  were  uncountable,  and  some  this  seldom  hup|)en8  when  thorough  oleai^ima 

yielded  sediment  from   oO  e.e..   whieh  when    is  observed. 

cultivated  at  37%  gave  innumerable  colonies.  A  troublesome  form  of  fermentation,  oommooiy 

As  the  result  of  this  investigation  a  meeting  termed  the  <  mnooid  fermentation,*  reaolts  in 
of  representative  mineral  water  manufacturcn  the  conversion  of  the  oontentCM^tlJiidb9llQf)fe|g£e 
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a  thick  ropy  gelatinous  m&ss.  Jhin  may  be  i^uauUty  of  an  Cjuential  uU,  and  the  reniUuo 
caused  by  several  micro- orgMxinna,  such  as  oontaiiu  »  resin,  a  crystaliiiti*  liydiooarbon 
B.  'jthjiino-'um  hcttr  or  B.  viscosus  sacchari,  and  peniain'aconlnne  (.',,H,,  (ni.p.  74**)  and  a  crvxtal- 
«  more  liable  to  occur  when  beet  sugar  is  used  line  alcohol  (m.p.  140**-14l**  :  [alD=  —  35-7") 
for  the  qmp  than  when  cane  sugar  ia  uhocL  i  eitiier  iaomerio  with  phytosterol  C^H^fO, 
Whon  it  occurs  in  an  i.-iulatod  bottle,  insufficient  '  or  a  lower  homologue  ;  d-mnnuilol,  tojirthcr 
cieauung  ia  a  chief  factor  in  its  productioo.  with  a  small  quantity  of  a  voiaiik.  alkaiotd 

MmUic  ImpmHiet. — ^HinetRl  watoie  not  in-  resembling  oonine,  to  which  the  elkgedptHKmous 
fn  qtiently  contain  traces  of  metallic  impurities,    character  of  the  herb  may  bo  duo  (Power  end 
et>|wcial]y  iron,  tin,  and  lead,  derived  from  the  ,  Tutin,  J.  Soc.  Chcm.  Ind.  1905,  938). 
naterials  used  or  firom  some  pert  of  the  plant.    |      AFflNITTy    CHBMIOilli     «.  CiiryT"*^- 

Jrnn  in  9oda-wnt«r  is  objectionable  from  tho  affinity. 

fact  that,  when  tho  beverage  ia  added  to  a       AFRICAN  ELEMI  v.  Olko-bssiits.   

li$;ht^;Qloaied  UqoMl,  sooh  «a  whiskey,  con-       AfRIOAN  QRmi  or  BURALD  OBBBH  v. 
t  iinin^'  a  trace  of  tannin,  an  onpleeaeiit  dark  Fioments. 

culouration  ia  produced.  AFRICAN  INCENSE  v.  Ol£0-bbsu<S. 

l^moes  of  tin  find  th^  way  mto  mineral  i      AOAUTB.  A  name  need  in  the  paper-making  . 

waters  through  the  action  of  acid  syru]:)s  upon  trade  for  a  fibrous  variety  of  the  mineral  talc, 
tin  piping  leading  to  tho  bottline  machine^,  a  hydrated  magnesium  silicate,  U,Mg,8i40||. 
whilit  MM  may  be  derived  from  solder  on  the  It  is  white  with  a  tinge  of  green,  and  is  readuy 
pipe*.  No  Bxxcn.  soldering  shotdd  bo  permitteti,  nvluced  to  short,  fine  fibres.  It  ia  obtained 
aod  thorough  flushing  of  tin  piping  with  water  almost  exclusively  from  the  district  near 
oil^t  and  morning  effectaaUv  preventf  ■  oon-  !  Gonvemenr,  In  St.  Lawrence  Go.,  New  Torlc, 
tamination  with  tin.  A  .still  better  safej^anl,  about  70,(H)()  tons,  valued  at  $10  ]ht  ton, 
which  has  been  adopted  by  some  factories,  is  ,  being  produced  annually.  With  the  exception 
to  rsplaoe  the  tin  pipe  by  glass  tabes  wHh  j  of  a  small  quantity  exported  to  Germany,  it  is 
mbber  connections.  all  used  in  the  Amerii  an  yiajM  r  trade.    It  gives 

A  still  more  common  source  of  lead  is  tho   weight  and  body,  and  producea  a  Unu  gloss  on 
Mtrie     tartario  aeid,  in  which  it  ii  frequently  the  surface  of  the  paper.  L.  J.  8. 

present  as  a  manufarturinfr  impurity.  AGALMATOLITE,  or  Pa<Toditc.    A  soft  stone 

Copper  is  not  a  common  impurity,  and,  when  much  used  in  the  East,  especially  in  China,  fur 
pnsnti  is  usually  due  to  aoeidental  eontaot  of  carving  small  statues  and  figures,  as  signified 
the  acid  s\Tup  with  tho  metal.  by  these  names.    At  least  three  mineral  species 

Anenic  may  be  derived  from  glucose  used  appear  to  be  included  under  these  terms,  viz. 
in  the  preparation  of  the  sjrnips,  or  from  the  I  pyrophyllite,  steatite,  and  pmite ;  but  it  is  to 
iwe  of  preparations  of  phosphoric  acid  in.stcad  the  compact  forms  f)f  the  first  of  the><e  that  they 
of  citric  or  tartario  acid  for  acidifying  the  arc  perhaps  more  generally  applied.  In  addition 
ajmps.  to  their  compact  nature  and  low  degree  of 

It  has  Ikhmi  as-;'  rt<  d  that  mineral  waters  hanliics.-,  they  have  in  common  a  greasy  or 
take  up  traces  of  antimony  from  the  rubber  soapy  feel :  in  colour  they  are  white,  grevii^h, 
rii^  M  the  stopi^er  (whioh  eontain  a  large  greenish,  yellouidi,  fte.,  often  with  mottling, 
proportion  of  antimony  sulphiih  ).  Kxpi  riments  1*\  rophyllite  is  a  hydrated  aluminium  silicate, 
made  by  the  writer,  however,  have  shown  that  li.Al,Si«0,t ;  steatite,  a  hydrat^xi  magnesium 
even  a  biriling  S  p.c  solution  of  hydrochloric  '  silicate,  H,Mg,Si40,,;  and  jMniteiaan alteration- 
add  floes  not  flissolve  any  antimony  from  nnl  product  consist int;  largely  of  a  finely  .scaly 
rubber,  and  that  there  ia  thus  no  risk  of  mineral  muscovitc-mica,  a  hyilrated  ^Hjtatttiium  alu- 
vatflis  Mng  contaminated  hi  this  way.  ■  minium  silnate,  HtKAl,Si,0^,.    Beeidea  being 

(For  the  detection  of  traces  of  metallic  im-  employe<l  a.^  material  for  carvrng,  these  minerals 
purities  in  mineral  waters,  see  Buddeu  and  are  used  for  slate-pencils  (' pencil-utonc  ' )  and 
Hardy  (Deteo^on  of  Lead,  Tht,  Copper,  and  for  tailor's  ohalk  (*Freneh  chalk ')• 
From,  Analyst,  1894,  19,  169  ;  Tatlock  and  Extensive  beds  of  compact  pyrophyllite  arc 
Hioouon  (Lead  in  Citric  and  Tartario  Acid),  quarried  in  tho  Deep  Kiver  region  in  North 
Analyst,  1908,  S3,  178 ;  Lander  and  Whiter  I  Garolfaia,  the  material  being  mahdy  used  for 
(F'oL^nnous  Metals).  Analyst,  1908,  33,  450 ;  makinjj  Blate-pencib.  At  Fukuyc,  in  (loto 
i^iNHt  of  Conjoint  Committee  on  Arsenic  Deter-  ,  Island,  in  the  south  of  Japan,  a  cotnpact  mineral 
Binatfan,  Analvst,  190t,  S7,  48;  Report  of  allied  to  pyrophyllite  is  mined  under  the  name  of 
Royal  Commis.smn  (.Vrsenic),  Analyst.  IWl,  29.    *  roseki'  (meaning  *  greasy  stone  '  in  Japanese); 

Thorpe  (Electrolytic  Determination  of  .  it  ia  crushed,  washed,  and  prepared  very  much 
AmbIb]^  Analyst,  1908,  88,  849).     C.  A.  M.    '  like  china-clay,  and  tho  product  used  for  making 

mUGO.  (Verditrris  (?)  or  basic  carbonate  fire-liricks.  and  to  a  smaller  extent  in  the  mann- 
cf  eopper.)  The  name  siven  by  the  Romans  to  facturu  of  porcelain  and  paper.  Thi^i  material 
the  green  rust  produeed  on  copper  and  broose  contains  8iO,  63-68,  A1,0,  32-86,  H.O  7-9  p.c. 

the  united  action  of  the  oxygen  and  carbon 
dioxide  of  tho  air.   It  was  considered  by  them       AGAR-AGAR.    Bengal  lsin^la.ss.  Dried  scu- 
te eohanoe  the  beauty  of  their  bronze  statues.  •  weed  obtained  from  8inga}H>n\    It  is  olttained 
The  same  rust  forms  on  brass,  irilioh  was,    from   varioiis    n'd    al'j:e,   iticlndinir  (iiHdium 
however,  not  used  by  tho  Homaus.  coni^uin,  U.  cartiUtgtntuin,  t'uc/u  uma  spinasuiii, 

iBCUUll  V.  GlVOOSIDIS.  and  OraeUaria  UehenmdeM,  which  ^ow  along  the 

AETHUSA  CYNAPIUM  (Linn.).  '  Fool's  coa.sts  of  Ka.trm  A^.i  and  Malaya.  'Hi--  eell- 
PMsley '  or  the  *  Inannir  hemlock,'  a  poisonous  walls  of  the»e  seaweints,  when  placed  ui  boiling 
umbeOifnoaB  herik.  When  dried  and  extracted  water,  change  into  jelly. 

vith  akehd,  yialdt  on  distaUatkm  a  small       It  occurs  m  small  transparent  0tpe!y>By<^OOg[6 
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a  povvdtr,  ami  dissolves  aluiust  entirely  in  water 
to  a  gelatinou-s,  taitteleM,  and  inodorous  jelly. 
It  is  widely  used  as  a  ?mtritive  medium  for 
the  cultivation  i>f  bacU-na  and  fungi  {v.  Alu.c). 

AGAROBILLA.  The  8oed-po<U  of  6'a!*<i^/>imi  I 
hnvifolia  (Baill.),  uaih]  in  dyt"iii|i  and  fiitming. 

AGATE.  (Achai,  Ger.)  A  uutuxal  aggregate 
of  various  forms  of  crystalline,  crypto-crystal-  i 
line,  and  colloidal  silica.  In  most  nfiit'--  tticsp 
siliccoui)  mineralij  are  arranged  in  alurnutni^ 
Jft^yeiSp  whioh  present  on  section  a  banded  ap- 
pearance, whence  the  agate  ia  valurMl,  when 
cut  and  polished,  as  an  ornamental  «tone. 
This  zoned  s^cture  is  usually  the  result  of 
the  deposition  of  silica  in  successive  layers 
within  the  cavities  of  a  vesicular  rock.  In 
some  ca«es,  however,  the  defwsition  has  been  ' 
effected  in  fisstiro.H.  thu'*  forming  siliceous  veins, 
as  in  the  IjrocciaU-'d  agates  of  Saxony  and 
Bohemia.  In  other  cases  the  agates  mmy  cmxmt 
in  the  cavitits  of  stratified  rocks,  or  occupy  the 
spaces  botuceu  the  jK;bbles  of  a  oouglomeratc  : 
such  are  the  agat«s  of  the  dolomitic  conglomerate* 
and  the  '  potato  stones '  of  the  TxiMeio  marls  of 
Somersetahirc. 

The  srtifioial  depotiition  of  8ilios»  in  forms 
closely  resemt  lin;;  those  of  (■<  rtain  agates,  has 
h»»f  n  i  llected  by  i'Amuu  and  i'ankhurst  (Min. 
Mrtu'.  V.  1882,  p.  34).    A  strong  acid  is  intro-  ' 
dueeii  by  means  of  n  ]  ipett*  into  a  solution  of  an 
alkaline  silicate,  euntainins  a  certain  proportion 
of  alkslinc  carbonate;  the  bubbles  of  osrbon  I 
dioxide  set  free  lieconie  coated  ai*  they  anecnd 
with  gelatinous  silica,  which  forms  a  tube  ;  and 
by  contiiuicd  deposition  a  stalsctifonn  agate  is 
prwluced.    If  a  cavity  in  a  rock  Mere  filled  with  ' 
a  solution  of  an  alkaline  silicate,  and  the  rock 

fE^rnieated  by  an  acid,  a  layer  of  amorphous 
ydrated  fihea  would  ^e  dr'];n-i1rd  upon  the 
walls  of  the  cavity,  anil  through  thit>  geiatmous 
l»yer  further  deposition  might  gradually  proceed. 

The  rocks  in  which  agates  typicallv  occur  are 
the  ba^ic  igneous  rocks  known  h»  basalt,  dolerilv, 
diabase,  and  nielaphjrre.  These  '  traps  *  «re  I 
essentially  plagioclase-autrite  rocks.  In  many 
oases  they  pretent  a  vesicular  texture,  and  the 
vesicles  may  enelo.^e  xarious  secondary  minenJs  j 
resulting  from  the  decomposition  of  the  con- 
stituents of  the  rock.  Among  the  commonest  of 
these  alt4>ratioa*producta  is  the  green  earthy 
mineral  known  as  d-Ii  ffifr,  a  hydratcd  Bilirnte 
of  aluminium,  iron,  and  niagncMuni,  probably 
a  product  of  the  decomposition  of  the  augite. 
Many  vesicles  arc  simply  lined  with  this  green 
substance,  but  in  othrr  cbmch  the  dclcssite  be- 
comes covned  by  subsequent  nineml  deposits 
until  the  cavities  «r»»  more  fir  less  enniplct«  iy 
filled.  The  rock  thus  Ihcuuhs  '  aniygdaloidal,' 
a  term  suggested  by  the  fact  that  the  kernels  of 
mineral  are  usually  of  almond-like  shape.  This 
i^hape  is  due  to  the  cavities,  which  were  origin- 
ally gas-  or  steani-bubble«,  having  been  elon- 
gated by  the  How  of  the  lavn-like  mck  when 
viscous.  In  many  eases  the  "  aniygdules.'  or 
contents  of  the  cavities,  are  kernels  of  calcite, 
but  in  other  easeg  they  are  Hiliet>oii««.  If  hollow 
they  form  ijt(td««  ;  and  when  nearly  tilled  ujth 
alternate  layer-*  of  ehaleedony,  jasjier,  quartz, 
and  other  forms  of  ailicA,  they  constitute  true 
agates. 

The  embedded  agates  are  easily  detached 
from  the  enclosing  rock,  and  when  removed 


usually  preaenl  a  pitted  surface.  On  the  extxrior 
is  a  green  coating  or  '  skin*  of  delesiite,  or  of 

the  similar  mineral  chlnrophfrifr  :  many  of  the 
larger  agates,  however.  prcs*ent  a  ru.'.ty  coatmg 
of  ferric  hydrate.  The  iarlie«t-formod  siliceous 
dejiosils  are  usually  chalcedonic.  and  the  latent 
are  often  crystalline  :  thuii  in  a  hollow  a^^ate  the 
interior  is  generally  lined  with  a  crop  of  quarts 
ervstals.  not  unfrequently  nmethy»^tine,  the 
apices  of  the  i\\T«midal  crystals  bcuig  directed 
towards  the  c<  nt  ral  cav  ity.  Thi«  structttBD  shows 
that  the  agat*-  has  be<'n  formed  hy  successive 
ileposition  horn  vuthuut  inwartk  :  iii  other  words, 
the  growth  has  been  endogenous.'  It  ia  not«hie 
that  in  certain  apate^  the  first  formed  layers  have 
been  concentric  with  the  walU  of  the  original 
cavity,  and  the  subsequent  strata  horizontal. 

Tubular  orifice-:,  lined  with  siliceous  deposits, 
may  be  detected  in  n  my  agates,  and  these  have 
been  commonly  rr^arded  as  inlets  ol  infiltration, 
or  ehatniels  through  which  the  siliceous  solution 
gained  accetvs  lo  the  interior.  It  has,  however, 
been  held  by  many  observers  that  the  scrfutioo, 
so  far  from  having  I  een  introduced  through  a 
definite  aperture,  grachially  lilteretl  m  at  all 
nointa  ;  and  the  internal  walla  thus  became  tmi- 
lorndy  coated  with  a  jielatinous  layer,  which 
allowed  the  further  intrtxiuction  of  silica  by- 
osmotic  action.     Hcddle  pointed  out  that  if. 

n  difTen-nce  in  the  density  of  the  .siliceoai 
fiuiutioiw^  within  and  without  the  cavity,  pressure 
were  exerted  outnards  again.st  ih»  gelatinous 
medium,  this  dcpo.>^it  might  give  way,  and  the 
tu-ealled  inlet  would  thus  be  reoJly  a  point  of 
cgrcfw  (Nature,  1884,  p.  419).  £.*Reasoh  has 
sxius^csted  that  the  agate-lirarinc  cavities  w^rc 
tilled  }>eriudicaUy  with  hot  siliceous  solutions 
b}  tlie  action  of  intermittent  thsffinal  sprmgR 
(Pogg.  Ann.  18R4,  p.  04).  O.  l^nge,  extending 
this  view,  supposes  that  the  hU^am  from  the 
solution  confineid  in  the  cavity  might  exert  snffi* 
eient  yirrs-nr<>  outward.*!  to  pierce  the  f^elatinoni: 
depoisit,  unci  thu«  an  outlet  of  escape  might  be 
I  mistaken  for  an  inlet  of  intiltration. 

Agates,  whf^'n  relea.se<l  from  their  matrix  bv 
its  natural  disintegration,  occur  as  loose  nodule?, 
!  either  in  the  l>eds  of  rivers  or  scatterr^l  over  the 
country  in  pebble-drifts.    Tlie  '  Scotch  pebbles  ' 
are  found  chiefly  near  Montrose  in  Forfarshire, 
and  at  the  Hill  of  Kinnoul  in  Perth.«hipe.  The 
agates  of  the  Che\  iots  are  found  in  the  Coquet 
and  other  Northumbrian  rivers,    lu  India  agates 
;  have  for  ages  been  worked  by  the  lapidaries  of 
Cnmhny.  Broach,  and  Ratanpur,  who  obtain 
their  supply  from  the  traps  ui  the  Deccan  and 
,  of  the  lliijmahil  Hills,  or  from  the  agate-hearing 
pravels  of  Rajpipls,  which  are  systemutic.dlv 
mined  (Man.  Ocol.  India,  pt.   ill.  fV.  Bail], 
1881,  p.  fi08;  ptw  IV.  [F.  R.  Mallet],  1887, 
I  p.  70). 

The  lar^^e.-i  and  tincst  agat*'**  are  the  so- 
called  Brazilian  stones,  which  come  chieflv  from 
the  State  of  Kio  rirandc  do  SnI  im  Brazil,  and 
from  the  noighbourmg  country  ot  Uruguay. 
Here  they  are  mostly  found  as  ]«  bliles  in  the 
bed^  (;f  rivers,  es]K>rially  the  K.  Taquarie. 
having  been  derived  from  amygdaloidal  urap 
rocks.  Some  interesting  agat^^s  have  be«n 
olt  lined  from  Uruguay,  consist  in^f  of  a  rind 
of  chalcedony,  lined  with  ((uarts  crystals, 
and  containing  liquid,  movable  within.  These 
have  been  called  i^-^toiif^^fggff^s^^fjgic 
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(nhydros.  According  to  C.  W.  Gumbel,  the  darios.  These  stones  arc  also  cut.  to  a  limited 
liquid  is  water  with  a  Hmall  quantity  of  Nad, .  «Jileiitp  wX  Wftldkiroh  in  the  BUck  Forest. 


t'aa,.Ca80,  S,< )  ,(  ( ) &r.  (Sit?..  B.  z.  MOnchen, 
1880,ILp.  241 ;  1881,  ilL  p.  321).  Ch&lcedonic 
wtterstones,  of  pdtyhaidiml  fegm,  oeour  at  Booch* 
worth,  Victoria. 

MoM-ogate  conaista  of  chalcedony  enclosing 
twirtad  flluiMiilt,  usually  green  but  ■ometiaiM 
red  or  brown,  re^ttnibling  vegetable  structures. 
Mocha-ttoHts  are  dimply  white  or  broi^'n  chalce- 
dony, gMMMUy  from  India,  with  dendritic  or 


For  mnny  vfars  the  German  agate-workers, 
fullowiug  the  earlier  practice  of  the  Italian 
cameo-cutters,  have  modiheii  the  colour  of  most 
of  the  stont'.M  by  staining  them.  The  commonrst 
practice  la  that  ut  darkening  certain  layers  in  a 
Moded  agate,  m  as  to  produce  an  onipe,  Tlie 
onyx  prosciif  X  h  >(iu'(  <'«si(»!i  f»f  two  or  more  strata, 
alternately  light  niul  dark  brown,  or  even  white 
an<l  black.    To  produce  this  contrast  of  colour 


srhorescent  markin<;H  due  to  oxides  of  iron  |  when  not  naturally  pn-setit.  the  agate  is  first 
And  manganeee.  Fortification -agate  is  a  term  steeped  in  honey  aiul  ^^at«T.  ntid  gently  heated 
applied  to  those  stones  in  which  strata  of  jaoper  on  a  stove.  In  course  of  tim(\  perhaps  two  or 
and  chalcedony  have  been  deposited  upon  quartz  i  three  \\e«'ks,  certain  layers  of  chalcedony,  more 
crystals,  and  hence  they  present  un  section  '  poroui«  than  others,  arc  found  to  have  absorbed 


curious  zigzag  patterns,  suggestire  of  the  plan 
( f  a  fortress.  The  t  ri  \ n !  t  <  r  ras  eft-oqaU,  ribamd- 
agate t  &c.,  need  no  expiaaiaiion. 

Agate  ii4  employed  for  the  knife-edges  of 
balances,  for  small'  mortars  and  yM-.tlf  s.  for 
burnishers  and  \Nriting  styles,  for  tnnkt  t-imxes, 
umbrella-handles,  seals,  brOOehOB,  beads,  and  an 
f-mllcss  variety  of  trivial  ornaments.   Nearly  all 


the  saccharine  matter.    No  peroeptible  change 

is  observed  when  the  agate  is  removed  and 
washe<i ;  but  on  placing  it  for  a  short  time  in 
sulphuric  acid  the  absorbed  matter  becomes 
carbonised,  and  it  is  then  seen  that  certain 
layers  of  chalcedony,  originally  of  a  dull  arev 
tint,  have  assumed  a  rich  brown  <V  even  blaok 
colour.    In  place  of  the  honey,  olive  oil  is  some- 


the  agate  used  in  the  arts  in  worked  in  Germany.  :  tiuicn  used.  If  accidentally  coloured  too  strong, 
Tne  industry  of  cutting  and  polishing  agates  the  excess  may  be  removed,  i  i  ho  ooloor 
i«  centred  in  the  neighbourhood  of  Oberstein  '  drawn,'  by  the  nne  of  nitric  acid.  The  process 
OQ  Um  river  Nahe,  a  tributary  to  the  Rhine  at  '  of  darkening  agates  is  one  of  great  antiquity, 
Bingeii.  Most  of  the  agate-mills  are  situated  I  and  is  imperfectly  described  by  Pliny  (Hist, 
near  War.  ahntit  two  miles  north  of  Oberstein.  i  Nat.  xxxvii.  e.  15)  as  having  been  in  his  day 
fieri;  the  I(iar  Hach,  which  flows  into  the  Nahe,  i  practised  in  Arabia.  On  the  history  of  colouring 
fwnishcs  abundant  water-power,  which  for  four  |  agates,  v.  Noggerath,  Die  Kunst,  Onyxe 


efnturi(-s  has  be«'n  \itilised  in  the  I<»eal  niilLs. 
'ihe  original  loeatiuu  uf  the  trade  in  this  district  ! 


zu  farben,  Karsten's  Archiv.  xxii.  1848,  p.  262. 
Camtlian  is  a  re<l  variety  of  chalcedony,  and 
du(  tr  the  occurrence  of  agates  in  the  'its  characteristic  tint  mav  be  easily  deveh)p<>d 
amygdaloidal  melaphyre  of  the  Galtr'  nherg,  near  artificially  in  the  ihalcc(fonic  bands  of  c<Tt  lin 
Idar,  where  i^atea  were  former!}  ol)tained  by  agalta  which  are,  in  their  natural  state,  nien  i\ 
ijitMBatio  wiiwing  opcimtions.  For  many  years,  grey  or  yelloMish.  It  has  long  been  the  practice 
ho»-»>veT,  tht^e  workings  have  been  abaiifioned.  in  India  to  hei^jhten  the  cokmr  of  pale  brownish 
and  the  nnik  have  been  supj^l^  with  iikiuth  :  agates  by  prolonged  exposure  to  solar  heat, 
American  agates,  the  Importation  of  which  was  |  imereby  any  feme  hydrate  in  the  stone  loses 


begun  abotit  1 827. 


nmrr.  or  less  >'int(r     In  Germany  th^  apatc 


Lar^  consignmentfi  of  (South  American  agates   in  usually  heate<l  anii  tiien  moistened  with  sul- 


v»  penodieaUy  odd  by  anction  at  Oberstein 
The  common  stones  are  first  roughly  dressed  with 
hammer  and  chisel,  while  the  finer  stoncti  aru 
carefully  wrought  into  form  by  means  of  metal 

fed  with  emery  or  with  diamon<l  powder. 


The  grinding  is  performt^l  on  wheels  of  red 
Mndstone.  about  5  feet  in  diameter,  set  vertfcally, 

and  rotating  at  the  rate  of  about  three  rcvolu-    as  sardonyx,  and  it  is  to  imitate  this  stone  that 


phuric  acid,  or  is  i>lace<l  in  a  .solution  of  ferric 
nitrate,  prepared  by  throwing'  old  nails  into 
dilute  aquafortis ;  in  cither  case  the  stone  is 
afterwanls  exposcil  to  a  red  heat,  whereby  the 
absorbeil  salt  is  dccompose<l  and  ferric  oxide 
formed.  Alternating  bands  of  rcil  and  white 
chalcedony  constitute  the  ▼aricty  of  agate  known 


tioD»  per  second.  Each  stone  m  about  1  foot 
ia  winth,  and  its  surface  presents  channels 
Cfjrresponding  with  the  form  of  the  objects  to 
kc  ground,  ^e  stones  are  usually  moved  by 
In^  undershot  water-wheels,  but  the  incon- 
venience of  their  stoppage  during  the  dnnt^rht 
of  summer  or  the  froMt  of  winter  ha.s  kd  to  the 
pwtial  introduction  of  8team-}>owor.  When 
workinj;,  the  grinder  lies  almost  horizontally 
upon  a  wooden  Htool,  hollowed  to  the  shape  of 
1m  body,  and  having  his  arms  free.    1  he  agate 


the  red  tints  are  often  <luveloped.  Prolonged 
digestion  in  warm  hydrochloric  acid  imparts  a 
ytTlnv,  tint  to  the  agate,  but  this  colour  is  not 
jpopuiar.  Green  colours,  resembling  those  of 
chrygoprase,  which  is  simply  a  green  chalce- 
donv,  are  pro<lueed  by  means  of  salts  of  cither 
nickel  or  chromium.  Blue  tuit."*  may  he  readily 
obtained  by  soaking  the  stone  in  a  solution  of 
ferrous  suljihate  ana  afterwards  in  either  ferro- 
cyanido  or  fcrricyanidc  of  potassium,  when 
Prossian  bloc  or  Tumbnll's  blno  is  formed  in 


H  pr*^  (l  forcibly  against  the  grindstone,  fe<l  the  pores  of  the  stone  ;  or  an  ammoniacal  solu- 
'  ith  water  from  above,  while  the  workman   tion  of  sulphate  of  copper  may  be  used.  Blue 


« t'tains  purchase  by  pressing  his  feet  against  a 
Wnck  fa-^tened  to  the  floor.    The  polishiiiLj 
•fter wards  effected  with  rouge  and  water  on 
ioii  metal  fdatss  or  with  tripoli  on  wooden 


agates,  artificially  stamed,  are  extensively  sold 

OS   lapis-lazuli.    More   reeently   a  dead-M-hito 
effect  has  been  pro<iu<'ed  in  certain  stones,  w  hich 
are  thus  rendered  more  valuabli^  for  cameo  work. 
It  is  said  that  this  cfTecf  is  obtained  1i\  the  n-«e 
^'ot  only  agates,  but  rock-crystal,  amethyst,    of  caustio  potash  and  ^ultsequcnt  expubure  to  a 
'«lae  crocidolite,  uid  other  hanl  stones  are  now    high  temperature.    On  tin  agate  industry,  v. 
tatmanfy  cut  aad  polished  by  the  Idar  lapi-  ,  U.  Lang^,  Die  Ualbedehtteine,  l^uu|j^^<[^QQQg[g 
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Upmaiin,  Beitr.  z.  Gesch.  tl.  GrafUcli.  Ober- 
stein,  Mainz,  1872;  M.  Bauer,  Kdelnteinkunde, 
2nd  od.,  Leip?.i;:.  1000.  and  Kngl.  traiisl.. 
Precious  Stones,  bv  L.  J.  Spencer,  London,  1004. 

F.  W.  R. 

AGAVE.  An  amaryllidaceouH  gcnu8  including 
Kovoral  species,  the  leaves  of  which  provide  useful 
fibres.    *  Pite,'  or  '  pita  hemp,*  mainly  produced 

in  Mfxico,  is  oMaiiu"<l  from  A.  amtricnna  (Linn.) 
aiui  A.  tncucuiui  (Laui.).  it  is  also  obtuitu-d 
from  several  other  American  species  of  Agatr. 
•SLsal  hemp*  is  derived  from  A.  rigida  (Mill.), 
which  prows  in  Mexico,  Cfutral  America,  and 
the  W'.  -^i  I n>i:.- 

AGAVOSE.  An  inactive  sugar  (',:H,.,On, 
reducing  alkaline  copper  tartrates  and  yielding 
A  I»TOgynite  sugar  on  inversion;  found  in 
Agave,  amcrirnnn  (Linn.),  gro^\■n  in  Mexico.  The 
younj?  Hower  Ih  hiIh  arc  usetl  in  the  pn  paration 
of  a  f<  rtnrnte<l  intoxicating  drink  termed  I 
•  pulque  '  (Micliaud  and  Tri.slan,  .1.  Ain(^r.  ('hem 


Soc.  14,  648).    According  to  Stone  and  Lotr., 
J.  Amer.  C9iem.  Soo. 
aaooharose. 


wing 
I.  17, 


368,  thii  togur  is  | 


AGONIADA  BARK.  The  bark  of  PUmiera 
Inncijalia  (Muell.),  used  in  Brazil  as  a  remedv 
for  intermittent  fever,  eontains  a  bitter  crystal- 
lino  glucosidc,  iujuniudin  (Teckolt,  Arch.  Pharm. 
12]  142,40,  1870),  identical  with  the  phimvridt 
of  Boor-nm  an<l  Merck,  obtained  from  Plumiirn 
nculijiiltu  (I'oir.) ;  it  is  probably  the  mdhyl  i  ■>(>  r 
of  jiliimi'  ri'iir  acid,  and  has  the  oomp(^ition 
(',,H,,0,.  {'/.  IVanehirnont.  Ree.  trav.  chini. 
1898,'  IS.  :m  :  1W-.  K.  Akad.  Wctensch. 
Anist.  Ill  ,  Ml,  I  MH),  3.  35). 

AGROSTEMMA  SAPOTOXIN  v.  CummoEH. 

AICH  M£TAL.  ^Vn  alloy  patcnt<«l  by  J.  Aich 
in  1860  for  me  as  sheathing  for  shijis.  (  on- 
t.iins  copper,  60  pftfto;  sine,  38>6  parte;  iron, 
l-a  1  tarts. 

AILANTHUS  BARK.  The  inner  bark  of  A. 
txcelm  (Knxli.)  and  A.  gUtnduIom  (De.sf.) ;  it 
has  the  otlour  iiud  taste  of  cinnamon  ;  used  as 
a  tonic  in  dyspepsia  (D^ymoek.  Pharm.  J.  [3J  7, 
:U)0).     An  'Indian  name  of  the  former  is 

Mahnriil/i . 

AIROFORM.    Identical  with  airol  (f.w.). 

AIROGEN.    Identical  with  airol  ((/.»•.). 

AIROL.  A  ^Misic  bismuth-oxyio<iido  gallato, 
analogoiw  to  *  dermatol,'  a  baflie  bifiinutJi> 
vnllate.  Is  n  '^revi«h-eTPen  ptiwrler  vithnnt 
Muell  ur  t«i»te,  .soluble  m  cau.stie  .soilu  or  dilute 

mineral  acids.   Becomes  red  on  expoeure  to 

damp  air.    Has  been  used  clinically  as  a  wxlh 

atitute  for  iodoform  (r.  BlsMUTH). 

AKANDA      \K  .Mn.AR. 

AK  MUDAR,  AKANDA,  AKRA  RUI.  or 
£RUKKU  ERUKKAM.  The  hark  of  Cdulnqns 
giganUa  (Ait.)  and  C.  protiTu  (Ait.).  An  im- 
portant Indian  drug  (l>ymock,  Pharm.  J.  [31 10, 
122). 

AKOLA  r.  Ank  

AKRA  RU!  r.  Ak  MeoAK. 

ALABANDITE.  M(uu/a»e^r  jiulphidc  (.Mn8) 
(r.  M  V  I 

ALABASTER.  (Alh,Ur..  Vr.  :  t^/^^^v^^.  t.N-rA 
A  massive,  cryst-aUine,  and  inarbie-like  varii'iy 
of  the  mineral  gyiMum  (0«S0«,2H,(>).  It  is 
found  in  fJlamorganshire  ;  at  S\  -ton  in  T-eiee^- 
ttTdhin'  :  at  Tut  bury,  near  liurluu-un-Tn-nt  m 
Btaflfordr*hin',  and  other  places  in  Britain.  A 
•now*wkito  alabaster  much  used  for  small 


omauicntal  objectK,  .such  as  vases,  lamps,  stands 
of  time-pieces,  &c.,  is  found  at  Volterra,  in 
Tuscany.  The  harder  varieties  are  worked  with 
the  same  tools  as  marble,  smoothed  with  pumice- 
stone,  polished  with  a  mixture  of  chalk,  iioapi, 
and  milk,  and  finished  by  finetaoo  with  • 
flannel. 

The  softer  kinds  may  be  turned  or  fsehioned 

with  rasping;  tools,  fin"  'hi-^elHi,  or  small  filet, 
liinoothfd  with  drii- i  shave  grass,  then  iubbe4 
with  a  ]iaste  of  ])iitty  ]H)wder  or  finely  divided 
slaked  lime,  and  polished  by  washing  with  soajx 
water,  antl  lime,  and  finally  with  powdered  elu- 
triated Frenoh  chalk  or  talc. 

Alabaster  may  Ik-  stained  l>\  heatinu  it  t4 
about  90"  or  l(K)°,  and  then  dippuig  it  mto 
the  colouring  solution,  which  may  be  either 
metallic  point  ions,  spirituous  tinctun-s  of  natural 
dyes,  or  eolouretl  oiU  (Habild,  Wagnei's  Jahr. 
88,660). 

A  variety  of  alabaster  known  as  onyx  of 
Tecaii,  from  Mexico.  take«  a  fine  polish  ;  ita 
colour  varies  from  milk.white  to  pale*yeUow  and 

pale -^^•een  f.T.  29,  1264). 

ALACREATINE  r.  (  kkatinjc 
ALAMOSITE.   A  lead  silicate  FbSiO,.  foond 

near  Alamos,  Sonnra,  Mexico:  analogous  to 
wollastonite  (Ja8iO,  in  form,  habit,  and  eom- 
position.  It  oooors  in  radiated  aggregates  of 
rnintitc  colourless  transparent  fibres,  which  give 
a  snow-white  appearance  to  the  mass  (PaJacbe 
and  Merwin,  Amer.  J.  ScL  1909, 27, 389 ;  J.  Soo. 
Chem.  InH.  I '»()'),  fU>6). 

ALANGIUM  LAMARCKU  r.  Akk«jol. 

ALANINE,  a- Alanine,  a-wmiupropumie  add 
NH  /C'lIMeCOjH,  contains  an  afymmfiric  car- 
bon atom,  and  the  <lextro-,  l:evo-,  and  racemic 
isomerides  ue  knoM-n.  cf- Alanine  is  one  of  the 
fleoomposition  product. nf  a  larceniimberof  pro- 
teids  ;  together  with  a  glueopruU'ul  C',H,,0,Nj, 
it  forms  51  j>.c.  of  the  product  obtained  by 
the  h.N'troIysis  of  legumin  of  pea.-s  cnieunard, 
A\m.  (  him.  PhvH.  [H]  2^^,  47),  and  in  lorme<l  to 
the  extent  of  21  i),c.  from  .silk  fibroin  (Wcvl. 
Ber.  21,  1529;  Fi.scher  and  Skita,  Zeitseh 
physiol.  Chem.  33,  177).  (For  the  methods  ot 
separating  alanine  from  tiie  other  hydiolytk 
prf>rlnrt!i  of  the  protet«l.  v.  art.  pROTEINs.) 
r-.\lanHie  in  prep.-ired  synlheiically  by  the  action 
of  hydr'Khloric  acid  on  the  aminonitrile 
NH  ,  ('HMe-(;N,  produced  by  the  interaction  of 
aldehyde  ammoina  on  hydrogen  cyanide 
(Streckcr,  Annalen,  75,  2I»);  or,  together  with 
a-a»ninojiropionitrile  hydrochloride,  when  .im- 
monium  chloride,  pota^ium  cyanide,  and  aoctAl- 
dehyde  interact  in  equimolecular  quantitiea  in 
aqueous  solution  iZejinsky  and  Stsdnikoff.  Ber. 
41,  2(Mil);  or  by  re«lucmg  a-nitrosopropiomc 
acid  u  ith  tin  and  hydroehkmo  acid  (Qutkneefat, 
Ber.  13.  11  Hi). 

Alanine  crystallises  in  lu^edles  or  hlii^rp 
rhombic  prisms,  tlinsolves  in  4*6  i)arts  of  water 
at  17".  or  in  500  parts  of  80  p.e.  rold  al<>ohol : 
lis  heat  of  combustion  is  380  i^L  mid  heat  oi 
formation  135-2  Cat  (Berthelot  and  Andrr. 
r,.ni|>t.  vi  lid.  1  !(•.  SHt\.  The  resolution  of  rMf^'mt' 
alanine  iian  hit  ii  i-lleeitxi  through  the  benX4>y| 
derivalirc,  which  i«  so()arated  into  d-fM-nzoyt' 
a!anhir(m.p.  ]  I  IS''  [ali,  +  37-n'  in  alkalin- 
.Hoiution).  and  I  f"  i>:n)/litlntiine  (m.p.  150  -161' 
(corr.),[ah»  —  37'.T" alkalmesolution),  by  cr^^skel- 
lisation  of  the  bruoino  salt,  efil^ililiflseb^r^o^e 
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icid  solution.  Ac\Ativa,tMmoiA$pergiUjujii{fer  (jHMe  CO,H,  m.p.  110°,  [a]'"  -  S  iW**  (Abcr 
in  an  aqueous  solution  d  r-anmniA  destrovs  ,  ^    y   r,      u  .  i  n,«..,  loin 

about  10  p.c.  of  the  dextroroUtorj' constituent,  ^t^J.^'^ ^.''^f;.^^^^^^^^^  SS'. 

I.ut  PtniciUium  glaueum  doe»  not  Eourish  in  a  J^.   bl  ;    diethyldtalanmqutiwne  <-.H,0,(NH- 
IXC  aUnino  solution                                     ,  CHMe  COiLt)^  forms   red  prisms,    m.p.    1  tO 

'   li  its  physiolojrioal  action,  rf-alanlne  causes  (corr  )  (Bmhor  an<!  Schrader,  Bcr.  1«10.  43  526) i 

a  rapid  ri^L  the  urinary  nitrogen,  most  of  the  2 :  ,V'"''T  nr^^  ii^^^i^^^'^^Kl^  ^ 
extfTnitrogen  being  excited  SlSe  mme  day  ;       i*^",*'!^,  Blumbeig,  ZeitMh.  phyrioL  Cli0m. 

/■alanine  isnot  decomposed  quite  so  rapidly,  but  lUlO,  t^.>.  .HH).  «_.t.„ 

none  of  H  is  excretecfmKhanged  (Abderhalden  ^  ^  Aino"g  tlio  ix,yp<ptide8  prepared  by  FM«r. 

««l8chittenhelm.  Zeit^ch.  phvriol.  Chem.  1907,  Abderhalden  and  others,  ttere  ^^e  m^v  ^ 

51.  323;  compare,  however%vene  and  Meyer  ^^^^^J;;,^^  ^'^''l^^S.^^''^^^. 

(Amer.  J.  Physiol.  1909,  26,  214).    After  ad-  ,  ^^9-  r-aUunjluUinmt 


ministering  20  grms.  of  r-alimine,  4-7  grras.  of 
the  ^-naphthalenesulphonic  derivative  of  /-ala- 
nine was  reoorered  from  the  urine  (Schittenhelin 
and  Katxcnstem,  Chem.  Zentr.  1006,  L  1279). 
When  ^-alanine  is  injected  in  the  blood-strcnm 
it  is  rapidly  absorbed,  as  very  little  can  be 
detected  in  the  blood  or  urine  after  a  lapse  of 
twenty  minutes  (Alxb'rhaldon  and  others. 
Zeitscb.  physioL  Chem.  1907,  53, 113,  251,  326; 
52.  507  :  53,  148). 

The  imyK)rtan(  e  of  alanine  a.s  a  final  hydro- 
htic  product  of  many  proteid  substances,  has 
led  to  an  extensive  exammation  of  Ha  dArivatiTes 
in  onler  to  facilitate  its  detection  and  estimation, 
and  to  determine  the  part  it  plays  in  the  building 
op  of  the  proteid  molecule.  A  short  aoooant 
of  the  more  inpoitant  of  theae  dflrivativei  ia 
appended. 

The  copper  salt  ((  ,H,(),N)jCu,H,0  forms 
blnish-violet  crvftals  n-adilv  solul'l*-  iti  water. 
The  nickd  «ai< '{C,H,0,N),jii,4HtO  forms  blue 
mrtaU,  these  become  anhydrous  at  108*-110* 

and  dissolve  in  132  parts  of  water  (Orloff,  Clu  in 


bb,H,  m.p.  276*  (corr.).' tin-  benzoyl  rfrnWny 
m.p.  203°-204*,  the  rMu/l  esler  m.p.  114°-116*J 
diulanyUilanine  N  H  ■\  ( •HMo-CONHl,-CHMc- 
('0,H,  m.p.  219*  {(  orr.)  {Fischer  and  Kautzseh, 
Ber.  1905,  38,  2375)  ;    l-ohnyl-d-alanitu  ,  m.|). 

d-al'tiii/ll- 


(corr.),  [a]f  -  68-5 


r.o 


269*'-270*' 

ahminc,  m.p.  275**-27<>*  (corr.).  [a]^^ 

(Fischer  antl  Ilask*-.  Ber.  1906,  39,  2893,  39ai). 
and  the  tctraiK  ptiilc  tflycyl-tyroeylijlycyl-d't^nine 
decomposing  at  225**  (corr. )  is  probably  a  mixture 
of  stcreoisomoridfs  of  the  tetrapeptide  isolated 
from  silk  fibroin  (Fis<  h.'r,  Ber.  1908,  41.  2860; 
cf.  Abderhalden  and  Hirazowski,  Ber.  ll>i).H.  41, 
2840).  For  other  jwh  peptides  derived  from 
aUninc,  see  Fischer  (lier.  37,  2486;  4586: 
38,2375;  2914;  Annak  n,  340.  128,  1.12;  B.  r. 
39,  453  ;  40.  943,  17M.  37  17  ;  Annalen,  363,  136), 
and  Ab.lerhaldtn  (Ber.  41,  2840  ;  2857;  42, 
3394;  Zeitsch.  physiol.  Chem.  63,  401  ;  65,  417). 

S-Alanlne.  h-amtnopropionir  arid  H  N  UH^* 
CHjCOjH,  prcparetl  by  treating /S-io  lojaupiomc 
acid  with  ammonia  (Slulder,  Ber.  9,  1902)  or 


— ^        ~.  •  -  I — .  iiiTiii    mill  aiiiiuuLuo 

Zentr.  1897,  ii.  192;  Bruni  and  Formara,  Atti  ^.^j^           nitrite  and  reducing  the  resulting 

R.  Accad-  Lincei,  1904,  [v]  13,  ii.  26).    The  !  ^j,-^^^  ^.^^jj,p^,m^,l  „          a„j  hydrochlorio  acid 

dhyl  tAierYuui  b.p.  48'/ll  mm.  and  ^-p.^^r.  0  9846  (Le^vkowit«ch,  J.  pr.  Chem.  [2]  20,  159)  ;  by 

at  12-5°;  r-alaninamidk,  m-p.  62°  (Franchimont  ^^ating  ethyl  acr\lato  with  alcoholic  ammonia 

and  Friedman.  Proc.  R.  Akacl.  Wetenseh.  Anuter-  gealod  tubes  at  1 10°  (Wonder,  Gazz.  chim.  itaL 

dam,  15K>5,  8,  475);   d-alaniruimide  has  m.p.  437);  or  by  tho  action  of  potassium  hypo- 

72"  (corr.)  and  [a]o  +6'»  in  5-2  p-c.  aqueous  bromite  cm  an  alkali  nc  solut  ion  of  succinimide— 

«   1-1.1  .*Ji.   *     *       m«  _  *  J-  lu  U  111*   


aloMflchloride 
flMNi  and  d 


mpoaes  at^llO  ;  theoretical  (Uoogoworf  and  van 

rf  sTfliifMloriif r  kginehloride  has  [a]^  •|-7*S2  |  Dorp,  Rec  trav.  chim.  10,  4 ;    Holm,  Arch 


(FlM^her,    Ber     1905,    38     605     2914) ;     r-  ^^^^Vnte^L  pri.nvs  m.p.  196<»  (Hoogew^ 
.iiuM.afonAydru^          (d,mrthyUhkdopipera.>ne  Dorp./.r.).  doe-s  not  melt  at  220°  (Kursda, 

NHc^'"*5?,*^>NH  hsH  m.p.  282°,  and  d-  Monat.sh.  12,  422).  m.p.  2(M>°-207°  (U-ngfeld  and 

O  C  HMe/-  Slieglitz.  Amer.  CThem.  J.  15,  504) ;  the  h.vdro- 
okut^aHhffdride   has   m.p.    29^     (corr.)  and  <he /mZ/iV^  ^.s/r  r  has  m.p.  94°-95*' and 

t«P -28-8°   (Fischer,    Ber.   1905,   39,  463).  ^thyl  tetter  m.p.  (i'l  r,«.    The  copper  soil 

A^fUdanine  NHAc-CHMe.CO.H  crystallises  in  !  Cu(C,H.N0,)„6H,0  ^  ^^^r^^'*'?^•l,"l.!i^ 
rhombic  plates  a :  6  :  c  =0-7792  :  1  :  1-0983 ;  m.p.  ordinary  eopi^T  salt,  and  not  tho.-*c  of  »  cuprom- 
137*  (de  Jong.  Rec.  trav.  chim.  19,  269 ;  Fischer  monmm  derivative  (t  ailcgan,  Uazz.  chim.  ital. 
and  Otto.  Ber.  36, 2106) ;  chloraretylalanine  uUt  lOWJ.  36,  n.  63). 

CH,a-CO-NH-CHMe-C()  ,Etha.Hin.i..4S  r,°4!i  r,°        (^ Aluun.-  dc.ps  not  oeeur  naturally  m  tne 

(cotr.)  (Fischer  and  Otto,  ic);   the  htnicm-   bodv  ;  when  adn.iiu.tere<l  with  food  causes 

wOfJbaie  dmiwlit*  80.Ph.NH<MM6<X),H  baa  I  an  Increase  m  the  urinary 

ni.p.  126*  (Hedln.  Ber.  1800.  23,  3197);   the   apparently  eh:inL'e.l  ^^,th  more  difficulty  than 

B-iaphthoUnfsulphonic  derivative  Cj,HmO,NS   a-alauine.  as  the  merea.ed 

meltT  and  deZr^  at  220-  (KoinSli  and  not  observed  until  ^j*';  " 

Mvlo,  Ber.  1908.  4 174427)  J  for  hippurylalnmnr   and  Schittenhelm,  Zeitach.  physiol.  them.  1W7. 

Nto.<ai.<X).NH<;HMe<X).H.  m.p.  202°,  and  61,  323).  ^M.^A,  W.^^^^^ 
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ALANT  CAMPHOR  v.  Caktbob. 

ALANT  ROOT.  The  root  of  Innla  yhnium 
ia  itaid  to  contain  antiseptic  priuciples,  efticaciou^i 
i^inst  tuberouloHis  bacilli.  By  distilling  the 
root  with  water,  twhnin^  alantic  arui,  <iii«I  (ilnntol 
(aiant  camphor)  airo  obtained.  Alaidic  acid 
CififJOf  orystalliaes  from  alcohol  in  whit« 
crystals,  m.p.  Ol** ;  and  on  heating  it  forms  the 
anhydride  C'l^HjoO..  Both  acid  and  anh3'dride 
•re  inml.  m  water,  sol.  in  alcohol  or  fatty  oils  : 
form  Hol.  salts  with  alkalis.  Alm^fol  is  an 
aromatic  liquid,  b.p.  2(H)^  ( Marpniatin.  Pharm. 
Zent.  8,  122;  J.  Soc.  Cluni.  Ind.  1887,  520). 

ALBERTITE.  A  jot-black  mineral  substance 
resembling  asphalt,  diHCOvere<l  in  1849,  at  Hilk- 
borough.  Albert  co..  New  Brunswick.  Used  in 
the  United  States  for  the  production  of  oil  mid 
coke.  The  yield  jjer  ton  said  to  be  lUO  gallons 
of  «»iide  oil,  and  14,500  cubic  feet  of  lUumina- 
ting  gas,  whilst  a  residue  of  tfood  coke  remains 
ia  the  retorts.  Albertite  hns  been  found  at 
fitrathpeffer,  Rosa-thirc ;  it  contains  62  p.c.  vola- 
tile matter,  37  p.c.  fixed  earhon,  and  0-60  p.c. 
water.  Its  ultimate  composition  \n  79-75  p.c. 
carbon,  8*12  p.c.  hvdrogen,  I  t)3  nitrogen,  and 
10-.30  oxygen  ( M(  >rri4on,  Min.  Mag.  6»  101 ;  Chfim. 
Sue.  Abetr.  6<>,  'Ml). 

ALBITE  V.  Fki.spab. 

ALBUM  GR^UM.  A  term  formerly  used 
for  the  excrement  of  dogo.  It  was  at  one  time 
suppmad  to  have  medicinal  pRopaitieB,  but  is 
now  lued  only  for  tanninp.  as  fkins  treated 
with  itp  after  the  removal  of  the  hair  and  previuuii 
to  tanning*  preserre  their  aoftne.Hs.  It  eonsLsts 
mainly  of  phosphat'©  of  linn-  I-' wis'  dung  is 
said  iiv  taanefM  to  answer  the  puriMWie  better. 

ALBUMINOIDS  and  ALBUMUIB  v.  Psotbin? . 

ALCOHOL  (Kthyli<'  or  Vinon?!).  the  active 
principle  of  intoxicating  lii|UorM,  i^,  in  the  dehy- 
orated  condition,  a  colourless  liquid,  having  a 
8|x«cific  gravity  of  0-791  at  20°/20*'  (Ixiwit?:. 
Crell's  Ann.  1796,  1,  1),  0-7938  at  16-fi7I5-r 
(Fownes,  Phil.  Trans.  1847,  249),  0  793811  at 
IS-eVlS  ti"  (Drinkwater,  Phil.  Mag.  Im  I.v.  1H48). 
0-79350  at  1 5-671 5•6^  0-79367  at  1&74° 
(Mendeleeff,  Pogg.  138,  230),  (Squibb,  Ephe- 
mrris.  1S84-5,  and  Pharm.  .T.  [3]  16,  147-148). 
It  boik  at  78-4"  under  a  pressure  of  760  mm, 
(Kopp,  Annalen.  92,  9),  and  solidifies  at  —130-5*' 
(WroWewski  and  Olst-^ski.  Compt.  rend.  Jhi 
1140  and  1225).  It  is  ukilaiuniable,  the  cum- 
bustion  evolving  groat  heat  but  little  light, 
and  |»roilneing  carbon  dioxide  and  water.  It 
acts  as  a  caustic  irritant  in  contact  with  the 
tiasnea  of  the  body,  owing  probably  to  the 
energy  with  which  it  draws  nioi.«turc  from  the 
surface.  It  possesses  a  specitiu  heat  of  0-6120, 
at  temperatures  between  16**  and  40-6"  (Schiiiler, 
P.  Erg.  5,  116  102).  It.H  iiid.-x  of  r.'fraotion  f<.r 
H^»1'3667  (Briihi),  and  it^  critical  temperature 
234*6*  at  48'9  m.  At  this  point  1  gram  oocupiea 
3-5  c.c.  (Ramaay  and  Y<»ttng,  Froo.  Boy.  Soo. 
38,  320). 

Alcohol  formt  ethorides  with  ftodium  and 

potassium,  and  unstable  com|X)un(l.s  with  certain 
crystalline  salts,  e.y.  sine  chloride,  the  latter 
oidled  aleoholatea.   Subjected  to  the  action  of 

a  liiiiifed  ^u|tply  of  oxygen,  it  if^  ennverted  into 
aldehyde  (L'jH^U),  which,  by  further  oxidation, 
becomes  acetic  acid  (CjU/)^).  Distilled  with 
ehloride  of  lime,  it  forms  chloroform  (CHflj). 
\N  ith  bulpburio  acid  at  a  temperature  not  ex- 


eeediii;^  I4r)"  it  yields  ether  fC^H^O).  With 
twice  it.s  hulk  of  sulphuric  acirl  it  frives  eth\lt  no 
(CjUj).  With  exces-H  of  dry  chlorine  gas  it  pro- 
duces chloral  (CjHa^O). 

Prfparofio/i.- -Synthet  ically  from  it.-: 
ments  thus  By  passing  an  electric  arc  between 
carbon  poles  in  an  atmosphere  of  hydrogea, 
acetyl'  no  fC,H.)  is  produced,  which,  in  the  pro- 
sencc  ot  nascent  hydrogen,  become«  ethyietne 
(CjHi).  Ethylene  oy  protracted  shaking 'with 
fulphttrir  acid  ia  converted  into  sulphovinic 
acid,  which,  being  distiUecl  in  presence  of  water, 
produces  alcohol. 

Alcohol  i.s,  for  praetieal  ]Hirpo>«es,  preparH 
by  dehydrating  the  products  of  the  diKt illation 
of  fermented  liquids.  Up  to  1706  the  strongest 
.spirit  known  contaim-d  n«>t  I'-'s  than  .1  pr 
of  water.  Louitz  appears  to  have  U'cn  the  tin«t 
to  prepare  it  in  an  approximately  anhydroas 
condition.  His  process  consisted  in  fir^t  i-irrea':- 
ing  the  strength  of  rectified  spirit  by  aildmg  to 
it  dry  potassium  tartrate,  and  after  deeanlinc 
from  this,  diMtillhig  very  slowly  in  pn'scnce  oT 
urcat  excess  of  dry  potassium  carbonate. 
Richter  used,  instead  of  potassium  carbonate, 
hot  calcium  chloride  (Oell'^i  Ann.  2.  211). 
Drinkwater  first  digested  with  dry  pota««ium 
oarbooate  for  twenty-four  hours ;  decanted  the 
strong  spirit  thus  produced,  tli^xesti'fl  with  as 
much  fresh- burnt  quicklime  as  was  sufficient  to 
absorb  the  whtde  ot  the  alcohol,  and  afterwatda 
distilled  in  a  water-bath  at  a  temperature  of 
82-2^.  The  product  of  this  distillation,  which 
was  found  to  nave  a  spcx^ifiograyity  of  0*7946  «t 
IS'O®,  Mas  returned  to  the  r»-tor?,  ruid  a  fvf^h 
quantity  of  dry  pulverised  (juiekiiine  julded  to  it, 
after  which  it  was  allowed  to  digest  for  a  week 
at  a  temperature  of  15-6".  It  whs  then  a^atn 
slowlv  distilled  and  the  6pi*cific  gravity  of  th** 
product  found  to  be  0*7944  at  15-6^  this  waa 
dijiest<'d  at  a  tem|)eratnre  nf  w  ith  hot  qtiiek- 
lime,  and  distilled  out  of  contact  with  the  air  at 
a  temperature  of  SM**  to  82-2**,  and  the  speeiSe 
LTavitv  of  the  pr'  durt.  hieh  was  taken  as  abso* 
lute  alcohol, found  to  be  U  793811  at  15-6®  '16-6*. 

Squibb  followed  the  process  of  Drinkwater, 
•  listilliuj^  in  a  partial  vartium  of  380  to  630  mm. 
The  alcohol  thus  preparud  had  a  specific  gravity 
of  0>79350.  The'difterenee  )m  t  w  een  this speoiie 
'.'ravity  and  that  found  fiv  Drinkwater  reprr- 
scuts  one-tenth  }>.c.  ol  aicuhoi,  Mwdclcefi's 
observations  (Pogg.  138,  103,  230)  practicany 
confirm  those  of  Drinkwater  and  Fowne«.' 

Analytical  Jdetttoda. — \Vc  are  dependent  upon 
specific  gravity  for  the  exa^t  quantitative  euti- 
nuition  of  aleohol,  and  {x-rhaps  no  method  coyld 
be  devu*ed  so  easy  of  applicaliun  {v,  Alcoholo- 
metry).  It  is,  however,  open  to  the  objection 
that  it  assunies  water  to  be  the  only  volatile 
substance  «ilh  which  the  .spirit  is  mixed,  aide* 
hyde,  fusel  oil,  and  ether  Avhen  existing  as  im- 
purities being  reckojied  n:*  aleohol.  (►nthe  other 
hand,  no  chemical  mcLhuil,  capable  of  practioai 
application,  has  yet  been  devised  for  the  exact 
q\iantitative  e.itimatioti.  Berthelot's  process 
uinpt.  rend.  80, 1031*)  of  niea.-^uriiij:  t  hi- 1 1  h\  lene 

'  Ahpolutely  &nhydroiu  alcohol  iH-ttJuee.*  no  blw 
i-ol<>ur;iti.'ii  witli  (tehydruted  (white) copin-r  sulpltatv  It 
should  give  uti  cloudlnM"*  when  mixfti  witii  t»<'Q7en' 
Al)«olutely  onhydfinii*  alrnimi  juidiil  t^^  u  mixture  i>( 
anthrnquinonc  (OH>oi  i  %vitli  a  littU' i»odiuni  amatgam 
Kivp!*  n  Kref*!!  rolouratioi) :  H  a  traef>  of  water  be  pvSSSHt 
the  colvur  becouuv  red  (CJaus,  ^-j^j^iUH^  Google 
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produced  by  Mulphuric  acid  &nd  abM>rbed  bv  bro-  i 
nuM&oaiagiven  quantity  of  spirit  it  a  vutt»ble  | 
•qualitative  te«t,  and  within  limits  most  useful 
when  apjplkd  quantitatively  in  presence  of  , 
melhylk  akohoL   The  prodactkm  of  jodoform  \ 
'H.af;rr.rompt.  rend.  82,  768)  may  be  employed  ; 
Hitb  advantage  «•  a  preliminaxy  t«at  for  amaH 
quanlHieaof  deoliol,  Irat Mother  bodies  prodnoe  | 
j'^oform  in  the  same  eiTcumstancrs.  it  cannot ; 
be  regarded  aa  conclusive.    For  the  detection  of 
akebol  in  ether,  Allen  (Chem.  Soo.  Traaa.  1 877, 2, 
930)  gugpests  that  a  little  fiichsine  be  shaken 
up  with  water  and  ether,  i^nd  10  c.o.  of  the  aolu- 
tun  thus  f orroed  agitoted  with  the  aaane  qneatity 
f  the  pthrr  >ubmitted  for  examination  ;  the 
intensity  of  the  colour  produced  would  be  a 
measure  of  the  quantity  of  aloohol  pieeent. 
For  the  (Irt^rtion    of   fusel   oil    in  alcohol, 
JuriMen  (Bied.  2^ntr.  1881,  79  Ij  recommenda  , 
tint  10  e.e.  of  the  spirit  should  be  mixed  with  < 
10  drops  of  colourlfs,-^  aniline   anrl  2  or  3 
drops  of  sulphuric  acid.    A  deep-red  colour  is 
formed  if  fosd  oil  be  present  due  to  the 
^irtinn  of  furfiimldehyde,  m  inTuiahle  con- 
l!^tltuent  of  fusel  oil. 

Aleohol  is  sometimes  used  as  an  sdulterant 
in  essential  uih.  A  %'ery  really  tr^t  i  in 
pkce  a  little  of  the  oil  in  a  <iry  test-tube, 
taking  oare  in  pouring  it  in  that  none  adheres 
to  the  aide.  Rub  a  little  fuohsine  <^  n  th'-  iipjH-r 
mside  surface  of  the  test-tube  and  apply  heat, 
the  pNsnee  of  aloohol  wiU  be  indieatod  by  red 
stains  in  the  fnehMinc  No  satisfactoiy  meUlod 
has  yet  been  augsested  for  the  estimation  of 
tldehyde  in  akobol,  hot  the  peenliar  snffooating 
odour  vhir  h  u  r  i  mpanifs  it,  an<l  the  bri)wn 
colour  productnl  by  alkalis  in  the  spirit,  are 
indioatiTe  of  its  preaenoe.  Aoolorimetne  method 
•  f  estimation  is  f(fnerally  employed  liy  e()ni])ari- 
>ono!  the  Mvapie  with  a  standard  solution  of 
tUAyde,  usrag  Sdiiff's  reagent. 

MnnufaciUTf.  T}',"  first  proefN--  m  tin  nijuiu- 
facture  of  spirit  is  uiie  of  brewing,  and  in  general 
pnnciples  it  does  not  differ  from  that  employed 
in  making  botir.  The  hreuer,  as  well  as  the 
distiller,  ^deavours  to  treat  his  materials  in 
«och  a  way  as  to  extract  from  them  the  greatest 
amr.unf  of  ft-nnentAhle  mattern.  The  brewer  of 
b«er.  however,  docs  not  desire  to  convert  all  the 
ioMter  he  extraets  into  sphrit,  and  he  brews  at 
such  jrTa\  jfie«  aa  his  customers  require.  The 
dttUller  desires  to  ocmvert  as  much  as  possible 
ol  the  matter  he  has  extracted  from  his  materials  ! 
iiTr,  ,>pirit  ;  ht"  therefore  produces  a  wort  ccni- 
tsuuog  more  maltose  and  leas  dextrinous  matter 
tliaa  flie  biewvr  of  beer.   He  has  also  an  ad-  | 

vrmtaiji  over  the  hrewer  in  hein<;  aM  "  to  c  hoose  j 
i\tL-  gravities  which  he  knows  by  experience  will 
prodose  the  beat  leiults.  It  has  been  found  that ' 
tor  li^trllers*  purposes  it  is  advisable  to  keep  the 
specibc  gravity  of  the  wort  when  set  for  fermen<  j 
Ulioa  below  1040.   The  principle  of  low  tem* 
P«Tatt3r«s  when  the  diastase  is  arting  in  the 
lOiw-ii  tun  appearr)  to  he  fully  recognised,  60**  to 
W*  being  general !    i  ;  pted,  and  it  is  onderstood 
«h.Ht  thv  hiuh'  I  til.    t(  mperatiire  at  whieh  the 
ftort«  are  set  fur  fermentation,  the  j^atcr  is  the  i 
amount  of  fusel  oil  in  the  spirit  ^The  distiller  I 
bA\  th'  r^fi.n".  to  ehoose  the  lowest  temperature 
)t  «hich  a  healthy  fermentation  can  be  started, 
ri'i  this  is  foond  to  laooe  between  23*  and  26^. ' 
a*  sMttoi  be  too  oarefiil  as  to  the  purity  of  the 


yeast,  for  not  only  haM  he  to  run  the  risk  of 
acetie  and  other  ferments  being  introdveed  into 

th«*  \vr>Tf,  involving  loss  of  aleohol,  but  to  provide 
aaainiit  the  presence  of  aldehyde,  which  is 
objectionable  in  the  spirit.  Kekul^  atMbutes 
the  presenee  of  aldehyd<*  to  the  action  of  nitrates 
donved  from  the  materials.  It  is  fuund  in  prac- 
tice that  it  ii  alwajrs  more  prone  to  appear  in 
hot  weathnr,  when  the  difficulty  of  keejiiny  the 
yeast  from  decomposition  is  greatest,  and  as 
veast  always  oontains  some  spirit  in  a  dilute 
form  it  is  not  iniprohahle  that  th*-  aldehyde  is 
frequently  a  product  of  the  oxidation  of  this 
spirit. 

The  material.-*  m^cd  in  the  manufacttire  of 
alcohol  in  the  United  Kingdom  are  chiefly  malt, 
maiae,  rioe,  sago,  tapiooa,  barley,  rye.  oats,  sug^, 
and  molasses,  but  i  -rtsionally  dates  and  locust 
beans  have  been  euiplovcd.  At  the  present 
time  maitt  oonstitntes  fnfiy  75  p.c.  of  the  grain 
used.  In  Scotland  the  small'  r  Mivtillera  use 
malt  only,  and  the  spirit  the^  produce  under 
the  name  of  Hijghlmia,  Campbeltown,  or  Islay 
Whiskey,  Glenlivet,  I^chnapar.  Ac.,  has  im- 
parted to  it  a  flavour  derived  partly  from  the 
peat  used  in  drying  the  malt.  The  proeees  of 
manufacture  eonsi^^ts  in  distilling  the  fermented 
wort — then  called  wash — in  a  common  still,  col- 
leothig  the  distillate,  whieh  is  weak  spirit  con- 
taminated with  fusel  oil,  and  is  ealle<i  'low 
wines,'  and  redistilling.  The  spirit  which  passes 
over  in  the  middle  of  the  redistillation  is  that 
which  is  tised  for  con8um])tion.  It  contains  from 
60-8  to  76-7  p.c.  of  alcohol  by  weight  (20  over- 
proof  to  4ft  overproof),  bat  is  generally  diluted 
by  the  addition  of  water  to  nfi  4  p.e.  of  alcohol 
by  weight  (11  overproof)  before  bcina  sent  into 
oonsnmption  or  placed  in  bmid.  Iridi  whiskey 
differs  from  Reoteh  <  hiefly  in  the  absence  of  peat 
flavour.  The  materials  used  in  its  manufacture 
are,  with  one  or  two  exoeptions,  a  mixture  of 
malt  and  grain,  the  proportion  of  malt  being, 
however,  greater  than  in  Kngliwh  diHlilieries.  It 
is  generally  bonded  at  85  overproof  (64  p.o.  oi 
alcohol  l>y  weight). 

We  have  hitherto  dealt  with  the  spirit  manu- 
faetored  in  *  Common '  or  *  Pot '  stills,  or  in 
other  words  by  boiling  the  waKh,  eotiden»ing  the 
steam  thus  produceti,  reboUing  the  prodtict  and 
reoondensing.  But  by  far  the  greater  quantity 
of  the  alcohol  of  commerce  h  produced  by 
the  Coffey  still,  in  which  the  alcoholic  vapour 
produced  is  deprived  of  water  as  the  prooess 
( mtinues  until  a  spirit  is  forme<l  of  much 
greater  purity  than  that  manufactured  by  the 
old  method.  The  annexed  illustration  represents 
a  Coffey's  distilling  apparatus,  the  left-hand 
column  being  called  the  atuUy4ierf  the  right 
hand  one  the  redHfier.  The  first  operation  is  to 
fill  both  columns  with  steam.  Tnts  is  arenm- 
pliahed  by  introducing  it  under  pressure  from 
the  boQer  at  c,  whence  it  ascends  within  the 
analyser,  pas.sing  by  the  pi|)c  M  into  the  Ixittom 
of  tke  rectifier.  When  a  proper  tciupcraturo 
htw  been  attained,  the  wash  is  puin|)ed  from 
the  wash  (har;?cr  by  a  pipe  nhidi  i  iit<T>  the 
top  of  the  rcctiher.  This  pipe  is  only  shown 
seottonaUv  in  the  sketch  after  entering  the 
coUunn,  ^)at  it  i.s  continuous,  and  the  wsx^h 
passes  slowly  through  it,  becoming  warmer, 
owing  to  the  pipe  being  in  contact  with  the 

When  It  has  reached  the  bot|flpiigd4ff  Google 
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rectiHcr  it  is  nut  far  from  the  boiliilg«poiiit. 
It  will  bo  soon  that  the  pipe  then  aaoendi,  and 
finally  delivers  the  wash  into  tho  top  of  the 
analvKor.  Tho  line^  across  tbfi  aiMfyier  mpM- 
sent  plates  of  perforated  copper,  and  in  connec- 
tion with  each  is  a  tube  which  projects  about  an 
ineh  Mid  »  half  ftbov«  the  plate,  uul  dips  into  » 


shallow  vessel  placed  on  that  next  beneath.  Th< 
wash  on  entering  falls  on  the  first  plate,  but  oo 
reaching  a  depth  of  an  inch  and  a  half  passes 
throng  the  tube  to  the  second  one.  In  thr 
mean  time  the  Ht<?am  produces  cbidlition  in  the 
contents  of  the  plates,  and  carries  away  with  it 
the  sJooholio  vapour  thiongh  the  steam  ent 
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pipe,  so  that  by  the  time  tho  wash  haa  reachcU 
the  bottom  of  the  column  it  hM  bein  ^priv«d 
o(  it«  alcohol.  Tho  alcoholic  rapotir  paj's*'*^  hy 
the  pioe  M  into  the  bottom  of  the  rectiticr,  which 
lilae  tile  analyser  OOntainB  plates  and  metal 
tnbf«,  ami  wh<Tt»  a  procp^"^  of  gradinl  rfinliiiii 
take»  place  by  tho  actiua  of  tho  pip«'  cnrryiug 
the  cold  wash.  Fowd  oil  vapoar.  condensing  at 
I  hiclur  tcmrM  TiMire  than  ulcdhul.  is  tho  first 
lo  assume  the  iiq^uid  form,  and  contnminatcd 
with  0|Hrit  pMBM  into  tho  hot  '  feints  '  ro* 
c^ivfT.  The  vapour  containing  alcohol  oon- 
tmu(«  to  ascend,  meeting  with  portions  that 
hare  condensed,  and  are  undergoing  the  proecM 
of  rictitication.  It  wiU  be  seen  that  tho  upper 
part  «>f  the  apparatus  ia  marked  off  in  tho  sketch 
ai  finished -spoit  oondanfler.  It  is  to  oalled  be- 
et u^r-  all  that  condenses  within  ita  area,  instead 
ol  rttunmig  towards  the  bottom  of  the  appamtu? 
to  be  rectified,  passes  bv  the  finishe<l-spirit 
fi}*'  or  f«  ints  pipe  into  tne  n  ri  ivr^rs.  At  tho 
lup  of  the  apparatus  is  a  pipe  marked  '  alcoholic 
fteam  exit,  which  carries  amy  roost  of  the 
aliirhydc  a.>-  well  as  spirit  vapour  which  nndf»r 
s|^»'cial  circumstances  may  not  have  been  con- 
«lt  n>isi  Wore  reac!iin<;  that  fiolnt. 

The  En^rlifh  distillers  f-nnfine  themselves 
Almost  exfiu^iivelv  to  thi.s  appjiratus,  brewing 
for  the  most  part  from  a  mixture  of  grain  and 
malt.  In  addition  to  CofTey's  still,  various  forms 
of  rectifying  stills  are  in  uso  to  meet  special 
rrquirementa,  c^.  the  production  of  a  purer 
though  not  stronger  spirit  than  that  obtainable 
from  the  Coffey  still  iot  the  pur^tose  of  com- 
poonden  and  certain  manufacturmg  proceasM, 
and  apparatus  having  for  their  object  (in  con- 
sequence of  the  increasing  demand  for  fusel  oil) 
the  reoov^'  of  the  maximum  amount  of  i\m 
by-product,  which  indeed  is  tiow  considerably 
more  valuable  than  the  spirit  itself.  1  ho  iipirit 
produced  dees  not  to  any  large  extent  go  into 
coruumption  as  whiskey,  the  want  of  flavour 
being  an  objection  in  regard  to  the  better 
quahtieA.  Large  quantities  are  transferred  to 
thv  rectifiers,  who  r»Hlistil  ♦h'  n^  ^^ith  various 
favouring  intiTe<licnts,  prodiRiiij^  pin,  British 
brandy,  Britbh  rum,  and  the  various  conlials. 
\  portion,  after  bcinp  r(-<li8tilled  from  jKdHsh  or 
potassium  carbonate,  or  filtered  through  charcoal, 
»  wed  in  ^  arts  and  in  medicine  under  the 
Dame«  of  rcctificf!  spirit  and  spirits  of  wino. 
The  British  Pharmacopoeia  (1898)  rt  quires 
iwtified sphrit  to  be  of  a^pe  li i<  L;ravity  of  0*834, 
^ni\  U)  85-65  p.c.  of  alcohol  by  weight.  The 
FharmacopflBia  of  the  United  States  lixcs  it  at 
0420^  equal  to  91  p.c.,wluoii  is  aboat  the  strength 
it  comes  from  Coffey's  apparatus.  It  is  from 
thk  ipiht  that  anhydrouii  or  absolute  alcohol 
is  MMitBy  nopared.  It  varies  considerably 
ra  lavour,  and,  according  to  the  United  States* 
Bispensatory,  1883,  the  purest  is  produced  under 
Atwood's  patent,  in  which  permanganic  acid  'm 
naed  to  d  '-troy  the  disagreeable  organic  sub- 
itaacM.  It  lias  been  suggested  that  tho  purity 
of  gtroni;  <«pirit  im^A  be  OOOaiderably  increased 
by  redistilling  in  vacuo.  Reference  has  already 
b«m  made  to  tho  occurrence  in  variable  quantity 
of  secotidarv  products  on  fermentation.  Pasteur 
(  Ann.  Chim.  Thyn.  58.  330)  showed  that  on  the 
(••rmenlation  of  sujgar  3-lG  p.c.  of  glycerol  and 
0-67  jkc.  of  anociaio  aoid  are  produced.  These 
bodies  an,  however,  reiy  aUgntiy  volatile,  and 


therefore  can  only  pai^a  into  the  spirit  in  very 
;  small  proportion. 

We  have  hitherto  only  dealt  uifh  spirits 
manufiicture*!  in  the  United  Kinu'loni.  Of 
the  more  important  foreign  spirits,  the  prin- 
cipal is  brandy,  the  {iroduction  of  v  Ki.  h  from 
j^rape  wine  j.s  an  industry  confined  abnost  en- 
tirely to  France.  The  best  brandy  is  derived 
from  \\hiti<  wine,  but  a  conniderable  rpianlity  of 
spirit  L-i  imiiorte<l  from  tho  Continent  under  the 
name  of  brandy,  which  has  eithor  been  mixed 
with  other  spirits  or  prepared  from  subRtances 
bearing  uu  relation  to  wine.  The  distillatioQ  of 
'  genuine  brandy  takes  place  in  stills  which  are 
practically  on  the  pattern  of  common  or  pot 
stills ;  the  improvemcuLtt  being  chieliy  confined 
to  the  adoption  of  means  for  carrying  on  the 
distillations  mntinnonsly.  Illustrations  of  the 
various  stilk  now  in  us*-  will  bo  found  in 
Duplai.s'  treatise  on  tlie  manufacture  and  dis- 
tillation  of  alcohol.  Brandy  is  pjenerally  im- 
ited  into  this  countrj'  at  a  strength  a  little 
low  proof  (47  to  48  i».o.  of  aloolud  by  weight) 
{v.  Brandy). 

Rum  is  the  spirit  produced  by  fermenting 
dilated  molasses  and  distilling  the  product  in  an 
onlinary  still.    Its  character  is  due  to  the  for- 
mation of  t'th\l  butyrate,  which,  when  added  to 
other  spirits,  produces  a  flavour  diffioiilt  to 
distinguish  from  genuine  mm.    The  strength  at 
which  rum  is  generally  imported  into  this  coun- 
I  try  is  about  35  ovurproof  (70  p^e.  of  alcohol 
by  weight)  (r.  Rum). 
I      Tho  molasses  from  the  beet-sugar  manu- 
I  factories  in  Franco  is  now  utilised  in  making 
spirit.  beinj»  simply  neutrfdi^ed,  generally  mixed 
with  a  little  rye  flour  and  malt,  fermented  and 
distilled.    Tho  best  qualities  of  spirits  Uins  pro- 
duced aro  devoid  of  taste  or  any  peculiar  aroma, 
and  arc  employed  in  tho  maaufaoture  of  liqueurs, 
I  for  improving  common  brandies,  and  for  refining 
rectified  spirit. 

Geneva  or  Holla  a  da  Ls  a  well-known  form 
of  gin  manufactured  in  Holland,  where  tho  grain 
spirit  is  for  the  most  part  made  from  a  mixture 
of  malt  and  rj'c.  It  does  not  possess  any 
charact«iisfeio  to  ilistinguish  it  from  the  same 
article  manufactured  by  rectifiers  in  this  countrv, 
and  its  consumption  appears  to  bo  declining 
{v.  Gin).  Absinth  isa  form  of  gin  in  which  tho 
spirit  is  flavoured  with  the  bitter  principle  of 
wormwood,  together  with  extracts  of  some  or  all 
of  the  foliowmg  ^nts :  fennel,  hyssop,  anise 
coriaTid<'r,  ancrehca  seecl,  driod  veronica,  chamo- 
iniie,  and  mint  {v.  Ab81NTH).  A  largo  quantity 
of  spirit  manufactured  in  Qarmany  from  po- 
tatoes U  imported  into  this  country,  coming 
into  competition  with  tho  lowest  qualities  of 
:  spirits  of  wine  of  the  British  distilleries. 

Reference  has  already  been  made  t«>  the  bond- 
ing of  whiskey—  that  id,  placing  it  in  warehousea 
under  the  control  of  the  rovenue  authorities, 
where  it  remains  maturing  for  pcrio<ls  varying 
^  from  a  few  months  to  several  years.    Tho  exact 
i  change  which  takes  place  during  the  maturing 
procesi*  has  not  yet  been  satisfactorily  ex- 
plainetl,  although  the  labours  of  i*elletan,  Dumas 
and  Stas,  Gaultier,  Chancel,  Wurtz,  Oahours, 
Balard,  Liebig  and  Pelouze,  Pasteur,  I'itti?,  and 
Kriimer  and  Pinner  have  atldr-d  largely  to  uur 
knowledge  of  the  subject.    According  to  the  ro- 
I  searohes  of  these  authorities  fusel  oil  %1^f(g@y?j^piGoog[e 
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subttuioe  and  a  nccctMuy  ftooomfMUiiment  to  ■  The  principal  rMtrietion  on  the  uao  of  iiiettivl< 

fermentation.  Tt»  irrniii  fiTiin  iii  :itions  ninvl  at«'<l  ^|lirit  is  th«t  it  shall  onh'  I"-  kept  \>j 
alcohol  18  the  pnxloiuinaQt  coiHtituent  of  tliia  authorised  peraoos  and  in  authorised  pcenttsoL 
oil.  but  propyl  and  tmtvl  aleohol  are  aho  preeont.  j  In  1891  it  ynm  fovnd  noccwagy  (owtfw  to  the 
In  wine  fi  rnu  ntatioiis  it  consists  princifmlly  of  .  pottsihility  of  rn'  th^,  latcd  spirit  Ix'in^;  siifQcii  ntJy 
oanantbyl  and  caproyl  alcohols.  It  is  probable  *  purified  to  render  it  ht  forj)Otablo  purpoees,  and 
that  these  lUoohou  are  eonverted,  in  the  ptooen  '  the  jirrowing  ^mutttee  of  dnntdngr  *>^ntik  th«  «h 
of  maturing;  thi'  spirit,  from  a  <lisHiir<'<'nlile-  purified  nit-thylattMl  spirit  by  thv  |x>or«r 
ameliing  and  highly  intoxicating  body  into  com*  i  in  some  of  the  lai|;er  citius)  to  again  restrict  the 

Coand  ethers  whieh  are  botn  fragrant  and  i  me  of  methylated  uphtt  made  aa  above  deMribed 
amdess.  (i.e.   '  finliiiary  iiit  th\ lat^'d  sjiirit  *]  tx)  mauu- 

Jn  Uie  prooeos  of  mellowing  iheiv  is  aweraUy  .  lacturors  only,  and,  even  then,  subject  to 
alouof  alcohol,  varying  wfdi  the  tongth  of  time  I  rerenue  reetrietioni,  and  to  preaeiiDe  the 
and  the  condition  of  the  atmosphere  of  the  addition  of  a  further  denaturant  to  methylated 
varehonae.  The  revenue  authorities  fully  recog- .  spirit  intended  for  general  puipoees.  'llii: 
niae  this,  and  make  the  neoeMtary  allowanoM  I  denatvrtat  oomsifta  of  niaeral  naphtha  (petiu- 

in  charf;in<;  tho  duty.  It  will  therefore  be  ap-  leum),  and  the  mixture,  known  a8  minf  raliaed' 
parent  that  alcoholic  strength  based  on  specific  methylated  spirit,  may  be  sold  by  iioensicd 
gravity  »  not  always  a  meaaure  of  the  money  retauem  to  the  general  paUfo  for  any  purpose 
value  of  spirits  as  lM'vera;;es.  The  Food  and  to  which  it  i-  a |t]>lii-able,  aa  lighting,  heating, 
Urugs  Amendment  Act  (42  &  43  Vict,  c  30}  has  :  cleansing,  or  mixmg  with  painta.  varokhos,  &c. 
fixed  a  limit  beiow  whidi  splrita  (Audi  he  aatomed  !  It  waa  found,  however,  that  *  onitnary  * 
to  b«-  diUited.  This  limit  is  26  under  proof  methylated  spirit  was  not  univerhally  applicable 
(35-8  p.c.  of  alcohol  by  weight)  for  whiskey,  to  manufacturing  prooesees  requiring  the  use  oi 
hnndy,  and  rum ;  and  86  nnder  proof  (30-8  alcohol,  and  aoomdingly.  in  1902,  the  Oom* 
p.o.  alcohol  by  weight)  for  gin.  missioners  of  Inland  Re\  >  injr.  under  jx^wtr- 

(7«e«. — In  addition  to  its  use  as  a  beverage, .  conferred  upon  them  by  the  Spirits  Act  of 
spirit  is  employed  as  a  solvent  for  many  of  the  I  and  the  Finance  Aet  of  1902,  an^orfoecl  tho  nte 
druj^s  requir  1  in  medicine,  and  dihited  to  the  of  dnt\  fife  alcohol  denatured  with  substanci-i 
Standard  of  British  proof — that  is,  to  the  specific  ■  other  tlmn  wood- naphtha  in  certain  manufactur- 
nsvityof  0'01984at  1R•6^  representing 40-S4p.e.  '  ing  operations  and  snbjeet  to  special  oondilions. 
by  weight  of  Drinkwater  and  Fownes  alcohol —  As  the  n-  nlf  of  an  inquiry  by  a  Doj>an- 
it  forms  part  of  a  lar^ra  jvoportion  of  the  tine-  mental  Committee,  in  19(Mr-fi,  the  amount  kA 
tores  of  the  Materia  nediea.   It  is  also  used  '  wood*naphtlui  to  he  vaed  as  a  denatoraiifc  for 

largely  a.s  a  solvent  for  essential  oils,  in  yn  -  *  ordinary  '  methylated  spirit  used  for  industrial 
paring  perfumes  and  essences,  and  ether  is  ,  purpoeea  was  roduoed  from  10  to  5  p.c.  o<  the 
manofaotored  from  it.  The  aleohol  used  in  an  I  mixture.   This  is  described  as  '♦frfmfri'ul* 

the  aliove  jireparations  pays  a  d\it  y  of  ITm.  Iff.    mithyhil' '1  spirit. 

per  proof  gallon,  equal  to  about  27«.  per  gallon  |  At  the  present  time  (1911),  there  are.  there- 
of tne  aloohol  oiF  Oay-Lossac,  the  standaid  of  fore,  two  descriptions  of  methylated  spirit  olBei> 

Prance.  ally  recognised  in  the  T^nit<<l  Kingdom,  via.  : 

AduUeraiion. — Although  it  has  been  stated  |  (a)  Mituralited  methykUed  «pirU  as  sold  bj 
tliat  sniritA,  especially  gin,  weve  formerly  adol-  Heensed  retailer*  for  general  nse  (except  for  the 
terat«n  with  capeicum  and  even  sulphuric  acid,  '  prt-paration  of  }  r  \i  r  iyes  or  medicine),  and  cun- 
in  ord<«'  to  increase  their  fiery  character,  it  is  i  toining  not  ie^  than  10 p.c.bv  volumeof  approved 
satisfactory  to  find  that  in  the  workiiiff  of '  wood*n«phtha,  and,  in  adaition,  not  ' 


the  F(M)d  and  Drill's  Act  no  cviih  iu  e  luis  Turn  0  38.5  p.c.  of  aj)proved  mineral  naplitha  (prtto- 
afforded  of  such  practices  during  late  yeacs.  ,  leum  of  specific  gravity  not  ks-n  than  0'800>. 
The  f«port  of  ^e  Local  Government  Board  (6)  lniu$Mta  mdhgtaled  spirit,  intended  for 
il'in'r,  shi»\\s  that  tho  adult<Tants  detected  use  iii  mnnufacfuring  processes,  ami  soM  oiiK  by 
durmg  the  year  consisted  of  water  (the  great  .  methylators  to  persons  authorised  to  receive 
majority  of  cases) ;  foreign  spirit  in  16  samplea  '  this  kfatd  of  Sfririt.  Thw  most  contain  not  less 
out  of  .'>217  samples  of  brimdv,  rum,  and  whiskey  than  5  j).c.  of  approv<'d  wood-naphtha  or  <.)ther 
examined ;  one  case  (wlmkey)  contained  an  .  substance  or  combination  of  substances  approved 
admlztnre  of  Aerry  trine.  >  by  the  Oommissfoners  of  Customs  and  Exeiaa. 

Methylated  spirit.    In  1853  a  strong  repn--         The  \\t)od- naphtha  must  be  .sufTu  iently  iin 
sentation  was  made  to  the  Qovemment  to  allow  pure  to  make  the  methylated  spirits  so  nauseous 
the  nse  of  aleohol  duty  free  in  the  arts  and  '  aa  to  render  them  incapable  of  behig  used  aa  a 

manufacturiuir  priiccft.He«  in  which  it  was  n  -  beverage  or  of  Ijcing  n;i\i  il  with  |K>table  spirits 
quired,  and  after  careful  inquiry  the  Board  of  without  rendering  them  unfit  for  human  ooih 
Inland  Revenoe  in  1855  decided  to  sanction,  sumption.  It  mmA  contidn  not  less  thnn  72  |».o. 
tiiidi  r  r  ertain  restric  tions  a  mixture  of  nine  '  by  volume  of  methyl  alcohol,  and  not  niort*  than 
parts  of  spirits  of  wine  and  one  part  of  methyl  \  12  grams  per  100  c.c  of  aldehydes,  acetone,  and 
alcohol  (wood  naphtha)  fn!«  of  dnty  under  the  I  higher  ketones,  estimated  as  acetone  by  Mes- 
name  of  >)utJii/Ialnf  •.yuVi/i.    In  the  per-   singer's  iodoform  j)roceHs,  nor  more  than  3  cram* 

mission  was  extended  to  ali  other  purposesexcept  ,  of  esters  estimated  as  methyl  aoctatc  by  hydro- 
consumption  as  a  bevc  rajy^e  or  as  a  medfeine.  lyshi ;  not  more  than  SO  0.0.  of  naphtha  sbUl 
The  rea»ons for  Holeeting  wood  naphtha  were  that  be  n-ciuired  to  decolourise  an  aqueous  soluticm 
whilst  it  would  be  least  likely  to  interfere  in  any  containing  0*5  gram  of  bromine,  and  5  co.  at 
of  the  processes  for  which  alcohol  was  required —  .  least  of  deoi>Bormal  acid  shall  be  required  to 
expecinlly  A.-i  )i  solv  ent-  it  would  b(»  vt  FN  diflK  ult  neutralise  25  c.c.  of  trie  spirit  whioa  OMtliyl 
to  separate  from  the  alcohol  when  once  mixed.  .  orange  is  used  as  indicator.     Djgjtj2ed  by  Google 
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The  vrood-napktha  which  ui  now  used  by 

nrthslators  is  fuirly  unifurm  in  character  as 
r^ganb  lU  content  of  meth\l  alcohol,  and  it  ia 
by  tbe  recognition  of  this  alcohol  that  the 
preaenc*  of  mt-thylattxi  spirits  is  usnallv  de- 
tected. Act-tone  is  pri:^ent  in  much  mor« ■  var v  ing 
qoMititics,  whilst  unsatimtod  alcohols,  com- 
yvinnd  L'thtT>,  and  n  i  t roppnotis  hasic  suLrttancea 
arc  prtscnt  in  lo<)  t^maii  aiid  varying  proportions 


common  salt,  and  tho  mixtnia  introdnoed  into 

a  wide  tulx^  and  heati^i  for  some  honr^i  at 
lK)°-llXi°.  Thu  product  is  exhausted  with  warm 
alcohol  and  the  extnct  filtered  and  nytde  up  to 

a  volunif  of  100  C.C. 

If  the  sample  of  spirit  contained  ethyl 
alcohol  only,  the  ooHoor  of  the  liquid  will  bo 

r*"<l,  hut  in  tho  presence  uf  1  ])  r  df  methyl 
alcohol  it  has  a  distinct  viul«'t  whadc,  whilst  in 


Percentage  of 
methyl  alcohol  by 
ToUunetn  tbe  mix- 
ton  Of  tleoliols 


Temperature  at 
which  tlie  tlrsi 
drop  of  iodidcii 
falls  into  the 
ooodeoser 


7(r 

eaf* 

62» 
60» 

sr 

66* 

65* 
62* 


N'olinric  of  din- 
bt'lo"  72  from 
l(Mlide« 


c.c. 
Nil 
0-2 
0-8 

o.o 


4-0 

6-  0 
(iO 
0-2 
6^ 
ft -.I 
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to  afford  suitable  means  f or  deeteoting  methy-  the  prc.'^iioeof  2  p^a  the  violet  is  vciy  decided. 
kt«d  spirits  in  mixttures.  and  becomes  more  so  m  the  fWDportioa  of 

The  most  satisfactory  methods  for  detecting  _ 
methyl  alcohol  in  presence  of  ethyl  alcobw 
depend  either  on  differences  in  the  physical  pro- 
pertiea  of  the  alcohols  themselves,  or  on  differ- 
cQceemtbe  chemical  behaviour  of  their  deriva- 
or  prixhicts  oi  oxidation,  but  of  the'-e.  few 
tin-  capable  of  indicating  with  certuiiils  the 
presence  of  less  than  1  p.c.  of  methyl  alcohol. 

Of  the  methods  uhlch  have  hitherto  been 
devised  for  this  purpose,  none  can  compare,  as 
Ripids  the  certainty  of  the  conclusions  which 
may  V*e  ilmvii  fmnr  the  results,  with  that  of 
Ric^aiHi  Bardy,  which  deijends  on  the  idtimatc 
formetaoB  of  methylanilinc  violet  and  its  de- 
position on  merino- w  ool  (Conipt.  n-nd.  1875, 107*1). 
.y  &  prehmiiiaxy  test,  and  one  which  may  with 
tdvantefO  be  incorporated  in  the  Riche  and 
Bardy  proco-^.,  the  following  w  ill  be  fotmd  to  be 
uaeful.  AUjut  10  c.c.  of  the  strong  spirit — freed, 
if  necessary,  from  essential  oils,   &c.,  by  the 
!*alt-petrf>leuni  method  and  fractionatetl  from 
putassism  carl>ouate  (r.  xVlcuiiolmbtby) — arc 
pleoed  with  30  grams  of  powdered  iodine  in  a 
^miiU  round-bottomed  flask  which  can  1m;  readily 
cuanttted  with  a  condenser.    'J'wo  grams  of 
amorphous  phosphorus  aie  added  and  tne  result- 
ing alkyl  ii>lides  di.<tilled  and  oollect^rd  tinder 
wistcr  m  a  Hmall  separator.    When  from  10  to 
12  cc.  have  be*m  collected,  the  iodides  are  washed 
with  water,  de(  olmirLxed  with  dilute  potash,  and 
drawn  off  from  the  aqueous  layer  into  a  flask 
containing  a  little  fredlly  heeted  potMsium 
carbonate.    After  remaining  an  hour  or  so  with 
occasional  shaking,  the  potaainim  e>u  iu>aate  is 
removed  by  filtration,  and  the  boiling-p<jint  of 
the    iodide.s    carefully    determined.  Ordinary 
ethyl  alcohol  yields  an  iodide  which  iias  a  con- 
stant  boiling-point  of    72**.     When  methyl 
:tl,  t^hol    i-f    present   in    the  spirit,  the  initial 
LcjitUi^-pomt    of  the  iodides  is  lower  and  a 
portion  distils    below  this  temperature.  By 
noting   the    tenij>erature    nt    ivhtrh  the  first 
drop  of  distilltxi  lodkles  tails  mto  tlie  condenser 
and  reoeavBT  respectively,  the  presence  of  rela- 
tively small  qnantities  of  methyl  alcohol  can  be 
detected.    The  results  (see  table  in  next  col.) 
obtained  with  synthetio  idiztarM  indioAte  the 
ddiea<  y  of  Th»^  rnetho<l. 

kkdoubtiul  caiic**, or  when  the  initial  boiling- 
point  is  below  70*,  the  first  fraction  of  3  O.O.  of 
d^tiDe*!  i<jdidef!  in  digest^'d  with  an  equal 
volume  uf  ajxiline  at  a  moderate  teni|x'raturu, 
and  the  Riche  and  Bardy  method  proceeded 
with.    .\ft.er  standins;  one  hour,  hot 


methyl  alcohol  increases.  5  c.c.  of  the  alco- 
holic extract  are  then  mixed  with  water  to  a 
volume  of  100  c.c,  and  2  c.c.  of  this  dye  diluted 
with  water  to  about  400  c.c.  The  mixture  is 
now  heated  to  a  temperature  not  exceeding  75*, 
and  from  two  to  three  feet  of  Berlin  wool, 
previously  freed  from  grea.Ht!  by  treatment  with 
hot  dilute  potash,  immerH<>d  in  it  ifor  30  minutes. 
Pure  ethyl  alcohol  under  these  conditions  will 
not  produce  a  dye,  and  the  wool  after  washing 
and  drying  remains  practically  white.  If,  how- 
ever, methyl  alcohol  wa.<?  originall}-  pn  aent,  the 
fibre  will  be  violet,  the  tint  becoming  more 
intense  and  increasin^^  in  depth  according  to  the 
I  quantity  present.  Riche  and  Bardy  reenmmcnd 
!  that  6  c.c.  of  the  above  diluted  dye  uhould  be 
I  taken  instead  of  2  0.0.  ee  hefe  desoribed,  but 
although  by  this  means  a  more  intense  dye  is 
obtained  when  methyl  aloohol  is  present,  it  is  found 
that  an  appreciable  (I\  e,  Hlthongii  not  of  the 
same  colour,  is  deposite<l  win  n  jmrf  ethv]  alcohol 
has  been  operated  with,  anti  this  ma\  Wtul  to 
confusion.  For  purposes  of  ooaipeifaon  it  is 
therefore  advisable  to  operate  ooilOUtiently  with 
a  sample  of  rectified  spirits. 

If  it  bo  desired  to  estimate  the  proportion 
of  methyl  alcohol  or  methylated  Mpirit.s  in  a 
sample,  the  method  of  Thorpe  and  Holmes  may 
bo  employed.  This  method  depends  on  the 
complete  oxidation  of  methyl  alcohol  to  carhon 
dioxide  by  means  of  chromic  acid  mixture,  recti- 
fied spirits  under  the  same  conditions  yielding 
w  j^t^T  is  !  only  a  small  quantity  of  carbon  dioxide  equiva- 
added  to  the  crystalline  uia.sf<,  and  tiie  mixture  lent  to  OOl  gram  for  each  gram  of  ethyl  alcohol 
bailed  for  eome  minutes,  25  c.c.  of  strong  potash  present  (Chem.  Soo.  Tnne.  1904,  1). 
solution  are  then  added,  and  the  HHfrated  aniline  As  a  result  of  many  experiments  it  has  l>een 
oil  washed  with  water;  1  c.c.  ut  llus  oil  is  inti-  proved  that  unless  the  boiling-point  of  the 
nately  mix('<l  with  10  grams  of  a  mixture  iodides  b  abnormal,  no  dye  is  obtained  by  the 
eutiskting  of  1(H)  grams  of  dry  quartz  sand,  Riche  and  Bardy  metho<l.  nor  does  the  yield  of 
^  grams  of  cupric  nitrate,  and  2  grams  of   carbon  dioxide  on  oxidation  exceed  the  limits 
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given  above  for  rcctifio<l  spiritc,  but  in  all  caflcs 
m  which  a  dye  \»  ubiainerl  a  pmportiooAl  exoeas 
of  carbon  dioxide  is  also  obtained. 

In  other  countries  thsre  arc,  a8  a  rule,  clttMO 
of  denatured  alcohol  corresponding;  more  or  less 
uith  those  authorit(ed  in  the  United  Kingdom, 

spirit  for  f^eneral  use  80  completely  denatured 
tm  to  be  deemed  undrinkable,  arm  spirit  not 
absolutely  denatured  and  intended  fur  uho  by 
rosponsiltie  numifMtiuera  mibjeet  to  »  matt  or 
Ims  strict  rt'v enu"  <  imtrol. 

WcxMl-nAptuha  IS  the  denaturaul  most  in 
fftVOOr  for  spirit  intended  for  general  use,  the 
nauseous  character  of  the  methylated  spirit 
being  soniotimes  intonsifiod  by  the  addition  of 
such  substances  as  pvrkUne  bMW,  beoiine,  Ac 

In  Francf.  spirit  for  general  use  contains  ono- 
elevonth  of  iIh  volume  of  oflioially  approved 
wood-naphtha,  with  «n  addition  (when  used  for 
li^rhtirc  n  nd  heating  purpo8eia)of  0-5  p.c.  of  heavy 
benzine  liistilling  between  150'  and  200*  and 
4  p.c.  of  gum  resin  for  '  tinisli.' 

In  Germany^  the  official  formula  is  2  j).c.  of 
wood  naphtha,  0*5  p.c.  of  pyridine  bases,  and 
(optionally)  0-125  p^c.  of  rosemary  oil.  Spirit 
intendc<l  for  motor  rftr«,  and  internal  combustion 
engiuot)  is  denaturtiti  by  adding  1  p.c.  of  wood- 
naphtliat  0*25  p.c.  of  pyridine  bases,  0-25  p.c.  of 
a  solution  r>f  niethN  1  violet  (Ive.  and  from  2  to 20 
p.C.  of  l>eu;£ul  tu  tht-  pure  spirit. 

In  the  United  States  of  America,  ID  p.o.  of 
approved  methyl  al<  <)lu)l  and  0-5  p.c.  of  benzene 
is  prescribed  lo  lie  added  to  spirit  denatured  for 
general  use. 

Avj4rio-Hun<jarifi  Two  p.c.  of  woo<!-naphtha, 
0*5  p.c.  of  pyridine  base^,  and  a  trace  of  phenol 
phthalein  ue  added  to  spirit  intended  for  genend 
purposes. 

In  Belgium  and  Iiu..i.sia  •sjM-citic  denaturauts 
are  piMcribed  for  each  of  the  principal  manu- 
factnnT',  and  thin  |ira(  tiee  obtains  in  certain 
other  countries,  as  lierniaiiy,  France,  Switzer- 
land, and  the  United  Kingdom,  when  it  can  be 
>li'>Mf\  (hnt  ordinary  methylated  8])irit  is  iin- 
fUitaliie.  lu  huch  ca.xoH  thu  denaturants  are 
naturally  very  varied  in  ehoraeter,  being speoiAlly 
atlapted*  to  the  particular  neoeesities  of  each 
manufaeturtr. 

(Minutes  of  Evidence  and  Report  of  tin- 
I)«'partmon1al  Committee  on  Industrial  Alcohol, 
lliUo  ;  Hcnick,  JXiiature<l  or  Industrial  Akohol.) 

ALOOBOLOMETRY  is  the  (enn  applied  to 
any  prwc**  for  estimating  the  amount  of  alcohol 
in  a  spirituous  liquid.  In  simple  mixtures  of 
aloohol  and  water  a  detenninatiou  of  specific 
gravity  at  a  standard  temperature  alfords  an 
accurate  index  uf  alcoholic  content,  and  it  is 
by  taking  advantage  of  tbit  faot  tiiat  the  aatay 
of  spirit  fnr  r^vemio  and  oommercial  purpoeea 

IS  u."«uai]y  carried  out. 

When  alcohol  and  water  are  mixed  together 
the  volume  of  the  mixture  is  invariably  l<<s 
than  the  &uiu  ut  the  initial  vuiuiue^,  and  the 
degree  of  contraction  varies  with  the  pro|)ortion 
of  alcohol  pre.sent.  In  countries  in  which  the 
revenue  from  .spirit  is  of  great  iin|)ortauce  it  h<i» 
therefore  Ix  en  found  neccsstiry  to  ascertain  by 
exiieriment  the  spi  <  itic  gravities  of  mixture-!  of 
alcohol  and  water  in  all  pro  port  iou.s  and  at 
v«drione  temperaturra.  I'Ik  .se  experiments  have 
in  general  been  carried  out  at  the  request  of  the 
Goverumeata  iuten.'dtcd,  and  the  re>5uUa  arc 


embodied  in  taljleg  associated  with  the 
thoN'-  intrusted  with  the  investigations. 

In  ITiH  Sir  Uhaxles  Blagdcn  and  Mr.  Gilpin 
completed  an  cxteniive  series  of  experioM^s, 
undertaken  at  the  request  of  the  British  lioveni- 
ment  {Phil.  Trau-s,  17UU-nm),  the  resultj?  of 
which  have  since  serve<l  a.s  the  Ixat^is  of  systems  of 
aleohnjometry  in  this  ari<l  other  euunt  ri*  -.  Ai 
that  time  anbytlruus  alcohol  had  not  bt»-n  pre- 
pared, Bladen  and  Gilpin's  tables  having  refer 
ence  to  spirit  of  a  sp.  gr.  0-825  at  IS-tJ^  'lS-to' 
(tHJ°;t>U°r.).  Iralles,  in  1811,  conducted  » 
like  investigation  for  the  Prussian  Government 
(Gilb.  Ann.  !hii),  and  adopted  O-TlUfi  a*  tht^ 
specific  gravity  of  alcohol  at  15  U°/ir»  G°.  Hp 
incidentally  eon  firmed  the  general  accuracy  o; 
therosultri  of  Hlagden  and  Gilpin,  and  eon.it  ruetr-<i 
tables  of  spirit-strengths  which  for  upwards  ut 
sixty  years  formed  ths  baaia  of  (Serman  aiooholo. 
metrv.  Similar  researches  were  undertaken  by 
Gay -Lussao  (Paris,  1824 ),McCuUoch(  Washington. 
1 848),  Bau  m  hauer  ( A  nis  tordam,  1860),  MeaKiel«iefl 
(St.  Petersburg,  IStif'?,  m>d  more  recently  b> 
tho  Kaiserliche  Normal  i-^ichungs  Kuitintii^ion 
(Berlin,  1889),  the  several  reaolta  of  which  havf 
from  time  to  time  Ix^ni  incorporated  in  thv 
systems  of  alcohulometry  aduptod  by  the  respet- 
tive  Governments.  The  unofficial  inve.stigati«>n> 
of  Fownes  (Phil.  Trans.  1847),  Drink wat«-r 
(Cham.  Soc.  Mem.  1848),  and  Squibb  ( EphemerL-^. 
1884),  arc  likewise  entitled  to  consideration. 

Drinkwater  prppanni  alcohol  of  a  srwriti. 
cravitv  0-79381  at  lo-tiVl5  ti"  (iu  air),  whiLa 
Squibb  obtained  it  as  low  as  0*79Sfi,  bat  thj« 
result  laeks  confirmation. 

The  work  of  Mendeleeff  for  the  Russiaq 
Government  admittedly  constitutea  tho  nottt 
eoTTipmhen-^ive  and  exact  of  the  researcher 
liitherto  made  in  the  field  of  alcoholometrv. 
Mendeleef!  obtainetl  alcohol  of  a  sp  i  i' ' 
^vity  n  70425  st  15715",  which  at  ITrfi'  i5-«r 
18  equivalent  tu  0*79384  in  a  vacuum,  or  to 
0'70358  in  air,  and  he  assignetl  to  Drink wat4^*« 
alenhoj  an  alcoholic  eoiit<'nt  of  W  '.)3  p.c,  and  to 
the  strou'^  spirit  of  Blagilea  and  Gilpin  89-t«> 
.c.  by  weight.  The  results  of  Tralles*  and  Gay. 
ussae's  e.viMTiincnts,  b»  in<,'  bax-d  on  alcohc'l 
lejiii  tle!i\ (Irai^Kl  than  that  ot  Dnnkvvau  r,  com- 
pare lejis  favourably  with  those  of  Mendeleeff. 

Mendeleeff  was  so  wHl  "at-^titxl  with  the 
work  of  Blagdcu  and  Gilpin,  ami  Drinkwat**r, 
that,  for  spirituous  mixtures  of  low  strength,  he 
included  many  of  their  rfsult^s  in  his  tabU-i  i>f 
spirit -denHitiu.1,  and  after  a  critical  inve«»iigalK»u 
and  subsequent  verification  by  the  Kai^ierlichr 
Normal  Eichungs  Knmniission,  his  re!«iults  have 
been  substantially  adopted  the  ba^is  of  thv 
present  system  of  German  alcoholometry  in  place 
of  the  relatively  less  accnrate  data  of  Trall-s 

The  rcsuit.s  of  tUu  work  of  thc.-ic  four  autih»- 
rities  have  been  incorporated  in  the  accompany > 
irni  talih'  of  spirit-den^^it ie-j.  which  mav  servr 
fur  tho  pyknometrical  deter miuation  of  the  tru« 
strength  of  spirits.  In  the  assessment  of  dutv 
and  in  commercial  transactions,  the  standard  of 
strength  is  tertned  '  proof.'  Spirit  of  proof 
streni^h  is  d<  tined  as  '  that  which  at  the  tem- 
perature of  Sl^'F.  (lO-tj^r.)  WciuliH  exactly  ^Jth- 
uf  an  equal  measure  of  thstilk<i  water  '  also  at 
100".  .Acconling  to  the  best  ax-ailable  data 
thi.s  mixturi'  of  alcohol  and  water  has  a  spwific 
gravitv  ot  0-91970  at  15-b7  l5  0%  and  caatiim 
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40-28  p.c.  by  weight  and  57-10  p.c.  hy  voIuhk- 
«rf  Mhydroua  alcohol.  Spirits  wnich  contain  a 
.  rfcator  proportion  of  alcohol  than  ii  oontaincd  in 
ynoi  spirit  are  said  to  be  of  overproof  stn  ngth 
<o.p.  >,  and  those  which  contain  u  srauller  propt»r- 
tton  ara  aaid  io  be  of  underproof  strength  (u.p.). 
Vam^onB  of  temperature  arc  (tcem^  not  to 
AlBeel  the  fiscal  strength  of  Kpiritg.  Spirits 
which  are  of  proof  strength  at  10-6*  are  consc- 
qur^Qtir  deemed  to  be  of  j^KOof  sferength  at  other 


tomfXTiitiirPf,  nnd  ih<^  same  applies  to  spirits  of 
any  utlicr  strt  ngtli,  provided  that  no  change  in 
oompohition  has  occurre<l.  In  computing  the 
Htrf-Hf/th  cf  »  «|)irit  mixture  rr-ffn  u'  *'  is  rnn  l  ■ 
to  thi-  v(»luni<-  nf  proof  spirit  it  contains  if  undt^r- 
proof,  or  will  protluco  if  ovorproof|  at  the 
dominant  t«>n literature,  whi(  li  for  rcvrrmr  pur- 

Soses  in  this  country  is  Hx»'d  at  l(t^  (r><)'*K. ).  ^ 
[endei^fT's  alcohol  is  thea  found  to  I"  7o  M."; 
overproof,  or  100  volumes  at  10%  when  <lilufg^<^oog[e 
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with  wator  to  proof  strength,  yield  ITalJ.'i 
volumes  at  that  tempemttird. 

In  the  tablo  on  p.  H5  Npocitir  nrrivitiM  of 
aqueous  alcoholic  mixtur»'H  art<  corri-lated  with 
percentages  of  alcohol  by  weight  and  by  volume, 
ami  fiscal  ]>roiif  s)iirit.  Tin-  .s|)<rit]('  [;ra\ itii-s 
are  reductni  to  air  valuer*  and  reprt-Mut  the 
ratio  of  the  weight  of  »  given  volume  of  spirit 
to  the  weight  of  tlie  same  volume  of  watfT  at 
15  ti**  under  the  same  atmospheric  conditions  ; 
they  may  be  oonvertod  to  apecifio  gmvities  in 
vacuum  oy  means  of  the  exprcosioik — 

6  +  0-0012 
~  10012 

Although  it  is  probable  that  the  density  of  a 
spirituous  liquid  can  Ik;  determined  more  accu- 
rately by  the  use  of  a  pyknometer  tlian  by  other 
means,  in  practical  operations  where  regard 
must  be  had  to  convenience,  it  is  preferable  to 
employ  one  of  the  many  hydrometers  or  alcoholo- 
meters, the  stems  of  which  are  variously  graduated 
to  8h<j\v  (loi)<ities,  percentages  of  alcohol  by 
weight  or  by  volume,  or  again  arbitrary  indica- 
tionB  wliich  can  be  int^reted  by  suitable 
tables. 

Since  the  year  IHI^,  Sikcs'  hydrometer  has 
been  the  legal  instrument  for  ascertahiing  the 

^tn  ii^lh  of  sjiirit'<  for  revenue  purposes  in  (Inat 
i3ritaiu  and  Ireland,  as  well  aa  in  most  of  the 
Brittth  Colonies.  It  is  made  of  braAs,  gilded, 
and  con.ii.'its  of  a  hollow  sjihcrc  jiro\  iilcd  at  one 
pole  with  a  graduated  rectangular  stem  uniform 
m  section,  and  at  the  other  with  a  eonioal 
Sjpindle  terminating  in  an  oval  countorpnlHC  to 
^ve  stability  to  the  instrument  when  floating 
m  a  liquid,  and  also  to  serve  as  an  attachment 
for  various  poises.  The  {rradtintnd  pt^rtion  of 
the  stem  cimluiti^  ten  princifial  divisions,  which 
are  equal  in  length,  and  marked  '  0 '  at  the 
up]R>r,  and  '  10*  at  the  low-  r  rn<I,  and  Ix  twecn 
the.se  point.s  the  >iteni  is  agtiin  Mulxlivided  to 
2  tenths  of  a  division.  When  the  instniment  is 
floatin^i  nt  th'-  '  0'  mnrk  in  spirif  a(  .-i  ti  mpfTrx- 
ture  ot  lo  b*,  it  indicau-ri  a  wUvitgLh  oi  i><r7 
overproof,  or  92*60  p.e.  of  alcohol,  whil.st  tlie 
'10*  mark  corresponds  to  a  sfr.  ii<:th  of  68 
overproof,  or  80*11  p.c,  of  alcohol  (bv  weight). 
For  strengths  wealwr  than  these  a  series  of  nine 
poises  or  weights  are  uskk\,  numbenvl  eon«ecu- 
tively  from  10  to  90.  The  |K)i»ea  arc  made  of 
hammered  bra.ss,  gilded,  and  can  l.<  attachod  by 
means  of  a  slot  in  the  poise  to  the  spindle  of 
the  hydrometer.  The  series  of  principal  divi- 
sions can  thus  bo  repeated  ten  times,  reading 
from  *  0  '  to  '  100,*  which  latter  indication  n>pre- 
sents  distilled  water.  Sikes'  hydromet<'r  indica- 
tions n*fer  to  readinga  on  the  ^ten»  at  tiie  surface 
of  the  liquid  in  whtcli  it  is  floating,  the  capillary 
roeniscns  being  disregarded,  and  are  interpreted 
into  proof -strengtli.s  by  means  nf  tables  which 
are  arranged  so  as  to  identify  a  sample  of 
spirits  at  any  temperature  between  —  1  (30*F. ) 
and  -f  :{7-8*'nn(i°F.). 

The  hydrometer  which  is  used  for  strong 
spirits  beyond  the  range  of  the  ordinary  8tker 

in-trunn  lit  i«  kiifiwn  a-,  the  '  A  '  or  '  Lijjii't  h\'<1ro- 
meter,'  and  tables  pro{ier  to  this  int»trument  arc 
also  issued.  It  is  made  of  bras.*,  gilded,  and 
graduated  on  the  stem  similarly  to  Site  s'  hydro- 
met«;r.  When  floating  at  the  '  0 '  mark  in 
spiiit  at  a  temperature  of  ]5'6*,  it  Indicates  a 


strength  of  73  5  overproof,  or  98-24  p.p.  of 
alcohol,  wlulst  the  '  10 '  mark  corresponda  to 
6G*7  overproof,  or  92%W  p.c.  of  alcohol  liy  iclit 
the  strength  proper  to  the  '0'  mark  on  Si  las 
hydrometer. 

lit  the  United  Stat^'.s  of  America  'I  ra lies' 
tables  are  legalised,  and,  as  in  England,  revenue 
is  raisetl  w  ith  refen*nce  to  a  mixture  of  alcohol 
and  water  termed  '  jirtMif.'  Anierican  proof 
spirit  is  defined  ai«  contaiiiiitg  one-half  of  its 
volume  of  Trallcs*  alcohol  at  15*0*.  For  Excise 
purpo«»efl  a  series  of  alcoholometer**  are  employed, 
each  having  a  limited  range,  and  indicatinj; 
percentages  of  proof  spirit--'  <l  '  n'pn'sentin- 
water,  *  100 '  proof  spint  and  *  200  '  alcohol— 
and  readings  at  temperatures  other  than  15-6* 
are  corrected  by  means  of  tables  to  what  they 
would  be  in  the  same  spirit  at  that  temperature. 
In  comparing  American  with  British  proof  it  is 
neeessarv  to  remember  that  the  American  gallon 
is  smaller  than  the  British  Imperial  gallon, 
100  British  being  equivalent  to  120  Amerioao 
gallons.  Consequently,  100  British  proof  gnUoos 
are  equal  to  137  American  proof  gallons. 

Siroilariy,  in  HoOaad  a  proof  stendaid  u 
recognised.  Dutch  ]troof  contains  GO  p.c.  by 
volume  of  anhydrous  alcohol  at  16**.  As  in 
the  United  States,  a  series  of  alooholometert 
are  employed,  differing  only  in  regard  to  the 
range  of  their  strength  indications.  The  alco- 
holometer scale  is  divided  into  28  prineipal 
divisioiiH  or  degr<'es,  which  are  equal  in  lengih. 
and  again  sul>dividcd,  each  principal  division 
ropreflcnting  of  the  volume  of  the  hutru' 
tnent  Im  Iow  the  Z^ro  mark.  Spirit  tables  baMfM] 
on  the  results  of  Baumhauer's  investigatiouj 
aooompany  the  instruments  and  translate 
(Iegrre«t  on  the  scale  info  percentages  of  alcohol 
at  15°  on  which  the  revenue  charge  is  based. 

In  Italy  'l>alle«*  alcoholometer  is  oned 
oftieially.  This  instrnment  is  made  of  irl.t-  . 
an<i  at  the  standard  lemjKrature  of  15-t.>' 
dire<  t|y  indicates  the  volume  of  alcohol  con- 
taine<l  in  100  volumes  of  spirit  when  measun^l 
at  the  same  temperature.  Indications  at  other 
temperatures  are  corrc<  d  by  means  of  t«Ues 
to  tni'*  ]>erecntaL:c,s  liy  \olnrne  at  15-(>*. 

lu  Au.'«Lria-liungary  an  alcoholomet<T  closely 
resembling  Tralles',  and  indicating  ]K-rceritapea 
of  alcohol  by  volume  at  15*  is  vi->m1.  Its  in- 
ilications  arc  uniforndy  higher  than  tho!<e  of 
Tralles*  to  the  extent  of  from  one  or  two  tenths 
jK'r  cent.  Readings  on  this  instrument  are  taki-n 
at  the  highest  point  of  the  capillary  meniscuA, 
w  hich  ext^'nds  1-2  mm.  on  the  stem  abovo  the 
normal  surface  of  the  liquid. 

Tralles'  alcoholometer  and  tabl^  are  tisod 
eommerciallvin  Ru.wia.butfor  Revenue purjx>i»»  i 
a  metal  h3rdirometer  with  nine  poises  mntiliir  iit 
character  to  Stkee*  hydrometer  is  ofBoiaJ.  On 
this  inHlrument,  however.  Spikes'  indications  ar^ 
reverse<l,  so  that  *  100 '  is  made  to  repceseal 
strong  spirit,  and  *  0  *  distilled  water.  The  hydro- 
motor  scale  is  arbitrary,  and  indications  are  inter 
preted  into  pcrcoutageis  by  volume  of  TraUe:di 
alcohol  at  the  standi^  temperatnrs  of  I5<0*. 

I'revious  to  tin-  year  1887,  Tralles*  instrumeni 
\\a»  also  ujmhI  in  Germany.  It  has  now  be«ic 
replaced  by  a  system  of  wcdg^t  alecAolonietry 
l>ii  1  <1  rin  Mendeleeff's  data.  whcr<d>v  the  pr.> 
portjon  bv  weight  of  alcohol  is  determined.  TIm 
official  alcoholometers  are  mgi^epf  glnmo^^ 
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Indi ration  of 
tUkea'  hydro-  , 


A.O. 
A.1. 
A.2. 

A.3. 

A.0. 
A.7. 

A.a. 

A.10 


BritUbnmof 


I  Am«rfcan 

proof 
:  spirit  at 
j  Ib'^ 


Al<-<i|i(.l 
by 

Wright 

(Uer- 


( 

Overproof 

1 

73-5  , 

•  1 

198-2 

98-2 

1 

72-9  1 

197-5 

97 -7 

1 
1 

72-2  ' 

196-8 

97-2 

1 

71-6 

19G1 

71-0  1 

195-3 

961 

1 

70-3 

194-6 

95-6 

1 

193-8 

94-9 

1 

193-0 

94-3 

08-2  1 

192-2 

63-7 

67-5 

191-3 

93  1 

=  u 

G6-7 

190-4 

92-5 

1  1 

e6<o 

189-6 

91-9 

2  1 

nr>-2  1 

188*7 

91-3 

04-4 

187-7 

90-7 

4  ' 

166-6 

90-0 

1 

185-8 

89-4 

8  ' 

184-9 

88-8 

61  •! 

183-9 

88-1 

60-2 

182-9 

87-5 

9 

r.9-3 

181-8 

86-8 

10 

r»8-4 

180-8 

861 

11 

57-6 

17?»  9 

STrti 

12 

56-7 

178-9 

13 

55-7 

177-9 

84-2 

14 

54 -S 

176-8 

83-5 

15 

176-7 

82-8 

16 

52-9 

174-6 

821 

17 

51  n 

173-4 

SI -4 

18 

50-9 

172-3 

HO -7 

19 

49-9 

1711 

mo 

20 

48-9 

170-0 

79-3 

21 

47-9 

168-8 

78-6 

22 

46-8 

l«7-7 

77-9 

23 

4fi'8 

16t  5 

77-2 

24 

44*7 

1663 

76-5 

25 

43-6 

164-0 

75-8 

26 

42*5 

162-7 

75-0 

27 

41  ^ 

161-6 

74-3 

28 

40-3 

160-2 

73-6 

29 

1       39  1 
38*0 

158-9 

72-8 

30 

157-6 

72-1 

31 

'  36-9 

156-3 

71-3 

32 

1  35-7 

1550 

70-6 

33 

84'e 

163-7 

60-9 

34 

'  334 

152-4 

69-1 

35 

1  32*2 

151-0    ,  68^4 
149-6   1  67-6 

36 

1  Sl-O 

37 

29-8 

148-2 

38 

28-5 

146-8 

tj6  1 

39 

27-3 

i  1464 

66-3 

40 

260 

144^ 

64-6 

41 

24« 

'  142-6 

03-8 

42 

28<6 

141-1 

63-0 

43 

22-3 

139-7 

62-2 

44 

21-0 

138-2 

61-4 

45 

19-7 

138-7 

60-6 

40 

1  18-3 

135-2 

69-8 

47 

17-0 

133-7 

59-0 

48 

16-6 

132-1 

68-2 

49 

14-3 

130-6 

67-4 

BO 

12-9 

129-0 

66-0 

61 

11  r, 

127-4 

65-8 

52 

10*1 

1  125-8  , 

55-0 

AlcoholliyTotanM 

at  15-^  at  158^ 
'(taiiae)i(XMlM) 


buUeatioos  of  hydfometer  of 


,ca, 'Sir 


98-9 
98-6 
98-2 
97-8 
97-5 
97-1 
96-7 
96-3 
96-9 

95-  4 

96-  0 
04'7 
94-2 
93-8 
98*3 
92-8 
92-3 
91-8 
91-3 
90-8 
90-3 
80-9 

ay -4 

88-8 
88-3 
87-7 
87-2 
86-6 

80-  6 
86-5 
84-9 
84-3 
83-8 
83-1 
82-6 

81-  9 
81-3 
80-6 
80-0 
79-4 
78-7 
78-1 
77-4 
76-8 
761 
76-4 
74-7 
74-0 
73-3 
72-6 
71-9 
71-2 
70-5 

mi 

69-0 
68-3 
67-6 
66-7 
65-9 
651 
64-3 
63-6 
62-7 


I  - 

99-1 
98-6 
98-4 

98-0 
97-7 
97-3 
96-9 
96-5 
96*1 
95-6 
95-2 
94« 
94-3 
93-9 
934 
92-9 
92-4 
91-9 
91-4 
90-9 
90-4 
90-0 
8»-6 
88-9 
88-4 
87-8 
87-3 
86-7 
86-1 
85-6 
S-i-O 
811 
83-9 
83-2 
82-6 
S2  0 
81-4 
80-7 
80-1 
79-6 
78-8 
78-2 
77-5 
76-9 
76-2 
75-5 
74-6 
741 
734 
72-7 
72-0 
71-3 
70-6 
60-8 
60-1 
684 
67 -fi 
60-8 
66  O 
65-3 
64 -6 
63-7 
62-9 


«6*t> 

84-6 

82-6 

80  G 

78-7 

76-7 

74-8 

72-8 

70-9 

68-9 

67 

66 

63-1 

611 

59-2 

67-2 

55  3 

63-3 

51-3 

49  4 

474 


25-3 
25 


43-6 
43-2 


42-6 


I 


41-6  I 
42-2  I  40-9  ' 


I  24*6 

^  23-5  1  41-2  I  39-0  [ 

I  —  I  401   I  38  -3  I 

;  22-5  !  -    I  -  I 

j  22  I  39-1    I  37-1  I 

21-5  —        I"  I 

.  —  I  381 

I  21  I  — 


99-2 
98-3 

96-3 

944 

924 

90-5 

—        20-5  37-2 


20  — 
—  362 
19-5   I  — 


35-8  1 

34-9  I 

34-1  I 

=  I 

32-9  • 


I  18-5 
18 

17-6 


35  2   i  32 


34-2 


33 

17-0  i  — 


16-3 

16-9 

164 

14-9 

14-6 

14 

13-5 

131 

12-4 


32 
31  1 
301 
20-2 
^•2 


30-8 


28-8 

28  i 

-  I 

26-8 

26 

24-8 

^  ! 

28-2 


—  I  22 
27     I  — 


I 


—  20-9 

—      I  26-1    1  — 
11-9      —     I  201  I 


11-5 
11 

10-6 


25-2  i  —  I 
—     '  18-9 


24  17-8 

y  2    '  y  Coogle 
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FKocntAoeof 


IndlcfttkMit  of  hydrometer  of 


IndiceUon  of 
Stlm'  hydro* 
iMterw  IS'O' 

Uvltiftli  nmnf 

spirit 

AtucricaD 

pfOf>( 

spirit  at 
l6-«6 

Alcohol 

by 
wei({ht 
(uer- 
nuuijr) 

Alcohol  by  volume 

JMIWIa 

_  _  ... 

ruHiwm 



at  15«- 
(Ft»iioc) 

• 

»t  15-r 
(Tnrilei) 

Overprool 

- 

01-9 

021 

( 

104 

A.  10=53 

124-2 

64-2 

54 

7-3 

i22r) 

63-4 

Oil 

45-5 

05 

5-8 

120-9 

52-5 

60-2 

OU-4 

— 

— 

66 

44 

I10<2 

61-7 

59-4 

59-0  1 

43-6 

94 

57 
68 

2n 

117-6 

50-9 

68-5 

58-7 

— 

— 

J -4 

U6-7 

50-0  , 

57-7 

570 

41-5 

9 

Underpioof 

50-8 

67-0 

r>9 

0-2 

114-0 

49-2 

— 

— 

1-7 

112-2 

48-3  1 

55-9 

60  1 

30*6 

— 

61 

3-8 

110-5 

47-5 

"ja-O 

56-2  ; 

— 

8-3 

62 

4-8 

108-7 

f(r« 

54  1 

64-3  1 

370 

— 

03 

6-4 

100 -9 

45  8 

53-2 

534  1 

— 

70 

64 

8*1 

105-0 

44-9 

62-3 

52-5 

350 

— 

05 

9-7 

1031 

51-3 

51-6 

— 

06 

11-4 

101-2 

43  1 

504 

60-0 

330 

7*2 

67 

131 

99-3 

42  1 

49-4 

41) -6 

— 

• — 

68 

14-9 

97-2 

411 

48-4 

48-6  , 

310  i 

6-8 

09 

16-7 

951 

40-2 

47-3 

47-5  ' 

— 

70 

18-6 

o:{o 

39-2 

40-3 

46-5 

29-7 

— 

71 

90-8 

38-2 

45-2 

454 

— 

61 

72 

22-4 

88-6 

37-2 

441 

44-8 

27.7 

— 

73 

24-4 

86-4 

36-2 

43-0 

43-2 

— 

5-7 

74 

20  1 

84-2 

35  2 

41-9 

42-1 

,  25-7 

— 

75 

28  r* 

81-8 

34  1 

40-7 

40O 

1  - 

> — 

76 

30 -7 

79-4 

33-0 

39-5 

39-7 

1  23-7 

51 

77 

32-9 

76-9 

31-9 

38-3 

38-5  1 

— 

— 

78 

35-3 

74-3 

30-7 

30-9 

374 

210 

— 

79 

37-7 

71-4 

29-5 

35-5 

35-7 

— 

44 

80 

40-3 

68*5 

28-2 

34-0 

34-2 

19-8 

— 

81 

42-9 

654 

26« 

32*5 

S2<7  1 

— 

40 

82 

45-7 

r.2-3 

250 

31-0 

31-2 

17-9 

— 

83 

48-6 

58-9 

24-2 

29-3 

29-5  • 

— 

30 

84 

51-7 

664 

22-7 

87>6 

27*7 

ido 

— 

85 

54-8 

51-7 

21-1 

250 

25-8  i 

— 

— 

86 

68*2 

47-9 

195 

23-7 

23 -fl 

13-9 

30 

S7 
88 

61-5 

44*1 

18-0 

21-8 

2--0 

— 

— 

eso 

40-2 

16-4 

19-9 

20-1 

11-9 

— 

89 

684 

36-2 

14-7 

18-0 

181 

2-3 

90 

714) 

32-2 

1  131 

16-0 

101 

00 

— 

91 

75-2 

28-4 

11-5 

14-1 

14-2 

10 

92 

784 

24-7 

10-0 

12  3 

124 

70 

— 

93 

814 

21-3 

8-0 

100 

10-7 

— 

1-6 

94 

84-4 

17-9 

7-2 

8-9 

0-0 

6 

— 

95 

87-3 

14-C 

5-8 

7-2 

7-3 

06 

00-0 

114 

40 

6-0 

5-7 

4 

00 

97 

02-6 

8-4 

3-4 

4-1 

4-2 

98 

05*1 

5-6 

2-2 

2-7 

2-8 

«> 

00 

9?'6 

2-8 

1-1 

14 

14 

100 

lOOO 

0-0 

;  0-0 

;  00 

OO  j 

1  ~» 

0 

^P**"  land 
(Cartier)  ^gj^^ 


141 


ilO 
100 
104 


I 

—  !  17 
234 

22-2 

21-3 

204 

19 
184 

160 
16  1 


160 
154 

14 

13-3 
12-2 
11 
00 

80 

84 


15  - 


4-9 


13-3  !  — 

—      I  3-8 


34 
24 
1 

04 


grmluated  to  show  percentages  of  alooliol  by 
weight  at  15' — apporeut  pepcentttgcH  at  other 
tcmiKTaturea  being  converted  into  true  poroent- 
a|»e»  by  means  of  tables.  Duty  is,  however, 
charged  on  the  volume  of  anhydrous  ul(  (.hdl  pr. 
8ent  iu  a  spirit  when  measured  at  15 -O".  This 
Hystein  ih  therefore  analogoua  to  the  British,  with 
the  except  ion  that  the  ili)iiiinjin(  t.-m|H  raturc  nt 
whieh  British  proof -Btrengtlui  arc  computed  i»  10°, 
In  fVmnce  Qay-LuMmo'e  onrinal  volume 
iiloholometer  and  l.iM' s  liavr  Im  ii  (M»rrect4xl 
t4j  the  new  valnes  for  densitiea  ol  mixtures  of 
alcubul  »im1  w«ter  dotcrmitied  by  the  ^  Boiean 


natioiMl  dee  polds  et  meeaies*  (1884>.  Tbe 

deuHity  of  anhytlrous  akohnl  at  16**/' •'5*'  given 
as  0-79433  in  vacuum,  a^i  against  0*7947  a^umed 
by  Gay-Luaeao,  and  the  difference  bctti-een 
tho  graduations  «if  the  old  imd  new  official 
instruments  ruaehe8  a  maximum  of  04  p.c.  for 
spirits  oontaining  from  ^  to  21  p.0.  of  aloobol 
by  volume.  Thus  20**  at  11  tf7^i|icraturp  nf 
15**  on  the  new  legal  contesimai  aicuholomcttT 
indicate  spirit  oontainine  20  p.o.  by  voIuom 
of  alcohol,  an<l  correajxinaa  to  204"  on  Gay- 
Lut)sac*8  original  inatrumcnt.  The  French  spirit 
UbloB  indicate,  At  tMnpet»Uigg|<j|Bggff^jficfeg|e 


AU>EH¥t>E!. 
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0^  to  90^.  the  peroentagc  by  volnme  of  aleohol 

whit'li  H  liquut  cont-aiii8  at  15°. 

Previuiu  to  the  adoption  of  UAy>Liuwfto*8 
akoholonMter  and  teUM  by  th«  Franoh  Govem- 

raeot,  Cartier's  anonu'tcr  was  usoil  as  the 
Rerenae  uutrument.  its  Btcm  ia  graduated  from 
10  io  46  in  diTinoiifl  of  equal  length,  and  rn- 

(iir^trs  the  cnnoentration  of  a  spiritiiniw  liquid 
by  arbitrary  dcgrcea,  which  servo  an  spirit* 
strenEths  for  charging  duty.  Cartier'fl  areometer 
ilsttll  used  in  Sp.-tii',  ,in;l  South  America. 

lu  SwiizrrldiKi,  Hrck's  hytlromeUT  iis  ut^ed 
for  spirit  assaying,  and,  like  Cartier'tt  iiuitrument, 
of  which  it  is  a  modi(ic:itioM.  floats  at  the  lowest 
indication  in  distilled  %aU;r  at  12-5*'  (K>°ii.). 

By  means  of  the  table  on  p.  67  the  indica- 
tions of  any  one  of  thoat*  instnimfnts  at  I.T  fJ* 
cao  be  converted  into  degrees  of  any  other,  and 


of  the  distillate  ia  determined  by  the  Zeiss 

IinratTHion  K«  rra(  toinctrr.  The  n  frac  tions  of 
mixtures  of  ethyl  alcohol  and  water  have  been 
determined  at  various  temperatures  by  Wagner 
aiul  Schultz.'  (Ziitscli.  anal.  Chem.  1907,  .'>ns) 
and  others,  and  a  near  approximation  to  the  true 
alooholio  content  of  a  fu^  oil  miztm^  treated 
as  alnjvo  fl»'srril>ed,  can  he  ohtainecl  by  applyins; 
to  the  apparent  percentage  by  volume  of  alooholp 
as  indicated  by  the  density  of  the  distillate,  a 
subtractive  oorrpction  of  0*5  p.c.  for  each  degree 
of  difference  between  the  refractometer  riding 
as  found  at  15-0',  and  that  required  for  a 
mixture  of  ethyl  air nfi  !  and  water  correspond- 
ing to  the  ascertaiu(  <i  liru^ity.  This  method  of 
eliminating  foreign  matters  in  spirit  assaying, 
from  aknoulcd^jt'  of  their  influoncc  on  thf  H|)ecitiP 
refractions  oi  aqucuusi  akuhulic  mixtures,  is 


fiscal  stmogtha  compared  with  those  of  oapableof  wide  application,  and  has  been  utilised^ 


other  rountries. 

Ail  inUispenMblc  step  Uy  a  I'urrect  assay  of 
spirit  is  the  removal  of  any  foreign  matter  wKich 
may  be  in  solution  in  the  alcoholic  mixture.  In 
the  case  of  potable  spirits,  wines,  li(|ueurs,  &c., 
the  spirit  is  fre<*<l  from  saccharine  and  other 
diasolved  matter  by  distillation.  Tho  distilla- 
tion of  a  strong  spirituous  liquid  into  its  own 
volume  so  as  to  obtain  an  accurate  determina- 
Uoa  of  the  amount  of  alcohol  nreeent  is  i«- 
prsetieaUe  with  the  apparatus  ana  the  metiiods 
of  distillation  commonlv  used,  so  that  although 

it  is  possible  to  distil  without  loss  spirits  of  j  CH,-Ct)H.  A  product  of  the  oxidation  of  ordi 
underproof  strength  into  the  same  Tohime,  it  is  I  nary  (ethyl  ic)  afoohol.  Aldehyde  ooeurs,  together 


for  instanre.  by  I>eachand  Lythgoe  (Amcr.  ('hem 
J.  1905,  'Jt>4)  for  determining  tne  proportion  uf 
methylated  spirits  in  a  spirituous  liquid  (r. 

REFRACTOMRTKn).  ,1.  H. 

ALCORNIN  or  ALCORNOL.  An  alcohol, 
C.jHj^O,  of  the  nature  of  phytasterol  found  in 
Alcomoco  bark  (Hartwich  and  J^finnenbeigw, 
Arch.  Pharm.  1900.  341). 

ALCOVINOMETER.  An  instrument  for  dc 
termioing  the  alcoholic  content  of  a  wine  by 
otiflenring  its  ascent  in  a  capillary  tube. 
ALDEHYDE     Acetftld(\>j<i'  (',H/) 


or 


ri'  ■  (  s-siiry  to  dilute  ov<  r[)roof  spirits  and  distil 
into  two,  three,  or  four  times  the  original 
Toitttne.   The  amount  by  whioh  the  true  akw- 

hnlir  stn-n^rth  of  brandy  or  rum  differs  from  the 
apparent  strength,  as  indicated  bv  the  hydro- 
pietcr  or  a  density  determination,  is  termed  the 

'  obsruratioii.' 

In  the  case  of  mctlicinal  preparations,  tlavour- 
ia^  eHSooes,  iw..,  which  jrieid  distillates  eon- 
taming  essential  oils  and  volatile  substances^ 
^yceud  treatment  is  necessary  before  a  pykno-^ 
metrical  determination  of  spirit  is  possible. 
It.  th*>o  rirnimstances  the  sample  or  <li.s- 
\hL\U-  is  inix«  <i  with  water  in  a  M-parator ^so 
that  tlx-  inixtiin-  shall  contain  not  more  than 
20-25  p.c.  by  volume  of  alcohol,  and  common 
JMlt  is  adde<f  in  quantity  sufHcicut  lo  .saturate 
the  liquid.  The  mixture  is  then  shaken  vigor- 
ouhIv  with  riO-MX)  o.c.  of  light  petroleum,  and 
After  remamiag  a  hhort  time,  the  aqueous  layer 
i-s  extracted,  if  necessary,  a  second  time  with 
petroleum  (for  instance  when  chloroform  or 
rther  i»  present),  and  tiually  drawn  off  into  a 
tl&4c  and  distilled.  In  the  ca^e  of  soap  lini- 
ments and  similar  preparations,  dilute  siUphuric 
•eid  is  use<l  instead  of  salt,  and  the  aliphatic 
<x'i(i8and  volatile  matters  removed  by  ]>etroleun) 


with  its  ]>olymeride8  metaMeJiydc  and  paralde- 
hyde, in  the  '  tint  ruuniugs '  from  the  stills  in 
the  reotificatlon  of  akonol  which  has  been 

ti!t4  re<l  through  charcoal  (Kriimer  and  Pinner, 
Ber.  2,  403 ;  4,  767  j  Johnson,  J.  Soc  Chem. 
Ind.  8,  57;  Hewitt,  tWtf.  21,  97);  the  best 

yield  is  obtained  from  tho  alcohol  maruifaetured 
from  potatoes  and  from  the  sugar  beet.  It 
is  also  preMMit  m  crude  wochI  spirit  (Kr&mor 
and  (^rodzki,  Ber.  9,  1921) ;  in  crude  petroleum 
(RuLiiiiioa,  J.  Soo.  Chem.  Ind.  18,  232) ;  in  wine 
during  the  (Mrooeesof  agoing  (Trillat,  Compt.  rend. 
136,  171);  and  in  certain  circumstances  in 
tho  fermentation  pnxiuct*!  of  alcohol  (Trillat, 
Compt.  rend.  140.  045;  Trillat  and  8outon,  140^ 
996  ;  Knywr  and  Demolon.  146,  7»3). 

Aldehyde  ia  also  ftirined  m  hen  calcium  formate 
ia  heated  with  calcium  acetate  (Limpricht, 
Annalon,  97,  .169),  and  w  lien  lael  ic  acid  and  the 
lactat^^-s  are  distille<l  with  manganese  dioxide 
and  sulphuric  acid  (Stiideler,  Anna}<  ri.  69,  333) ; 
it  is  also  one  of  the  pro<luct8  of  the  dry  dis- 
tillatitm  of  sugar  (Volekel,  Annalen,  87,  303). 

Pnftnraiion. — Aldehyile  is  formed  by  the 
oxidation  of  alcohol  l>y  mt>ans  of  platinum 
black  (I)Obereiner,  Om.  8,  274),  of  manganese 
iHoxide  and  sulphuric  acid  (Liebig,  Annalen,  14, 


hefon  distilling  (Chem.  Soo.  Trans,  1903,  314).  133),  of  potassium  diohromate  and  sulphuric  acid 
IVe{Mration><  containing  iodine  are  decolourised  !  (Stideler,  J.  IBRO,  320),  of  metaOio  catalysers 

^'i'h  M-liiiin  thiosulphate,  and  excess  of  caustic  '  fBou\cault,  Bull.  Soe.  chim.  IWK.  117; 
*oda  added  to  pre  vent  decomposition  of  the  tetra*  ,  Sabaticr  and  IScndcrens,  Compt.  rend.  130,  738), 
tUouate  during  diatillatloa.   Similariy,  volatile  or  when  aleohol  is  passed  through  an  iron  tube 


afid.^mu-^t  !»<■  noutralised.andaninioniacnl  Ii(]uids 
distilled  from  dilate  sulphuric  acid  solution. 

for  the  estimation  of  ethyl  alcohol  in  fusel 
«*il.  wr  liquids  containing  fusel  oil,  the  wilt- 
petroleum  process  may  be  employed,  but  as 
tfcs  httlwr  alcohols  oannot  be  wholly  elitnl- 
Bstsd  by  this  metliod,  the  speoUto  refradkm 


heatc.!  t    Tlti'^  7.-t»»  (I|)at<ifT,  Ber.  :i4,  nW). 

Acc'urdmg  to  i^ntr  (J.  Hoc.  Chem.  Ind.  22, 
571).  the  most  nsnul  oxidising  agents  for 
oinvrrting  alcohol  tf>  aldehyde  are  ilie  manganic 
salts.    When   prepared    by  Liebig'^  method, 

2  parts  of  80  p.c.  alcohol  are  heated  with 

3  p«n»  of  mangan«ie  dioxide.  S  g^J^^Q^^^i^ 
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sttlphnrio  add,  tmd  2  ftarte  of  trator,  and  f  nam  peraisnganatc^acctM  add  ia  formed,  bni  in 

the  distillation  carrii'd  on  until  the  di.stillat*.'  jtrc.-ii  tuo  of  rxcc.s-i  of  j>otaf*h,  uxalio  and  cafbonic 
begius  to  show  an  acid  reaciiou ;  this  point :  acids  are  also  formed  (Denis,  Amer.  Chem.  J. 
ifl  fvaehed  vhen  about  time  parts  hAT«  cot- !  38,  661 ). 

lertrd  in  the  well-cooled  receiver.  The  dis-  When  Mibjoctcd  to  clectrolj'J'is  in  fniritly 
tillatc  containing  akohol,  acetal  anil  ethereal  I  alkaline  or  neutral  solution  it  is  decomposed  into 
salts  is  then  distilled  with  an  equal  weight  of  |  alcohol  and  aoetio  acids  (SiabosMwioK,  CSwm. 
Cftl(  inni  (lilorido,  and  ]\  parts  col lect rd  :  this  Zentr.  1903,  i.  370;  Ijtiw,  Clit  m.  8oc.  TranK. 
is  again  rectiticd  with  an  equal  weight  of  calcium  1905,  198 ;  Jackson  and  Laurie,  Und,  1906, 
chloride  and  f  part  distilkd  over.  The  product  |  166),  whilst  when  heated  alone  to  high  tempera- 
BO  obtained  is  noarly  nnhydrouB,  but  still  contains  t  uret?  carbon  monoxi'lf  und  methane  arc  the 
alcohol  ami  Hmall  ({uantiiics  of  ethereal  t«alt8 ;  ,  chief  products  (Boiu-  Hiid  iSmith,  Chem.  Sac. 
to  free  it  from  the^c,  it  18  diasulvcd  in  2  \  ula.  of  '  Trann.  1905,  910). 

ether,  sattiratrfl  with  ammonia  in  tin-  cold,  and  Aeetaldehydo  and  its  dimt  th\l  derivative 
the  aldeh\di!-ammonia  which  !«;j)aniles  is  col-  have  antisc]>tiu  pro|K?rtie8  (Coblent,  J.  Soc 
lected,  dii»8olve<l  in  water,  distilled  with  dilute  Chem.  Ind.  17,  728^  Pasqualis,  Chem.  Zentr. 
fiulphuric  atid  in  a  water-bath,  anil  the  distillate  I  1897,  ii.  in.  12).  It  in  also  useful  in  photo- 
rendered  anliydtouH  by  rectiticatiuii  over  calcium  graphic  developing  (Soyewetz,  BuU.  Soc.  chim. 
chlorideataM  low  a  tempi>raturea«  possible.         I  19,  (3)  134),  and  the  vapour  or  solution  an 

Improvo<l  infthods  and  apixirutin  for  o.\i-    alcoliol  or  iH'n/Ame  slowly  han!*'ii.4  dry  prlatine 
diaing  alcohol  into  aldohy«le  are  descrilwd  by   tilm«i  (Bcckmann,  Chem.  Zentr.  1890,  i».  U30), 
Boult  (.1.  8oc.  Chem.  Ind.  16,  608;  Foumier,  I      Aldehyclc  readily  polTnieriflee  in  tiie  pteaenoe 
ibid.  10,  695).  '  of  small  quantiticH  of  various  substances,  such 

Commercially,  aldehyde  in  obtained  from  thi*  as  sulphuric  acid,  phosgene,  zinc  chloride, 
'first  runnings'  of  the  alcohol  fitills.  .\  8{)ecial  hydrogen  cliloridr.  snlphttrdio^de^lliehalogeoa, 
form  of  still  in  which  the  separation  of  aldehyde  ,  particularly  iodine.  Sic,  and  two  comixjunds 
from  alcohol  is  brought  about  during  the  recti-  ;  arc  obtained  the  relative  quantities  of  whictt 
fication  of  the  latter  is  figured  and  described  by  ■  depend  ujion  the  temix*rature  ;  the  chief  pro- 
(ialland  (DingL  poly.  J.  259,  225).  !  duct  beint  mctnldfhydt  (C.HjO),  (Hanriot  and 

Substituted  acetaldchj'des  applicable  to  per-  i  Oeconomiiles,  Ann.  (liem.  Phys.  [6]  25,  227  ; 
fumcry  can  be  obtained  by  ron<U'n.Hiug  a  ketone  Mcintosh,  Chem.  Soc.  Trans.  1905.  790  ; 
with  a  halogen  or  amino  substituted  acetio  ester  i  Zeoohini,  Uass.  chim.  itaL  22,  ii.  586),  when 
in  the  presence  of  sodium.  The  a-hydroxy-  |  the  action  takee  place  in  a  freezing  mixtntv; 
acryli*'  est*  r  thus  tihtaiiifil  is  sujMinilied  and  and  the  i.someric/wmWf'/iyrff  (elaldehydi  )  wlu- n  ir 
decomposed  by  hoat  or  distillation  under  reduced  j  occurs  at  the  ordinary  temperature  (Kekule  and 
presRure  {3.  Soc.  Chem.  Ind.  23,  455).  I  Zinoke,  Annalen,  162,  125  ;  iJi'.ngrez,  Bull.  8oc^ 

Propi  r(i»  .1.  -Ahlehyde  is  a  colourlt  ss  liquid  '  rhiin.  11,(3)  3n2;  Wiu  hhauM  ri.(  lu  in.  Zrntr.  18OT, 
b.p.  20-8'*,  m.p.  —120-7%  and  sp.gr.  0-W)092  ,  i.  493 ;  Ciaraician  and  Silber,  licr.  3d,  1080). 
at  0**  (Kopp,  Annalen, 64,  214)  t  O^WiOOat  10",  I  ForalileAyieisaeolottrleailiquid,  crystalliBing 
0-79138  at  13%  0-78761  at  If!"  (Pcrkin.  Chem.  below  10°  in  lari;r  transpan  nt  prisms  i  b  p.  124' 
Soc.  Trans.  45,  475).  It  has  an  extremely  at  759-8  mm.  and  tsp.gr.  0  998  at  15*^  (Kokule 
pungent  snifocating  odour ;  it  is  very  inflara-  |  and  Zincke) ;  sp.gr.  O*990S6  at  11^  (Pnldn. 
mabi*-,  and  hums  A\ith  a  feebly  Inmiiiotis  flamo.    Chem.  Soc.  Trans.  45,  479);  b.p.  123 -2*- 123'° 

It  is  soluble  in  all  proi)ortions  in  alcohol,  ,  at  744  mm.  (Briihl,  -Annalen,  203,  26).  When 
other,  and  water,  and  n  separated  from  the  |  condensed  with  hydroxyquinol,  it  prodnees 
aqueous  soltition  as  an  etliercal  layer  on  yellow  dyes  (LiebernUUm  and  Leodenbaum, 
addition   of  (  alciuni  chloride.    WIm  u    heated    Ber.  37,  1171,  2728). 

with  aqueous  i^oda,  potash,  or  barium  hydt oxide,  i      Metaldehyde  orystaUisee  in  needles  or  tetea* 

so-calletl  aldehyde  rc-^in  i>'  ohtained  as  a  brown  gonal  pri.smK,  Fuhlinu  s  uith<»ut  provion.^  fusion 
mauH  (Ijebig,  l.c.;  W  l  idc  nlnis.  h.  ,\tumlen.  66,  at  112*'-ll.'>%  and  vvhcu  heateil  m  se^Uod  tubeb 
163;  Lederer,  Monatsh.  22,  530).  8odium  at  12i>^  is  entirely  reconvertc<l  into  ordinary 
amalgam  <o>ni  rt«  aM.  hyd<-  into  ethyl  alcohol,  aldrhyde  (Frie<lel,  Bull.  Soc.  chim.  9.  (.3)3S4i. 
a  ymall  (luantity  uf  3- Init yh'ne;^lycol.  which  is  According  to  Trocger  (Ber.  25,  3316),  attcr 
aiKo  formed  by  the  action  of  niaLine.sium  amalgam  standing  for  ten  years  a  sample  waM  oonyerted 
(.Meunior,  Conipt.  rend.  134,  472;  Tistschenko  and  into  jJiiehyde  and  jmraldehyd' .  hut  arronling 
(irigureeff,  .1.  Ku.ss.  Phys.  Chem.  Six;.  3S,  540;  to  Hjfl^zsch  and  Oeclwlin*  ( H<  r.  4<i,  4341), 
Voronkofl,  ihid.  38,  547),  being  formtnl  simul-  met acet aldehyde  18  not  isonurw  with  paneot* 
taneouHly  (Kekule,  .Annalen.  162,  310).  With  aldehy<le,  ami  is  quite  stable  when  pnr»". 
xodium,  acctaldchytle  react^i  violently,  pro-  Orndorff  and  White  (.Amer.  Chem.  .1.  Ki,  43) 
dueing  the  compound  CHf :  CHONa,  wmoh  •  state  that  when  it  is  allowed  to  stand  for 
rapidly  poIymeri{iej|,  to  a  brown  8ul)8tance,  .some  time  the  metaldehyde  ia  converted  into 
whilst  if  the  reaefioit,. .takes  place  in  presence    tetraldehyde  (C.>H,())^. 

t>f  U-nyxHe  chloritle  in  '•thereal  solution  aide-  Neither  j  I  i  t  ride  is  resinised  by  aqueooa 
hydoaldolbenzoate  C.,!!,/)^,  m.|).  8(P  87^.  is  .soda  or  ])ota«h,  but  in  other  reactions  they 
formed  (Kreer,  Amer.  Chenj.  J.  18,  552 ;  .AnnaletJ,  behave  generally  as  ordinary  aldehyde  and  yield 
293,  326).  Phosphorus  ixMitachK)ri<le  reacts  .similar  products  (Kekule'  and  Zinoke). 
with  it,yieldin<;  etnylideno  dichlohde  ((ieuther,  1  Reaction*. — Aldehyde  in  aqueous  solution 
Annalen.  105,  323).  '  very  readily  redncea  an  ammoniacal  solution  of 

In  prfs«-iir»'  of  n-duced  nickel  hydrogen  .silver  nitrate  ^'ivinu  a  bright  metallic  mim»r. 
reduces  aldehyde  to  ethyl  alcohol,  a  good  yield  i  Aeetaldehydo  (and  all  aideh^'des  which  are 
and  pure  product  beii^  obtained  (Sauaticr  and  stable  in  aqueous  aoda  solution)  ean  fa«  de- 
Senderens,  Compi.  rend.  137, 301).   With  potas- 1  tected  by  adding  to  a  *<^vi^i<^jP{(illS9|9)VBf<^^ 
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subf<taiice  in  dilut«  alkali  a  fnsli  .solution  of 
1  part  of  iiaiwli»w»bea»ui«8ul^iuHuo  acid  in 
60  parts  of  water  rendered  atkahne  nith  a  little 

s<-«iii,  and  then  s<jme  sodium  amalgam  ;  if  aD 
aldehyde  is  present,  a  reddish- bro\m  colour  is 
developed  after  tbe  mixtwe  haa  stood  for  10-iSO 
mintitf-M  (Pcn^oMt  arul  Fi'^cli.  r,  Ber.  IG,  657). 

A  solution  of  rosaniline  dccolouriacd  by  sul- 
phuioas  aeid  (ViBieni  and  Foydle»  Gompt.  rend. 
119, 75),  or  magenta  bleached  hy  sunlight  (Blascr, 
Cbem.  Zentr.  1899,  ii.  i^H),  regains  its  original 
odonr  on  addition  of  an  aldehyde.  This  re* 
action  is  due  to  the  formation  of  coloure<l 
compounds  by  the  condensation  of  the  aldehyde 
and  magenta  (Urbain,  Bull.  Soc.  chim.  1896, 
iii.  15,  A55).  With  salt^  of  m-diamines  aldu- 
hv*k-a  giv(;  coloured  solutions  with  intense 
greenish  iluoresoenoe  (Bitto^  Frdl.  30,  369). 
With  sodium  nitropruseido  and  alkali  acetaldc- 
hyde  pives  a  cherry-red  colouration,  whilst  if 
tnm^-thvlamine  in  tirst  added  a  bluo  colour  is 
proiiiKe.1  (Hitto,  Annalen,  267,  372;  209.377; 
IX'iu^i  >.  Hull.  hoc.  chim.  17,  (3)  381 ;  Siuioa, 
Compt.  rend.  125,  1105;  BulL  Soc.  chim. 
1*1.  (3)  2'.«7j.  Thinsiimicarbazido  mixed  with  an 
aldehyde  in  acetic,  alcoholic,  or  aqueous  solutiuu 
yields  charactarifltio  thio8emiearliaze>nes.  Acet- 
aldehydethioscmicarbazonc  has  ni.p.l46*'(freand 
and  Schander,  Ber.  35,  2602). 

Other  testo  for  aldehydes  are  described  by 
(Ibl.  (  "hem.  Zeit.  14, 1571 ;  Doebner,  Ber.  27, 362, 
2020 ;  Lumi^ire  and  Seycwetz,  Bull.  Soc.  chim. 
10.  (3)  134  :  Uiniini,  Atti  Real.  Acad.  Lincei, 
1901,  10,  355 ;  Murco,  Compt.  rend.  31,  943 ; 
Riegler  Ml.  42,  168;  Bebrens,  C%em.  Zeit.  36, 
1125;  Sa4ltler,  J.  Soc.  Chera.  Ind.  23,  387  ; 
Prud'bommc,  Bl.  Soc  Ind.  Mulhouse,  1904, 
74,  169  ;  Levs,  J.  Fharm.  Chim.  1905,  22,  107 ; 
Atild  and  Hantz^soli.  Ber.  38,  2677. 

Aldehyde  readily  yields  condensation  com- 
poonds ;  tiim  when  allowed  to  remain  in  the 
€  with  dilute  }i\  driM  hlorie  aeid,  or  with 
aqueous  solutions  of  zinc  chloride  nr  of  salts 
having  an  alkaline  reaction,  radi  an  potassium 
carbonate,  ald<»l  \^  obtained,  ululst  crutun- 
aidehyde  is  formed  when  it  is  heated  with  con- 
centrated hydroohknio  aeid  (Kekul^,  Attnalen, 
162,  {>2  ;  KJin^  and  Roy.  <  'ompt.  rend.  144,  1111). 

Aldehyde  has  aLio  bec-n  condensetl  w  ith  other 
aldehyde^  and  ketones  (Wallach,  Chem.  Zentr. 
890,  ii.  1024;  Schmalzhoffer,  Monatsli.  211, 
071  ;  \Vc«rinz,  Aid.  22,  1  ;  VVei^s**,  ibid.  25, 
1066 ;  Sohaehner,  ibid.  20,  05 ;  Salkind,  J.  Russ. 
Phvs.  Cliem.  Soc.  37.  484;  liainer,  Monat8li. 
25,'  1035;  Ehrcnlreund,  ibid.  26,  1003);  wilii 
amines  {Eibner  and  Pelt/<  r.  Ber.  33,  3460; 
Eiboer.  Atu,  .!  i.  328,  121;  Knoevenagel,  Ber. 
.T7,  4401);  rhodanic  and  substituted  rhu- 

danic  acids  forming  stable  dyeing  compounds 
rXrtdTV'asch  and  Zipser,  Monatsh.  24,  499;  20. 

Zipser,  ibid.  23.  ')'.)'>;  StaehctK.  ihid. 
2»i,  1209;  Bergellini,  Atli  Real.  Aead.  Lincei, 
15.  35,  181;  Andreasch,  Monatsh.  27.  1211; 
29,  399;  Wagner,  ibid.  27,  1233);  with  metiiyl 
keiole  forming  Icuco-  bases  of  the  dyes  of 
roiianilino  type  (Freund  and  Lebach,  Ber. 
36,  308;  Freund,  Ber.  37,  322);  with  indole 
dyes,  also  forming  leuco-  bases  (Locw,  Ber.  36, 
4326);  with  cyanides  and  cyanacetio  esters 
(Claisen,  Ber.  25,  3164  ;  Barbierand  Boaveault, 
Compt.  rend.  120,  1269;  Kohn,  Monatsh.  19, 
619;  Wad^Chen.  Soc  Froc.  19U0, 166 ;  Bertiui, 


(hv/y..  ehiui.  ital.  31,  i.  '2i'>'>  ;  Ficiu.  t,  Bull.  Soc. 
chim.  7,  (3)  767);  with  phenyl  hydraxoues 
(Fischer,  Ber.  29, 793  ;  30, 1240 ;  Ftehman,  Ber. 
31,  2123  ;  Bamberger  and  Pemsel,  Ber.  36,  85  ; 
f<oekmann  and  laeeohc.  Annalen,  342,  14; 
MedvedeS,  Ber.  38, 1646, 2283 ;  Haurenbreoher, 
Ber.  39,  3583).  Substances  capable  of  use  in 
perfumery  can  be  obtained  by  condensing  aide- 
hydea  with  natively  monO'  anbstitnteoaioetio 

acids  in  presence  of  ammonia  or  a  primazy  Ot 
secondary  amine  (J.  Soc.  Chem.  Ind.  24,  689, 
IZ29),  (For  compounds  of  other  substancea 
with  aldehydes,  «ee  Hooker  and  Camell,  Chem. 
Soc.  Proc.  1893,  Fischer,  Ber.  27,  165;  Claisen, 
Annalen,  237,  261  ;  Connclcr,  Chem.  Zeit.  20, 
685  ;  Kietroiber,  Monatsh.  19,  735  ;  Band>erger 
and  Miiller,  Ber.  27,  147  ;  Ka.-,so\v  ,  J.  pr. 
Chem.  172,  136,  129;  Botti,  (iaz/..  chim.  ital. 
30,  ii.  310;  33,  i.  27;  Koonigs,  Ber.  34,  4330; 
Moureu  and  Desmoid,  Compt.  rend.  134,  355  ; 
Knoevenagel,  Ber.  36,  2136 ;  Hann  and  Lap- 
worth,  Chem.  Soe.  Trans.  1904,  46  ;  Simon  and 
Condviche,  Conipt.  read.  138,  977  ;  l>arzcu4», 
Compt.  rend.  142,  214 ;  Eiader  and  Pollock, 
Monatsh.  27,  112U ;  Rolla,  Ghkt™  chim.  itaL 
37,  023  :  Senier  atid  .\u.stin,  Chem.  Soc.  Trans. 
1907,  1233;  Wohl,  H.  r.  10,4679;  Braun,  Ber. 
41,  2169  ;  Zeisel  and  Bitto,  Monatsh.  29,  691.) 

Additive  compounds. — Aldehyde  not  only 
shown  a  strong  tendency  to  yield  polymcrides 
and  condensation  compounds,  but  unites  directly 
with  a  large  nnmber  of  substances. 

(1)  Compounds  with  aleohol.s  (  t>.  Acetai-)- 

(2)  Compounds  with  acids  : — Geuthcr, 
Annalen,  106,  249  ;  Liel^cn,  ibid.  106, 336 ;  178. 
43;  Rubencamp,  :  /  L^25,  271»;  Schiff,  Ber.  9, 
304;  Ponxio,  J.  pr.  Chem.  161,  431 ;  Schroeter, 
Ber.  SI,  2189;  Annalen,  303,  114;  Deldpine, 
Compt.  rend.  133,  876 ;  Mclntoah,  Amer*  Chem. 
J.  28,588. 

(3)  O>mpounda  with  alkaline  sulphites: — 

Aldehyde  form.s  definite  eryr^tilline  etuiipounds 
when  dissolved  in  concentrated  aqueous  solu- 
tioM  of  the  acid  tulphiies  (bisulphites)  of  the 
alkali  metals.  The poiiwtffum  salt  CjlI.O.KHSOa 
crystalli-ses  in  indistinct  needles ;  the  sodium 
salt  CjH40,NaHS0,+iH,0,  in  fin©  needles  or 
nacreous  plates.  The  ammonium  compound 
has  the  formula  C.H4(0H)S0,  NHj.  These  salts 
are  almoet  insoluble  in  exoeaa  of  the  sidphite, 
and  separate  in  the  crvstnllinc  state  ;  from  them 
aldehyde  can  be  obtained  by  di:itiliatiuu  with  a 
stronger  acid,  an  alkaline  carbonate,  or  by  alkali 
nitrites  (Be?  t-  ,  .\nnalen,  170,  SO.T  ;  Freundler 
and  Bunel,  «  ompt.  rend.  132,  1338.  Seyo- 
wetx  an<l  Burdin,  Compt.  rend.  141.  259 ;  lloson* 
heim,  Ber.  38.  2<K)r, ;  Coiipoelv.  (  hem.  New«, 
1U07,  225).  With  hy po.su li'liiU-h  in  neutral  ur 
acid  solutions  aldeli\(le  hyposulphites  aro 
obtained;  2KCH( ),.MjS204  (jl  Soc.  Chem.  Ind. 
25,  475);  bv  varying  the  condition  sulphoxylatea 
of  type  RCH.  SOjM  can  bo  formed  (D.  R.  P. 
180529).  Crystalluio  thioaldehj'des  aroobtaine<l 
by  the  action  of  hydrogen  Hulphido  on  an  nciditiwl 
alcoholic  .solution  of  aUiehvde  (Baumann  and 
Fromm,  Ber.  22,  2600  ;  Ber.  24,  1419,  1457  ; 
Klinj^er,  Ber.  32, 2194 ;  Drugman  and  Stockings, 
Chem.  Soc.  Proo.  1904,  116;  Vanino,  J.  pr. 
Chem.  IH5,  307), 

(4)  Compound  with  ammonia: — Aldehyii- 
avniionin  CjH4<)  XH„  nbtaine<!  b\  1.  ;ulin<_^  ilry 
ammonia  into  aldeh^'do  in  uthcrcul  aoluliou 
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(I^iil>i<i.  Aniialcn,  14.  144;  Jettti,  Bull.  Soc 
eliiiu.  13,  (3)  474  ;  Trillat,  ibid.  13.  (3)  ; 
l>olepine,  C<uupt.  rend.  J  25,  t>51 ;  128,  lOfi  ; 
i:?7,  (ISl;  144,  8r>:?  ;  Coiuiu  k.  Conipt.  n-nd. 
Ii2(i.  1042;  T»chitathibttLm,  J.  itu.vj.  i'hvs. 
(  hi  m.  Soc.  37,  1229  ;  Duden,  Bock  and  iWitI, 
Bcr.  38,  2(m:  riamician  and  SiUx  r,  n<  r.  38, 
1671;  3U,  3U42),  crystallises  in  larm-  ihuuibo- 
hedrft»  melto  »t  70^-40*,  boilt  at  lou<>  without 
dfcooiposition,  and  is  decomposed  into  its 
constituent  oti  distillation  with  dilute  acids. 
When  hydrogen  sulphide  b  pasited  through  a 
mixture  of  aldehyde  ammonia  and  ether  a 
crystalline  subsUnco  SH  CHMc  NH  CHMcOH, 
m.p.  GO^-OS",  is  obtained  (Ghahri^,  C.  R.  Soo. 
Biol.  ISOr..  3,  72). 

( Ti )  ( \  1  111  jK>und8  with  hydrocyan  ic  acid  : — 
(Tit  niami,  Ber.  14,  IDGfl;  Strecker,  Annalen, 
91,  340  i  Srlenineyer  aiid  i^awavant,  ibid.  200, 
120). 

(♦i)  CoinjKuiiiil.'-  with  metallic  salts: — With 
mercuric  suipliate  it  forms  the  compound  60^: 
(HgO),:  HgC^H«0  (Denigen,  (Vjmpt.  «md.  128, 
429);  uifh  imrruri.'  iiitnitr.  ('J?(:.\f>,I!  (Hi.f- 
maon,  Bcr.  31,  2212) ;  and  \(  ith  mercuric  acetate 
alkaline  tolitiioii  at  0^,  CMo'IIOHrO  (La«M»iTe, 
.1.  I'harin.  HMJ5.  22,  240).  With  goM  chlori-!.'  it 
forms  a  colourtxi  colloidal  itulutiuu  ((.iarbowski, 
Ber.  36,  1815) ;  and  with  miwnestuiii  bromide, 
the  C  M  T  ind  MgBr„3CHjCH0  (Menaebiiikin, 
Zeitseh.  uaorg.  them.  53,  20). 

8iU>ttituti<m'derivotive».  —  The  action  of 
chlorine  on  aldehyde  has  been  studietl  hy  WmXz 
(Annalen.  102,  93).  Wurtz  and  Voigt  (Bull.  Sue. 
chim.  17,  402).  ami  by  Pinner  (Annalen.  170, 
2!  :  ('(iMi'iiz.  I.e.  ;  Krcmuilfr,  Bull.  Soc.  cliim. 
1,  (4)  titi;  I'rtuiiditT,  it»m|)t.  rend.  143, 
Finner  finds  that  when  chlorine  is  )>asse<l  into 
ordinary  aldehy«lf  at  lO",  inctnldehydc  and  par- 
aldehyde an-  tirst  luriut  ii,  ami  tlie^e  subsequently 
yield  substitution-derivatives,  of  which  chloral 
is  the  chief  product,  butyric  chloral  ami  «lii  hlor- 
altlehyile  being  fornie<l  in  smaller  quantity.  The 
following  ilrrivHtives  have  been  pre|)ared  : — 
Chii/raldtJn^e  CH,(  I  CHO  i  JH,()  (Natterer, 
Monatsh.  3,  A4«)  ;'dirhloroUi}ii/dr,  ('H(  l.-tiH) 
((irimaux  and  .Xd.uii-,  Hull.  8<m'.  chini.  34, 
29  ;  Wohl  ami  H<»th.  Bcr.  40,  212) ;  trickkraklf' 
hyde  (V.  Chlohal), 

The  bromine  derivatives,  and  the  action  of 
bromine  on  aldehyde,  have  l>een  examined  by 
Pinner  (Ber.  7, 1499,  and  I.e. ;  Bugarsky,  Zeitseh. 
physikal.  Chem.  48,  03;  Freun»lli  r.  (  ompt.  rend. 
140,  ItfOa ;  Mauguin,  Compt.  rend.  147,  747). 

Aldehyde  hlw  w  obtamed  by  treating  para> 
r<>>andine  witli  alilrlivdi' or,  1h  t tt  r.  j)aral(l<  hy<lc 
in  aqueuUB  acid  solution,  and  precipitatinu  the 
dye  with  sodium  chloride.  It  is  soluble  in 
ail  i>lnil  and  ether,  and  mIh  h  tr*  atrd  with  .•-tfoiiL' 
h^  ciroi'hlorio  acid  in  converted  into  a  reddish 
yellow  base  which  shows  all  the  properties  of  a 
rosaniliiif  five  ft  latlermann  and  Wiehmann.  B'-r. 
22,  227).  By  slightly  varying  the  conditions  m 
the  prepsjration  of  aldehyde  blue,  aldehyde  green 
can  aloo  be  obtained  (Miller  and  PlQehl,  Ber.  24, 
1700). 

ALDEHYDES.    The  name  aldehyde  oriui 

nallv  a.<sign»'<1  to  tfir  rinn|">nrn!  nKtainfl  1>\  llu 
limit«'<l  oxidnt ion  f>l  rthyl  alcohol,  ha.x  come  to 
possess  a  wider  signification,  and  is  now  u.M>d 
tit*  a  '_"*nfri<'  term  for  a  cla--  tif  ort^'^uiii  sub- 
btances  which  are  siiniiariy  derived  Iroin  the 


|»nm«rv  alcohols.  In  com|H»siti«)ti  th<'  -tldt  liydt  » 
ditier  irom  the  alcohols  from  wliirli  thuy  arc 
derived  by  containing  two  atoms  nf  h\drogen 
fewer  in  the  molecule  ;  whilst  in  their  t  licinicnl 
l)ehaviour  they  all  exhibit  the  ucneral  pro- 
pirties  of  the  typieal  member  of  the  series, 
,  acetaldehyde. 

There  are  general  methods  for  prejNiring 
aldehyvtes:  (1)  By  the  action  of  organo- 
magnesium  compounds  on  the  esters  of  ortho- 
formic  estvr  thus : 

HC(OR),  -f  R'Mgl  -  ROBfgl  +  R'HC(OR), 

i       H'HC(OH),  -J  H,()  =  R^ICO  +  2R-0H 

(Tsehit^chibabin,  Ber.  37.  18(> ;  tiattrrmann  and 
I  Mallezzoli,  Ber.  3(1,  4K">2  ;  William^,  rhcm.  Soc. 
j  Proc.  HWO,  22).    (2)  By  ih  c <iii4x>eing  with  water 
,  the  products  of  reaction  lietween  di-sul«?tituted 
amino-  formaldehydcH  on  alkyi,  aryl,  or  hydroxyl 
magnesium  ha  1  ides  (. J.  »Soc,  (_'h<im.  Ind.  23,  1237  ; 
Bouveault,  Bull.  Soc.  chim.  31,  (3)  1300,  1322). 
(3)  By  the  action  of  organo- magnesium  com- 
pounds on  formic  acid  or  alkvl  format's  (.f. 
Soc.  Chem.  Ind.  24,  000 ;  Cbem.  Zentr.  29.  067  ; 
D.  R.  P.  157573). 

Other  nirtluxls  are  descrilKHl  by  »Stoermer 
(Bcr.  39,  22K8) ;  Blaise  (Compi.  rend.  138,  097) : 
I  Faworsky  (J.  Russ.  Phys.  Chem.  Soo.  38,  74 1 ) : 
Tiffeneau  (Compt.  rend.  37,  1200)  ;  B.  hal  and 
j  Sommclot  (D.  R.  P.  177014,  tJompt.  reud.  138, 
89) ;  Guerbet  (Compt.  rend.  146,  132) ;  Mossier 
I  (M..nat>h.  29,  t}9)  ;  Mt  rlin-  (Bcr.  1 1.  20t;4.  2217) 
Aliphatic  diaidehydcs  have  been  prepared  by 
Wohl  Mid  Sehweitxer  (Ber.  39,  890) ;  8uais  {Bi 
hnl  >rMlhouse,  m)l.  75). 

ALDEHYDE  GREEN  v.  TKir]iK.NYLMSTUASK 

CXiLOUBINO  MATTERS. 

ALDEHYDINE  v.  Bone  oil. 
!       ALDLHY DINES.    Compounda  farmed  by  the 
coi)il<  iisation  of  ortho-diamines  with  aldehydes 
(Lad.  iil.iirL'.  Bit.  10,  Jiefi)  (t-.  .-Vminrs). 

ALDER  BARK.    (Aunr,  Fr. ;    A>fc,  Oct.] 
!  Ahiu«  fjlutinoaa  (Gaert.).    T.'H'il  for  tanning  aoa 
dyi'ing.    The  j»ercent«^e  of  tannin  varies  from 
!  1(5  to  18  (p]itner,  Zeit.  f.  d.  (."hem.  iirowigcw. 
'  3,  Cti8  ;  4,  279). 

I       Tlif  tannin  apjjcars  to  l>e  a  methyl  tannin 
like  that  ut  the  oak  ;    it  gives  a  reddish-blue 
(precipitate  with  frrrous  acetate,  an  olive>green 
preeipitat<'  w  ith  ferrous  sulphate,  and  is  precipi* 
tatcd  by  a,  ^uui  solution. 

A  solution  of  the  bark  i-<  employed  for  ob- 
taininp  black,  greys,  and  l<n>wns  on  linen;  in 
'  Germany   f<)r  reels  ;   and   in   Kamchatka  for 
colouring  skins  a  red  tint* 
ALE  t\  BuKWiNo. 

ALEfilfiROTH,  SALT  OF.   A  compound  of 
1  mercurio  ohloride  and  sal  ammoniao 
2NH,a,Hg(1„HjO. 

formed  by  mixing  the  two  cndts  in  suitable 
proportions.    Also  called  by  the  alchemists  Salt 

of  Wisdom. 

ALEU RITES  CORDATA  (Stcud. ).  The  seeds 
of  this  euphurbiaoeotts  pUnt,  which  is  foiiad 
laruely  in  Japan,  yield  Japanese  wood>oiI 

[q-r.). 

ALEURONE  GRAINS.   Organistnl  granules 

driMi-itril  in  th<  rolls  of  many  .ccfds  nf  plnnt*, 
;:rtK  iiill\  ii>  ai-  tli«'  cxt^'rior,  in  whith  ilu'  proteuis 
an-  nuiii»!\  c<»ncentrated.  They  were  so  t^*^"*^ 
I  by  Hartiy,  ^vliu  fir.-t  (h  -cril^cd  tlit  tn.  In  many 
plants,  the  aieurone  grains  posi>es6  the  shape  ui 
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crystals.    BoUowU^  indeed,  regaid  them  as  oon- 

pi-tini;  of  two  Mita :  (1)  a  rnj.ilaHoid,  crystal- 
like  protein  boay»  and  (2)  unu  or  more  rounded 
ijldHnd/*  niaiidy  composed  of  mineral  nuitler*  in 
'H'hieh  })hosj)hiirio  ik  i<l.  Iiiit<\  und  magnesia  an 

Uduailv  the  largest  coii>titui  nt.s. 

Wfccn  the  slunronc  grains  exhibit  the  form 
of  ervstals,  it  is  K<'n«Tf»ll\  fomi'!  tli.it  they  an* 
soft  and  swell  up  if  treated  with  weak  acids  or 
aUcaJiik  The  t4>rm  'orystalloid,*  as  used  by 
l»otanists  in  this  connection,  haa  reference  to 
the  appearance  of  the  aleurone  grains,  and  not 
to  their  property  of  diffusion  when  dissolved 
throush  meinhnines.  Accordinj^  to  Tschircli  and 
Kritzler  (them.  Zentr.  IDUU,  ii.  585),  the  aleurone 
grains  of  a  variety  of  plants  conoiHt  mainly  of 
globulins.  The  crystalloifls  eonsi.Ht  of  at  least 
two  globulins,  which  are  soluble  in  dilute,  but 
insoluble  in  concentrated  Kaline  solutions  (f.y. 
ammonium  Hulphate,  sfxlium  chlori<l<-  wjth  trace 
of  a«etio  acid,  potassium  dihydrogen  phosphate). 


A  small  amount  of  an  albumose  is  also  probably 

present.  The  globoids  contain  a  globulin  ami 
mineral  matter,  esoecially  caluium,  magnet>ium, 
and  phosphoric  sold ;  they  are  soluble  in  oon^ 
centrated    sdlutions   of   anwnonium  sulphate, 

I  acidified  sodmui  chloriile,  or  ix>tassium  dihy- 
drogen  phosphate.  The  grains  with  their  en- 
riosurtb  are  reserve-food  materials  which  are 
consumed  when  the  seetl  germinates.  They 

I  originate  as  liquid  *  vacuoles,*  in  which  an  in- 
crea.<?inpi;  amount  of  protein  material  is  gra<lually 

I  deposit^'d.    The  germinating  power  t)f  »eeil« 

I  probably  depends  upon  the  solubility  of  the 
crystalloids  in  dilute  sodium  chlcridf  solution. 

Acconluig  to  Postemak  (Coiii])l.  rend.  1{X)5, 
14©,  822),  aleurone  grains  often  contain  anhydro- 
oxymethylene  diphosi»horie  acid  (phytine).  He 
found  the  following  amount*  of  nitrogen  and 
mineral  substances  in  the  aleurone  grains  of 
( 1 )  spruoe  fir,  (2)  sunflower,  (3)  hemp,  (4)  white 
lupin 


1. 
2. 
3. 
4. 


12  1»7 
10-22 
12-88 
10*70 


Ca  1 

Mg 

Pe 

Mil 

'  1 

8 

81 

2-50 

o:n 

I  -25 

0()9 

0-26 

2ri7 

0(»4 

0-35 

2  20 

U-33 

l-4(i 

0-05 

trace 

2-78 

0(i4 

0-24 

2-71 

0-27 

1-67 

0-06 

Irate 

3  S3 

0*81 

(••3<i 

oil 

0-28 

Oil 

0-61 

001 

Sodium  and  chlorine  were  not  foond.  H.  I. 
AliPA  V.  Halfa. 

ALFALFA.   I'he  Spaniah  name  for  laostne, 

MtdicMo  aativa  (lann.). 

ALGiB.  ( Vaneh  or  Algneg,  Fr. ;  Akfen,  lier. ) 

.\  claKS  of  cryptogamou^  ]>lant-  iiuluditig  the 
green,  browTi,  and  red  seaweoda  and  vegetable 
plankton  grow  ing  in  sea-water,  and  allied  mainly 
L'n<n  fresh-water  plants,  including  diatoma, 
dcsmids,  and  *  conferva  '-like  forms.  Many  of  the 
nH-water  tpedes  are  edible;  none  of  them  hi 

pOi-'MfHOUH. 

Khodymettia  palnuihi  (Linn.)  (dul^e,  dyliiih,or 
ddlish)  and  AUma  uevltnla  (murlins)  are  used 
a*  fcKtd  by  the  peasantry  of  th«-  HighlandK  and 
of  Ireland.  I'orphyrn  lurininta  (Lightf.)  (laci- 
niated  porpfe  laver),  very  abundant  on  the 
British  coa-^tij,  i«  in  England  as  lav<T,  in 

Irelaud  as  sloke,  and  in  Scotland  as  blaak. 
Ckomdmt  crispus  (Linn.)  (carrageen,  Irish  or 

Kirl  mo-^-)  is  collectetl  on  the  west  coast  of 
land,  and  w  frequently  use<l  there  by  painters 
and  plasterers  as  a  substitute  for  size.  It  is 
also  used  in  making  jellies,  &c.,  in  medicine  ; 
and  a  thick  mucilage  scented  with  some  pre]»uretl 
spirit  is  sold  as  *  bandolin,'  '  hxature,'  or 
'  ely<iphitiqne,*  and  is  employed  for  stifl^ning 
bUks. 

Amongst  other  algas  having  an  economic 
value  are  (>ylon  moss  or  edible  moss  {QracUaria 
Uchenoides),  found  in  the  Indian  archipelago ; 
the  agar-agar  of  Malacca,  or  agal-agal  of  (  hina, 
which  is  derived  from  Gracwma  lichenoides, 
Euekeuma  apinontm  (Linn.)  and  other  algae 
Agar).  The  substance  is  now  much  u.sed 
in  bacteriological  re.«earch  as  a  nutrient  jelly ; 
for  gamming  silks,  pa{MT,  &c.,  and  for  making 
apatite  not  lialile  t<i  be  eaten  by  insects. 

Manna,  or  manuite,  can  bo  obtained  from 
Lmrnimaria  aaeekarina  (Lamz.)  m  sugar  wrack, 
found  oo  sandy  aliocea,  attached  to  pebbles. 


The  following  tabic  shows  the  comjXMition 
of  various  species  of  aU» ;  the  quantity 
of  nitrogen  in  lomo  ct  wem  is  mmaikaUy 
large: — 


Aiga 


Per 
cent. 


I 


Protein 
con- 
tained 
iu  dry 
matter 


uii- 

un- 
ex- 


or 


- 

11-92 

8208 

1-534 

•■M7 

19-79 

80-Sl 

V4M 

••S8I 

21*47 

78'6S 

2-142 

lt-S87 

80  04 

510 

15  «87 

21-55 

78  4.'i 

13  737 

21  38 

78fl2 

1-6HM 

0  925 

16M 

83-44 

H  4ti:. 

17  41 

4  nr>o 

119  o«-.: 

19  ftl 

HO  :iv) 

3-088 

19  300 

17  91 

8U  09 

2-424 

16-160 

CkatnlruxcrUpu*,  blenched 

from  lit-wlay  Kvans 
Chotuirus  cntpus,  Mcactied 

Dcroiul  cxixTiini'iit  . 
ChondruH  rrispHif, 

»)lni.  lc-.l  ILillyciHtl 
Chiinilrug  criipuf, 

l>l>  ai-licil,  second 

jHTitneut  .  .  . 
Oiaartina  mamtilota,  Bal- 

lycaBtle 
Laminaria  digitatOt 

dulse  tauKle 
Rhodyrnenia  palnuUa 
I'firphi/rn  lann  iota  , 
\.Siirc(>iihulliji)  eduUB 
Alaria  eaculetUa  * 


In  wldilion  to  the  large  amount  of  chlorine 

I  in  marine  algw  (up  to  38  p.c.  of  the  ash)  there 
are  often  not  incon.siderable  quantities  ol  iodine, 
the  j)rc-»enco  of  which  i.H  resiK>nsible  for  the 
employment  of  seaweeds  in  the  composition 

j  of  certain  '  anti-fat '  specifics. 

!      Certain  algaj  are  charaeteristie  of  water  con- 

t  taining  sewasc  and  putrefactive  substanc  t-;  \n 
quantity,  ancf  some  alge  play  an  important  role 

'  in  the  disinfection  of  polluted  rivers. 

ALGAROBILLA.      AluarobiUa    consists  of 

,  the  pods  of  Cas«alpina  brevijolia.  The  tiuiniu, 
whien  appears  to  be  a  mixture  of  aUagetannin 

land  galiotannin. lies  hi  "«i-"^itii§ff^oogIe 
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adhering  loosely  to  the  somewhat  open  frame- 

\M>rk  (if  flif  liltre.  It  \»  one  of  the  strongest 
tannin  itmtt4.'rs  known,  and  contains  on  tlie 
average  4r>  p,c.  In  ehancter  it  rpsembles  divi- 
(livi,  and  it.t<  <\tra(i  in  .sonuuhnt  prone  to 
fermentation,  it  is  wry  suitable  for  tanning 
and  also  for  dveini;  purposes. 

ALGAROTH,  POWDER  OF.  /*«/r.>  Abja- 
ri4hi,  Eiujlisk  Powder.  A  erx'.stallinc  oxy- 
ehloride  of  antimony,  obtained  by  |>ourin^  anti- 
nir'ny  (liluriilf  into  hot  water.  Uwd  in  tho 
preiMiration  of  tartar  emetic  (v.  A^tuiony). 

AU3IK.  A  nitrogenous  body  obtained  from 
Heaweed,  somewhat  resembling  albumen  (v. 
Iodine). 

ALGODONITE.  A  copi)er  arsenide  of  a 
st(<rl-crn<v  c'llour.    Found  in  the  Lake  Superior 

copi>er-mining  di.'^trict. 

ALHAOI  CA1IEU>RUM  (Fischer),  JAWXSA. 

or  JAWANI.  A  l<-i,'iiiiiiii()iis  tlioniv  shrub, 
widely  ttpread  from  Greeco  to  dry  uf  India, 
where  a  drag  extracted  from  it  is  used  for 
rheumatism,  and  also  a.^  a  Jaaottivo and  diuretio 
(Pharm.  J.  [3]  9,  145). 

ALIZARIN  AND  ALLIED  COLOfllllllO 
MATTERS.  Madder,  J?«ftm  tinriurUt,  Mhich 
was  for  a  long  time  used  on  a  large  scale  in 
the  *  Turkey-xied '  industry,  contoins  two 
colouring  matters,  alizarin  and  pur]uirin,  of 
which  the  former  i&  by  far  the  more  imixiriant. 

Alisarin  is  not  found  ready-formo^l  in  the 
madder-root,  but  exijsts  there  m  a  gliieosMc 
called  '  ruberythric  acid,'  which  when  allowed 
to  ferment,  or  when  boiled  with  difalte  aeid» 
splits  up  reatlily  into  alizarin  ajul  glueow. 

Tho  colouring  matter  itself  was  first  isolated 
from  the  nmdder-rm>t  in  1827  by  (^olin  and 
Robiquet.  wlm  ohtain*vl  it  I»y  cxfrartinr  proiuid 
madder  willi  liuL  uiittr  aii'l  .subliming  the  puri- 
fied extract  carefully  in  a  glatw  tube. 

This  method  of  Kublimation  was  not  con- 
sidered sufficient  proof  of  the  existence  of  aU/jirin 
in  madder,  and  it  was  not  t  ill  8chunck  8u<  - 
ceeded  in  isolating  this  .subntancc  by  chemical 
means  from  the  madder  extractii  used  by 
dyers  that  this  important  point  was  definitely 
settled. 

In  assigning  the  correct  formula  to  alizarin, 
considerable  difference  of  opinion  exij?t<*<l  at  first, 
owing  no  doubt  to  ^me  extent  to  the  difficulty 
expc*rienoed  in  obtaining  alixarin  in  a  condition 
pure  t  iiKiigh  for  accurate  analysis. 

Schuutik  proposed  the  formula  ('i^HioO^, 
whibt  Strecker  believed  it  to  be  C,„H,0,  and 
ri  l:if<  rl  to  '  ( lilornw  iiaphllialir  H<  nl '  (chloro- 
hydroxyuaphthauuinouc},  a  derivative  of  naph- 
tbalene,  since  both  these  substances  on  oxidation 
yield  pht}i.t!i(  acid. 

Strecker'a  formula  was  the  more  generally 
accepted  by  ehemists,  and  chloroxynuphtfasdic 
acid  was  looKcil  upon  as  Im  in;,' i  hl-irinated 
alizarui,  ili-  two  bodica  being  Ibu.^  r^  lai.-d  : 

C..H,0,  C.ol^C  Ui, 

Aiiasnn.  Clilorluatcd  alizarin  or 

Clilorux)'Dai>htlialic  acid. 

In  order  to  prove  the  relation  suppoited  to 
exist  between  these  two  snbstances.  it  was  only 
neccHFary  to  r«'place  the  chlorine  atom  in 
chioroxyuaphthalio  acid  by  hydrogen*  when 
alizarin  should  result. 

This  operation  was  eventually  accomplished 


by  Martins  and  Grioss,  who  obtained  thus  a 

sulistaiKc  of  the  formula  f\„Tr^t)j,  uhirli  %vas, 
howevcTf  not  identical  with  alizarin,  and  was 
I  therefore  8up)X)sed  to  be  isomeric  witii  it. 

Some  time  after  these  cxiM  riim  iils  of  Martiu- 
and  (iriess,  Gracbe  commenced  his  rciiearch  on 
quinonos,  the  working  out  of  which  tod  not  only 
to  results-  w  hich  ]>rov-(  (l  fMynnrl  a  doubt  what  thr 
chemical  nature  of  alizarin  really  \va><,  but  also 
eventually  resulted  in  the  artificial  pnxluction  of 
this  important  colnTiring  matter.  In  pursuing 
this  investigation  Graciie  succeode<l  in  preparing 
chloranil  CfCI^O^,  by  tn^ating  phenol  with  potas- 
sium chlonitr  aiiii  hydnn  hlnric  arid, and  in  acting 
on  thi'i  witli  cauwlic  iHlta^h  he  found  that  two  of 
the  atoiHH  of  chlorine  in  this  corafNNind  became 
replaced  )>y  (OK),  producing  the  jKitnsh  si»lt  of 
chloranilic  acid  (_',CIj(()K)^Uj,  a  ciiange  the 
knowledge  of  w  inch  proved  to  be  of  the  atmost 
importance  in  his  aiilwr-qnont  cxperimenta  on 
the  artificial  production  ot  alizarin. 

Chloroxynaphthalic  acid  wa.s  now  laundered 
by  C>rael>o  to  ho  related  to  naphthalin  in  n>uch 
the  same  way  as  chloranil  wa.s  to  benzene,  i.t.  to 
bo  a  derivative  of  naphthaquinone. 

Soon  after  this  the  attention  of  Graebe  and 
.  Lioberniuiin  wan  turned  to  alizarin,  which  they 
I  also  thou;^ht  might  belong  to  the  quinonc  series. 
In  determining   the   constitution    of  thui 
substance,  the  first  step  was  to  obtain  some 
information  as  to  the  nature  of  the  hydro- 
carbon from  which  alizarin  was  derived,  and 
thu  was  done  in  the  following  way  :  Alizarin 
prepared  from  madder  was  mixed  with  zinc-dust 
ancl  heated  strongly  in  a  furnace,  according  to 
fiaeycr*8  method  of  reducing  bcnsenoid  oom- 
jKiuiuls,  and  in  this  way  a  cr\  s(  alline  hydrocarbon 
was  obtained  having  the  comnosition  C^Ui^ 
\  which  on  examination  was  founn  to  be  identHM 
;  with  anthrawne,  a  hy<lri>carhon  ]ir>  \  iously  oh- 
taiited  by  Dumas  and  Laurent  from  coal  tar. 
Using  the  information  already  obtained  in  the 
n  >r,ir('h  on  <niiiiono,  Orachc  ami  I-iclx  rinann 
now  astiumcd  that  alizarin  must  be  a  dihydroxy- 
quinone  of  anthracene,  the  relation  of  these 
-uh^tatu  cs  to  one  another  being  seen  faom  the 
lollosvitiji  formula: — 

Anthrsoene.  AnthnqiiiiUNie.  AUnrta. 

Having  thus  ol)!  lincil  anthracene  from  ali- 
zarin, it  was  now  only  neceasary  to  reverse  tho 
operation  and  convert  anthracene  into  nlicarin, 

and  the  problem  of  tlic  artificial  proiluction  of  n 
,  vegetable  colouring  matter  would  be  solved  foi 

the  find^  time 

In  18(52  Andcr^oti,  while  invtv-t  i;.;af  in^  anthri 

tene,  obtained  from  it  by  oxidation  a  substance 
,  of  the  formula  C,«II  ,0^,  which  he  named  ox* 

'  anthractMie. 

in  this  substance  Graebc  and  Lieb<.-rumnn 
recognised  the  quinone  of  anthracene  (anthra- 
quinone),  the  iitst  in  t lie  synthesis  of  alir^rin 
from  anthracene,  an<l  in  order  to  convert  this 
quinone  into  alizarin  All  that  \vm>  necessary  was 
to  replace  two  atoms  of  hydrogen  in  it  by 
hydri»x\l,  an  o]R'ration  which  is  easily  done  in 
the  following  way  : 

.Anthracpiintine  when  heateil  with  two  mole- 
cules of  bromine  in  :M^ed  tubes  ia  converted  into 
dibromanthraquinone,  thus : 

O..H,0.-h2Br.-C..H.»i,l^t^^„^,^ 
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Thfii  substance  uln-ii  lu-aUxl  witb  putu^h  cx- 
chanmeMholitH  brumiiu-  utom8fur(0K).  yicld- 
in?  the  potash  salt  of  alizarin,  C'uHjOKl^O,.  a 
miclKm  vrbich  is  precisely  similar  to  the  furiua- 
tion  of  chloranilate  of  potash  from  chloranil  as 
described  above.  The  potassium  alizunitc  thus 
obtaintn],  when  decomposed  with  bydrfxhluric 
add.  Weldotl  alizarin,  and  thus  the  prr)l>l'-in  of 
the  artiticial  production  of  alizarin  was  solved. 

In  considering  this  sj'nthesis,  perhaps  the 
most  remarkable  fact,  from  a  chemical  point  of 
view*  is  that,  in  consideration  of  the  number  of 
pomble  isomers  of  alizarin,  just  that  dtbrom- 
liiithraqiiiuoiie  preiiared  by  Oracbe  and  Lieber- 
jtuum  ahould  on  tCMtment  with  potash  have 
jrklded  alizarin.   Had  tiiii  not  been  ao^  the 

artificial  pnxhiction  of  nlizarin  miuld  DO  doobt 
have  been  verv  much  delayed. 

'nte  gi«at  importanoe  of  ilkurin  ts  a  dyeing 
'tL'>  lit  ii)<lu(T-<1  GrarKo  and  Liftbermann  to  patent 
this  process,  which  proved,  however,  to  be  of  no 
commereial  Talne,  ov  ing  to  the  great  expense 
.itt»n(lii)<^  the  iiso  of  bromine,  and  it  tli  ro- 
fore  desirable  to  tind  some  new  method  wlucb 
would  render  their  discovery  important  from  a 
mannfnrturiny  j>oiiit  of  view. 

This  was  tirst  achieved  by  W.  H.  Perkin  '  in 
the  following  way: — Sulphdno  aeid,  a«  is  well 
known,  forms  with  BUUiy  organic  horlies  com- 
pounds called  sulphonio  acids,  which  in  Qompoai> 
tion  eimpiv  correspond  to  tho  snbstanee  acted 
on  pitis  suiphtirrr  nn})\  liri  lc 

Thus  btnz^^ue  C,!!,  N*iiun  treatetl  witli  sul- 
phuric acid  yields  bcnzencsulphonic  acid 
<',H,SO,H  ;  naphthali  in'  f',gIT,,  rmplithalciu*- 
eulphonic  acid  C'joH^O.ll.  When  fused  with 
CMstie  potash  these  sulphonic  aoids  an  split  up 
into  the  potas?tiim  salt  of  the  corresponding 
phenol  and  potassium  sulphite,  thus  : 
C,H,SO,H+3KOH=<',Hj,OK4.K,SO,+2H,0. 

Similarly  diauJphonic  acids  when  fused  with 
iwtash  are  converted  into  dihydrio  phenols,  thus : 

In  this  second  examnle  it  will  be  seen  that  a 
body  in  formed  which  bears  the  same  relatiuu 
to  benzene  as  alizarin  does  to  antliraquinonc, 
and  it  was  thereforu  probable  that  if  anthraqui- 
DODO  were  srubjected  to  a  similar  series  of  re- 
actions, alizarin  would  result. 

The^  great  obetaclo  to  oarrying  out  this 
■yntheslB,  in  the  ftmt  instance,  was  the  remark* 
iMi-  stability  of  aiithra<piinoii<'  in  general  an<l 
particoJariy  towards  suluhurio  acid,  which  is  so 
great  that  it  dissolves  in  modeiatdiy  hot  sul- 
phuric acid  \^ithout  cliati;:e,  and  OTyitaUlses  Ottt 
•gain  iu  needles  on  cooling. 

When,  howerer,  a  mixture  of  anthraquinone 
And  «(vj|phiiric  acitl  was  h«  ated  very  strongly, 
combination  did  eventually  take  place,  the  pro- 
duet  beeoming  perfoetly  soluble  in  water,  the 
<^>hition  now  (  ontaining  mono-  and  disttlphonlo 
•cmI*  of  anthraquinone.  , 

-After  remoring  the  excess  of  8ni]rfrano  acid  ' 
from  th<'  nnw  pro<Tu(  (.  it  was  mixi  d  withoaustic 
potaah.  Mid  heato^l  U>  about  180°.  , 

During  the  heating  the  melt  beoame  darker  { 
•ad  darker  in  colour,  and  erentnally  almost  ' 

 '  U  slKiaM  be  menttooed  here  that  while  these  ex- 

fOUMnts  wwe  in  ptopess,  Osro,  Otaebs  and  Lieber- 
w«a  ««« in»ii4<flHtlag  the  SBBS  resetion  In  Oermsny. 


black,  an<l  on  di.s^^ulviag  Ihia  iu  water  a  rich 
purple  solution  was  obtained  whieh  when  aoidi* 
tied  with  dihit<  n]v>hnrio  acid  gaTO  a  copious 
precipitate  ol  ulizarin. 

The  great  olMtack-  to  the  preparation  of 
alizarin — vir„  the  use  of  bromine— was  thus  re- 
moveil,  and,  as  the  future  has  proved,  a  process 
had  been  obtaine<l  by  which  this  colouring 
matter  could  he  manufactured  in  quantitv  and 
at  a  price  so  cheap  as  entirely  to  supersede  the 
old  method  of  dyemg  with  the  madder  root. 

Another  process  tot  the  manufactun*  of  arti- 
ficial alizarin  shortly  afterwards  discovered  by 
W.  H.  Perkin,  and  largely  used  by  him  on  a 
I  manufacturing  scale,  is  the  f oUowiog : — 

Anthracene  is  trmted  with  chlorine  and 
thus  coiiv(rt<(l  into  a  litautifully  ervstalline 
compound  called  dichloranthraocne  Ci^iipiAg. 

This  substance  combines  with  Nordnausen 
snlpliiirlc  acid,  foriiiing  a  bright-green  solution, 
which  contains  a  sulphonic  acid  of  dicldorao* 
thiaoene.  VHien  heated  with  sulphurio  acid 
this  substance  underpix's  a  rcmarkalilc  change, 
hydrochloric  aoid  and  sulphuruus  acid  arc 
evolved,  and  a  disulphonio  acml  ol  anthiaquinona 
formetl,  thus  : 

(',4H,Cl,(80jH),-f  H,.S04 
Dichloranthracene-diftulplKiiiIr  arid. 

H  „() J  S( )  , H  K  i-  2Ha  4-S(X,. 
Anthrwiuintmf  disuli^iouic  arid. 

This  anthraquttwme  disulphouic  acid  when 
fused  with  potash  yields  alisaiuu 

Alaarin  and  the  other  colouring  matters  of 
this  class  will  not  dye  unnreparcd  fabrics; 
these  must  first  of  all  Ix'  monlanted. 

The  morrlants  usotl  in  this  case  consist  ol 
'  metallic  hydroxides — e.a.  of  aluminium,  iron, 
and  ehromram.   Chloride  of  tin  (tin  crystalH)  is 
also  extensivel\  <  inployed. 

With  alumina  mordante  alizarin  produces 
shades  of  red  and  pink;  with  iron  mordants, 
shades  of  lilat  I  n  l  jmiplc;  Mifh  chromium 
monlants,  a  dull  purple ;  and  with  tin  crystals  a 
bright  yellowish  orange.  These  mcmdants  may 
also  !><•  mixed  and  thus  a  large  variet}'  ftf  difTeront 
shades  produced.  A  description  of  the  method 
of  application  of  these  various  mordants  and  the 
proct'sscs  pnipln\  r(|  in  dyring  with  alisarin  will 
be  found  in  the  article  Dy£UIO. 

Since  the  first  production  of  artificial  alizarin 
on  the  large  scale,  the  study  of  this  snlislance 
aixl  of  t  he  various  colouring  matters  related  to 
it  hai»  r(  L(  ivi  (I  a  large  amount  of  attention  at 
the  hands  of  cheniisti*,  the  rrsitit  In-ing  that  a 
considerable  number  of  derivatives  of  anthra- 
quinone have  been  prepared  and  examined. 

>ln5»t  of  these  are  either  cf)Ic)uring  niatt<-rs 
themselves,  or  easily  converted  into  such, 
several  of  thcM)  being  obtained  on  the  large  scale 
in  the  manufaeture  of  alizarin. 

These  derivutiveii  may  be  dni(le«l  under  the 
following  heads  :— 

(1)  Sulphonic  acids  of  anthraquinone. 

(2 )  Monohydroxyanlhraquinones. 

(3)  Dihydrozyanthraqninones. 

(4)  Trihydroxyanthraquinonof. 
(6)  Higher  hvdroxylaled  anthruquinone.s. 
In  this  article  arc>  also  included  tbo  two 

dyeing  mattera,  Gailein  and  ('<endfm.  which 
although  not  actually  antliracene  derivatives,  are 
veiy  closely  aUied  to  them.  digitized  by  Google 
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Sulpioiils  adds  of  aatiinmiiiiioiM. 

Anthraquinone  a  sulphonic  aeld 

It  in  A  remarkable  iniitAnco  of  the  iufluencc 
of  a  catalyst  that  whilst  anthraqiuiione  ordi- 
iifirily  .•^tilpliotmti  s  in  (he  2-  |K>sitinn,  yri  in  the 
prciiencc  of  quii^j  bumli  aniouuta  ut  mi*rcury  the 
1-  pcwHion  b  exclusively  attacked. 

In  prcjmring  unthraquinono  a-HiiIpliunic  ucid, 
100  i>ts.  oi  anthraquinone  arc  heatnl  lur  three 
liourH  at  130°  with  110  pLH.  of  Hulphuriu  acid 
contain  ill::  2!)  p.c.  aulphurto  anhydckie*  and 
0"5  part  URTcury. 

The  free  acid  is  easily  soluble  in  alcohol  and 
wat<'r,  it.H  lead,  baritim,  and  stronliiiin  salts  art* 
very  insoluble  in  hut  wal<T.  'i'he  uakiuat  M^it 
i-i  fairly  Hulublu,  but  ciystalliaes  00  heating  the 
solution.  The  ix>ta8fliiim  aaltocotng  in  glistening 
yellow  leaflets. 

The  further  sulphonation  of  the  a  acid  in 
presence  of  mercury  leads  to  the  formation  of 
1  :  5-  anthraijuinone  dUulphonie  acid,  mixed 
with  1  :  8-  and  1  :  7-  acid.-^.  The  tiame  mixture 
m  produced  by  the  direct  t»uiphoDation  of  anthra- 
quinone (100  parts)  with  200  part-H  of  sulphuric 
acid  containing  40  p.c.  sulphur  trioxi'lc,  in  the 

Eresenoe  ol  mercury  (1  part)  at  i<K>°  for  one 
our.  The  mixture  of  acids  is  converted  into 
calcium  salt  and  fractionally  crystallised.  The 
oaloium  salt  ol  the  1 :  acid  is  least  soluble, 
the  middle  fraction  is  the  largest  and  oonststa 
of  1  :  5-  whilst  the  calcium  salt  of  1 :  ?•  is 
easily  soluble. 

Kmihurly  it  has  been  found  that  antfara- 
quinoni-  /3-''Ul|)lionic  .n  id  (tiec  below)  is  c  hanged 
by  sulphuric  acid  in  presence  of  mercury  to  a 
mixture  of  2 :  and  2 :  5-  anthraquinone  disol* 
phonic  arids  (N.B.  2  :  S-  is  same  as  1  :  7).  It 
IS  Htrange  that  tho  direct  Hulphonation  of  anthra- 
quinone in  tho  presence  of  mercuric  sulphat-e  abo 
\  iclrls  the  2  :  8-  diaulphonic  aeid.  The  const  itu- 
t)cMi  of  these  Bulphonic  acids  has  been  demon- 
8trat<'d  by  their  conversion  mtu  the  correspond- 
ing; hydroxyanlliraquinoncs  by  heating  iinder 
prcissurc  with  luiik  <'f  lime. 

LiUrature.  lljii^kv  (Ber.  36,  4194-4200); 
Schmi'h  Ji<  r.  'M .  '^«>-72). 

Anthraquinone  2  ur  /j-sulphonic  aeM 

This  acid  ia  foriiit<I  together  Avith  a  certain 
amount  of  anthraquiiioae  disulphonio  acid  b^ 
heating  anthraquinone  with  fuming  sulphunc 
acid  to  170*  or  with  ordinary  aulphurio  acid  to 

2oO*-20O''. 

In  preparing  it  a  mixture  of  one  part  of 

fiiiiiiii;_'  NNiplniric  acid  (contaiin'n^  4()-r)()  ji.c. 
uuhydridej  and  parts  of  anthraquinone  is 

gradually  heated  to  about  170"  and  kept  at  thia 
teinj)eratnn>  for  eight  or  l<^n  h<iiir~,  tha  whole 
being  well  Htirred  during  the  u)M.:i-iiiiun. 

^n»e  product  thus  formed  con^ist^  chiefly  of 
th'"  mfinnsiil|ih(>nir  uriil  ti)L'''lh<T  uith  a  little 
di-julphonic  acid  and  umhrtn^i-iU  anllir  Hjumnnf. 
Un  diluting  with  water  tiie  anthraquinoiH'  ^<  pn- 
rates  out,  and  can  easily  be  liltf  n  d  off,  l<»avin:.' 
the  sul phonic  aeitls  in  solution,  in  order  to  nejki- 
mte  thi<  mono-  from  the  disulphome  acid  the 
clear  liltratc  is  neutralised  viilh  carbonate  of 


soda  (or  caustic  soda).  This  causes  the  difficultly 

•iohiblf  Kfxlium  salt  of  anthraquinone  mono- 
8ulf)houic  acid  to  separate  out,  leavuig  the 
eaMily  soluble  salt  of  the  dtsulphouic  acid  in 

solution. 

Tho  pasty  n\&H&  obtained  on  neutralii<ing 
with  sod&  is  thoroughly  pressed,  wadied  with  a 
little  water,  8n<l  then  if  required  pnrr  rrrrvytal- 
UmhI  from  this  t^iivent.  In  this  way  a  beautiful 
brilliant  white  scaly  crystalline  mass  is  obtained, 
which  consiHts  of  pure  nodittm  anthraqninon*' 
monoMulphonate,  the  so-called  •  silver  salt  '  of 
the  ali/.arin  manufacturer. 

The  free  acid  obtained  !»>  <hf  addition  of  an 
acid  to  the  soda  salt  cr>  .stall iiw>s  in  plates.  It 
is  very  easily  soluble  in  cold  water  and  alcohol, 
but  almost  insoluble  in  ether. 

When  fuiicd  with  caustic  soda,  this  acid  (or 
rather  its  soda  salt)  gives  first  hydxoxjaatlira* 


quinone 


[.q"^^',H,OH,    and  then 

alizarin;  and,  &>>  v\ili  Im'  shown  later  on,  alizarin, 
when  prepared  on  a  fnanufacturing  scale,  i»  in- 
variably formed  from  the  njonofsutplionic  «»  id  of 
aiilhraquiuune,  not  from  the  disulphonic  acid 
as  might  be  expect<Hl.  The  reason  for  ibis  is 
that  on  fusing'  liydroxyanthraquinone  «ith 
caustic  soda,  a  continuoutf  process  of  oxidation 
and  reduction  is  carried  on,  the  change  heang 
represented  by  the  following  equation 

Ci4H,(02Ja}0,-t-KaOH-fO 
Sodium  nwBohydroaqriMiitlBaqntminste. 

Sodiom  sUauate. 

the  oxygen  l)oing  supplied  at  the  cx}K>n8c  of  a 
part  of  the  hydro  vyanthraqiiinotH  \\hi<  h  is  i  here- 
by re<luced  tu  anthraquinone.  On  the  larec  t>calc 
this  reduction  is  prevented  by  the  use  of  cUomte 
of  p<ita.sh  in  (hf  fusion. 

L(/(  ru/uf t.  Ciraebe  aiui  IJelH-rmann  (An- 
nalen,  160,  131  ;  212,  44  ;  Ber.  7,  800)u 

ADthnmnlnone  disulphonie 


C.H«<^§>C.H,(SO.H), 


When  anthraquinone  is  hi  add  to  a  hit^h  t< m 
perature  with  2  or  3  parts  of  ordinary  or  better 
fuming  aulphurio  acid,  a  mixture  of  «-  and  ^ 
an(hraqnin«ine  disulphonie  acid  is  ohtaint^!, 
which  can  be  beparat<-d  by  Iraclionsl  crystal - 
iintton  of  the  sooium  salts. 

I'l  '  poralion.-  ].  A  mixture  of  10  kilo-.  ,  .f 
anthraquinone  and  20  to  30  kilos,  of  fuming  isul- 
[ihiirio  acid  is  heated  to  a  temperature  of  160*- 
170°  until  a  sample  taken  out  is  frxind  to  dis- 
solve coiHiiletely  iu  water.  The  product  ie  thwi 
heated  another  hour  to  convert  any  mono-  into 
<li^uIphonic  acid.  }x>ured  into  water,  ncutrali-<d 
with  caustic  so<la,  and  evaj«jrate<l, — 2.  10  kdcn. 
of  anthraquinone.  12  kilos,  of  hydrogen  sodium 
sulphate,  and  40  kilos,  of  ordinary  rnnrentrat#*<l 
Hulphuric  acid  are  heat<'d  in  pressure  tuU»s  for 
five  or  six  hours  to  2(50  ,  the  product  trt>ated 
wit  h  wat<-r,  an<l  the  acids  converted  into  sodium 
salts  as  above. 

In  concentrating  the  (««>lution  of  the  sodium 
salt  ol)taine<l  by  either  of  the  aliovo  metho<ls. 
tln'  sodium  salt  of  the  n-acitl  crystallines  out 
tirNi,  the  more  rcadUv  soluble  salt  of  the  /S  acid 
remaining  in  the  mother-Uquoca.  and  thua  by  , 
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rppeaki]  riHTv.-itiilliaation,  the  two  acula 
Msily  8('i»arat<-<i  from  one  another. 

The  itvf  a«  i(is  tihtaiin  'l  \>y  (lecoinfKisiii-^'  the 
Miltfl  by  an  acul  ar«  both  readily  soluble 
in  alcohol  and  water,  bnt  insoluble'  in  ether 
aod  Ix'Tirene:  the  u-acid  crystallLsos  in  Hinall 
j-ello«  cryataL'?,  the  jS-acid  in  beautiful  yellow 
{date^ 

Thf  s;Uts  of  the  fi-acid  arf  s|>arinj;ly  soluble 
lit  uaUT  and  crystallise  with<lillieulty ;  those  of 
the  0-acid  are  mdily  aolaUe  and  otyRtaUiBo 
with  the  greatext  ease. 

fiesideii  theiie  two  important  ucidg,  two 
otlwr  dinilplioiiio  aoids  of  anthraquinone  are 
known — viz.  x*^"^^^9">"<^"c  disulphonio  aoid 
and  p-anthraquinono  disul  phonic  aciu. 

LUeraturt. — Schultz  (Chcmio  des  Stein* 
kohlenthe«;rs,  709,  712);  Perldn  (Chem.  Soc. 
Tran*.  !H70.  133);    (>racbo  and  Liobcrmann 

\-Antlixi4UiiuMM  disulj^iik  acid.  This 
acid  ifl  fbfimd  by  tvesUng  aodinm  a-anthimoene 

Anthracene 
I 


aro  I  disidphnnate  with  nitric  acid.  The  sotiium  salt 
cry8iallim>8  in  yp)]o»  prisms,  which  are  sparingly 
soluble  in  wnttr.  On  fusinp  with  potash  this 
Milt  yields  chrywazin  Cj^H^lUHjgU,,  hydroxy- 
( lirysazin  Ci^H  ((OH),Os»iK-Sydroz3rbenxoio  add, 
anti         vlic  a«-i(!. 

Litiniiutf.    LitbtTmann  and  llehnat  (Ber. 
12,  1288). 

Anthraquinone  disulphonic  acid  obtained 
by  tixidiHing  ^-anlhruct'JKs  diHUlphonir  acid.  The 
t«oda  Halt  (»7stalli»e.H  in  leather-wiluw  platea, 
which  nrv  easily  HoluMe  itr  Mfifrr.  On  fusing 
with  p>tash  it  yieliln  antliranitin 

(Oil)  l,H,c^|.Q^C,H,(OH). 

hydroxychry«azin  C,«H,(OH),Oj,  m-  and  o- 
hydroxyl>enzoic  acids. 

LiiertUure. — Liebermana  and  Dehnst  (I.e.). 
The  relation  of  the  various  colouring  matters 
of  thifi  group  to  anthracene,  anthraquinone,  and 
ila  sulphonic  acidi>  is  easily  understood  from  the 
following  table  (Sebuitz) 


Anthraquinone 

I 


(a-  &  0  )  Anthracene  disulphouic  acids 
I 


(«-  &  /S-)  Monosolphoaic  aoid      (a-  &  fi  )  Disulphonio  aoids 


(X-  &•  p-)  DisulpLonic  acids 


njant 
Alizarin 


e*Aai-Hydioz7MitbnMittfaioiie  Antbraflavio  aeid 

Flavopurpuria 


laoaw 


itbiaLi 


f 


I 


▼io  aoid  Cbxysasin  Anthramfln 


The  bebavionr  of  tbe  antbraqumone  disuK  ( 

phonic  acids  on  fiwion  with  y  ntrnh  in  exactly 
similar  to  that  of  the  roonosuiphonic  acid.  Juiit  . 
as  this  acid  on  foaion  with  poCaab  ia  first  eon>  | 
vprtti!   into    monohydroxyruithraquinotu'  and 
then  by  oxidation  into  dihydruxyanthraauinone  , 
(almrm),  so  tbe  anthraquinone  diaulphonie  I 
nnAn  in  thf  fir  t  jlncc  yit-M  the  corr<'s| Minding 
liihydroxyanthruquinunea,  which  then  by  the 
furrier  a«tian  of  the  potaab  are  oonverted  into 
triky  diKCTjapthraqB  inwnaa* 

Hydroxfiiithnqiiliioiui. 

L  MoQobjrdroxyaatluwiuinonea 

l-hydroiyulliiaqiiliioiia.  Erytbroiyaiitiira- 
qobione. 

This  substance  ia  formed  together  with  2-  ' 
bydroxyanthraquinone   by  Htrongly  heating  a 
BUXture  of  phenol  and  phthalic  anhydride  with 
solpbniiD  and 

=  C,H,<^f^'[^  r  JT3(0H)-f  H,0. 

Alao  by  heating  !•  bromanthraquinone  with 
polaah  to  100*  or  by  actteg  on  !•  amidoanthia* 
'iuinone  with  nitrous  add  in  ooooontiated 
•uJphuric  acid  solution. 

l"  hvdroxyaDtbraquinone  CfyataUisoa  from 
in  onuige>TCd  needles  wbioh  melt  at 


Isopurpurin        Hydroxy-  (Hydruxyan- 
tAathnvuVDln)       cbxyaaain  tbnmifin) 

190^    Whmi  fnaed  with  potash  it  gives  alhsarin. 

The  substance  does  not        iniiniantt-d  fabrioa 

1-  Acctoxyanthraqumone,  prepared  by  boil' 
ing  crythroxyanthraquinone  with  aoetio  anby- 

dridf-  and  xodinni  acetate,  cryBtallisos  in  yellow 
neotlles  from  alcohol  and  melts  at  nb'-ni**. 

!•  mctboxyanthraquinone  im  obtained  by 
the  action  of  boiling  nwthyl  alcobolio  potash  on 

1-  nitroanthraquinone. 

This  is  the  ainiplcHt  example  of  a  very  tr'-nt  ml 
reaction  in  the  anthraquinotu'  scrips.  'J'hi-  f<ub- 
stance  is  microcrysit^ilUnc,  ami  njflls  at 

Li(i  r<tiitrf. — Baeyer  and  Caro  (Bi  r.  7,  OtiO)  ; 
Pechmunn  (Ber.  12,  212ij);  Homer  (Ber.  15, 
1793),  Liebermann  and  Hagcn  |Bor.  15,  1804); 
Hoethst'^  K'lrhwrrkf  M>  H  P.  97688). 

2-  hy(lrox>ansbraquinone. 

This  substance  is  obtained  synthetically  (to* 
gcther  with  erthroxyanthraquinonc)  by  heating 
a  mixture  of  phenol,  phthalic  anhydride,  and 
Hidphuric  acid.  The  mixe<i  hydroxyanthra- 
quinones  can  be  separatc<i  by  means  of  baryta 
water,  since  the  barinm  i«lt  of  1-  hydroxy- 
antl)raf|\M"nono  is  insoluble,  whilst  the  2-  hydroxy 
Qompound  is  easily  soluble.  It  orystallisee  from 
aloohol  in  yellow  plates  whfob  melt  at  323®  and 

reatlily  sublimes  at  a  lilv'livr  tctiijKTat iin-. 

It  can  be  obtained  in  various  ways  from 
anthfaqninone  or  its  derivatives. 

An  easy  preparation  (nnsi-*(s  in  uniting 
anthraquinone  sulphonic  acid  or  2-  bromanthra- 
quinone with  potash. 

The  action  of  ammonium  perBU^)bi|ite^g  toogle 
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solutkm  of  anihraquioone  in  oonoentratnl  sul- 
phuric aciil  containing  sulphur  trioxide  leadn  to 
the  production  of  2-  hydroxyanthraquinone, 
ainuurin,  and  purpurin. 

Alizarin  is  reducetl  to  2-  hydroxyanthra- 
quinone by  the  action  of  alkaline  stannous  ' 
onloride;  or  alizarin  amide,  obtainetl  by  the' 
action  of  ammonia  on  alizarin,  yields  tlua  8ub> 
stance  wtien  treated  with  ethyl  nitnte. 

A  very  curious  react iun  of  thia  hydroxy- 
anthraquinone, and  one  which  involves  migra- 
tion or  an  oxygen  atom,  is  its  oonvenioo  to 
qniniznrin  by  trvntmrnt  with  nitrous  acid  in 
sulphuric  acid  solution  and  in  the  presence  of 
Ixiric  add. 

Liierature.—CrM'^K'  and  Licbcrniann  (An- 
naleu,  160,  141);  Baeyer  and  Oaru  (Ber.  7, 
960) ;  Liebermann  anil  Fiaher  (Ber.  8,  975) ; 
Liebermnnn  (Aiuialcn,  183,  208) ;  Wftcker  (J.  Pr. 
Chem.  [2]  54,  m) ;  Bayer  &  Go.  (D.  K.  P.  66830). 

DQiydroYyanOunMiiibiones. 

Alizarin 

1 :  2-  dtbydroxyanthraquinone 

Alisttrin  ooonni  in  madder  aa  the  glucrwide 
ruberythric  acid,  and  also  in  ('hay  root  {Olden- 
iandia  uinbdlata)  and  some  species  of  rhubarb,  i 

n  is  obtained  from  ftagluooaide  by  tho  action  ' 
of  diiote  adds  or  of  ferments. 

CnH.^O.,  -f  2H,0  =  C,4H,0,  -f  2C,H„0r 

llubcr>'Uirlcac-ld.         AllMrln.  (Jlucose. 

It  may  be  prepared  artificially  by  many  i 
metliodB.  *  I 

Thus  al  i/.arin  is  produced  by  fu.slntr  tlicJilor- 
anthraquinouo,  dibrouiauthraquinone,  anthra- 
quinone»  mono*  or  di-sulphonio  acids  with 

potash.    Rufiualtic  acid   yields   alisaiin  wken 
reduced  with  Hodium  amalgam. 

On  the  other  hand,  anthraqninoii»  may  be 

dirortly  oxidisod  to  alizarin  by  the  action  of 
ammonium  persulphate  in  conci-ntrated  8ulphurio  i 
acid  solution.  ' 

flood  yields  of  alizarin  arf  said  to  ho  obtained 
by  lieatuig  anthraquinonu  with  sodium  chlorate 
and  a  mixture  of  sodium  and  potassium  hy-  < 
droxidcs  in  aqufous  sohifion  nt  200*.  This 
process  w  used  fur  the  nmnufacture  of  alizarin, 
but  it  is  not  elear  that  it  has  entirely  displaced 
the  older  process  shortly  to  be  deseril»ed. 

Hy«tazarin  undergoe.n  iHoiiii-ric  change  to 
alizarin  when  heat«<l  with  concentrated  snlfrfiuric 
acid  to  20f)O  for  two  and  a  half  hours. 

xUi%ariu  may  be  8yntho»ised  by  processes  not  , 
involving  tho  intermediate  formatioa  of  antltm- 
quinonc.  ' 

Together  with  hyst-iizariu  it  is  pruiiuced  when 
a  mixture  of  cat4«choI  and  phthalic  anJiydride  is 
heated  witli  sulphuric  acid  at  200**. 


Hemipinic  anhydri<b  couibnscs  with  bcniene 
in  the  presence  o(  aluminium  chloride,  vieldiag 
the  methyl  ether  of  dihydroxybenaoylbemoic 
acid.  This  latter  substance,  on  treatment  with 
hot  sulphuric  add,  is  converted  into  alizarin 
methyl  ether,  which  b  hydrolysed  by  aluminium 
chloride  to  alizarin.  The  following  formnl* 
lepcesent  thi.s  neries  of  reactions : — 
OMe 


,  /CO 
MeO/'  \/' 

'\/'Nx)/ 

^«  .CO 
MeO/ 


^^\:00H^/ 


+  CH,C1 


OH 


Thttialio  anhydride.  Catedwl. 

=  C.H,<:^[J>C,H,(OH).1 : 2  +  H,0. 
Alisaria. 

lMnall\  the  foUoving  synthesis  of  alisarin  is 

noteworthy : — 


^  CO 
Alizarin  methyl  ether. 

Manufacture  of  .^lizarfn*. 

I.  Antkraqmnone  pnceM. — ^Anthracene,  tho 
basis  of  alizarin,  is  ODtamed  entirdy  from  the 

coal-tar  oilsi  boiling  above  300*,  the  ao-oall'  d 
•  last  runnings  ot  the  tai  distillef.  ^lese 
heavy  oils  are  redistilled  and  the  anthraoeno 
oils  collected  as  .soon  as  ih-  listillal*'  on  cooling 
commences  to  solidify,  in  this  way  a  semi- 
solid greenish^loddng  mass  is  obtained,  whidk, 
after  rouyhlv  freeing  from  excess  of  oil  by  tn-^.tt- 
ment  in  hytiraulic  presses,  is  the  starting-point 
hi  the  aliaarin  factory.  This  crude  product  con- 
tain.s  only  about  30  10  v  uitlmicene.  the  re- 
mainder consisting  uf  phenatithrenc,  naphthal- 
ene, oarbaaoi,  and  small  qoaatities  of  other 
hydrocarbons. 

The  first  operation  necessary  in  the  ui<iiiu- 
faoture  of  lUizarin  is  that  of  purifying  the  crude 
anthracene  obtained  from  the  tar  (tistilKrs,  in 
order  to  obtain  a  product  tit  for  the  suUtcquent 
oxidation  to  anthraquinone. 

This  pn)ceH.s  of  purification  varies  consider- 
ably in  different  countries,  but  the  fullouing 
method  may  be  given  as  having  been  used  with 
much  success. 

The  crude  anthracene  is  first  ground  between 
edge-runners,  and  then  thoroughly  agitated  with 
boiling  petroleum  spirit  in  lanre  iron  vessels 
littod  with  stirretsi  and  heated  with  ste«m. 

About  1000  to  IHOO  lbs.  of  crude  anthracene 
an*!  gnllons  of  petroleum  spirit  are  used  in 
one  operation,  the  amount  of  the  latter  varying 
al%htly  according  to  the  quality  of  the  anthra- 
cene employed.  After  boiling  for  an  hour  or 
two,  the  pnxluct  is  aUowetl  to  oool,  filtered 
through  coarse  canvas,  and  the  anthracene  on  the 
fdt<;r  washed  with  a  little  clean  petroleum  s|Hrii. 
The  pa^ty  mass  thus  obtained  is  next  treated 
with  .'«team  to  remove  the  excess  of  }x  trol.  uTn 
spirit,  and  then  sublimed.  The  sublimation  pro- 
oess  is  best  carried  otit  bv  melting  the  anthra> 
cene  in  an  iron  jnit,  called  llie  '  subliming  pot,' 
and  then  blowing  in  superheated  steam.  This 
carries  the  anthracene  vapour  forward  through 
a  long  pijx?,  where  it  meets  a  spray  of  water, 
which  serves  to  condense  both  it  and  the  steam. 
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The  anthracene  is  thus  obtaineil  in  an  extremely 
finely  divided  state,  much  more  suitable  for 
oxidation  than  \i  ben  "iinply  ground  under  edj$e< 
runnere  as  it  u:>«<I  to  be.  The  next  step  oonststa 
in  converting  the  anthracene  into  anthraqiiiiioiu' 
by  oxidation  with  tnchrooiAte  of  potash  (or  soda) 
mod  ralphnric  aeid — an  operation  which  is  tunaUy 
done  in  the  following  way :  Tl><'  anthracene  is 
placed  in  load-lined  tanka  with  aboat  twice  its 
w«%ht  of  the  bichromate  (diMolved  in  water),  the 
requisite  amount  of  dihito  .siilj»liuric  acid  is  slowly 
added,  and  the  mafis  kept  well  boiled  and  agi- 
tated by  a  ateain  ^t  oonneoted  with  a  KSrting's 
injec  for. 

The  whole  is  then  toukaferred  to  settling 
taain,  th«  erode  ydlowiBhobrown  antiiraqninone 

well  wnsh<  <l  l)v  (Icniiitat  ion  \intil  fr<  c  from  preen 
chrome  liquors,  well  drained,  and  freed  from 
water  aa  completely  aa  poeaible  by  placing  it  in 
I  anva.'!  bags  and  exyjo^infr  it  to  pn-at  pros>iirc  in 
a  hydraulic  press.  The  amount  of  uxid tm;r  re- 
quired to  convert  the  emde  anthracene  into  an- 
thmqinnoru"  is  of  course  regulated  by  the  purity 
of  the  sample  employed,  pure  anthracene  re- 
quiring about  1*66  times  its  weight  of  potassium 
bkhrom^t*'  tn  convert  it  into  anthraquinoiif. 

InKtead  of  potassium  bichromate,  the  sodium 
salt  is  now  very  cttai  naed  on  aooonnt  of  ita 
dieapness. 

Ine  antluraquinono  Ihm  ubtuinod  is  still  vci^' 
Impoie,  aiktl  most  be  carefully  purified  before  it 
can  ho  converte<i  into  sulphonic  atid.  In  puri- 
fying: aiithraquinono  two  uit-lhuds  may  be 
employed : 

(1)  The  anthraqtiinone  is  sublimed,  and  then 
recrystallised  from  hi^h  boiling  coal-tar  naphtha. 

(2)  The  aathraquinonc  is  twated  with  con> 
CBDtnted  sulphuric  acid. 

When  the  first  process  is  employed,  the  an- 
thraquinone  is  raeltetl  in  iron  pots  and  subject*>d 
to  the  action  of  super-hoated  steam.  The  steam 
carriee  the  vapour  of  the  anthraquinone  with  it, 
&Q(i  on  condensation  a  fine,  almost  imi>alpable, 
powder  ia  obtained,  which,  when  dried  and  re- 
cr>-fitaUiMd  from  high>boiling  coaI-t«r  naphtha, 
Con-i-t-  (if  nrarly  ]>iin-  aiitliraijuinone. 

In  this  country  this  process  has  now  been 
■fanort  abandoned :  method  (2)  having  entirely 
taken  its  place. 

The  working  of  this  method  is  based  on  the 
fact  that  erode  antbraqoinona  when  treated  with 
Hulphuric  acid  at  KKI**  «lisso]vo.^.  hut  is  not  actH 
00.  The  impurities,  however,  become  converted 
into  flolphonio  Mrids,  whidi,  being  ea^v  aolable, 
ftn  Im-  r« moved  by  treating  the  prodiirt  with 
water,  wlien  nearly  pure  anthraquinone  is  left 
briimd. 

In  carrjing  ont  this  operation  n  mixture  of 
1  part  of  cruuo  anthraquinone  and  '.i  parts  of 
SQlphiiric  aoid  is  placed  in  largo  circular  lead- 

lined  iron  pot^,  and  heated  by  steam  for  t^^  pnty- 
four  houi>,  t  he  whole  being  continuously  agitated 
by  a  stimT. 

Thf  I'lackish-lookint;  pro<lurt  is  then  run  into 
&baUow  tanks,  and  cxpuiicd  tu  the-  action  of  damp 
air,  or  a  gentle  current  of  steam,  until  the  acid 
has  become  dilute*].  Tn  a  short  tiiiic  unthrafpii- 
Qooe  separates  out  a.s  a  light- brown  cr^.^talliue 
powder,  which,  after  washing  by  decantation, 
pressing,  and  thoroughly  drj'ing,  is  found  to 
contain  about  95  p.c.  of  pure  substance. 

Aocording  to  reeeDi  pataikta  anthraqoinone 


is  best  purified  by  crystalltsaiton  from  liquid 
.sulphur  dioxide  or  ammonia. 
I      The  anthraquinone  is  now  in  a  conilition 
;  suitable  for  conversion  into  the  sulphonic  acid. 

This  ojMTat inn,  \\hiih  consists  in  heating 
.  anthraquinono  with  fuming  sulphurio  acid,  ia 
I  conducted  in  large  iron  pots  capable  of  holding 
from  'M^  to  10  <|allonM.    Thf  amount  of  fuming 
sulphuric  acid  empioved  dofiends  on  the  nature 
I  of  the  •niphonic  aeid  required.    Tn  preparing 
the  monosul])honic  acid,  1  j  ii  t    f  funiin;.'  nciu 
(contained  40^60  p.0.  SOj)  and  1  to  I4  part*  of 
I  anthraquinone  are  naed. 

The  mixture  is  gradually  heated  by  means  of 
•  an  oil-bath  to  170%  or  even  to  190%  and  kept  at 
I  this  temperature  for  eight  or  ten  houra,  the 

stirrer  Wing  ke  pt  constantly  -n  11  it  ion. 
f      The  product,  which  contains,  besides  anthra- 
qninonemonosulplionio  aeid,  a  little  disolpiionio 
acid,  and  some  unacted-on  anthraqninonc,  is 
I  diluted  with  water,  passed  through  a  liiter-press 
I  to  remove  the  aotuaqoinone,  and  neotralieed 
with  caustic  soda. 

In  a  short  time  the  whoio  becomes  quite 
thick  owing  to  the  separation  of  the  apasuiglv 
soluble  soda  salt  of  anthraqtunonemonosuf- 
phonic  acid,  the  easily  soluble  saltii  of  the  di- 
Hulphonic  acids  remaining  in  solution. 

The  crystalline  salt  is  collected  in  filter- 
presses,  washed  with  a  little  very  dilute  sul- 
phuric acid,  and  thus  obtained  praciioaily  pore 
in  beautiful,  brilliant.  ]iearly  scales. 

Ill  preparing  the  di^ulphonic  acids  of  anthra- 
quinoae.  tin-  o|K>ration  is  similar  to  the  above, 
the  only  difference  being  that  more  fuming 
sulphuric  acid  is  used  and  the  auiphonation 
conducU'd  at  a  moch  higher  temperature 
(about  260'). 

The  next  opcnration  consists  in  the  conversion 
of  the  product  just  described,  antl  callc<l  '  soda 
salt,'  into  colounng  matter,  a  change  which  is 
accomplished  by  heating  it  strongly  with  caustic 
soda  and  a  little  |>otas8ium  chlorate. 

If  the  potassium  chlorate  is  not  added,  a 
conaideralm  loss  is  inomred  owing  to  the  re- 
ducing action  of  a  large  quantity  of  iiascent 
bydrc^en,  always  formed  dturing  the  fusion, 
which  converts  the  soda  salt  partially  into  an- 
tlira(|uinone  and  hytlroanthnKiuiiioiic.  Tht- 
fusion  ia  conducted  in  large  wrought-iron  cylin- 
ders fitted  with  stirrers  and  heated  with  hot  air. 
The  URual  ehargf  is  700  lbs.  euusf  ic  soda  (70  yi.r.) 
dissolved  in  water,  1300  lbs.  of  a  concentrated 
solution  of  *8oda  salt,'  and  13  to  15  p.0.  of 
potassium  chlorate,  the  amount  of  this  hitter 
substance  varying  slightly  with  the  nature  of 
the  salt  used,  the  monosuiphonic  salt  requiring 
more  chlorate  than  the  disulphonic  salt. 

The  temperature  is  maintained  at  about  IbO'' 
for  at  least  twenty<four  hours  and  often  much 
lonirer.  the  proirn'sa  of  the  decomposition  being 
contruUcil  from  time  to  time  by  extracting  small 
quantities  of  the  melt  and  examining  them  in 
the  laboratory. 

The  protluct  thu.-i  obtained  is  an  intense 
purple  fluid,  liecnming  thick  on  cooling  and  con- 
tainincr  the  ciiluurinr;  matter  an  .«odinm  nalt 
besides  so<iiuui  .suIpkiU-  and  an  cxci.-s  ol  t  jiustic 
soda. 

To  separate  the  coloiir  the  melt  i.i  run  into 
lai^e  Mooden  tanks,  diluted  with  water,  and 
bofled  With  dUotesulphoiie  acid.  Digitized  by  Google 


80 


ALIZARIN  AND  ALLISD  COLOURINQ  MATTERa 


This  causes  the  solution  to  beoomo  orange  in 
colour  owing  to  the  pmeipitation  of  artincwl 

AftAT  bein^r  allowed  to  settle,  the  snpematant 

liquor  is  run  i»(T,  the  alizarin  fdrccil  Iiilo  filtcr- 
pre«8es  »nd  o»re/uUy  wmah<Hl  until  free  from 
acid  and  saline  matter.  The  oolonirfatfr  matter 
is  thi'H  ni.ii1<.!  iij)  (()  !i  (Irliiutr  strciiu'th  flO  |..c.  or 
20  p.c  paste  as  requiiod)  by  tratuif erring  it  to 
large  woodrni  tabs  fitted  with  powerful  stirrerK, 
and  thuruiiL'hly  niixin^  it  with  watf-r. 

Puro  alizarin  thus  prepared  produces  a  blue 
shade  of  Turkey-red,  and  aathrapurpurin  (pro* 
(luLi'd  l)y  fusintr  sodium  antlira(iiiiiiuin'iliMulj)ho- 
nata  with  caustic  soda)  a  red  shade,  so  that  by 
varying  the  amounto  of  tbeoe  two  oonstiiueats 
any  int>  rnu'diato  shade  required  by  the  matlciet 
can  be  obtained. 

2.  Dichhmnthraeene  pneeM. — In  manufae* 
turing  alirnrin  by  thi?»  prnrrss  it  is  nrcrssary. 
in  the  Hrst  place,  to  purify  the  anthracene  used 
much  more  thonMigUy  than  is  the  case  in  the 
anthraquinnno  process. 

For  this  purixjse  the  anthracene,  after  washing 
witik  pebotenm  spirit  as  lU  scribed  in  the  last 
proccBi".  is  stibmittefl  U>  <li>t  illntiDU  w  ith  pota^ih. 
This  remo\  Lii  the  carbazul  and  the  {(ht'iiulic  tiub- 
Btances  present  in  the  cru<lc  anthracene,  and  as, 
besides  this,  a  considerable  quantity  of  the  other 
impurities  are  charrc<l  during  the  distillation, 
the  anthraoenc  resulting,  although  still  very  im- 
|mr«,  is  found  to  be  greatly  improve*!  in  quality. 

in  carrying  out  this  operation  100  parts  of 
washed  anthracene,  30  parts  of  potash,  and  0 
parts  of  powdered  lime  are  thoroughly  ground 
together  under  odge-runners,  the  mixture  intro- 
duced into  iron  retorts  and  distilletl.  The  dis- 
tillate, w  hich  consists  of  paie-yellow  cakes  con- 
taining about  GO  p.o.  of  pure  antbraoene,  is  now 
Hufllicientiy  pure  for  conversiofi  into  dkihior* 
anthracene. 

In  chlorinatinf^  anthracene,  leaden  chambers 
are  U8<'<1,  tfchnically  kn'>«n  as  '  chlcriiir  ovens.' 
Theee  arc  10  ft.  long,  4  ft.  0  in.  wide,  and  1  ft.  6  in. 
deep,  and  are  used  in  pairs,  connected  at  one 
end  in  or«ler  that  any  <  bidrinc  I'scajiiriL;  from  tlie 
first  oven  may  come  m  contact  with  a  frcah 
amount  of  anthracene  and  thus  prevent  loss. 

400  lbs,  of  aiithr.ii  (  He  an'  put  into  each  oven, 
and  subjected  to  the  action  of  a  rapid  current  of 
chlorine  for  about  five  or  six  hours. 

The  anthracene  tirnt  fuFcs  and  <:rt^  flnrk  in 
colour,  hydrochloric  acid  being  ovoh  cd  in  abun- 
danee;  but  after  a  time  ihli  fluid  product  begins 
to  (lojjosit  crystals  and  soon  becomfs  a  semi- 
solid mass.  In  order  to  purify  this  crude  pro- 
duet,  it  is  first  freed  from  hydrochloric  aci<l  by 
washin;:  v-ith  flilntf  caustic  soda,  and  then 
])resscd  liiwitn  Inicu  cloths  in  a  hydraulic 
press,  by  u  hlf  li  tm  ans  a  coufiilerable  quantity 
of  a  thick  dark  oily  product,  technically  known 
as  '  chbtrine  oila,'  is  got  rid  of. 

The  yellow  rakes  of  dichlotanthraceno  thus 
obtained  are  still  not  puro  enough  for  :  ihcy 
must  next  be  soaked  in  coid-lur  napluha  tur 
some  time  and  pressed,  this  ojXTation  l>cinp  re- 
]rM-iit<Hl  until  a  product  is  obtained  which  con- 
tains HA  p.e.  of  pure  substance. 

The  next  process  consists  in  converting  the 
(lichloranthracene  into  the  sulpho-  acids  of 
anthraquinone  by  treating  it  with  ordinary  con- 
centrated sulphuric  acid.   This  decomposition 


is  accomplished  in  iron  pots  capable  of  holding 
about  30  gallons  and  litted  with  iron  covers  in 
which  there  is  an  opening;  fur  the  escape  of  the 
acid  vapours  formed  dunn^^  the  reaction. 

These  jx>ts  are  chargeil  with  3.10  lbs.  of  con- 
centrated sulphuric  acid  and  heated  to  140^-160^ 
by  means  of  an  ordinary  tire,  the  dioUoranthra- 
cene  (70  lbs.)  Ixniiir  nIuu  i  lied  ui  iti  small  quanti- 
ties at  a  time.  iUter  all  the  dichloranthracene 
has  been  added  and  the  frothing  due  to  the 
evolution  of  the  hydrochtorlr  and  sulphurous 
acids  produced  during  tho  dccompoaition  ha« 
subsided,  the  temp^tum  is  gradually  raised 
to  2C0*  nnd  th<'n  maintuini'*!  at  this  j)oint  until 
a  sample  taken  out  on  a  glass  rod  and  dUutcd 
with  water  forms  a  neariy  clear  sdution  devoid 
of  fluorescence. 

The  product  contains  now  the  mono-  and 
disulphonic  acids  of  anthraquinone,  the  latter  of 
which  greatly  predominntfs. 

These  crude  sulphonic  acida  are  next  dduted 
with  water  in  a  large  wooden  tank  and  boiled 
with  slaked  lime  until  neutralised.  The  nr-utral 
product  is  then  forced  into  filtv-r  ])rea8e8  to  sepa- 
rate the  calcium  sulphate,  thi  1 1<  ar  filtrate  mixed 
w  ith  tho  washing  of  t!i''  <  ilciuin  sulphate,  evapo- 
rated until  it  contams  about  13  p.c.  of  lime 
salts,  and  then  treated  vrith  sufficient  sodium 
carbonate  to  precipitate  all  th--  lin  e  as  ear>>onate. 

The  solution  of  the  boiiiuui  Nilts  of  the  snl- 
phonio  acids  is  siphoned  from  the  precipitated 
eak'ium  carbonate,  concentrated  \intil  it  contains 
30  p.c.  of  soda  salts,  and  then  converted  into 
colouring  matter  by  liisioa  with  oatutie  toda*  as 
dcseriltt"!  in  the  last  proeef""*. 

PurUication  ol  artiflcial  alizarin.  Com- 
mercial alizarin  contains  as  impuritie-i  hydro xy- 
anthraquinone,  anthrapurpurin,  fiavopurptirin, 
and  small  quantities  of  other  colouring  matt«r8. 

In  order  to  separate  the  alizarin  from  thooe, 
the  crude  commercial  product  is  dissolved  in 
dilute  caustic  soda,  and  the  solution  treated  with 
carl>onic  acid  until  two-thirds  of  the  colouring 
matter  has  been  |irecipitated  as  aoid  sodium  ^dt. 
The  precipitate*  is  collected,  washed  with  water. 
iie( (>m|H>sed  \Nith  hydrochl<)ric  Slid,  the  crude 
alizarin  thus  obtained  dissolved  in  caustic  soda, 
and  tho  treatment  with  oarbonie  acid  repeated 
twice  mor 

I'he  purihed  product  is  then  boiled  with 
baryta  water  to  remove  hydroxyanthraqninone 

and  anthraflavic  acid  (which  dis-olve),  tlie  buriun 
salt  of  alizarin  is  oollcote<l,  washed,  decomposed 
by  hydroohlorio  aoid.  and  the  aliiarin  either  8ub« 
limed  or  rccrystall Lscd  f p'  <  n i  n  1  .  i \\  \. 

Another  method  of  separatiou  is  based  on 
the  temperatures  at  which  the  vaijoQS  eoii-. 
stitiienls  of  the  mixture  sublime.  Alizarin  if  s»'lf 
sublimes  at  110^,  flavopurpurin  and  anthra- 
purpurin at  KM)"  and  170**  respectively. 

Alizarin  crystallises  from  alcohol  in  rrd 
needles  or  prisms,  which  melt  at  282®.  \N  ith 
care  alizarin  can  be  sublimed  in  magmfiecnt 
deep  nd  prisms,  which,  if  tho  operation  1>^  prr- 
formed  on  a  larire  scale,  may  bo  obtainetl  urer 
an  inch  in  h)u<^th. 

It  dissoKes  in  alkalis  with  a  purple  colour, 
and  m  cuinjiletely  precipitated  from  this  solution 
by  the  addition  of  lime  or  baryta  in  the  form  of 
a  blue  prrci|)itjito  of  the  calrium  or  1>ariuiu  -salt. 
Heattxl  with  acetic  anhydride  to  Itto"  alizarin 
forms  a  diaoetyl  oompound  Cnlfji^ti^SiftiQIiSbgle 
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which  crytst«iim*ii  from  alcohol  ia  tpng  yedlow 
■nedka,  melting  at  160^.   When  tmtecl  with  | 

nitrous  aci^,  ilizArin  yiclrlH  anthraquinone. 
Nitrk  acid  act-s  violently  on  alizarin  with  evolu- 
tion of  red  rapours  and  formntion  of  pMhi^liw 
nnd  nxatic  acids.  Dbtillntiofi  witlk  sioo  ndnooB 
alizarin  to  antluiMXmei. 

When  fused  with  alkaline  hydrozidee  at  a 
fairly  high  temperature,  protocatechuic  acid  and 
benzoic  acid  arc  formed.  ConcentraUni  aqueous 
ammonia  at  200*  repla  -  tUo  hydroxyl  in  pofli> 
tioii  (1)  bv  arriidogen.  The  l-amido-2-hydroxy- 
authra^uuione  bo  produced  is  called  alizarin 
amide. 

fliltl  of  alinrln.    Cakium  aliwnU 
CaCj^H.O^+H^O 
ii  fiteeipitated  hy  adding  calcium  chloride  to  an 

ammonia'  il  -oUitinn  of  alizarin  uh  a  {mrple 
maag.  Bwium.  alizamU  BaCJnH,U,-f  H .0  ia 
prepared,  like  the  oaleiani  aalt,  by  mixing  an 
alkaline  solution  of  alizarin  with  barium  chloride. 
It  18  deep-violet  when  moiat,  almost  hlack  when 
ihy,  and  my  sparingly  soluble  in  water.  Ahm- 
inium  alizaratc  (C,4H,Os),AljO,f?)  is  obtained 
by  precipitating  an  alkaline  solution  of  alizarin 
^ith  alum  or  alnntininm  hyriroxide.  It  ii  a  very 
fine  rrd  or  msc-rod  ]<nci{)itato.  Lrad  alizarate 
O'tiU^OfPb  m  obtained  by  mixins  an  alcoholic 
Mtution  of  alizarin  with  an  ale^oUo  solution 
of  wictir  of  load. 

Alizarin  can  readily  be  detected  by  means  of 
the  speoteoeoope,  as  it  gives  in  alkaline  sdhition 
two  ?h3rp  nbsorption  bands,  one  nt  d  and  one 
near  c,  as  will  readily  be  seen  from  the  acoom- 1 
psaying  figovs^  which  shows  Hm  abeofption 


»1 

on  tho  potassium  salt  of  the  monomothyi  ether 
with  methyl  iodide 
AUarlndMhrl 

out,  however,  bo  prepared  by  huatiu£  alizarin 
with  pota.^^h  and  ])ota.-!'.''iiiin  ethyl  siuphate  at 
160*  (Habermaon.  Monatab.  ^  228). 


'^•"«^OEt.  (2) 


spectrum  o(  n  solotkm  of  alisarin  in  alooholic 

Ltitralute,  —  AnderHon  (J.  1847-48,  74U) ; 
84«ihonse  (J.  1864,  543) ;  Rochkder  (Ber.  3, 
m):  Prrkm  (Chem.  Soc.  Trans.  23,  111); 
(jfaebt)  and  Lioberroann  (Annalcn  Suppl.  7,  3U0 ; 
Ber.  3,  360);  Baever  and  Caro  (Ber.  7,  872); 
Liebfrmann  (Annalen,  183,  20fi) ;  Licl)ermann 
andlAhnst  (ikr.  12,  1293);  Schunck  (.\nnalen, 
66,  187) ;  Wolff  and  Strecker  (Annal.  ii,  7r>,  8)  ; 
Lagodzinski  (iter.  2!^,  1428);  Widman  (Ber.  9, 
H56) ;  Liebermann  Hohcnemser  (Ber.  36,  1779) : 
I>  R.  P.  110626J  Man  (Caiem.  Soo.  Tnns. 
76,453). 

Derivatives  of  aUzarin.  When  trL-ated  with 
th.-  ordinary  re-agents,  such  as  bromine,  nitric 
Acid,  4c.,  alizarin  forma  a  variety  uf  valuable 
iubrtitotion  products,  some  of  which  are  used  to 
^  con>idcrable  extent  as  dyeing  agentSi  The 
taost  important  of  theao  tue  thoMiUowuig : — 
** — ^  methyl  ether 


The  8yDihe«u  of  this  substance  from  hemininio 
Mid  has  already  been  described  (p.  78). 

It  can  also  be  prf)ducf'd  by  treating  the 
monopotassium  salt  of  alizarin  with  methyl 
M  lido  or  methyl  sulphate. 

The  substance  crystallises  from  aloohol»  nnd 
^  the  melting-point  224*-226*. 

The  diraethyletlier  is  not  obtahisd  by  acting 


This  derivative  can  b©  prrparnd  by  heating 
tlisarin  with  bromine  and  carbuu  dusulphido  to 
180*- 190**  for  four  or  live  hours. 

It  is  better  prepared,  however,  by  aul- 
phonating  alizarin  with  fuming  sulphuric  acid, 
and  subseqoently  treating  the  sotutkm  with 
bromine. 

It  erystallisoi  from  glacial  acetic  acid  in 
orangr-colourcd  needles,  which,  when  heated, 
first  melt  to  an  orange-coloured  liquid  and  then 
snblime  in  orange-red  needles. 

As  a  dyeinjr  a;^'ont,  monobromalizarin  retains 
all  tho  projKTtieH  of  combining  with  mordants 
possessed  1)^  alizarin,  and  the  colottrs  produced 
appear  to  be  equally  fast.    Tho  shade  of  colour 

Produced  is,  however,  not  the  same,  the  reds 
eing  leas  purple,  and  the  purples  less  blue  than 
those  produced  by  alizarin. 

LiUnUure.—Fcskia  (Uhem.  Soc  Trans.  27, 
401). 

o-mtNiliiulii.  AHiaiiii  brown 

^OH  (I) 

^NO,.  (4) 

This  siibRtancc  >.s  obtained  by  taroating  diaoetyl 
alizarin  with  nitric  acid. 

It  is  manufaotufed  by  dissolving  alhtarin  in 
fuminc  sulphuric  acid  and  aft^-r  cooling  to 
—5"  to  —  lU^  treating  with  the  oalouktod 
quantity  of  nitrie  acid  dissolved  in  sulphuric 
acid. 

a-Nitroalizarin  cry8talli«es  from  alcohol  or 
glacial  acetic  acid  in  goIden-yeUow  needles.  It 

dissolves  in  ontiftic  alkali  Vith  a  blue-\iu!et, 
colour,  but  if  only  a  minute  quantity  of  alkali 
is  employc<l  the  solution  in  of  a  fine  crimson 
colour.  The  alkaline  suhitiua  givos  two  absorp- 
tion baudti  sinniar  to  alizarin.  Nitroalizann  is 
oaailv  reduoed  in  alkaline  solution  with  .sodium 
amalgam  or  ammonium  sulphide  and  nmido> 
alizarin  i»  tiio  product. 

On  warming  with  sulphuric  aei<l  1:2:3:4- 
tetrah  Vflriix     r'J  !ir:iiiMiiKU'*-  i    |.<  -  i  lured. 

a-Amidoaiixarm.    Alizarin  garnet.  Alizarin 
^'rK,  ^OH(l) 
^LU^       ^NH,.  (4) 
This  valuable  dye-s*iitT  is  ol)tained  by  the 
reduction    of    a-nitroaiizarui.     it  crystailisca 
from  alcohol  in  small  ueedlos  of  a  nearly  black 
colour,  but  possessing  a  alight  greMiish  metallio 
reflection. 

Its  alcoholic  solution  gives  two  absorption 
bands;  tho  fir-t  is  a  littl--  beyond  d  and  the 
second  near  c.  Tiiere  is  al  i»  a  lauit  Jmo  close 
to  F. 

Dyeing  Properties  of  a  Nltro  and  a-Amldo- 

alizarin,     i  heoe  colouring  mailers  posiiicsj*  th«  vjOOglC 
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]Mwer  of  dyciu^  ordiuary  ui»clder  murdantti. 
a'NitnwIisftrin  gives  with  alumina  roordftnto 
Very  clear  orange-red  colours,  not  unlike  some 
of  the  colours  produced  with  aurin,  and  with 
iron  mordants  i^ddi^h-purple  colours.  Amido- 
alizariu  gives  with  alumina  mordants  purple 
colours,  and  with  iron  a  bluish  or  steel-llku 
cdoor. 

T»  i";  }\-■'^^]  f(»r  •vool-dvi-ing  and  calico-printing. 

Aiizarin  Maroon  a  mixluru  of  amido- 
alizariuf*  and  purpurins  obtained  by  the  ledno- 
lion  of  the  product  of  nitration  of  commercial 
aiizariu  in  sulphuric  acid  holuiiuit.  Ou  aluoiina 
mocdmote  it  pfoduoes  a  ganiet  zed,  nwoon  on 
ohromc. 

Litvralnrc—  INrkin  (Chem.  Soc.  Trans.  30, 
678);  Brusch  (l^r.  24,  1610);  Schunck  and 
Romcr  (B«r.  12, 587) ;  D.  R.  PP.  66811,  74431, 
74598. 

^•Httroallaitai,  AUnrIn  Onnge 

3-Nitrortlit.iriii  is  jirfpaml  by  thr  Hcfinii  of 
nitric  acid  on  alizarin  and  also  by  boiling  dinitro- 
2-bydroxyanthisquiiMme  with  oatutio  eoda  of 
20  pi. 

It  is  manufactured  in  large  quantities  by  the 
aetion  of  nitrio  acid  on  alizann  dissolvra  in 

Fiilphuric  arid  containing  Imric  acir}.  Tho  in- 
fluence of  the  boric  acid  on  the  position  attacked 
by  the  nitric  acid  is  probably  due  to  the  forma- 
tion of  a  boric  cst^r  of  alizarin. 

The  crude  ^-nitroali^arui   is    puritied  hy 
crystallisation  from  glacial  acetic  aoid.  j 

/3-Nif roaliziirin  crystallisca  in  oranpc-yellow  | 
needles  which  melt  with  decomposition  at  244* 
Wben  carefully  heat<.-d  it  sublimes,  with  a  good 
dfiil  (if  (l(  rfimpfv-i(  ion.  in  ycllosv  needles.  Dis- 
solved m  aLkalis  it  loruj«>  u  purple  solution  ;  the 
9odivm  nit  Is  insoluble  in  an  excess  of  caustic 
soda.    The  calcium  salt  is  an  int>olubIo  x  ioj^t- 
red  precipit-at«,  which  is  not  decompoi*ed  by 
carbonic  a(  id  (dMinction  from  alizarin).  Treated  | 
with  ^'Iv  ccnd  and  .-sulphuric  acid,  3-nitroaUsarin  > 
is  converted  mtu  ali/.arin  blue.  i 

Tho  diacctate  uf  ^  lutnializarin  crystallisM  , 
in  yellow  m  i-<n<  -  nu  lling  at  218**. 

^•Nitroiiiizunu  i»  prepared  on  tho  large  scale, 
and  comes  into  the  market  under  tho  name  of 
•  Alizarin  orange.'  In  dyeing  it  is  applied  to 
the  various  fibres  in  the  same  way  as  alizarin  ; 
but  although  it  yield.s  fast  colours,  it  has  as  yet 
found  only  comparatively  limited  employment. 
Applied  to  wool,  it  gives  the foUowfng shades: — 

With  an  aluminium  mordant  it  yields  a  very 
good  orange ;  with  stannou.^  chloride  mordant,  a 
reddMi  or  yellovrish  orange,  according  to  the 
amount  of  moninnt  used  ;  with  ropfu  r  snlpliHtc 
moxxiant,  a  good  reddiah- brown  is  obtained  ;  with 
ferroits  snlphate,  a  pnrplish^brown ;  and  with 
bichroniai''  ut  potash,  a  dull  Lrou iii-h-r'-d. 

/^rcU urc—KuseuHtiehl  (Bull.  Soc.  chim.  20, 
03) ;  Schnnok  and  tUituer  {Bet,  12,  584) ;  Simon 
(Ber.  15,  f/J-'  :  Hayer  ft  Go.  D.  R.  P.  74iH>2. 

AlliWioRedS 

/OH  (1) 
'^tO^*  ^  SOA'a. 


bv  the  action  of  concentrated  sulphuric  acid  on 
i^arin. 

It  yield.s  brilliant  scarlet  red  ^hadi-s  \v  iih  an 
aluminium  mordant,  bordeaux  rod  with  ckro- 
mium. 

Littntlun.—Ganobo  and  Iiiehermann  (An- 

ualeu.  160,  144). 


OH 


1  \Aoo/Y\ 

I  II 

'  CH  CH 

I  \  / 

1  CH. 
;      This  important  colouring  matter,  discoveivd 

j  by  Pnid'homme,  i."*  <iVitain<  <i  by  treating  0-nitfO- 
aiizarin  u  ith  glycerol  and  sulphuric  acid  or  by 
'  treating  iS-amido  alizarin  wiUi  glycerol,  nitrr^ 
benzene,  and  sulphuric  acid.  Its  chemi.  t' 
constitution  was  first  demonstrated  by  Grat  be, 
who  showed  that  this  substance  was  related  to 
alizarin  in  precisely  tho  .':ainc  way  as  quinoliiu- 
I  is  to  benzene,  i.e.  that  alizarin  l>lue  is  a  quinoline 
of  alizarin. 

Preparatioti. —  I  part  of  /S-nitroalisarin,  ."> 
parts  sulphuric  acid,  and  1|  glycerol  (of  sp.gr. 
1  -262)  are  mixed  and  ^tly  llsaAed. 

At  107°  the  reaction  commences  and  soon 
bccomcd  v  ery  \  iolent,  the  temperature  rising  to 
200*.  After  tho  frothing  has  subsided,  tht  nKi~.s 
is  poured  into  water,  the  product  well  boilc-d. 
filtered,  and  the  residue  extract<xi  thiee  or  four 
times  with  very  dilate  sulphuric  acid.  The 
€oint)ined  extrac  ts'  on  cooling  deposit  the  crude 
ulizariii  blue  isulphutc  in  brown  crystals.  Thc*^- 
are  collected,  washed  w  ith  water  till  neutral, 
mixed  with  water,  and  borax  added  until  th*' 
(solution  becomes  browTiish-violet.  The  precipi- 
tate thus  formed  is  filtered  off,  wat>hcKl  with 
water,  and  decomposed  with  a  dilute  acid,  the 
crude  alizarin  blue  thus  obtained  bemg  purified 
by  recrystalllsatioD  from  bemene  or  glacial 
aoetio  acid. 

Aliesrm  blue  crjTvtaUiseB  from  benxeno  in 

brownish-violet  needles  wliich  melt  at  270®,  and 
at  a  higher  temperature  givea  ofi  <Mrange>red 
vapours  which  condense  in  the  form  of  blue 

needles. 

It  is  insoluble  in  water,  sfAringly  soluble  in 
alcohol  and  ether,  more  readily  nfoUe  in  hot 
benzene.  It  dissolves  in  ammonia,  p(~)tash,  •  r 
soda,  forming  blue  solutions  which  become  green 
when  miind  with  aa  exocis  of  alltalL 

^  Alizarin  Uue  oombhiM  vith  both  bases  and 
acids* 

The  barium  salt  BaC,,H,NO«BaO+iH,0  is 

tt  );reenisli-b!uc  precipitate.  The  fcillowing  s,ilts 
ol  alizarin  blue  with  acids  have  betm  prepaml : — 
C,,H,N043CI  isared  crystalline  precipitate 
formed  i>v  passing  dry  hyuroeliloric  acid  ^h- 
through  a  solution  of  aluahn  blue  m  boiiiog 
benzene,  ^^^len  treated  with  water  it  is  cooh  ' 
plotely  decomposed  into  its  con!5titnrnt.a.  Tho 
sulphate  cryf>tallii«&  m  red  needios.  The  ac«:tat« 
Ci,H,NO«,C.H405  crystallises  in  blue  plates. 
Alizarin  Lluc  also  combines  viith  picric  acid 


luc  also  comnmes  \ntn  picric  ac 
This  dyestuii  is  the  sodium  salt  of  tho  mono*  forming  a  oompomnd  Ut^,KOf'C|U«(NOg),0,  . 
■ulphoiuo  acid  of  alisarin.  It  is  easily  pvepand  i  whidi  oryitilKifn  from  btiiiCBf^ifej(ro|  SM^^ 
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red  pnsms  melUiig  at  246**.  This  oompound  u 
oompklely  deoompowd  by  wfttor.  One  of  the 

most  importaat  oompounds  of  alizaian  Ulw  is 
the  aodttun  bisulphite  compound 

C„H,N04-2NaHSO,. 
This  product  is  mimiaotured  on  a  large  scale 
and  sold  under  iho  name  of  •  Aliv^nrin  Blue  S.* 
It  dissolves  readily  in  water,  with  a  i)rownish-red 
colour.  Alizarin  bhw  »  met  with  in  commerce 
in  two  forms,  viz.  as  a  paste  contninin-  about 
10  p.c.  of  dry  substance,  and  as  a  powder. 
Tlu-  fornuT  lb  nearly  insoluble  in  wtlbtr,  whUo 
the  letter,  which  is  the  bisulphite  compound 
(deeoibed  above),  dissolves  reatliiy.  This 
-I'luble  kind  is  now  almost  entirely  used  in 
dyeing.  In  djeing  cotton  with  nlizurin  blue  a 
4»IoiBfQm  mordant  is  used,  but  m  tiie  caao  of 
'Wool,  bicliromat^  of  {>ota.Hh  gives  the  bait  ICS ulUi. 

Aliaarin  blue  with  an  aluminaor  ixon  nundant 
is  also  need  for  dyeing  silk. 

Ali/arin  blue  is  u-n]  largely  as  a  enbstltute 
lor  mdigo  in  calico-priiitmg  works.  It  in  one  of 
(he  moat  stable  oofeuring  matters,  and  in  even 
said  to      fa.stor  than  indigo  itself. 

X«<era<itrc— Prud'homme  (Bull.  Soc.  chim. 
28,  62);  Graebe  (Annalen,  201,  333) :  Auerbach 

((•h-m.  Sop.  Tr-uis.  r]5.  800), 

Alizarin  Green  5  (Bl 

Alizarin  blue  can  be  oxidised  by  means  of 
-ulphur  trioxide,  and  the  product  on  treatment 
with  Bulphurio  acid  gives  a  dihydiozyalisanD 
bhw  fif  the  feobable  eoofltitatioii 
OH  OH 

I  II 

CH  CH 

V 

Alizarm  Green  S  (6)  ir  the  biealpliite  com- 
pound  of  ihi:<  ft'trahydroxyanthraquinone 
quinoline.  It  djtd  very  fast  Uuish-gieeos  on 
chromed  wooL 

AJfsarin  Indigo  Blue  S 


OH  OH 
H0/\/  \/\0H 


,2NaHS0, 


;h  oh 

i-i  the  bisulphite  compound  of  the  pentahvdro.w  - 
withriiquinone  quinoline,  obtained  by  the'further 
oxidation  of  alizarin  Qraen  8  (B)  with  oooeen- 
inU-,]  i-ulphuric  acid  at  200'.  It  yields  fast 
uiUitfo  blue  shades  on  chiome  mordanted  wooL 

*  MB  8(H) 

CO  OH 

.NaHSO.. 
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I  This  dyestuff  is  prepared  from  a-amidoalizjirin 
I  by  treatmcut  with  glycerol,  nitrobeiutiue,  and 
I  sulphuric  acid.  Its  production  and  properties 
resemble  those  of  alizarin  bhu\  It  in  employed 
in  printing,  and  ia  used  with  a  nickel  nin^mesia 
,  mordant. 

PuipunMamtUil.    1  :a-dihydK)zyaatlinqui* 

■  none 

Purpuroxanthin  exiaU*  in  small  quantities  in 
n '^i''^^^'  ^  prepared  by  heating  purpurin 

^uHeCOHjjOj  with  iodide  of  jihosphorus  and 
water,  or  more  readily  by  boiling  purpurin  with 
I  canstio  soda  and  chloride  of  tin. 

Preparation.  —  Purpurin  i    dissolved  in  a 
boiling  solution  of  caustic  soda  (10  p.c),  and 
I  chloride  of  tin  added  nnta  the  adntiOD  loses  its 
j  deep-red  tint  and  becomes  of  a  veJIow  colour. 
!  Hydrochloric  acid  is  then  added,  the  precipitate 
I  w  ashed  with  stnuig  hydrochloric  acid,  dissolved 
in  baryta  water,  repreeipitated  with  hydxoohlotie 
acid  and  crystal li.sed  from  alcohol. 

Purpuroxanthin  crystaUiaos  in  reddish-yellow 
:  needles  which  melt  at  2G2°-2r)3''.  It  dissolv  es  in 
alkalis  with  a  reddish  colour.  If  the  solution 
in  caustic  potash  bo  boiled  in  the  air,  it  absorbs 
oxygon,  the  puxpuiozanthin  behig  reconverted 
into  purpurin. 

It  is  not  a  mordant  dyestvff. 

Schfltzenberjrer    and  SchifTcrt 
\?o    t«     *™*  '  Liebermann  (Aunalen, 

183,  213) ;  Schunck  and  Romer  (Ber.  10,  172). 
i^llnizarin.    1  : 4-dihydroxyanthraquiaoiie 

IS  obtamed  by  heating  a  mixture  of  quinol  or 
;>-chiorphenol  and  phthalio  anhydride  with 
solpliiirio  aeid. 

Together  witlj  ali/.arin  and  punurin.  it  is 
obtamed  by  the  action  of  ammonium  perKult.hate 
on  anthraquinone  in  sulphuric  acid  solution: 
also  ou  h.  ttiiiLT  anthraquinone  in  sulphnrio  acid 
containing  boric  acid,  with  nitrous  fume« 

Preparaium.--Equ&l  parts  of  p-chlorj.henol 
and  phthalio  anhydride  are  heated  to  200°  -2 10° 
for  some  hours,  with  ten  times  as  much  .^ul 
fibnne  acid  as  ohlorphenol  used.  The  product 
la  poured  into  two  or  three  tinu.s  its  volume  of 
water,  aud  after  standing  for  twenty-four  hours, 
the  precipitate  is  filtezed  off.  washedand  pressed. 

The  crude  product  is  then  boded  with  water 
to  free  It  from  phthabc  acid,  dissolved  in  caustic 
soda,  precipitated  with  hydrochloric  acid  and 
recrysUilksed  from  alcohol.  In  ord.  r  to  remove 
a  small  quantity  of  purpurin,  which  is  nearly 
always  present,  the  crude  qoinisarin  is  then 
washed  with  cold  dilute  cau.tic  soda  as  long  as 
the  solution  is  colour<  d  r.  ,i,  and  the  lesuiue 
recry-staUised  from  toluene. 

Quinizarin  cr\  sf  ftUise^  from  alcohol  in  n  d 
needles  which  melt  at  m^-m",  and  sublime  at 
a  high  temperature  with  partial  decomposition. 
Udissolves readily  in  benzene.  7Ti.>  solutions  in 
emer  and  sulphuric  acid  are  characterised  by  a 
beautiful  greenish-yellow  fluorescence.  Quini,  Gooole 
sann  diasoives  in  baiyta,  forming  a  bine  solutiott  ^ 
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from  which  it  is  roprecipitated  on  passing  car- 
bonic acid  (iliBtinction  from  alizarin) 

The  tinctorial  i  ITccts  prarluccd  l.y  fptirii^Hrm 
on  fabric*  mordanted  with  iron,  chromium,  or 
alaminium  aw  about  ^  of  thoaa  pvoduoed  by 
Ml  equal  amount  of  ali/arin. 

When  fused  with  uotaah  it  is  converted  into  , 
hydioxychrysaiin  C , .H  ,0,.  QuiniuBiB  forma  a  \ 
diacetate  which  melts  at  200". 

JJt^we, — ^Baeyer  and  Caro  (Bor.  8,  152) ; 
Sohwiok  and  RSmer  (Bee.  10, 6M) ;  Bay«r  ft  Oo. 

D.  R.  P.  ^i-^?"^ 
QtilnlxuLa  Blue 


following  sm&rnt  reaotkma : — ^Phtkalio  anhydride 

condenses  with  vnatrol  ui  carbon  disulphida 
tsolutiou  under  the  iuflutmco  of  aluminium 
chloride. 


.CO 


\ 


.CO. 


0,Ka. 


OH 


+ 

Phttialleaiihydrida. 


/\OMe 

\/bM« 

Veratrol. 


.OOOH 


8:4:  diiip'thoj 


Tliis  dycstuff  is  prepared  by  heating  qumi-  , 
zarm  and  aniline  in  molecular  ])ruiMjrtioiiB  and 
sulphonating  the  product.  From  an  acid  bath 
it  dyes  wool  a  red  shad©  of  hluo,  and  gives  a 
greenish  blue  with  chromed  wooL  | 
Qttlniztfin  Green.  I 
Qiiiiii/nrin  is  treated  with  an  excess  uf 
aniimo  and  the  prodoei  eidphonated.  The  dyo- 
•tnft  is  the  sodium  salt  ol  the  ■ulphonio  acid,  and 
haa  the  oonstitution 


— 80,Na. 


Toluidino  and  other  uiniiR-?  may  replace  the 
antUnei.  The  green  bhadLb  ]inMluce<l  on  wool 
Irom  an  a(  in  i.Hth  are  fast  to  light  and  milling. 

Hyitazaim.  llystazarin,  2 :  S-dihydroxyou- 
thiaquinone 

This  subatance  is  formed,  together  with  alizarin, 
wh"  II  ft  mixture  of  pyrocatechol  and  phthalic 
auhydrido  is  treated  with  sulphuric  acid— 5 
grams  of    pyroeatechol,  6*8  grama  phthalic 

aula  tlride  and  75  grams  sulphuric  acid  are  heated 
for      to  5  hours  to  340-150"  on  a  isand-bath. 

Ine  resulting  product,  while  Htill  warm,  is 
poured  into  ^  litre  of  water,  heated  to  boiling, 
Mid  filtered  hot. 

The  dark-green  ]«eoipitatc  thus  obtained  is 
w  vW  washed  with  hot  water,  dissolvetl  in  dilute 
joiit^li,  and  the  daric-blue  solution  prccipitate<l 
_y  tliliite  8al;4iuric  acid.  The  jirecinitate  is 
washed  with  water,  dri'  d  mi  a  |>orons  plat«,  and 
treated  with  boilmg  alcohol  m  an  extraction 
apparatus,  by  which  means  a  oonaidevable  por- 
tion is  dif  -t  .lvrd. 

The  dark-red  solution  on  evaporation  yields 
an  orange-rod  maii.s,  which  consists  of  aliiarin 
and  hystazarin.  Thcite  two  substances  are 
readily  separated  by  treatment  with  boiling 
benzene,  which  diswlves  the  alizarin  and  leaves 
the  hs^t  i/.iiriii  ;  tin  latter  may  then  bo  further 
puritied  by  rccr\  -t.ilii^tion  from  aoetooe. 
Yield  i\  p.c."  alizarin  and  12  p.c.  hyatasarin 

of  p>Tocatci  ln>l  used. 

Hytiiazarm  may  be  synthMiied  by  the 


oxTbe 
beofuic  add. 

Tho  3  ;  4-diiuethoxybenzoylben«oic  aeid 
thus  produced  yields  2:3:  dimethox>  anthra- 
(piinone  on  heating  with  concentrated  sulphuric 
acid.  This  ia  hystazarindimethyl  etiieST  and 
yields  hysUwann  on  demethylation. 

llystazarin  erystaUisea  from  a«ctone  in 
orange-yellow  noediwi,  whieh  do  not  melt  at  260^. 

It  is  almost  insoluble  in  benzene,  difTieultly 
soluble  in  xylene,  soluble  in  hot  alcohol,  ether, 
glacial  acetic  acid,  and  aeetone. 

It  dissolves  in  alkalis  with  a  blue  (corn- 
flower) oolour,  in  ammonia  nith  a  violet  colour, 
and  in  oonomtntted  sulphuric  nnAA  with  a  blood* 
red  colour.  The  barium  .^^alt  is  a  blnr  prrf  ipi- 
tate,  the  calcium  salt  a  violet  prccipiute  ;  buth 
are  msdnble  in  water. 

Hyota/.arin  ikksscsscs  only  very  feeble  tinc- 
torial properties.  The  famt  red  colour  pro- 
duced with  an  aluminhim  mordant  differs  in 
shade  fruni  the  alizarin  red.  The  solution  of 
hystazarin  in  dilute  sodium  hydrate  absorbs 
the  yeltowish  ted  and  violet  rays  of  the  apectmm. 
A  very  dilute  solution  shows  two  lines  in  the 
yellow,  A=»6l9-8,  Aj— 6874.  Distilled  over  zinc- 
dust,  hystanmn  yields  laige  qnaatltiaB  ol 
anthracene. 

Dlaeetyl  hystasarin  C,«U,0,(0C.UsO),  crys- 
tallises from  acetio  aeid  in  needles,  wluoh  men  at 

205^-207".  .     o  .. 

'  LUerature. —  Licbermaun  and  Schoeller 
(Ber.  21, 2601-2506);  Lagodxinsklaad  Lor^taa 
(Ber.  28,  118). 

Anthraflavie   acid.     -  ;  o-dihydroxyanthra- 
quii^one 

(6)  HOK}.H,<J^;S>C.H,-OH.  (2) 

Anthratlavic  acid  is  prei>ared  by  fusing  o-antlifm>- 
quinone  disxUphonic  acid  with  |M)ta>h.  and  ij^ 
therefore  nearly  always  present  in  artificial 
iili/.arin.  Synthetically  it  has  been  obtained  by 
heittuiL'  ///  hydroxybeozoio  acid  with  sulphnnc 
acid  to  190*. 
20UC,H4C00H 

=0H-C,H,<j;^><:  «lf ,  <  >H  :  H,0. 

This  mode  of  formation  proves  that  this  aub- 
stanoe  contains  the  two  hydrosgrl  gnmps  in 
different  ben^f  li    rin^is.  ,    .   ,  . 

Anthraflavic  acid  crystallises  from  alcohol  tn 
yellowneedles  which  melt  above  330°.  The  purr 
'substance  when  carefully  h  ai  1  sublimes  par- 
tially in  yellow  needles,  leaving  a  oonsideraWe 
quantity  of  a  oarbonaoeouB  residue.  Anthraflavic 
arid  dot  s  not  dve  mordanted  cloth.  It  dissolves 
in  alkalis  lorming  a  yellowish-red  solution,  and 
In  aulphufie  aoid  forming  •  «P2l#8^(5|!e 
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aljsiqiiion  spoctnim  of  which  shows  a  broad 
b«nd  between  tbe  Uiie  and  the  groon.  Anthra- 

flivic  aciil  forms  a  number  of  salt.^,  of  wJiich  the 
iodium  salt  is  the  most  choracteriiitic.  Thia  sa^l 
is  spHingly  aolublo  in  water,  and  is  remarkable 

for  the  ca-'^e  with  which  it  crystallises  ;  this  dia- 
tinguishtti  it  from  ooanthrallavic  acid,  and  gives 
&  TMdy  means  of  separating  these  two  substances. 
When  tn  ated  with  acetic  anhydride,  anthraflavic 
ai,i<l  fiirins  a  diacotat^j  melting  at  228°-229*. 

Lil-rainre. — Perkin  (Chom.  Soc.  Trans.  1871, 
21, 11(>;> ;  26.  19) :  Sehunck  and  liomer  (Ber.  9, 
379;  11.  970);  Liebermann  (Ber.  6,  968); 
Rosenstiehl  (Hull.  Soc.  chim.  29,  401-434); 
Barthan.l  S.  r  linftr  (Ber.  170,  100). 

/^Anthraflavic  acid.  2  :  7-dihydroxjanthra- 


Anlhraruliti  forms  a  diacetfttc  which  melts 
at  244'»-246*'. 

AnthraruOn  dimethyl  ether  is  obtained  on 
boiling  1:6:  dinitroanthraqumon©  with  methyl 
alcoholio  caustic  sodn.  The  subetailO©  tonOB 
deep-r^  needles  of  m.p.  230^ 

Literature.— SchunA  and  RSmer  (Ber.  ll» 
1 176) :  Liebermann  and  Dehnst  (Ber.  IS,  1289} ; 
Bayer  and  Co.  D.  K.  P.  1012^. 

AUnrln  Saphlral  B. 

OH  NH, 


Na 


<7)  HO<J  A<^>C.H,.OH  (2) 

ii  fanned  when  ^aathmquinone  disulphonio  a«ld 

fii'ied  with  potash,  and  is  therefore  always  con- 
tained in  crude  alizarixi.  In  preparing  it,  crude 
alinrin  is  diseolved  in  dilute  caustic  soda,  the 
'oltition  precipitated  with  hydroclildric  acid,  and 
ihe  pAH^ipitate  di^^lved  in  cold  barvta  water 
ftnd  filtered.  (In  this  way  woanthralfavic  acid, 
whi>  h  forms  a  soluble  baryta  co-nytound,  is  easily 
separate  from  alizarin,  authrupurpurin,  and 
anthiaflavic  acid,  whteb  jrield  insoluble  barium 
compoands.)  The  filtrate  is  treated  with  hydro- 
chloric acid,  and  the  precipitate  recrystallised 
from  alcohol.  /«oanthraflavio  acid  crystallises 
in  long  yellow  needles,  containinj;  1  mol.  HjO, 
uliich  can  bo  driven  off  at  150^.  It  meltH  above 
330**  and  sublimes  at  a  high  temperature  in 
lustrous  yellow  needles.  It  di&solves  easily  in 
alkalis  furmixig  a  deep-red  solution,  but  it  does 
not  dye  m<n&ntc<I  cloth.  Fusccl  with  potash 
weanthraflavic  acid  yields  anthrapurpurin. 
The  diacetate  of  uoanthraflavic  acid  melts  at 

m". 

LUeraiiin,  —  Sohunok  and  Rdmer  (Ber.  9, 

379). 

ABttmrafllk   1  :  5-dihydroiyapthfaquinone 
(5)  H0-C.H,<^,2>0^,OH.  (I) 

AathraraBn  is  formed  together  with  antlmflavic 

*cid    and     rnftalM'tizdioxyanthraquinone  by 
beating  m-oxylienzoio  acid  with  sulphuric  aeid. 
(2)  0H€,H,-CO0H 

^OH-C.H.^^^^C.H,  QH  +  2H,0. 

It  may  also  be  obtained  by  fusing  o*aiithra« 
qoinone  disulphonic  acid  with  potash. 

The  prooeaa  employed  lot  tbe  nuumfactiue  of 
aotfanuraSn  depends  on  the  fact  that  it  is  the 
chief  product  when  anthraquinone  is  oxidized 
wiUi  ndphur  trioxide  under  the  following  con- 
ditioas : — Anih»quinone  (60  pts.)  is  heated  with 
funiin^'j^ulphuric  arid  (10(M»  pts.  cuntaininj^  80  p.c. 
i>0.)  and  boric  acid  (20  pts.)  for  30  hours  at  lOO"" 
aBa*  r  jtn-sanre. 

Anthrarufin  erystallise.H  in  \ill<jw  needles 
vhioh  melt  at  280"  and  sublimo  easily  at  a  higher 
teniwrattire  (distinction  from  aathiafiavio  aoid). 
It  duBoIves  with  diffictdty  in  ammonia  and  eods, 
hut  more  readily  in  potash. 

Anthramfin  diSMdvee  in  sulphuric  acid, 
forming  a  deop-red  solution,  the  colour  of  which 
M  SO  intense  that  it  i>i  still  easily  apparent  in 
eontaining  only  1  part  in  10,000,00(K 


is  an  important  blue  acid  wool-dye  derived  from 
anthrarufin  by  soeeeeriTe  aolphoiiatiQnp  nitration, 
and  reduction.  Thi.s  dyoitnll  ezoeb  in  respect 
to  its  fastness  to  light. 

Mttabenidfoiyanthraqainoin.    1 :  7  •  dihy* 
dfozyanthraquinone 

(7)  H0-Cja^<g8>C^g-0H.  (1) 

lAteratwe. — Sehunck  ami  Komcr  (Ber.  11. 
1176);  Liebermann  an  l  1)  host  (Ber.  12,  1289). 

Metabenzdihy  dr  o  x  \  a  1 1 1  i  i  raquinone  < ' , « H  ,0 , 
is  formed  together  witK  anthrafiavic  aeid  and  an- 
thrarufin by  heating  tn-hydroxybenzoio  aeid  with 
sulphuric  ucitl  {v.  supra).  It  is  separated  from 
these  by  treatment  with  benzene  and  subsequent 
recrvstalli-sation  from  dilute  alcohol.  Meta- 
bcnzdihydroxyanthraquinono  forms  yellowish 
nee<Ues  which  melt  at  291*'-293*',  and  subliin(  at 
a  higher  temperature  almost  without  decom- 
position. It  dissolv&s  in  alkalis  with  a  dark- 
ycUow  colour,  and  in  concentrate  I  i']iliuric 
acid,  forming  a  brownish-yollow  solution,  which 
shuwti  no  absorption  banda. 

The  diacetate  of  nu  tabenBdihjdrozyanthia- 

quinono  melts  at  199**. 

iiterotiife.— Schunek  and  Rfimer  (Ber.  10, 

1226) ;  Rosenstield  (Ber.  9,  946). 

Chrysaidn.  1:8-  or  1  :  O-dihydroxyanthra- 
quinono  is  formed  by  fusing  x-anthraquinone- 
disulphonic  acid  with  potash,  or  by  treating 
bydrochrysamid  CuH4(NH,)4(OH),0,  with  ni- 
trous  aoid  and  alcohd.  (N.B.— Hydroohrysamid 
is  obtained  bv  the  reduction  of  chrysanirnic  acid 
Ci4H4(N0»)4b4,  which  is  the  product  of  the 
action  of  nitrio  acid  on  aloes.) 

Chrysazin  forms  rcddish-bro\ni  need!e*i. 
which  melt  at  191**.  It  dissolves  in  alkalui  attd 
sulphurie  aoid,  with  a  red  colour.  Its  diaoetote 
melt«  at  227°-232'. 

Crude  dinitioantlirauuinono  cont4iiius  a  com- 
pound whicb  is  con  verted  into  clirysaxin  dimethyl 
ether  on  treatment  with  methyl  alcoholic  potash. 

Literature. — Liebermann  (Annalen,  183,  184). 

/MJhrysaxin.  1  :  6-  or  l  :  8  dihydroxy. 
anthraquinom-  has  bet-n  obtained  by  Lifschiitz, 
by  treating  dinitmanthraquinone  with  concen- 
trated sulphuric  acid.  It  crystallises  fn»m 
akohi.l  and  ether  in  deep-red  neetilea,  which 
uitlt  at  175  -180**.  It  di-Wve-s  in  alkalis  and  in 
ammonia  with  a  reildish  violet  colour,  and  in 
sulphuric  acid  with  a  re<ldi»h  yellow  colour. 
When  heated  it  sublimes  readily,  and  at  a  com- 
paiatively  low  temperature,  in  oraiige-rcd  plates 
or  needles.    It  does  not  dye  mordanted  cloth. 

The  diacdyl  compound  melts  at  1(K)-1W*. 

lifenrfaw—Lifschata  (Ber.  17.  Hg^^^  q^^^^^ 
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ConitltllllOB  of  fbi  tfhyiroiyailtlinqallirats. ,  to  boiling,  ancl  Midified  wHh  hydroeMorio  Mid« 


The  synthesis  of  quinizarin  from  jththnlir 
anhydride  and  quinol  establiithea  iU  con.stitution 
SB  1 : 4-dihydioxyanthiaquinone 

CO 

1       '  '  i 


OH 


Further  alizarin  and  hystazariu  are  produced  by 

tn 

Catecho]. 


the  condensation  of  phthaltc  anhydride  witi 


It  follows  that  these  ooiouring  matters  are 
ropre8ent«d  by  the  following  formmo! 

^  OH 

/\/^/    OH  /^/^\/N0H 


CO/ 

I. 


NCO. 

11. 


OH 


The  synthesis  of  alizarin  from  hemipinic  acid  is 
eonolusive  evkknoe  that  tbe  fwrnula  L  repneents 
nli/.arin.  and  oomiequentiy  IL  ia  tbe  structure  of 

by.stAKarin. 

A^ain,  purpurin  is  produced  by  the  oxidation 

of  both  alizarin  and  qiiiniynrin,  and  must  tben- 
fore  be  1  :  2  :  4-trihvdruxyantlura<]luiuoue 

CO  0* 


On   r<<Iu(t ion   it    yields  neither  alizarin  nor 
quinizariu,    but    purpuroxanthin,    which    is  i 
obviouslr    2 :  i-dihydroxyanlhrjuiuinono  (the 
same  [»>»>!(  ion  as  1  :  3). 

Similar  arKuments  can  be  devcdoped  with  i 
respect  to  antnTaflavio  acid,  Moaathmflayie  add,  I 
Withrariifin.  aiul  metabenzdioxyanthruqwii    ri'  . 

There  remains  a  doubt  as  to  the  constitution  i 
of  ohrysasin  and  Mochrysazin.  but  it  is  roost  I 
probable  that  chrvsszin  is  1  :  S-dihydroxyanthra- 
i^uinuae,  iu  whicL  case  the  hydroxyl  groups  iu 
Mochrysacin  must  be  in  the  1 1  6  position. 

The  proprrtii  s  of  clirvsnzin  art'  similar  to 
those  of  anthrarutin,  and  it  is  much  more 
probable  that  dinitroanthraqninone  is  a  mixture 
of  1  :  >^  11"!  I  •  "  *li  IT-  "»f  1  :  0  anil  1  :  f). 

Trihydroxyanthraqulnones ;  Anthrapurpurlll, 
/«opurpurln.  Hydroxy  i#oaii|]imlUviea«ll.  1:2:7- 
triliydroxyanthraqoinone 

HO  /^^^. 

i  1 


\0H 


CO'' 


'J'he  antlirajiurpurin  thus  obtaint'd  is  pnrifi«-d  by 
conversion  into  its  difiSeultly  soluble  sotiium 
componnd,  and  from  this,  by  preoipitation  with 
barium  chloride,  ihr-  li  irium  salt  is  obtained, 
which  is  decomposed  with  hydrochloric  moid. 
The  precipitate  is  coUeoted  on  a  filter,  well  wMhed 
with  water  and  leeiTstaJliBed  from  glaeial  Me* 
tic  aoid. 

Anthrapunnirin    ersrstalliiM    in  orange* 

coloured  n«^dle9,  which  melt  above  330**,  and, 
when  carefully  heated,  sublime  in  long  red 
needles.  It  disi^olvcs  in  alkalis  with  •  vktot 
colour ;  the  t^olut  h  <n  showg  the  Bane  •beotption 

spectrum  alizarin. 

With  acetic  anhydride  anthrapurpurin  forms 
a  triacetate  C.,H,(C',H,0),Oj,  which  cr}'8tallis«« 
in  yellow  needles,  melting  at  220°.  When  heated 
xs'iih  ammonia,  anthrapurpwin  is  converted  into 
anthrapurpurinamide  CnH5(XII,)(0H),0,. 

Anthrapurpurin  has  the  mum  affinity  for 
mordant^)  as  alizarin;  the  colours  it  produces 
are  also  analopniis  to  f<ome  extent,  as  it  pr<"^'n"*^'« 
reds  with  alumina,  purples  and  blacks  ^^  ith  iron 
mordants.  There  is,  however,  a  oonsidt  rable 
difference  in  the  shade  of  colour  |Troduced.  the 
reds  being  much  purer  and  less  blue  than  those 
of  alizarin,  whih<t  the  purples  are  bluer  an<i  the 
blacks  more  intense.  When  used  in  Turkey -red 
dyeing  it  produces  very  brilliant  colours  of  a 
scarlet  shade,  whidi  are  of  remaifcaUe  per- 
manence. 

Litentlwt, — ^Perkin  (Chem.  Soc.  Tranifi.  25, 
659  ;  26,  425;  29,  861);  Giro  (Ber.  9,  682); 
8chunck  and  Romer  (Ber.  9,  679 ;  10, 972. 1823 ; 
13.  42) :  Rosenstiehl  (Bull.  Soc.  ohim.  29,  405) ; 
Aim  l  a:  h  (J.  1874,  4vk). 

Purpurin  1:2: 4-trihjdroxyauthraquiaone 

€0. 

Purpurin  ocenrs  along  with  alizarin  im 
madder,  probably  as  a  1  ucosido.  In  order  to 
separate  it  from  alizarin,  the  mixture  of  tiie  two 
suWanoes  is  repeatedly  nyrystallised  from  a 
hot  H<>bifit)n  of  alinn,  in  ^^llil  Il  purpurin  is  more 
soluble  than  alizarin,  or  the  mixture  is  dissolved 
in  canfltto  soda  and  the  aoltttioii  saturated  with 
carbonic  add.  Tbis  preeipitates  the  attfiria, 
,  but  not  the  purpurin* 

Purpurin  is  obtained  when  alitarin  or 
quinizarin  (1  pt  )  is  hiat<d  vith  pyrolusitf 
I  (1  pt.)aad  conceulraled  sulphuric  acid  (h-10  pta.) 
at  160*.  The  oxidation  of  alizarin  to  purpurin 
is  also  efTt  ctod  by  the  art  ion  of  ammonium 
persulphate  in  sulphuric  acid  containing  iml- 
phnric  anhydride.  a-Amidoalizarin  is  ohaaged 
to  piirptirin  Ii\  th<-  aotim  of  nitious  Mid  in 
sulphuric  acid  Mulutiun. 

Purpurin  crystalli-ses  from  dilut«  alcohol  in 
long  orange-coloured  nceflles,  which  contain 
1  niol.  HjO.  The  pure  jjub^itnnee  begins  to 
sublime  at  150*,  and  melt«  at  263».  It  is 
slightly  solulile  in  Mafer,  forming  a  deep  vnllow 
solution  ;  in  ulkulii^  it  di».solves  with  a  purple- 
red  colour;  in  alkaline  carbonates  \nth  a  red 


Tliis  important  colouring  matter  is  contained 
in  erude  artilieial  alizarin.  It  i.s  formed  by  fu-in;.' 
^-anthraquiuonedisulphonie  acid,  twcanthra- 
flaWc  acid,  metabenadihydroxyanthraquinonc, 
or  a-dibromanthraq»in<»T!f  nith  potash. 

The  preparation  of  tiii>  i-ubstanee  i.s  a  some- 
what tedious  process,  dej>endent  on  the  fact  that 
anthra])urpurin  differs  from  alizarin  in  the 
bi'haviour  of  its  alumina  lake.  The  former,  on 
tr»-atment  with  an  alkalinr  (arL»onate,  is  dis- 
solved, whilst  the  alizarin  lake  remains  un-  eolour.  The  solution  in  alkalis  shows  t«o 
attacked.  The  solution  containing  the  anthra-  marked  absorption  Ijands  in  the  green.  Furpurin 
purpurin  la  filteied  from  the  alizarin  lake,  heated  ;  also  ditM>lv«t  xeudify  in  ether,  IJltelJtF TOdfeIc 
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bmsene,  and  acetic  aeid ;  these  solutions  give 
two  absorption  band«i,  one  at  v  and  the  othor 
near  b  ;  the  m>lutioa  iu  liuiphuric  acid  shows 
another  line  in  the  yellow.  When  boilttd  with 
aoetio  aaliyidride  it  yields  a  triacetate, 

C„H,(C,H,0),0^ 

which  crvBtaDiMB  fa  jdW  needle^,  mdUng  at 

Aqiieooa  Ammonift  tX  IfSKf  oonyerta  pnipiiiin 
into  pmrpurinuDide 

C.H4<iS^,H(NH,X0H),  (OH:OH:NHt 


CO 

[      ,  +  0\       V  OMe 

BW)\y         CO  ^/ 

Remtvlnie  aohydilde. 


CO 


OMe 


\ 


which,  when  boiled  with  ethyl  nitrite, 
pmpuioxnnthnit 

Purpuroixanthin  ie  also  the  product  when 
purpurm  is  reduced  with  either  alkaline  stannous 
chloride  or  sodium  amalgam.  If,  however, 
zinc-dust  be  employed  as  the  reducing  agent  in 
weakly  alkaline,  neutral,  or  acid  solution,  then 
the  leuco-  compound  of  quinizarin  is  obtained. 
Piirpurin  \»  converted  into  2-anilino-l  :  4-  > 
dihydroxyanthraquinone  when  heated  with  a 
mixture  of  aniline  and  aniline  hydroohloride.  | 
A  certain  amount  of  (lianiiino-hyclroxymnthra- 
qaincMie  is  jvoduced  at  the  same  time. 


'    M«0\/  HOCO\/ 

Trimothoxybeiuoylbeiuolc  acid. 

This  bcnzoplioaono  derivati\o  is  rcduoed  by 
zinc-dutit  and  concentrated  li\  <lro(  Idoric  acid, 
and  the  prodoot  is  4  :  6  :  6-trini<-i  hoxydiphenyl* 
methanfcnrboT>'lit'  arid,  whir)]  changed  by 
sulphuric  acid  to  1 :  2  :  O-trimcthoxyanthrone. 

Olfe 

/\/^»\/^ 
Ifao!^  HOOOl 


OMe 


4 :  ft :  •4rliBt4hcBydl|AMnylm0tlumeosit>azyIIc  acid. 

OMe 


/ 


M«Ol 


I 

/ 


1:2: 6-trUnethoKyaaUuuite. 

1:8: 6-triiBethoxyanthrone  orystiJlises  from 

benzene  in  small  nt  fdl»>s  nit  ltinij;  at  170*.  I(  is 
oxidised  by  ohromic  acid  in  glacial  acetic  acid 


Purpurm  dyes  fahries  much  in  the  tame  way  solution  to  the  trimethyl  ether  of  flavopurpurin, 

w  hich  conMists  of  yellow  needles,  crystjiUises  from 
acetic  acid,  and  melts  at  226*.    Thu  trimethyl 
prodneed  by  purpurin  are  nrach  yellower,  and  '  ethoriahytbolysedtoflavopurpurin  by  theaotlon 

the  browns'(\vith  chrome  nv  r  l  itit)  much  more    of  alumininTu  <  bloride  at  210  . 


as  alizarin  and  aiithr!»pur])iirin,  there  btiti); 
however,  a  difference  in  the  shades.    The  reds 


ioteoae  than  are  produced  either  by  alisarin  or 
aothxa  purpurin. 

The  following:;  fipuro  shows  the  aV-nrption 
spectrum  ol  a  solution  of  purpurin  in  aluminium 
•Q^phato:^ 


trihydroxyanthra- 


OH 

/\0H 


HO 


Flavopurpurin  occnr?  in  commercial  artificial 
alizarin,  but  is  with  difhculty  isolated  from  this 
piodoct,  owing  to  the  fact  that  its  ehemical 
properties  agree  so  cloeely  with  those  of  anthra- 
purpurin,  vmich  is  also  nearly  always  present 
in  artifieial  alizarin,  that  it  can  only  wmi  d&B* 
cnlty  l>p  f^'parated  from  this  MuU^tnriP". 

It  \s  prepared  b^*  fusing  /3-autiira<iuinone- 
disulphonio  aeid  or  anthraflavio  aeid  with 
potash. 

It  nittv  bo  synthciiiscd  by  the  foUowiag  series 
of  r<-action«  : — 

llemipinio  anhydride  condenses  « ith  anisole 
the  presence  of  anhydrous  aluminium  tri- 


Flavopurpuriii  crystallises  from  alcohol  in 
I  anhydrous  yellow  needles,  sparingly  soluble  in 
water,  but  readily  sohible  in  coUT aleohoL  Its 
melting-point  lieii  above  330*. 

It  dissolves  in  caustic  allnlis  with  a  purple 
colour ;  the  solution  shows  two  absorption  Land.s. 
one  in  the  blue  and  the  other  near  the  red, 
but  a  little  further  removed  than  the  alimin 
band. 

Flavopurpurin  d\  es  mordanted  fabrics  simi- 
arly  to  alizarin,  tli<  re  l)eing,  however,  a  slight 
difference  in  the  ^badcs  produced.  The  red 
shade  is  somewhat  duller  and  yellower;  the 
hrown  shade  is  al^o  vcllower.  Jlavoporpurin 
dyes  wool  mordante<f  with  tin  crystals  and 
cream  of  tartar  a  bright  3  elJowish  orange. 

When  heated  witn  acetic  anhydride,  flavo- 
purpurin yields  a  triacetate  C,4Hj(C,HjO)s05, 
which  crystalliiMja  from  alcohol  in  goldcn-yeUow 
plates  melting  at  238*. 

Alizarin  Red  3  W.  S.  \»  the  sodium  salt  ol  the 
monosulphonic  acid  of  ilavopurpuriu. 
AUnnn  Onogt  0,  Nitroflavopmparin 

-  CO. 

/  \.-"      \/'  \0H 


HO 


I  a 


chloride,  yielding  the  trimethyl  ether  of  4 : 5  s  6* 
tiftydroKxybensoyi  benxoic  acnd. 


'm  similarly  constituted  tu  ^-nitroali^ariue.  It 
is  obtained  by  the  nitration  of  flavopurpurin  with 
ordinary  nitric  acid.  Fast  orange  .shades  can  be 
produced  by  applying  thi.s  compound  with  an 
aluminium  monlant. 

On  treatment  with  glyoerol  and  sulphurio 
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ari(]  a  f  liliydroxjmt-hmqumone  qninoline  of 

the  constttuiiou 


HO 


/\/*\ 

I 


OH 


I  I 


OH 


ia  produced,  the  biBuiphitc  compound  of  which  u 
the  dytrntntl  AHmlil  Blaek  P. 

Tt  is  iisf^d  for  prrxluoing  a  fut  videt  gwy  to 
black  in  cotton-printing. 

Ltierahm. — Oaro  (Ber.  9,  682) ;  Sdranolc  and 
Ronicr  {BcT.  9.  679;  JO.  1S23  :  13.  42):  Bia- 
trzycki  and  Yssel  de  Schtippor  (Ber.  31,  2798). 

AnflmgalloL  1:2: 3-trihydxozy»Qthraqni 
none 


/\/'^\/\0K 


OH 


(  I 


CO'^ 


OH. 


AnihragftUol  does  not  itadf  oocnir  in  nature, 

but  its  three  iHotueric  dirarUivl  othf  is  luivc  Ix  cn 
found  in  Chay  root  {OldenUmdia  un^Uala). 
Anthragallol  in  formed  when  a  mixture  of 
gallic  acid  (1  pt.),  Iwnxoic  acid  (2  pts.),  and 
sulphuric  acid  (lU  pts.)  arc  heated  to  126®  for 
eight  houn. 

/V  /COOH 


Beozoic  acid. 


HOOD 


OH 


(SaiUcadd. 


CO. 


OH 

'V/XOH 

1      i  4'2H,0. 

AntbragaUot. 

The  prodnet  it  poured  into  water,  well 
washr-d,  find  r> «  rysf alliscd  from  alcohol. 

It  is  aLio  obtained  from  1 : 3-dinitro-2-hydro- 
scyanthraqninone  (the  nitration  product  of  2- 
hy«Iroxyanthr»quinon'  '  1  ntduction  in  Htrongly 
alkaline  solution.  Or  1  :  3-dianiido«2-h\-dro- 
zyanthnoQinone  iiiu,\  l>o  converted  to  aathra- 
gallol  by  heating  with  hydtoohlorio  acid  under 
pressure. 

Anthragallol  crystallises  in  yellow  needles 
which,  when  heated  to  290*,  sublirao  without 
melting.  It  is  sparinglv  soluble  in  water, 
chloroform,  or  oarbon  disulphide ;  readily  soluble 
in  alcohol.  <  thrr.  f>r  jrlaciaf  acetic  acid. 

It  dissolves  in  alkalis  forming  a  green  solution, 
lis  triaoeUte  C,4H,(C,H,0),0,  melts  at  171*- 
173*. 

With  nn  excess  of  ammonia  anthragallol 
reacts,    formhiff   anthragallolamide^  l-amido- 

2 : 3-dihydroxyanthrnqninonr'. 

Z^7*^^rfi/Mr«.— RculMrlich  (Her.  10,  39). 

Hydroxyanthrarafln  (Rydroiyoltrynilii). 

1:4:  r.  trill vdroTyanthraqiunr.rii  .  Tlii-  siih- 
ptuncc  isformwl  l>y  fusing  chryHaj-jri,  unthrarufin, 
p-  or  x-'^"^l"^'pi>»'^n<!<lisuIphonic  acids  with 
potash.  It  cr\  -talliscs  in  nmall  rod  necilN  s. 
which  arc  sj.nriiigly  soluble  in  alcohol.  When 


strongly  heated  it  sublimes  in  retl  ne<HH(^fi.  It 
dissolves  in  {xitash,  formine  a  vio)i"t  ^'  lut  i»_m. 
and  shows  in  its  rcacti<3ns  ^^rcat  suiuiaril  v  to 
purpurin.  It  differs  from  tins  snhstatic^  in  the 
fact  that  its  solatimi  in  alum  giras  no  ab«orptioa 
spectrum. 

The  solution  in  sulphuric  acid  shows,  howevctr, 
two  weak  bands.  Tlic  substance  is  »  mcwdaat 
dyostuff. 

The  tmoetote  of  hydzozyanthiarafin  melts 
at  192«'-1W» 

IMmimt, — ^Liebennann(Annalcn.  183,  191) ; 
Schunck  and  Rumcr  (Ber.  11,  1179);  ~ 
mann  and  Boock  (Bor.  11,  1617); 
and  Dehnst  (Ber.  12,  If99). 

Tetrahydroxyanthraqulnones. 

AnUinotaryioiM.  1 : 3 :  fi ;  7-tetnkhydToz7- 
antliraqninone 

HO/\/^\X\ 


The  preparation  of  this  body  is  eflFfrt<><l  l.y 
hciiting  3 : 5-dihydroxybenzoic  acid  with  10 
parts  of  sulphuric  acid  for  3  to  5  hours. 

The  sulmtancc  consists  of  silky  yrll  t^,  Tiof«ll»-9 
when  crj'stallisod  from  alcohol^  or  it  can  be 
sublimed  with  partial  dcoompositioQ  in  lesUl«ta. 
It  does  not  melt  at  360*. 

Anthrachrysone  has  a  very  ftiobk-  utliuitv  for 
mordants.  Its  tetraiuietate  crystaUlBes  id 
yellow  needles  from  acetio  acid,  and  melts  at 
253*. 

Various  djestnfii  aie  derived  from  niitlm- 

ohrysone. 

Dinitroanthnchrysonedisulphonic  acid 
NO,    ^  OH 

H0/\/^\^\80.H 

H  propari'd  l.y  .sulphonation,  fcUowed  by  tuiv». 
tiou  of  authrachrjsonei 

It  is  a  fast  biown  wool  dye. 

On  reiluction  it  yields  diaraidoanthrachrv- 
sonedisuipbouio  acid,  which  dyes  wool  violet 
from  an  acid-bath,  or  blue  on  a  chromium  nior> 
dant. 

If,  however,  the  reduction  is  carried  out  in 
alkaline  solution  with  sodinm  sulphide,  then  the 
dycsttiff  Acid  AUxarln  Green  B  and  G  r««alt«. 

The  constitution  of  this  product  is 
BH  OH 

HO/V  .\/^^SO,N• 

OH   ^  SH 
It  d      I  I  romed  wool  a  fa,st.  ]  ir  grBen. 
Acid  AUnrtn  Blue  BB  and  GR 

OH     ^  OH 

SO.Na 


OH  OH 


OH 


is  obtained  by  lx>iling  diamidoanthrachr\  sone- 
disiilphotuV  ;,eid  with  alkali.  A  red  Hhado  ii 
produced  on  wool  from  an  acid- bath,  which  oq 
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chroming  develops  a  beaatiful  blue,  exceedingly 
fuft  to  light  milling,  acids  or  Hlkalis. 

Literature. — Hohenemer  (Ber.  36,  2305) ; 
Buth  Scnhofer  (AuiAleii,  lU,  109) ;  Noah  (Ber. 

19,  T.-r.j. 

TiA  te4mhydroxyaQtiiHkqiliiMni6  it  olitebed 

by  111  itin  ]  'anic  or  benupinio  Mids  witb 
sulphuric  acid  at  180°. 

Abo  by  fusing  the  dimdiilionio  add  of  anliuft- 
mfin  iclth  potn8h. 

It  forms  a  reddish  yellow  orust  bom  ettier, 
sod  ean  be  snbUmed  m  orange  needles. 

It  ii'w  cH  a  violct-rod  solution  in  dilute  altalia 
or  in  sulphuric  acid.  A  curious  property  of 
rufiopin  w  Ha  atabflSty  towards  fiiaion  witb 
potAsh. 

The  substance  is  of  no  value  as  a  dyestufi, 
iiDoe  ft  givas  only  doB-bRma  abadea  with 

IDOrdart'7 

Ltttrature. — Liebcrniaun  and  Chojuacki 
(Annalen.  162,  323) ;  D.  R.  P.  1039M. 

a-  and  /3-bydrox]^nthragalIoI. 

A  mixture  of  those  subetaticos  is  produced 
when  cquimolecukr  proportions  of  gallic  and 
m-hydroxy  benzoic  acids  are  h«»ated  at  160**, 
with  10  parts  of  sulphuric  acid  for  twenty  hours. 

The  product  is  poured  into  water  ami  the 
driftl  precipitAt*'  •>Ttracte«l  with  alcohol.  This 
extract  Ia  evrtjKirated  and  the  residue  treated 
with  hot  benzene.  The  a-  compound  passes  into 
aolu*i'in.  whilst  the  fl-  remains  undissolved. 

a  hvdroxvanthragallol  erv.stallises  from 
aloidiOl  in  golden  jrellow  micru-  needles.  It  forms 
a  ^rrf^n  (Solution  in  alkalis,  whilst  that  in  sul- 
phuric acid  is  violet,  and  showg  two  absorption 
oaada  between  r  and  d.  W  illi  immlaiita  it 
bebavca  similarly  to  rufigallic  acid. 

Its  tetraacetyl  d<^vative  melts  at  207**- 

/i-hydro^aothragalld  crystallises  from 
alcohol  and  oecura  m  red  needles.  Its  brown- 
r»->l  solution  in  sulphuric  acid  showa  two  abaorp- 
tiOQ  bands  between  s  and  h. 

Tlie  tolm^Metate  crystaUisea  from  i^ial 
acetic  aoid  in  Imnon'yeDow  taUata  of  itt.p. 
19^. 

LOeralmre. — ^Noab  (Annalen,  241,  270). 

1  -2:3:  4-tetrahydroxyanthraqulnone  is 
obtained  by  heating  anthragallol  witk  sulphuric 
acid  in  the  pveaenoe  of  borie  aeid  at  200*-840'. 
It  consistF!  of  preen  neerllcn  solul)le  in  both 
alkalis  and  sulphuric  acid  with  red  colour. 
The  tetnaoetyi  derivative  melts  at  208*. 

/  Bayer  and  Co.  D.  R.  P.  86968. 

Alizarin  bordeadx  (Quinalizarin).  1:2:5:8- 
tatrahydroxyaothiaqninono 

OH     ^  OH 

OH 


obtain  uhich  the  reaction  product  is  rendered 
alkaline  and  then  boiled  witb  an  osoaaa  of 

hydrochloric  acid. 

It  is  found  that  the  uxiUatiuu  uf  ali/.ariu 
ooours  more  readily  in  presence  of  boric  acid. 

Alizarin  bordeaux  can  be  obtained  in  deep 
red  needles  with  ^reen  metallic  reHection. 

On  an  a  hi  minium  mordant  it  produces 
bordeaux  shades ;  violet  blue  on  chromium. 

The  tetraacetate  cnrstallises  from  chloroform* 
alccili'il  111  micro- i«»cik'-H  of  ni.p.  201*. 

Dimethyl  eth«  of  alizarin  bordeaux. 

This  substance  is  synthetised  by  heating  hemi. 
pinio  acid  and  quinol  >vith  sulphuric  acid  to  130**. 

The  brown-red  micro  leaflets  obtained  by 
orystallisation  from  benzene  melt  at  22S"-230*. 

Literatnrr. — Schmidt  (J.  pr.  Chem.  [2]  43, 
230);  Liebermann  and  Wense  (Annalen,  240, 

Pentahydroxyanthraqulnones. 
Alizarin  cyaolne  R.    1:2:4:5:  8-ponta- 
hydroxyanthraquimme 


OH    ^  OH 


»H    w  OH 

This  valuahln  Hiil^i  ujn  i,  dlTtained  by  the 
oxidation  of  alizarin  bordeaux  with  mToiusite 
m  sulphurie  aeid  solution.  The  sufphonie  aeid 
ether  so  produced  is  hydrolyned  liy  noiliii<.'  with 
dilute  acid.  This  oxidation  is  entirely  analogous 
to  that  by  which  purporin  ia  produced  nom 
alizarin.  The  sul)stanci«  ervHtallises  in  hronze- 
colourod  leaHcts  from  nitrobenzene.  The  blue 
sfdutton  in  eonoentrated  sulphuric  acid  exhibits 
red  fluorf  r-fMice. 

Alizarm  cyanine  K.  yields  a  handi^uie  blue 
chromium  lake. 

Dihydroxyanthragallol.  1:2:8:6: 7-penta- 
hydroxyanthraquinone 

XX) 

HO/X/^\J\^OH 


^  Am 


Alizarin  l  i  i  I- nix-  hy  far  thr  most  Impor- 
tant of  the  tctrany<iruxyanthnir|iiinone.s. 

It  has  bean  obtained  by  the  hydrolysis  of  its 
'limcth\l  father  {ftft  IhIow)  with  a  solution  of 
byUrochluric  acid  in  accLic  acid  at  200*. 

It  \x  prepared  by  heating  alizarin  (1  pt.)  with 
sulphuric  a«  i<l  (10  pte.  containing  80  p.c.  SO,) 
for  four  davs  at  26*-50*.  This  yields  the 
•ttlpharie  asjd  ester  of  aliiann  bonUatix,  to 


Equimolecular  amounts*  of  giillic  aeirl  and  3  :  5- 
dihydroxybenzoic  acid  are  heat<<l  to  KiO®  for 
ten  minutes  witli  U-n  times  tlieir  weight  of 
sulphuric  acid.  The  product  contains  diliydiosy* 
anthragallol, ru6gallic  acid,  and  anthraehrypone. 
in  order  to  separate  them,  advantage  is  taken  of 
the  fact  that  only  dihydrox^^anthragallol  penta* 
acetAte  is  .soluble  in  alcohol,  llic  acetate  so 
obt4iined  '\&  hydrolyseii  with  cold  sulphuric  acid. 

Dihydroxyantlu-agallol  crystallises  from  al- 
cohol in  sninll  red  needles,  whicli  do  not  melt  at 
360".  The  substance  is  similar  in  tinctorial 
properties  to  rufigallic  acid. 

The  pentaacetate  melts  at  22^°. 

Literature. — Noah  (Annalen,  2\l,  275). 

Hexahydroxyanthraquhiones.  Rufigallol.  Rufi- 
gallic acid,  1:2:3:5:0: 7-hexahydn)xyantbra- 
quinone 

CO 

H0/\/^^\  xOH 

coA/<>« 
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Rufigallio  Mtid  la  produced  when  ^[aOic  acid 

u  heat^  with  conoontrstf^rl  Kulphtinr  acid  at 
140*.  It  may  be  Bublimed  iu  yellow  needles. 
A  violet  acrfutioci  is  obtained  wflli  aUtalia,  red 
with  sulphuric  acid.  Baryta  prn  lTicPa  a  blue 
insoluble  precipitate.  Alizarin  ia  obtained  by 
the  redneUon  of  rufigallio  aoid  with  sodinm 
nmnlgani.  The  substanoe  is  a  good  example  of 
a  polygenetio  dyestufF,  and  yields  with  aluminiuju, 
ixofi*  and  oluromium  mordants,  red,  violet^  and 
brown  respectively.  The  ooloufa  ate,  however, 
not  purfl  in  tone. 

Anthraeene  Bins.  1:2:4:6:0: 8-hexa- 
hydrojQranthraquinone 

/  \/    \/  on 


HO 


/  \/ 
OH 


Anthraeene  blue  is  an  important  dyestuff,  and 
can  bo  ohtaiiipd  from  crjrthroxyanthraquinone, 
anthrarufin,  or  anthraohiysone,  by  the  oxidising 
action  of  eolphur  trioxifle  in  sulphuric  acid  in 
thf  |)ri'.sf'tKe  c>t'  lioric  acid. 

It  is  beet  prepared  by  the  action  of  40  p.o. 
eiilphurio  annydzvle  on  1  :  6-dinitroanthra. 
quinone,  and  treatment  of  the  pioduot  with 
ordinary  8ul];hurio  aoid. 

The  Bolution  in  oonoentrated  sulphuric  acid 
is  violet-blue  antl  sliows  a  browii  thiorescence. 
The  aluminium  lake  is  violet  and  the  chromiam 
lake  bine. 

Ita  di-ulplicmic  acid  is  Acid  alizarin  l.luo  B  B, 
mentioned  above,  and  |wepared  from  anthra- 
chmone. 

MDioia  TeDov 


aoetio  anhydride.   Tlus  ti  reoryetalliBed  eevend 

tiinrs,  and  drcnmposed  with  jMjtash. 

Gallein  crystallises  from  alcohol  in  small 
greenish  czyatelB.  It  is  insoluble  in  chlorofojm 
and  benzene,  sparingly  soluble  in  wat^  r  and 
ether,  readily  soluble  m  alcohol,  forming  a  dark- 
red  solution.  It  dissolves  in  cold  oooMntmAed 
sulphuric  acid  without  change;  OB  wmniBg  the 
solution  ccBruJein  is  formed. 

Gallein  dissolves  in  small  quantities  of  potash 
or  so<la  vriih  a  red  colour ;  excess  of  alkali  pro- 
duces a  blue  solution.  Heated  to  160*  ynxh 
acetic  anhydride  gallefn  yieida  «  teteaoetate  of 
h^'drogallcin. 

Quleln  (often  called  anthracene  violet)  is 
sold  in  the  form  of  m  reddish-brown  powder,  or 
a  10  p.c.  paste ;  not  very  soluble  in  cold  ■svnter. 
but  readily  so  in  hot.  With  all  the  \ihu&\  H.hzjh- 
rin  mordants  gallein  prodnoea  poiple  colours. 
Tthich  are  fast  to  light  and  snap  ;  thns«»  obtained 
by  the  use  of  chromium  and  iron  are  bluish,  those 
with  tin  reddish,  thoae  with  atamiainm  inter- 
mediate in  tone. 

LiiereUurc. —  Baeyer  (Ber.  4,  457  and  663); 
Buchka  (Annalen,  20<>,   2(>I);  Omdorff  and 
Brewer  ( Anier.  Chem.  J.  1001,  97). 
Carulein  C,oH,oO, 

OH  OH 


0 


\/\/  \/  OH 

I      !        i  ' 


Ph 
I 

C- 


00 


-0 


OH 


II 

^  CO 


is  weparfMl  by  the  condensation  of  bemoSn  wtth 
gallic  aoid  under  the  inflnenoe  of  snlphoiio 

acid. 

It  dyes  wool  on  a  ohfooiinm  mordant  a  fast 

yellow  (except  to  light). 
GaUein  CioHi^O, 

^    OH     ^  OH 

^\/\/^/\0H 


.COOH 


/ 

I  I 

\/ 

GalK  111  ia  formed  by  heating  pyrogallol  with 
phtb&Uc  anhydride. 

Preparatum. — A  mfxtore  of  1  part  of  phthalic  ' 

anli\drid(>  and  2  parts  of  ]i\Ti>L;annl  are  ln-.itt d  to 
190°"200*,  the  product  dissolved  in  alcohol,  and  • 
the  cotonring  matter  precipitated  by  the  addt.  I 
fion  nf  uati  r.  The  crude  gallein  thus  obfaiiicd 
til  diiiiulved  in  alcohol,  roprecipitated  with  water,  i 
and,  after  repeating  this  operation  a  few  times,  j 
oonverted  into  the  acetate  by  heating  with; 


CoBTulein  is  prepared  by  heating  1  part  of 
gnUein  and  ?0  parts  of  sulphuric  acid  to  2<X>', 
andprecipitaiKig  the  colouring  matter  by  adding 
a  laai^c  quantity  of  water,  ft  is  thus  obtained 
as  a  bhiish-black  mass,  which,  when  rubbed, 
acquire  a  metallic  appearance.  It  is  almost  in- 
soluble in  water,  ether,  and  akohoi,  more  readOy 
soluble  in  acetic  acid. 

It  diii:iolveii  in  ail&aliji  with  a  green  colour,  in 
aoids  with  an  olive- bro\vn  oolonr.  With  bisul- 
phite of  soda  PffTulcin  forms  rm  easily  ^>luWe 
compound.  With  acetic  auiisdride  it  forms  a 
triacetate.  CoBTnlOIn  (anthracene  green)  is  sold 
in  two  forFnf,  either  as  a  bluish-lilaek  paste  con- 
taining iU-:iO  p.c.  ctcruk'iti,  ur  at-  a  black  powder. 

The  former  is  insoluble  in  water,  the  latter, 
known  as  ccerulein  S,  is  soluble  in  n'ater,  and  is 
indeed  a  bisulphite  compound  of  coDruIein. 

Cceruloin  is  mostly  emi>loyed  in  calico-print- 
ing for  producing  very  fast  olive-green  shades. 
Whatever  the  mordant  u«ed,  only  different 
shades  of  olive-CTcen  are  produced. 

Litertrfurc— Baeyer  (Ber.  4,  556,  663) ;  Dm- 
dorff  and  Brewer  (Amcr.  Chem.  J.  1901,  97). 

W.  H.  P.  and  R.  R. 

AUZARIM  (Natoral)  v.  Csay  boot  and 
Mabdib.     

AUZARIH  AMD  HBTHTL  BIHERfcClHaT 

BOOT. 

AUZARnr  Bt AOR,  -BtVE,  •BORDSAinr. 

BROWN,  -CARDINAL,  -CYANINE.  -GARNET. 
GREENS,  -MAROON,  -ORANGE,  -REDS,  -SA- 
raiBOL  «.  Asjczhvat  Am  alujko  oolottmho 
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ALIZARIN  YELLOW  r.  Azo-  colouriwo 

ALIZARIN  YELLOW  A  v.  KktONBS. 
ALKALI  ALBUMIN  v.  Proteins. 
ALKAU  BLUE.   Nichol«on*t  blue,  Seiitm 

tripkfni/l-ra^aniluir  .iulphonaie  (9,  TMfBSHTL 
METHANE  CuLOUKlKO  MAlTKRs). 

ALKAU  BR0WM8.  •TBLLOW  v.  Aio-  00- 

LOTJBHfO  MATTKRS. 

ALKALIMETRY  v.  Acidimktry. 
ALKAU  WA8R  v.  Mb  mami/aefimv  ut, 

Sodium.   

ALKANET*  The  ^\ral)ic  name  Al-funnfh, 
modified  t<i  nil: anna  oi  al-kfnna,  was  originally 
applied  to  the  lythraceoiu  ahrub  Lairsorna  alha 
(Lam.),  the  root  of  which  waa  describtxi  as  Madix 
Alkannce  rem,  in  contradistinotion  to  the  root 
of  oor  aikantill»  which  iaAnchusa  tinctoria  ( Lam. ), 
and  whidi  bwame  known  as  Badix  Allcannoi 
/spuria  tiiifiorin.  The  latter,  or  False  alkanet, 
is  aho  knoHn  as  OroandU,  Ft.  ;  Orkanet,  Get. ; 
Laagnedoe  bni^flosB  op  Dyers*  bugloss,  Badiz 
AlkauniE  ■'pur til.  A  roush  jilant  with  downy 
spear-shaped  leaves,  and  clusters  of  purplish  or 
reddiah  flowera;  belongs  to  tjio  Boraginaeece. 
Found  in  Asia  Minor,  Cnoce,  Hungary,  fee. 
The  roots,  which  have  an  astringent  taste^  oocur 
in  oonneree,  var>'ing  from  the  thiekiMM  of  a 
qnill  to  that  of  a  6nger. 

ALkanefc  is  one  of  the  more  ancient  dye* 
stnlEi,  having  been  empIo3^ed  by  the  Romant, 
but,  on  thf  other  han<I,  it  does  not  apfn-ar  at 
any  time  to  have  attained  such  importance 
as  madder,  mdigo,  or  even  turnene.  The 
colouring  matter  of  alkanot,  kno^m  i  -  ^ 
cMmsm  or  alkannin,  has  been  cxamincii  l>y 
aeveml  chcmista,  bat  it  it  doabtM  whether  this 
compoTitul  haj5  as  yet  been  obtained  in  a  che- 
nuciilly  pure  condition.  Its  composition  is 
variously  given  as  C,,H,oO.  (Pelletier,  Annalen, 
r>.  27)  e,jH,,0,  (Bolloy  and  Wydlers,  Annalen, 
t»2,  4i),  C,,H.404  (Camelutti  and  Nasini,  Bear. 
18.  1614).  and  C,,H,/),  or  C^H^O*  (Lieber- 
manr^  anr!  I^'smr-r,  I^t.  20,  2428). 

Alkaiiiim  t«»riiif»  a  «iark-rfd  amorphous  powder 
I  >  -^ing  a  btTtk-grecn  iridescence,  is  xeadily 
v.luhle  in  nif>st  of  the  usual  sfjlvr^nts,  and  its 
iAikaiine  M>lutiou  iii  coloured  deep.  blue.  Oadis> 
tiHation  with  zinc-dust  it  gives,  acconling  to 
Lif^berni&nn  and  Romer,  both  neihylanthzaoene 
aud  anthracene, 

Diaeetyidkinita  Ci.H,,0«{C,RsO)t  fonns  a 
doll  yellow  micro-cryBtailinf*  powder  (C.  and  N.)- 

According  to  li^ikssou  {lier.  Ucut.  pharui. 
Ge«.  1910,  20,  202),  alkannin  consista  of  two  red 
pigmenta,  the  one  being  coloured  green  and  the 
other  blue  by  the  action  of  alkalis.  Red  crystals 
hav»-  U  t  ri  observed  by  Tschirch  in  spaces  in  the 
cortex  of  old  apeoimeDfl  of  alkanet  root.  As 
alkannin  is  insoliible  in  water,  in  dyeing  with 
alkanet  an  al(  »)li<.»lic  I'xtract  is  usually  employed  ; 
and  with  aluminium  and  iron  mordanted  fabrics, 
▼iolei  and  grey  shades  are  reepectivcly  produced. 
Theae  coI'>ur>i.  ho\vt  \ cr,  are  not  fast  to  light,  and 
an  aooicwbat  readily  affected  by  weak  alkalis  or 


sweets,  &c,  and  for  these  purposes  it  is  well 
adapted  on  aeeount  of  its  ready  solnbility  and 
harmlt'ss  nattiro. 

Bottger  (J.  pr.  Cbem.  107,  146)  and  Kng 
(J.  70,  935)  yeeommend  the  use  of  I'apcrs 
stained  by  alkanet  as  indicator  in  all  alinu try. 

According  to  Jolin  (Chcui.  boliriiten  iibcr 
Alfcanna,  iv.  84),  Thompson  (Phann.  J.  [3]  16, 
860),  and  Erik^^s  n  (T  ).  alkanet  loot  contains 
fnm  5  to  G  p.c.  of  anohmiin.  A.  G.  P. 

AU(ANNA  or  AL-KBHITA.  The  powdered 
roots  and  loavra  of  the  Lawsonia  alba  (Ijam.), 
U£>od  in  the  Ka,sX  for  dytung  the  nails,  teeth, 
hair,  and  garments.  Used  in  Penda  miziBd  with 
linu-  for  <r\<'ing  the  tails  of  horses. 

ALKANNIN  (ANCHUSIN)  v.  AutAKrr. 

ALKASAL  '  Synthbtic  dboos. 

ALLANTOni.    aU,oxyM!ureUh  (^Jf.OjN^ 

/NH«CH-NHO0-NH, 

CO  I 

\nh<x) 

/NHCtN-OONH, 

or  CX>  s^  |_ 

NNH'CHOH 

\va.s  found  originally  in  thf  allantoic  liquid  of 
cows  (VauqueUu  and  Bunivaj^Ann.  diim.  23, 
'J  Lissaigne, 


Haus.-'niann  of  Mulhfuisr  ii ilnxlucod  alkanet 
into  calico-printing,  and  for  a  nhort  time  it 
appears  to  have  played  a  quite  important  part, 
but  it  is  now  little  if  at  all  employed  iit  Kuropr- 
fur  ordmary  dyeing  purposes.  It  is  still  used 
for  ooloonng  artifictal  wines,  pomades,  hairoQs, 


igne,  Ann.  Chim.  Phys.  [2]  17.  SOI) 

and  in  the  urine  of  nowly-born  calves  (Wohlt  r. 
Annalen^  70,  229) ;  it  occurs  ako  in  the  young 
leaves,  Imtb,  and  stem  of  the  plane  tree  (Pfafamur 

orieniali.*) ;  pycamorc  (.ir>  r  pseudojiUitanu.*),  and 
in  the  bark  of  the  horse-chestnut  {JC»culw 
hippoeatkmum}.  Under  nonnal  conditions  of 
■rrowth  0-25  gram  nllantoTn  may  Le  isolated  from 
440  grams  ot  fresh  young  leaves  of  the  plane, 
but  when  the  branehes  am  cut  in  bna  and 
the  buds  allowed  to  opf-n  \n  water,  the  amount 
of  allantoiu  incrca^^  to  U ^  or  1  p.o.  of  the 
dried  leaves  (Schuize  and  Barbicri,  Bcr.  1881, 
14,  1602;  J.  pr.  Chom.  [2]  25,  146;  Schuize 
and  Bosshead,  Zeitsch.  phyBioL  CThem.  1884, 
9^  420).  It  has  been  found  in  the  nitrogenous 
constituents  of  wheat- germs  (Richardson  and 
Crampton,  Ber.  1886,  19,  1180);  in  tobacco 
seeds  (Scurti  and  Pereiabosco,  Gazz.  chim.  itaL 
1906,  36,  iL  62());  and  in  crude  l>eet  juice  (v. 
Lippman,  Ber.  I8D6,  29,  2652).  Allantoln  in  a 
nonnal  couHtitucnt  of  the  urine  of  mammals ;  the 
amount  varies  in  different  sj^eeii-s,  being  greatest 
in  the  dog  and  least  iii  man  (I'rerit  ho,  8tadeler, 
J.  1854,  7,  714  ;  Wicchowski,  Biochcm.  Zeitsch. 
1909,  19,  368;  Schittenhelm.  Zeitsch.  physioL 
Chcm.  1909,  63,  248,  269,  283,  289).  In  the 
case  of  the  dog  the  amount  of  allantoln  in  the 
urine  is  increased  after  a  diet  of  animal  food 
(Salkowski,  Ber.  1878,  11,  600),  of  calf's  thymus 
(Cohn,  Zeitsch.  physiol.  Chem.  1898,  25.  607  ; 
Mendel,  Amer.  J.  PhysioL  6,  xiv.-xv. ;  M'l^ach- 
lan,  Proe.  Roy.  800.  Edin.  1906,  26,  95) ;  it  is 
also  incrf^ascd  after  the  administration  of  uric 
acid  (Salkowski,  Ber.  1876,  9,  719;  Swain, 
Amer.  J.  PhysioL  I9I0,  0,  38;  Wieehowski, 
Beitr.  Chviu.  Physiol.  Path.  1908.  11,  109; 
Bioohem.  Zeitsch.  1910,  25,  431)  or  of  nucleic 
aoid  (Ifondel,  Ic;  Sohittenhelm,  Zdtsoh. 
physiol.  Chem.  19T0.  00.  r,2:  Wi- chowski,  I.e.). 
Allantoln  is  therefore  to  bo  regarded  as  an 
end-prodnet  of  urio  aeid  metaMittu  in  the  case 
of  such  animals  as  dogs  and  rabbits  (Wieehow- 
ski, Lc  ;  So  bitten  tieltu,  l.c). 

The  method  of  preparation  of  iJi^ffile&'b^Coogle 


n 


ALLANTOIN. 


oxidising  uric  acid  with  load  peroxide  in  presence 
of  water  is  du<"  i<.  Licbig  and  W5hler  (Anna> 
len.  1838.  20,  246) ;  it  has  been  modi6ed  by 
Mulder  (Annalen.  1871,  150.  who  cflFecta 

tho  oxidatii>n  in  <liliit<;  acct ii-  luid  solution  and 
in  brwht  davlight :  by  this  method  UM>  grams 
of  iiiic  aoid  yield  30-32  grains  of  allantoin.  , 
A  quantitative  yield  of  allantolD  ia  obtained  j 
when  uric  acid  ia  oxidised  by  an  alkaline  f^oln-  ' 
tion  of   potessinm    permanganate,   and  the 
compniind  1 

<NH<X><3(0Hi'NH\ 
r  >00  ! 

decomposed  by  ar<  (i(  acid  (Sundvik,  Zcitsch. 
physiol.  Chem.  1904,  41,  343 ;  Bohrend. 
Annalen,  1904,  383,  141).  Allantoin  is  also 
obtained  by  the  action  of  nitrous  acid  on 
dialuric  acid  (Gibba,  Ann&len  SuppL  1870,  7, 
337).  The  syntheda  of  allantoin  has  been 
cfiFected  (1)  h\  (  Jrimaux  (Compt.  rrnd.  1876,  83,  j 
02)  by  heatiiir;  a  mixture  of  glyoxyiic  acid  (I  part, ' 
and  f  nrl.aniido  (2  parts)  at  100*  for  8-10  hours  : 
(2)  by  Michael  (Anu  r.  Chcni.  J.  5,  108)  by 

heating  a  mixture  of  mc»uxalic  acid  and  car- 
liamide  in  equal  proportions  at  110*;  (3)  and 
by  Sitiion  and  Chavanm^  fCompt.  rend.  100(i, 
MS,  r>l)  l)v  tho  action  of  ammonia  or  alkali 
hvdroxi.ics  oti  ethyl  allantoate  CH(NH-CO. 
Nil  J.cOjEt.  ol)taiti<<l  l>y  tht>  condeoaation  of 
ethyl  f^lyoxylftU)  with  carbumido. 

Allantoin  is  readilj  snlulile  in  I>oiling  Mater, 
Bparinclv  so  in  cold  (1 :131-/)  at  21*-8)  (Grimaux, 
Ann.  Chim.  Phys.  1877,  [v]  11,  389);  cryKtal- 
lisea  in  gla^y  monoclinio  prunu  (Daulicr, 
Annalen.  1849,  71,  611) ;  its  heat  of  combustion 
at  constant  pressure  is  +  413-8  CaL,  and  heat  of 
formation  +  170- 1  Cal.  (llatunon,  Ann.  Chim. ! 
Fhys.  1893,  [vi]  28,  106).  ' 

Allantofn  forms  a  silver  salt  C^HjOjNjAg 
(Liebig  and   Wiihlcr,  I.e.)   and   a  potassium 
Halt  C^H.O^^K  (Holder,  Le.) ;  it  also  com. 
binee  witn  eertain  metallle  oxides  to  form  spar-  ' 
ingly  holu!)le  coiupoiitids ;  th<>  nuTcury,  copper, 
zinc,  lead,  and  cadmium  derivatives  nro  dc- 
aertbed  by  Limprioht  (Annalen,  185:i  ss,  94). 
(For  the  method  of  fstirnatin';  nllaiitoin  hascd  on 
the  sparing  solubility  of  the  silver  and  mercury  ^ 
deriTatives,  «ee  Loewi,  Zeiteoh.  anal  Ghom.,  1900,  ' 
39,  2r.n  ;  r,..ln>rlika,  Hnd.  207.) 

Allantoin  ia  oxidised  by  potassium  ferricya-  . 
nide  in  tbe  preeenoe  of  potaasium  hydroxide  to  ' 
potaarium  allantozanate 

/NHCO 


MrC:N-COjK  | 
(van  Embden,  Annalen,  1873,  107,  30);  tlir  free 
acifl  does  not  exist,  but  breaks  down,  when 
liberated  from  its  salts,  into  oarboo  dioxide  and  | 
aliantoxaidin 

NHCO  t 

00^       I  I 
NH<\NH 

(Ponomareff,  Ber.  Ib78,  11.  2150).     M.  A.  W. 

ALLBMONITE.  A  native  alloy  of  amenic 
and  antimony,  SliA-^,,  found  at  Allrmont  in  tin- 
0auphinc,  Przibram  in  iiohcnn'a  ;  and  An<lrc'a»- 
berg  in  the  Hartz.  ! 

ALLOXAN.  Mesoxalytoarbanlde 


foimd  by  Liebig  (Annalen,  121,  81 )  and  by 
Lang  (Zeit.Hch.  anal.  Chem.  6,  294)  in  eeitahi 
pathological  excretions,  iw  nnf  of  th  -  ovid.ition 
products  of  uric  acid,  and  was  iir&l  prt;j>anxi  bv 
Brugnatelli  (Ann.  Chim.  Phys.  1817,  8,  201'; 
from  Giornale  di  Fi<-r;i .  decade  aecondc  i.  117), 
under  tho  name  oi  >  njthric  acid,  by  oxidising 
uric  acid  by  means  of  nitric  acid,  chlorine  or 
iodine.  Liebig  and  \\  ohler  (Annalen.  1838,  20, 
256),  who  systematically  studied  tho  oxidation 
of  urio  aoid,  gave  to  this  product  tilo  name  of 
alloTan,  regardin;^  it  a.^  hcariiig  the  same  relation 
to  aUaniolH  atul  oxalic  acid  that  azaluric  ttcid 
does  to  caxdic  acid  and  urea.  According  to 
Liebig  and  Wtihler  {I.e.)  and  to  Gregory 
(Mem.  Chem,  Soc.  1848,  iii.  44),  alloxan  can 
bo  obtained  most  readily  and  with  a  yield  Of 
90  p.c.  by  careful  oxidation  of  ocio  add  by  means 
of  nitric  acid,  sp.gr.  1-412. 

According  to  Schlieper  (Annalen,  184S,  55^ 
261),  tho  oxidation  of  uric  acid  to  alloxan  i«( 
more  conveniently  effected  >»ith  hydrochloric 
acid  and  pota.'vsiuTn  elilorate;  4  parts  of  uric  acid 
are  mixed  with  8  ])arta  of  hydrochloric  acid, 
and  I  part  of  finely  powdered  potassium  chlorate 
added  in  .KU(<es.sive  small  quantities,  avoiding 
the  liberation  of  chlorine;  after  two  or  thrt-c 
hours  tbedUKolved  alloxan  iirednoed  by  means 
of  sulphuretted  hydrogen  to  tlu-  s[)ann^dy 
soluble  aiiornntin.  This  is  separated  from  Um 
sulphur  by  crystallisatkm  from  hot  Water,  and 
oxidised  to  alloxan  by  the  action  of  diluted 
nitric  acid. 

Alloxan  ervatallises  from  warm  sattfrated 

aqueous  solution  in  larpe  trieh'nie  prisms  t.>n- 
taining  4ii.O ;  on  exposure  to  the  air  or  on  hoating 
at  100*  it  loses  8H,0,  and  the  dried  oompoond 
has  the  ooropoaltion  expressed  by  the  formula 

«)<^SSo>(OH). 

(Lang,  Graiiieh,  J.  iHoS,  308;  Hartley,  Chem. 
Soc  Trans.  1905,  87,  1802) ;  it  is  also  obtained 
in  oblique  rhombic  prisms,  belonging  to  the 
monoclinic  tiy.stcta  on  evaporating  an  aqueous 
solution  at  65^-70**.  The  remaining  moleonle  of 

water  is  lost  at  150^. 

When  crystals  of  alloxan  are  ke]»t  for  some 
years  in  eiosed  ▼easek  they  sometimes  undergo 
spontaneous  decomposition,  forming  alloxantin, 
parabanic  acid,  and  carbon  dioxide.  Accordinir 
to  Gr^gOiy  (Annalen,  1853,  87,  126),  this  is  due 
to  the  presence  of  traces  of  nitric  acitl  contained 
in  the  water  of  crystallisation.  Similar  pheno- 
mena were  olworved  by  Baumcrt  (Pogg.  Ann. 
1860,  110,  93),  bv  Heintz  (Pogg.  Ann.  1860.  HI, 
486),  and  by  Ottx>  (.\nnalen  Suppl.  1865,  4.  256). 
Cases  of  «i)ontaneou8  expla'»ive  <lecompo!<i- 
tion  of  alloxan  are  recorded  by  Wheeler  and  bv 
Bogert  (J.  Amer.  Chem.  Soc.  1910.  32.  809} ; 
tho  products  of  decomposition  Itein;;  carl>'n 
dioxide,  carbamide,  oxauo  aoid,  and  alloxan  tin 
(Oortner,  J.  Amer.  Chem.  Soc.  1011, 33,  85). 

The  molecular  heat  of  com  bust  ion  of  alloxan 
is  276-5  Cal.  (Matignon,  Ann.  Oxem.  Phya.  1893, 
fvi.]  28,  300) ;  the  dtasoeiataon  constant  is 
L*  ;Vi  V  I0-'  (Wood,  Chern.  Soc.  Trann.  19<><*. 
1835).  In  common  with  tho  other  Himple 
ureides,  alloxan  shows  no  absorption  bands  ia 
its  spectnim  (Hartlnr,  Chem.  8oo.  Trans.  1906^ 
87,  1816). 

Altoxan  is  losdily  tolnbln  i«#|fiM^ 


ALLOXAN. 
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tke  oolation  is  aotd  to  litmiu,-  stuns  the  skill  ]  9,  1002) ;  from  ^  uric  acid  (Ffseher,  Ber.  ]899» 


purjjif.  rind  imparts  to  it  a  ourinus  and  un- 
})lca>Ant  iwlour.  In  it«  phy«iolog)tal  action 
alloxan  affectK  the  central  ncTVOUU  system,  pro- 
<lucinc  lirst  ."timulation,  then  paralysis,  Whi'n 
taken  intcrually  it  iH  cxcret«*l  in  the  urine  as 
alloxantin  and  parabanic  acid  (Lu.siui,  Ciu-m. 
Zcntr.  1895.  ii.  311.  727,  838;  Koehne,  Chem. 
Zentr.  18U4,  ii.  2U(>). 

Alloxan  is  tMiUly  oxidised  by  warm  dilute 
nitric  acid,  forming  carbon  dioxide  and  paro' 
banic  acid  {oxalpkarbamide)  {q.v.) ;  is  reduced  by 
sulphuretted  hydrogen,  stannous  chloride,  sino, 
and  hydrochloric  acid,  or  by  boiling  with  excess 


32,  2731);  from  theobromine  (Malv,  An(lr«'as(  h, 
Monat.sh.  1882,  3,  108  ;  Fischer  and  Uemm,  Ber. 
1897.  30.  3090).  It  crystallises  from  water  in 
brilliant  colourIc.s.s  prisniH,  becomes  anhydrous 
at  60**  in  a  vacuum,  and  decomposes  at  15tf^. 
DimdhfflaUtKtm 

^<nm;So>^(oh)..h.o 

prepared  by oxidiain;,'  eafToine  (Fischer,  Annalen, 
1882, 215, 257 ;  Maly,  Andrcaseh,  Monat«h.  1882, 
3,  96),  by  boiling  dioUoirodimethylbarbiturio 

acid  with  water  or  silver  oxide  (Techow,  Ber. 


of  sulphurous  acid  to  alloxanttn  {q.v.);  and  is  \  1894,  27,  2083),  loses  111,0  when  dried  over 

by  the  !  sulphnrio  Mid,  de<  onii^ses  at  lOO" ;  the  an- 


readily  hydrolysod  by  alkali  car  I  >o  nates  or 
hydroxides  or  chlorides  of  the  alkaline  earths, 
fwming  the  corresponding  salt  of  alioxanie  add. 
and  oakinm  salte  an  insolaUsi, 

^00-NH<X)NHg 


CO  00  +  H,0 

NH-CO'^ 


coon. 


If,  however,  exce«s  of  alkali  Ls  employed  or  the 
wjlutionK  are  heated,  the  hydrolvKia  is  carried 
to  completion  with  the  formation  of  ra^oxalio 
acid  and  carbami<ie  (SchliciK'r,  Annnlen,  1845, 
55, 263  ;  5<i,  1 ).  Alloxan  gives  a  (l<'ep-blue  colour 
with  terioua  salts,  bat  no  precipitate  is  formed 
unlem  an  alkali  is  present.  Aecunlitig  to  A^res- 
tini  (Boll.  Chim.  Farm.  11)02,  41,  5-7  ;  Chem. 
ZsDtr.  HK>2,  i.  631),  the  formation  of  Una  colour 
is  dependent  on  the  presence  of  a  trace  of 
ammonia  or  caustic  alkali,  and  the  same  deep- 
blue  colour  is  also  given  by  pure  ferric  salto  under 
similar  conditions.  iVlloxan  gives  the  murexide 
reaction,  and  Angrestini  (I.e.)  finds  that  the 
ammonia  in  the  reaction  can  be  replaced  by 
certain  acid  amides,  amino  acids,  or  substituted 
amines ;  Rosenheim's  alloxan  twt  for  choline 
(J.  Physiol.  1905,  33,  220),  namely,  the  forma- 
tion of  a  deep  xed<  violet  ooiour  when  a  drop 
of  a  I  p.e.  solution  of  ottoline  hydrochloride  is 
evaporattxl  on  the  wutrr-bath  with  a  few  drops 
of  a  saturated  solution  of  alloxan,  is  {Hrobably  a 
reaction  of  the  same  order. 

Other  tests  for  alloxun  iire  (1)  the  formation 
of  a  deep  violet-blue  colour  when  a  solution  of 
allona  is  boiled  for  a  few  minutes  witii  a  drop 
of  pyrrole.    The  colour  changes  to  red  on  cooling, 

beooming  green  and  then  intensely  blue  on  the  ,  4U,0,  are  described  and  the  crystallographio 
addition  m  alkaU.  (2)  The  l»hie>gneii  solution  |  oonstanto  are  given.  The  benxithne  compound 
obtained  on  mixii\g  concentrated  .sidphoiio  acid  contains  III^O  ;  lobu'diur,  ntninohfuzoie  add,  and 
sohitlooa  of  alloxan  (or  alloxantin)  and  pyro-  |  aspartic  acid  yield  similar  compounds.  Alloxan 

pyridine  9vlphile  is  triolinio,  and  anhydrous 
1  r\  ■^talliiic  derivatives  are  aflfonii  'l  )iy  tjuinn.iiu , 
picoUnCf  morphine, axxdcinchonine ;  the  strychnine 
compoimd  has  IH.O,  and  the  Imdne  oompotmd 
liH.O. 

2.  Condensation  of  Alloxan  with  Hydroxyl- 
amine.— Alloxan  condenses  with  hydroxylamine 
hydrochloride  (Ceresole.  H.  r.  1883,  16,  1133)  to 
form  the  oxime,  violuric  acid 


hydrous  compound  is  a  ]uilf  yellow  j>o\vder 
soluble  in  alcohol.  Dicthylallvxan  C.H,o04N„ 
pfepared  by  oxidising  1 : 3-diethylbaruiturio 
acid  with  nitric  acid,  containing  a  little  nitrous 
acid  (Sembritzki,  Ber.  1897,  30,  1820).  Methyl- 
dJ^aUozanficom  etiiyitheobroinine  by  oxidation 
(Pommerehne,  Ajxith.  Zeit.  1897,  12,  5).  Some 
derivatives  of  1  :  3-diphonylalloxan  have  ijcen 
described  by  WhitflJey  (Caiem.  Soe.  Thuis.  1907, 
91,  1344). 

Inasmuch  as  the  alloxan  molecule  contains 
the  mesozalyl  radical 

it  forms  a  wide  series  of  condensation  produote 
through  the  medium  of  the :  C(OH)g  or  :00  gnmp 
yielding  derivativee  of  the  ^rpe 

^'ONH 

respectively.  Theee  compounds  will  be  described 
unaer  the  following  eight  headings. 

I.  Condensation  of  Alloxan  with  Bisulphites. 

— Alloxan  forms  condensation  products  of  the 
t^pe  C«U,N.O«,NaHSO,,UH,U  with  alkali 
lnBulphite8(Limprichtana  VVuth,  Annalen,  1858, 
108,  41 ),  and  with  the  sulphites  of  certain  organic 
bases  (Peliizzari,  Annoien,  1888,  248,  146). 
AHoran  dhylamine  mHphite  C^H.NSOjH,- 
C.H, \, o^.HjO  ;  Alloxan  anilinr  su'lph  it'  '"hH-N- 
SU,Hi,r,H,N,()^,2H,0  ;  Alloxan  mdhylanilint 
W/>Air<'C7H,N-S03ll",(\H,X.(),-2H,O  ;  AUoxan 
ditix  thyht  n ilirif  s ulpli  il>:VJ 1 1', N'.S(  )3  H  ..C, H  jN jO«, 


the  eolonr  clianges  to  an  intense 
green  on  diluti<m  (.\prt'stini,  I.e.).  Hartlw  (f'h<  m. 
Soe.  Trans.  1905,  87,  18  Hi)  finds  that  hydraied 
alioin,  whflD  powdered  along  with  pure  oalcite. 
acqtiire-s  a  yellowish- pink  tinge.  After  half  an 
hour  the  colour  is  decided  and  it  is  permanent ; 
oo  adding  water  a  red  solution  is  obtained. 
^NTien  alloxan,  dried  at  100*.  is  similarly  treated, 
there  ia  no  colour  developed  until  water  has 
been  added.  Ailoianie  aoid  gives  no  such 
eoloar  reaction. 

Tlie  following  homologucs  of  alloxan  have 
besa  deMsibod  t^MdkjfUtttm 


CO<C^H^!JS>00 


3.  Condensation  oi  Alloun  with  HydruiiiM. 
— Hydrazones  of  aUoxan  and  its  homologues  can 

be  jirrptared  by  the  condensation  of  (o)  the 
pcepaxed  from  methyl  unc  acid  (Uill,  Ber.  1876,  alloxan  with  the  hydrazine 
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{h)  ihv  dibroino-  derivative  of  the  corrwpODdillg 
barbituric  acid  with  the  hydrazine 

'  =  00<OT]^>C:llNHPh  +  2HBr. 

(c)  the  correspondtng  burbitiixio  ftdd  with  the 

diazouium  ohlorido 

««)<OT:^>0«lINHrii. 

And  fha  follDwiiig  hydrazonea  have  been  pre* 
pa  red  by  one  or  more  c(  theee  methods : — AUoxan- 

phenylhj^razone 

co<SH?S>^N.NHrh 

pele-jeUow  ciyataU,  melts  and  dccorapotwa  at 
208^-300* ;  1 :  i-DmdhfflaMoeMnphenylhydrasume 

C0<SSec8>C:NNHPh 

alender  yellow  oryatals,  in.p.  261°  the  o-  and  p' 
nitro  deriTtttiTee  ere  yellow  orrstaUrae  enbstancea 

and  decompose  at  SIO"  nui  'MX)**  respectively 
^Kuhling,  Ber.  Ib91,  24,  4i4U ;  im,  31,  1972J  j 

CO<j5":[io>C :  N-NMePh 

brick-red  hexagonal  plates,  decompoacs  at  189*^- 
igi<>  (Whiteloy,  Chem«  Soo.  Ftoo.  1906^  28»  201}  i 
aUoxandiphenyUtydrazone 

bright-yellow  powder,  mh  It^  above  270*  (Arin- 


Sxom  elloxao  and  tniaoph  e tu  1 » ■  \  a na  luidc,  sirsw- 
yellon  eompovnd,  nun,  286^(AoU%GMa.«him. 
itai.  m>7,  37.  L  623). 

4.  Condoiatlon  of  Alloxan  with  Seoiiearto- 

ride.— This  reaction  has  been  Btadied  bv  Brom- 
berg  (Jkr.  1897,  30,  131).  He  describes  the 
compounds  aUoaiametniearbazide  C,H,0,N,  and 
dimdhylaUoransemicmbn 'if^f  '^'jH^jOjX^,  butwaa 
not  successful  in  detejruinmg  iheir  cooiiLitution. 

5.  Condensation  of  AUonii  iitth  Diaminek— 
In  the  condensation  of  alloxan  with  o-diaminei 
the  ketonio  carbouyl  and  ouu  uf  the  adjacent 
carbimido>  groupe  take  pait^  and  the  fradnet 
ieanociiie;  ofiomwifM 


/N:CNH<X) 

N»:C<X)-NH 

I  obtained  from  o-phenvlenediamine,  forms  yellow 
:  niieroseopic  crystals  that  decompo«e  above  300*  ; 

similar  derivative  were  obtamed  from  3 :  4* 
''  diaminotolnene    and  a-/3-diaminonaphthal»ie 

(Kiihliiig,  Ker,  1891,  24,  2363)  ;  for  the  eflfect  <rf 
^  oxidising  and  reducing  afrente  on  these  com> 

pounds,  compare  Kuhlnig,  Ber.  1890,  28,  19<I8 ; 

1899,  32,  10.50). 

The  condemiation  of  alloxan  with  mtmo* 

tmlwtituted  o-dhonines  resnlts  fai  the  fomiatkn 

of  tvo  compounds  areordinj;  as  une  or  more 

alloxan  moleouke  take  part  in  the  leactioo. 

Thus  alloimn  condensce  wHh  iirtkamiiutdMj^ 

a  mine   at  the  ordinary  t<-tnperatare  to  fonn 

oUoxanylorthamiHoditoljflamine 

j  glittering  yellow  phsm^  that  melt  and  decompose 
I  at  2IRS*,  and  dueolTe  hi  oonoentrated  snlphurie 

arid  with  a  deep  red  colour;    if,  however,  the 


strong  and  Rooertson,  Chem.  Hoc.  I'rana.  1905,  condensation  iseifected  in  the  {wesence  of  fuming 
87,  1291);  1 : 3-<ft>/a  >iy<i^anpA€ny{Ayd^aiteM  ^  hydrodiloRO  aoid  and  the  mixtiiia  ia  boiletC 


CO<]Sph?0>^  =  K  NHPh  I 
bright-yellow  needles  that  decompose  at  265",  the  j 
p-mtro  dedvative  forms  yelloir  prisms  ^vith  a  | 
purple  re0ex  and  melt  and  decompose  at  274° ;  i 
1 :  'i-diphtnylalloxanphenylmetkylhydrazont 

CO<^Th?o5^=^NMePh 

decomposoB  at  175®  and  crystallises  in  orange- 
red  prisne  Of  hright-ycUow  needles ;  1:2- 

melts  and  decomposes  at  2S4°'-255*,  and  forms 

yellow  tT}  staI->  yi.  ldingan  orange-red  jxjwdernn 
trituration  ;  1  :  i-diph^nylaUoxanphinylbcmylhy- 
draxone 

CO<l5phJo><^  =  N-NPh-CH.Hi 
melts  and  decomposes  at  130^,  crystallises  from 

benzene  in  bright-yellow  needleH,  and  from 
methyl  alcohol  in  bright>red  prisms ;  from 
toluene  a  mixture  of  the  red  prisms  and  yellow 
needles  is  obtained  (Whit<  l'  y,  Ch' m.  Sot  . 
Trans.  1907»  91*  1344);  aUoxancyaw^henyl- 
Aydrasone 


0(OH)-N(C,H,)'C^«N :  C 
NH  HN  NH 


00 
HN 


<J0 


CO 


lA  formed.  It  is  crystalline,  and  Uackeua  at 
900",  diBiK>lve8  readily  in  alkali  carbonatea,  and 

gives  a  deep-blue  solution  in  concentrat<xl 
sulphurio  acid.  Dimcthylalloxan  gives  t»iiuiiar 
dcrivativee  (Kuhling,  Ber.  1893,  26,  640),  and 
similar  condensation  products  nre  ohti*ine<l 
from  alktxan  and  phenyl-o-phenyli?aedii»iuine, 
n  amino<ii-/)-tolylamine,  and  N- methyl -o-pheny« 
lenediamine  (Kiihliiig'  and  Kaselitz,  Ber.  1906; 
3!l,  1314) ;  and  from  tetrametbyl-m-pheuyleue- 
diamiae  (Saohs  and  Appenaelkr,  Ber.  19Q8»  41, 
91). 

I     6.  Condensation  of  Alloxan  with  Aromatic 
:  amines. — Alloxan  condenses  readily  with  pri. 
mnry  aromatic  amine'?  (Pellizrari,   Hirz.  <  him. 
itah   iSU.'i,   17,  419)  to  form  anuiioHryl  sub- 
stituted dialurio  aoida^  yielding  on  hydrolysis 
with  alkali,  the  corresponding  tiirtronic  acid 
{q.v.).    Thuii  ttUiliiie  and  alloxan  give  jp-amino- 
i  phenyldialniio  aoid,  and  this  on  hjdiolyvi 
.  yields  j»*amlnophenyltaitNoio  aoid 
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=  00<:jH^>C(OH)-C^«NHr 

«><.\hJo>0{OH)-CANH,  +  4K0H 

=  NU,<!«H4-G(OH)<CO,K),+2NH,-hK«C0r 

la  view  of  the  impoftftDOe  of  these  compounds 
»fl  sources  of  tartioaio  acids,  their  preparation 
fornu  the  sabjeotof  «  patent,  D.  R.  P.  112174 
(Frdl.  1900-1902,  15S-169),  in  which  thr  amino- 
aryi*  dialurio  and  tartronio  acidii  olttamed  from 
the  following  baaee  an  deaoribed  :  ethylanilino, 
diHhvlaniline,  bc'n7:yl"ir.iline,  niclhylbenzylani- 
line,  ethyl  benzyl&mUue,  djphcuylamine,  o-tolu- 
idine,  o-ethyltoluidine,  o-anidiaine,  metliyl-0> 
•nLsidinf.  o-phenetidhif,  7n-chlorftni!ino,  wi-chlor- 
dimethyiauiiine,  and  m-chlordicthylaralinc. 

By  careful  oxidation  with  potassium  iK-ruian- 
ganate  nf  the  alkali  salts  of  the  tartronic  ncid.s, 
or  by  oxidising  the  corresponding  dialuric  acid 
with  mercurio  <lzid0  in  presence  of  potassium 
hydroxide,  the  cocrMpomdingglyo^lic  Acid  (q,v,) 
can  be  obtained 
NH,-C«H4<!(0H)(C0,H)j^  0 

=  NHjHD.H --CO-CO, H  +  CO^  +  H,0 
and  the  preparation  by  theae  methods  of  ixn 
important  scries  of  glyoxylio  acids  forms  the 
subject  of  patents  D.  R.  P.  117021,  26/11, 
1900;  and  117168.3/12.  1900. 

.Vlloxan  condenses  also  with  pyrazolone  bases 
to  iona  denvatiTos  of  dialuric  acid  (tartronyl- 
c«rlMkiiiide).  and  these  on  hydroljrraB  with  cold 
cau^itic  alkali  yi^'W  the  corresponding  substituted 
tartrommidee  (Peliixzari,  Gazz.  chim.  itaL  1888. 
18,  340).  Tbmphmylmcthylpyrazoloniktrirontfl- 
carbamule 

forma  long  yellow  needles  that  dooomposo  at 
170*-178*,  and  jkM  phaiyluuJJiylpyraxdcmdnr' 

OD  hydrolysis ;  phenylditHdJ^yijtyrazolonelar' 
tfOnylcariHsmide 

mclt-i  and  deeoraposos  at  '^''^I",  and  yiolds 
phenyldim^thylpyrazoloficiartron  i  m  idc 

dwomposing  at  248^-260^. 

7.  Condensation  of  Alloxan  with  Phenols.— 
Aj^pT*-"  condenses  in  the  prciieace  of  hydrugun 
cUoride,  Bolliiiuric  acid,  or  zinc  chloride  with 

tnonn-  or  polyhydroxy-  phenol.-*  to  f;>rm 
denrativus  of  dialuric  acid  (turtronylcarbumuic), 
tlia*  taonuae  to  bo  of  valiie  for  pharmaceutical 
purpo^*?^,  and  are  readily  converted  by  hydiolysis 

into  the  corresf>ottding  tartronic  acifl ; 

0H<3.H,  +  (OH).C<;^:^H>CO 

OH  C,Ht.C(OH)  \X) 
\CO-NH 
OH'C,HAOfiK00tH)r 


A  daaoription  of  the  oompounda  otrUinod 

from  alloxan  and  the  phenolic  conipoumls, phenol, 
m-cre»oI,  »-cresol,  guaiacol,  pyrocatechol,  resor- 
cinol,  hydroquinone,  pyroRafloI,  o-naphthol,  is 
given  in  T>.  R.  P.  1077i*n,  25/8,  1898;  \VM22, 
U/7,  lyuu  ;  114904,  17/y,  liKX);  and  tho  tortronio 
acids  derived  from  them  are  deaorilMd  in  D.  R.  P. 

115817,  K/]'»,  l!HM). 

8.  Condensation  of  Alloxan  with  Ketones.— 
Alloxan  condeoMO  with  aoetoplionone  and  certain 

of  its  hmnrilf K„riir-.q  to  form  pnenacyldialuric  acid 
iir  its  deruativea  of  which  the  following  are 
desorilied  by  Kuhling  (Ber.  1905.  38»  9009), 
Kahling  and  Schneider  (Ber.  1909,  42,  1885) : 
phenacyldialuric  acid 

yOONH 

OOFli<!H,-d(OH)  \00,H,0 
XOO-NH'^ 

ra.p.  212**,  with  decompo^iition ;  the  hromo- 
derivative  decomposes  at  217°  ;  p  dhnj-yphen- 
acylduilurk  acid  C.iHj^OgN,,  m.p.  214°;  the 
hromo-  derivative,  uecoraposee  at  201° ;  aydU* 
phenyUuxionyldialuric  acid 

yOO-NH 
CH,Pli-CO*CHPli<d(OH) 

^  OO  NH 

m.p.  233°  with  deoompoeition ;  p^meUu^hen' 

acyldialuric  acid 

yOO-NH 
OcHaMo-OO-GHs^OH)  yCO 

\C0-NH 

m.p.  241''-242"',  with  decomposition;  Oxe  acetyl 
(1(  rivative  decomposes  at  220*.  the  ftefuoyl  at 
216  ;  p-mdhozypnemi^-'/Mf  iJuricacidCifU^Jo^Sj 
decomposes  at  227°,  and  yields  an  ocelyl  deriva- 
tive, m.p.  207°.  H.  A.  W. 

ALLOXANIC  ACID  v.  Au.oxan. 

ALLOXANTIN  C,H,0^^2H,0  (Ritthauscn, 
Ber.  18<J<),  29,  892)  oxiite  m  amaU  quantitin 
in  crude  beet-juice  (Lippmann,  Ber.  1890,  29, 
2046).  and  forms  34  to  36  p.c.  of  the  products 
when  eaitvicin  from  sow  -  beans  ( Vicia  /aba  minor) 
or  from  vetches  {Vicia  sativa)  is  hydrolyaed 
by  dduta  mineral  acids  (Ritthausen,  I.e.; 
J.  pr.  Chem.  1809,  [ii.J  r><),  487).  Alloxan- 
tin  was  first  prepareil  by  Liebig  and  Wohler 
(^kinalen,  1838,  20,  202)  by  oxidising  uric  acid 
with  dilote  nitrio  acid  ;  or  by  the  direct  union 
of  alloxan  and  dialuric  acid,  or  by  reducing  a 
cold  aqucou.'S  solution  of  alloxan  with  ssuiphur- 
etted  hydrogen  or  stannous  chloride.  According 
to  Vitali  (Chom.  Zentr.  1898,  L  666,  from  Boll. 
Chim.  Farm.  37,  65),  the  reduction  can  also  be 
etii'cted  by  means  of  hydriodic  acid.  Ailoxantin 
was  synthesised  by  Gnmaux  (Corapt.  rend.  1878, 
87,  762)  by  heating  malonic  acid,  carbamide  and 
phosphoryl  chloride  at  150°,  and  passing 
sulphuretted  hydrogen  through  a  nitric  acid 
ROlotion  of  the  oruae  product ;  or  by  passing 
■sulphurt  tted  hydrogen  through  a  hot  acpieouH 
solution  of  dibromobarbituno  acid  (Compt.  rend. 
1879,  88,  86).  Koeoh  (Annalen,  1901,  315.  240) 
describes  the  conversion  of  wodialuric  acid  into 
alloxantin  by  heating  it  with  guanidino  and 
aoetio  aoid;  the  dutoflo  aaems  to  be  due  to  the 
transformation  of  tne  wtxliiilurlc  acid  into 
dialurio  acid  by  the  action  of  the  base,  and  the 
subaeqaent  oadatiaa  of  the  dialurio  acid  to 
allo««tin,iin«^iftho«»o4ioniaoong«|j5|j^ 
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at  muNphen^  o{  cwbon  dioxide^  ditlurio  aoid  only 
i«  obtained. 

Alloxantin  oiysUkUiseB  from  aciucuns  sohttfcmB 

ill  nmall  sharp  rhombic  priBm.>4,  (-nnlaniin;;  2  nmls. 
UgO ;  it  beoomeH  Aohydrous  alter  heating  fur 
1-U  houn  at  160*.  or  for  6  houn  at  lOT^-flO*  s 

it  uccomfK)rtea  at  ITo"  into  hydurilic  acid, 
ammouia,  carbon  monoxide,  carbon  dioxide*  and 
oulio  aeid.   It  ia  deoomposed  into  barbitiiiio 

acid  iind  parahanic  acitl  whvn  heated  with 
concentrated  sulphuric  acid  at  120*,  or  into 
aUiturks  add  (^H^OfN^  nhen  boiled  with  exoeos 

of  hydrochloric  acid  (Schlioper.  Aimalen,  1845, 
5(i,  2U).  Alloxantin  in  Himriitgly  iK>luble  in  cold 
water,  yielding  an  acid  solution  that  nduoes 
solutions  of  silver  8alt«,  and  givr  -  n  rharactcristio 
Violet-blue  precipitat^j  with  baryta  water, 
changing  on  warming  into  the  colourletHt  barium 
alloxannto  whicfi  undergoes  fiirth'  r  ritn-omjHjsi- 
tion  into  l>ariiitn  inesoxalate  an<l  iiariuui  cui< 
Ixjnato  (  [.ic'ljig  and  Wdhler,  Annalen,  1838,  26, 
'.i\'2).  .yioxantin  haa  a  molecular  heat  of  com- 
bustiuii  =  584*7  C'als.  (Matignon,  ^inn.  Chim. 
Fliya.  1893,  [0]  28,  828),  and  a  freshly  prepared 
aqueous  solution  "jhows  a  remarkable  ali.sorption 
band  in  the  uliru-viulct,  which  dinappcur^  upon 
Iceerang  the  Holution,  owing  to  tiie  decomposition 
of  the  alloxantin  into  alloxan  and  dialuric  acid 
(Huxtlt  N  .  ('h.  in.  Soc.  Trans.  1906,  87,  1814). 
For  this  n-aHun  Hartley  expresses  tiwOOOfltittttioD 
of  alloxantin  by  the  formula 

CONH 


/NH-CO, 
CJO        HO      O  C;  H  \C0 
^NHCO/  \CJONH. 


{ibid.  1519).    Pilotyand  Finckh  (Annalen,  1900, 
333,  22)  found  that  alloxantin  was  resolved  into 
alloxan  and  dimothylamino  dialurate,  by  boiling  i 
with  dittiethvlamine  aoetate,  and  auggeat  the 
constitutioaal  formula 

in  which  the  ivlationship  betwwn  allosnntin  and  | 

alloxan  is  t!u-  liume  as  that  existing  between 

q^oinhydrone  and  <^uinone. 

Alloxantin  is  readily  converted  Into  nraradde 

{g.v.)  hv  the  action  of  ammonia,  int^j  alloxan 
by  miid  oxidising  agents,  and  into  dialuric 
acid  by  reducing  agents.  In  its  fdiysiolc^ical 
action  alloxantin  resembles  alloxan,  but  is 
especially  poisonous  to  cold-blooded  animals, 
the  blood  showing  strong  reducing  properties  ; 
when  taken  internally  it  appears  in  the  urine  an 
parabanic  acid,  and  in  smaller  quantitiu^i  as 
dialuric  acid,  murexidc,  and  alloxantin  itself 
(Kowalewski.  Ch<  m.  Zcntr.  1887,  129«J ;  Snsini, 
.\uu.  Chim.  Fanu.  iHOo.  21.  241  ;  189«,  22,  Ul, 
385). 

AcetyMloxamin  Cj^H ,n,,.\^,H  O.  uhtain.-d 
by  the  interaction  of  acetyl  dialuric  licid  and 
alloxan,  crysUUises  in  thin  leaflets,  becomes  \ 
anhydrous  whi  ti  kept  in  a  vacuum  over  sulphurio 
aciiC  melu  and  decomposes  at  263''-2ti6  ,  and 
ie  slowly  hydrolyHcd  by  hot  water  with  the 
formation  ol  alloxantin. 

BenzoyUiUoxanlin    CijHj^OjN^.H simi-  ' 
larly  formed  from  benzoyl  dialuric  aeid  and 
alloxan,  crvstalli-nea  in  colourle^is  six-sided  plates, 
and  melts  at  263''-255*  (Behrend  and  Friedrich, 
Annalen.  1906,  344,  1). 

Alloxantin  i»  decomposed  when  boiled  in  an 


aijucoiiM  (solution  of  the  hydrochluri<le  of  a 
primary  auiitu^  yielding  alloxan,  together  uith 

'  the  eoireeponding  dihamtwy^lkylamine.  These 
are  t  olourl  ^  t  r  \  .stallinc  dibasic  acids,  hydrolyscd 
bv  buiiiog  with  aqueous  alkali  hydroxidee  into 

'(ualnrio  aeid  and  the  amine.  hibarbUurj^' 
thyJamine 

Nil  (X)->^^NMo-^.,^,,,^ 
N H  •CO.P'^^H  H,^^  f  •()  N H 

d«Jomi)osos  at  280°,  dtbarl/UuryUihylamtne  de- 
oomposes  at  236®.  dibarbiiurylphtn^mine  be* 
comes  bliu'al  240",  diharbituryl-a  r  nj  hfhylamitu 
becomes  black  at  2tH)®,  the  comMi>unding  3- 
j  compound  decomposes  at  2(30^  and  iibaihiturj^' 
carbamide  00(NH'CJa.O»Na)t  deoomnoees  nbove 
300**. 

The  following  homologues  of  alloxantin  have 

been    prepared  :    tneihyktUorantin  (',H^O,N,. 
;  ^UjO  from  inelhylalloxan  and  dialuric  acid 
(^Vndroasch,  Monatsh.    1882,   3,    I'M);  sym< 
dimdhMloxuntin      V^^M^^O  ^'S  ^.\\\A)  feom 
lucthylalloxau  (Malv,  Audreaiscli,  Moiiat*h.  1882, 
3,  109),  vnBym-dim>:thylaUoxafain.  C^H^O^,, 
H,0  from  dimethyldialurio  acid  arid  alloxan 
(Andreasch.  Mout4uJi.    18a2,  3,   42j>).  Tdra- 
mithylnlloxantin,  C,tH.^OgN<  MWaflC  acid  (from 
anaK6s  =  soft,   so  called  on  account  of  its 
feebly  acid  reaction),  prepared  (1)  by  oxidising 
caffemo  with  chlorine  or  nitric  acid  (Koch  ledcr, 
Annalen,  71, 1) ;  (2)  by  reducing  dimethyUUoxao 
I  with  aidphurettod  hydrogen    (Fischer,  Ber. 
1881,    14,    1912)    or   with    .-stannous  chloride 
(Andreasch,  Monatah.  1895,  ia»  19) ;  (3)  from 
dimethyldiahirio    acid    and  dimeUivlalloxao 
(Maly  and  AndrcaHch,  Monatsh.  1882*3,  105); 
(4)  by  the  olectn^ysis  of  caffeine  in  sulphuric 
aeid  solution  (Pommerehnei  Areh.  Pharm.  235. 
365).      TdradhylaUoxantin    Ci.H^O.N*.  ob- 
tained by  reducing  diethylalloxan,  melto  and 
decomposes   at  '162*  (Semhritcki,  Ber.  1807, 
30,  ls-_>t).  M.A.W. 
ALLOXAZINE  v.  Alloxan. 
ALLOYB  V.  HlcaULOOBAVHT. 


ALLYL.   A  univalent  radicle  C.,H, 


or 


CH,:CH-CH, — ,  isomeric  with  propenul  Cii.- 
CH:CH<. 

Allyl  soeute  CH^co^cH,.  Wils  at  103»- 
1047733-9  mm.  (BrUhl).  andhassp.gr.  0-9376  at 
0"  (Schiff).  It  is  only  aUghtly  soluble  in  water, 
and  has  a  rather  pharp  smell.  It  is  pr^ parrd 
by  the  action  oi  allyl  iodide  on  t-ilver  atcvt'at<e 
(Zinin,  Annalen,  90, 301 ;  Cahour^  and  Hof  mann, 
.\nnalen,  102,  2i)r, ;  Briihl.  Anna^  20(^  !?»; 
Schiff,  .iVimakii,  220,  109). 

Allyl  acetic  aaM  C,H--cHj  C(lm  \KnU  it 
lS7*'-180^  and  has  sp.gr.  0-98416  at  16°  (Perkin). 
It  ih  bli^Utiy  soluble  in  water  and  its  smell 
re.'tembles  that  of  valerianio  aeid.  1 1  is  unaffected 
by  reduction  with  ho^litim  amalgam,  but  readily 
uuitCib  with  twu  atouui  uf  bromine.  It  is  pn.'pared 
by  hydrolysing  allyl  acetoacctic  acid  ethyl  ester 
with  dry  todium  etho.vidi-,  or  by  hoatin;;  sllyl 
maiuuic  acid  (Xeidlor,  Aiuialeii,  1«»7,  39  ;  Conrwl 
and  Bischoff,  Annako,  20^  170 ;  Heniy,  Ohen. 
Zcntr.  1898,  ii.  663). 

The  chloride  C,H,-CH,-COa  is  a  thick, 
pungent-smelling  syrup,  boilmizat  1287765  mOL* 
and  of  sp.gT.  1  0739  at  16*  (Henry,  I.e.). 

Allylaeetone  CH,  CO-CH,-C,Hj  boUs  at 
128*^130',  and  has  sp.gr.  0-834  at  27',  It  u 
an  unpleasant-smelling  liquid.     It  form§  an 
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amorphoii  i  <  omponnd  with  sodium  hisnlphite,  Ui  n  niovo  excess  of  brominp  and  cootiriL'-  This 
and  k  recluc«d  by  sodiam  amalgam  to  hexenyl  liquid  contains  dihydrox^'acctonc,  and  in  the 
aloohoL  It  is  prr|)arcd  by  hydrulyAing  allyl  pre«eooe  of  ooncentraltd  Bulphuric  acid  gives  a 
acetr.a'-rtic  acid  i-lhvl  ester  (70  grams)  with  deop-biiir  colntir  wiih  codrini',  <>rnii_''  -rt'd  with 
crydt&lUzcd  barvta  (216  grams)  and  water  rcsoicinolj  blood-rcd  with  thymol,  or  green  with 
(16jS0  0.0.)  (ZeidW,  Anitabn,  187.  35;  Meriing,  '  greoi  fliioresoenoe  with  /S-naphihol  (Denig^s, 
Atmalen,  2W,  323).  Treated  with  hy.Iroxvi-  j  Comi>t.  reiul.  148,  172  and  282). 
amine  it  yields aUylacetoxime  CH^'V{ :  SOHyCUy  '  AUylamines. 

C,H.,  wluch  is  a  liquid  boiling  »t  188*  (oorr.),  MoHuallylamine  C^jH^-NHj  is  a  liquid  boiling 
s'.lublo  in  «loohol»  bensene,  ether,  fto^  and  >  at  SS-S"*  and  of  sp.gr.  0-7709  at  and  0-7688  at 
alkalis.  16*  (Perkin,  Chom.  Soc.  'JYans.  1889,  697) ;  b.p. 

ABjIafcoiolCjHj  OH,  I.e.  ('lf,:CH  CHj-OH,   58'  and  sp.gr.  0  864  at  15"  (Rinne,  Annalen, 

ornirs  in  mw  \voo<i  spirit,  but  only  to  the  extent  168,  262) ;  b.p.  56"  50  5"  7."fi-2  mm,  (Scliiff,  Ber. 
ot  about  112  p.c.  (Aronheim,  Ber.  1874,  1381  ;  1886,  565).  It  i.s  pruiwrod  from  alJ^l  i^cxyauate 
Giodski  a  I  111  Kramer,  ibid.  1492).  It  ia  »  *nd  {m  it  ash.  <>r  from  allyl  iodide  and  ammonia, 
punirent  liquid  with  ii  btiming  tnstr.  nnd  mixfs  or  fiy  reduction  of  allyl  muf'tard  oil  with  zinc 
readdy  with  alcohol,  water,  or  I'tht  r.  It  boik  and  h^drcK'hloricacid  (Oeser,  xVniialen,  134,  8).  It 
at  (corr.),  and  has  sp.gr.  0-87063  at  0*  and   po.Hi«e>44*eH  a  penetrating  smell,  which exeiti-s  tean 

0-8573  at  15*^/16*  (Iliorpe,  Chem.  8oa  Trans,  nnd  ]<ro<luce.s  Hmezing.  It  is  misciblu  with  water 
1880,  208).  in  all  proixirtions,  and  i.s  a  strcnifr  base,  forming 

It  is  prepared  bv  slowly  distilling  glycerol  a  crystalline  platinichioride  |( '  ,H  -Nil  .Pt( 'Ig, 
(4(.>0  pt;;.)  with  crvst.'illi/A-d  oxdlic  acid  (100  pts.)  and  sulphate  (C'3Hj-NHj),H,.s6,.  '  The'  hydrtj- 
and  a  little  aumiuuium  chloride  (1  pt.)  to  chloride  melts  at  lOS^-llO"  (Dek-pine,  Bull. 
cOOTeit  Miy  potaesium  oxalate  into  chloride.  S<k  .  <  hitn.  [.l]  17,  204)  and  th'>  picratc  at 
llie  receiver  is  changed  at  190^  and  distillation  140^-141"  aft<*r  sintering  (Uabriul  and  ii^aohen- 
continued  up  to  260".    The  distillate?,  containing   bach,  Ber.  1897,  1 125). 

s'iUfous  allyl  alcohol,  allyl  format*',  acrolein,  DiallyUimine  (t'jHj)jNH  boils  at  111*  and 
and  glycerol,  is  rectified  and  dried,  first  with  is  prepazed  Irom  ajUylamine  and  allyl  bromide 
potaieium  carbonate,  then  over  .solid  potash  and  '  (Ladenburg,  Ber.  1881,  1879  ;  Liebcrmann  and 
distilled.    When  the  last  traces  of  water  are   Hajji  ii.  H«  r.  1883,  1641). 

removed  by  quieklime  it  boils  at  96^.  The  TriaUylamine  (( '3Hs),N  ia  a  very  unpleaaaut- 
vidkl  is  ome'Sixtli  of  the  weight  of  o»]io  acid  smelling  liquid,  boiling  at  150*-1 51* (Pinner,  Ber. 
t*ken  (TolI.  iiH  and  Henning.  r.  BuU.  Soc.  chim.  1870,  2054);  ISS^-intl^  .[...rr.  0-8094  at  14-3' 
[2]  9,  394;  Bruhl,  Annalen,  200,  174;  lanne-  ,  (Zander,  Annalen,  214,  151).  it  ia  prepared  by 
maim,  Ber.  1874,  854).  FMher  pinifieation  distilling  tetrailylammonium  bromide  with  large 
may  be  effected  by  nrulon^'fd  heating  with  cxccsj,  i.f  recently  fused  jMiiasJi  (Grosheint/., 
socQum  biaolphite  and,  after  removal  of  the  ^  Bull.  boc.  china.  [2J  31, 391)  or  trom  allyl  chloride 
bisolphite,  redistilling  several  times  from  quick*  and  akoholio  potassinm  cyanide  in  the  cold 
lime  (TlHirjK).  (riiiiur.  I.''.];  or  from  allyl  chloridr-  nnd  am- 

It  ia  oxidised  by  chromic  acid  solution  to  ^  monia  (Malbot,  BulL  Soc.  oliim.  [21  50, 90).  Ilia 
acrolein  and  formio  acid ;  and  fay  dilate  nitric  displaced  from  its  aqneous  solution  by  potash, 
acid  to  fi>rini<- and  nxalic  ncid<!  :  whilst  potas.>iiim  anri  fornix  u  crystalline  plfttiniffhlorine  and 
permanganate  produces  acrolein,  glycerol,  and  ^  hydruciilunde. 

formic  acid.    It  combines  dinetly  with  dilorine        TeiraUyUimmonium  ftromide  (C',Hs)|NBr  is  a 

bTOTninr.  if 'dititM'hloridr,  and  cyanogen,  pro<lucing  crystalline  solid,  s^>hiblo  in  alcohol  and  water, 
arlditive  products.  It  is  partially  reduced  by  but  only  sliyhtly  so  in  ether.  It  is  ]*rt'pari"d  by 
boiling  for  some  hoars  with  zinc  and  dilute  leading  a  stn  am  uf  ammonia  into  an  alcoholic 
sulphuric  acid  tn  n-prnpyl  alc«jhol.  Pota.ssit»m  solution  of  allyl  bromifle.  The  product  is  puri- 
diaptaces  the  hvdrow  lio  hydrogen  atom  and  fictl  by  recry stall isation  from  ult  ohdl  ( (intaining 
fonns  gelatin*  I    i  <  lassium  allylate.  a  little  ether  ((.Jrosheintz,  Bull.  .Soc.  ehini.  [2]  31, 

l>*Tupe^   (Hull.   Soc.   chim.    1909,   o.   878)   390).    Treated  %v it h  nvust  sUvor  oxido  it  yields 
(i<»cribe*  the  following  colour  rcactiuiiH  for  the   tetrallylammouiuiu  hydroxide, 
detection  of  allyl  alcohol,  depending  on  the        TetraUylammonium  iodide  (VjH^)^!  is  the 
fnrm.-ition  of   fl)   glyecraldehyde   anfl  (2)  di-    main  product  of  the  reaction  of  allyl  iodide  on 
hydroxy iM,e tone  and  the  coudca.^ation  of  these    ammonia  at  tlu  ordinary  teiujKTaturc  (C^hours 
pflOdtDCts    with    various   resgcnts.     Bromine   and  Hofmann,  Annalen,  102,  305 ;  Ifalbot,  Ann. 
water  fO-6  c.c.  in  KX)  c.e.  water)  is  added  to   Chim.  Phys.  [6J  13,  488).     It  is  a  cry.stalline 
O-l  c.c,  of  allyl  alcohol,  till  a  slight  permanent   solid,  insoluble  in  strong  |)otash  solution, 
colooration    is  produced,  and   the   liquid    is        AUylanillne  C,H5-NHC\H,   is  a  yellow  oil 
then  br>Ued,  cooled,  and  divided  into  portions   produced  by  the  action  of  allvl  iodide  on  aniline, 
of  0-4  c.c.    To  each  of  these  0-1  c.c.  of  a  5  p.c.    It  boils  at  208*-299"  and  has  sp.gr.  0-982  at  25* 
Mlution  of  codeine,  resoroinol,  thynuil,  or  /3-    (SchifT    \i  i   I'  n  Suppl.  3,  3(54). 
naphthol  is  added,  followed  by  2  c.o.  of  sulphuric  :      DiaUylaniUne  C|H.-N(C'jU,),  is  prepared  by 
acid  (xp.gr.   1-84)  and  the  mixture  warmed  adding  allyl  bromide  (1  mol.)  to  aniline  (1  mol.) 
during  3  or  4  minutes  at  lf>0®.    Codeinti  and    in  a  flask  fitted  w  itli  reflux  condenser,  f'eparating 
thymol  give  reddish- violet  colourations,  reeor-   the  allyl  amlino  by  the  addition  of  potash,  and 
ciotd  wina>red,  and  /3-naphthol    yellow  with  converting  it  into  diallyl  aniline  In  repeating 
pre'TU.*h    fluorpj^cence.    The    secon<l    s(Tii  s    of    the  process  with  more  allvl  liromid-'  (1  mol.). 
eolour  reactions  is  obtained  by  adding  to  the  It  boils  at  243-5*'-245*',  an<l  has  sp.gr.  0-9538  at 
hremhiated  liquid  above  described  5  cc.  of  19*8*  (Zander,  Annalen,  214,  149). 
bromine      u- r   '0  (i   r.c.    in    100  c.c.   water),         Allyl  benzene  C«H.-'"'H/('H;('H,  i>  oV.tain.  d 
beating  daring  2Si  minutes  at  100%  then  boiling  by  boating  together  benzene,  allyl  iodide  and 
TlA.  DigitiJId  by  Google 


98 


ALLYL. 


Rino-diist  to  100*  (Chojnacki,  J.   1S7M,  659 ;  ■ 
Fittig,  Aiinahii.  172.  132).    It  boils  at  155*. 
The  jflomerio  pn>p<  in/l  bcnzent  (and  phenyl 
propyk-ne — (',H.  t'H:( H  (  Jlj)  is  Motnutimw  in-  , 
corrwtly  r«?ft*iToa  to  an  aUyl  Wiizenc  | 
Allyi  bromide,  fnonohrompropj^ene  (;H2:('H.  , 
(jHjBr.  boils  at  70*'-71^  ni  !  has  sj^.L-r.  l-4:m  ' 
at  17*  (Zander,  Annalen,  214,  144).    Jt  is  forimd 
by  the  action  of  phoephoruB  tri bromide  on 
allyl  alcoliol,  and  in  prepared  liv  dropping  allyl 
alcohol  into  a  hot  solution  of  ]>otasHium  bromido 
in  uulphurir  acid  (i  vol.  acid   to  1  vol.  HjO) 
according  to  tiro8h<'tnt7.  (Bull.  Soe.  cluin.  [2]  30, 
78);  or  by  8aturating  allyl  alcohol  with  hydro- 

Ecn  bromide  at  0**  Mid  substMjuently  heatiii;^  to 
oiling  for  m>veral  hoBn  (Jftoobi  and  Meriing,  i 
Annalen,  278,  11).  I 

AUyl  chloride  (Hj:CH-CH,a  boils  at  4«*, 
and  has  up.gr.  0'9M7  at  if  (Tollviut,  Annalen,  | 
15«,  154) ;  0-9371  at  19-3*  (Zander,  Annalen,  214,  ' 
142).    It  iH  pre  [Mired  by  the  action  of  mercuric 
chloriUe  on  allyl  iodide,  or  from  allyl  oxalate 
calcium  diloride  and  aleohol  at  100"  (()])|ienheiro. 
Annalen,  140,  205) ;  or.  )»-it,  by  heatiii;:  allyl 
alcohol  and  oonoeutrattxi  bydroohloric  acid  to  i 
100*  for  some  hours  (Elt«kov).   It  oomlnnes  , 
with   hydrogen   cJiloridc    to    form  {im/iyUne 
chtoride  C.HgCitt  and  with  fuming  hydrobromic  I 
a<*W  vieldti^  l-ehloro-3-bromopropane  CH,C1*  I 

Allyl  oyaiuunldd,  aitunmnr,  t'^H.  NH  CN,  is 
prodttoed  by  wanning  allyl  thiooarmmide  with  { 

load  hydroxidr  on  the  water-bath  (Will,  Annalcii. 
52,  15).  On  standing  for  aomu  monttu*  crytttHlH 
Hoparate  from  the  resulting  product.  It  is  })re- 
|>are«l  by  shaking  an  af|U(  c»uH  solutitm  of  allyl 
ihiocarbauiule  with  nu  ixurif  oxide  until  the 
solution  no  longer  hlai  k»'iis  aiiimoniacal  silver 
nitrate  (  \ntlrra<ili,  Monatsh.  2,  780).  It  is 
alkaline  in  reaction,  precipitating  metallic  oxideg 
and  replacing  ammotiia  in  itj*  salUt.  The  crystals 
contain  JHjO  and  melt  at  100°,  giving  up  lh<«ir 
Mater.  It  forms  a  difficultly'  crystalliiuible  salt 
with  oxalie  a«id,  but  not  with  other  acids,  and 
double  compounda  with  mercuric  and  platinic 
chlorides.  I 

Allyl  cyanide.  <  rotoHcmHrik.  <  '.iH  ^  UN,  boils  at  < 
119°  (corr.),  and   has  sp.gr.  0-8491  at  0*  and 
0-8351  at  lO".   11  is  obtained  by  the  action  of  allyl 
iodide  on  potassium  cyanide,  and,  together  with 
other  products,  by  allowing  allyl  mustard  oil  to  j 
remHui  in  contart  with  water  for  some  weeks,  I 
and  aliio  by  the  action  of  acetic  anhydride  on  ' 
crotonaldoxime.    It  ha.s  been  prepared  by  Homy  i 
(Chem.  Zentr.  1898,  ii.  6»)2)  by  the  action  of  ( 
phosphorus  pentoxide  on  o-  or  5-hy<ln»xy-bu- 
tyrouiirile.    It  is  a  liquid  with  an  unploawnt,  i 
nnion4ike  i«nicll.   On  warming  to  S0*-60*  itrith  ' 
fuming  hydroc-hlorii  a<  i>l  fur  t\^o  IbMir-,  rhloro-  < 
butyric  acid  in  prwluccd.   Chromic  acid  uxidiiie^ 
it  to  Mcctic  acid,  nitric  acid  to  oxalic  acid. 

AUylenes.     Two  al!\  li  nr-  an    iH»H.sihle  and 
known :    ayrametrical     allylcne    CH,:C':C'H„  , 
and  unsymmefrical  allylme  CH,<*'OH.  | 

Symmetrical  allylene./ro/.rK//  vr.cH, :(.':( 'H., 
i8  a  gas  whK'h  burns  v\  jtii  a  suuty  lumiuouu 
ilanie.  It  pn'parcd  by  dropping  a-hromoaUyl 
bromi'1'  'in  ::rams)  into  n  mixtun  of  20  grams 
zinc-dust  and  25  graniH  alcohi>l  ^70  p.c.)  (tJus- 
tavflon  and  Demjanow,  J.  pr.  (  henu  (2)  38,  2»)2). 
Tt  dof'"  not  prcr-ipitntn  ammoniacal  solutions  of 
silver  nitrate  or  cuprous  i  hlonde.    It  is  readily 


absorlj^d  by  strong  sulphuric  acid,  and  acetonp 
is  produce*!  on  dilution.  When  dissolved  in 
absolute  ether  and  heated  with  sodium  to  KlO", 
it  (•liani.'f»s  into  the  isomeric  methyl  acetylene. 
It  rcailily  forms  a  tctrabrumide  C*,H4Br4  by 
addition  of  bromine. 

Unsymmetrieal  allylene,  meihyl  'ir,t>^i.  Hc 
CH,-i;  CH,  results  from  propylene  bromide, 
monobrcjnu>j)ropyJ«*ne,  or  monochloro|vopyle«e 
by  withdrawal  of  H('l  or  HBr  hy  mcan^  "f 
alcoholic  f>otash,  ami  from  .symmetrical  ciU^vleiu 
(>.  .•'ujird).  It  is  an  unpbMwant-snMlling  gas, 
whicli  is  liciuefiiii  under  a  pressure  of  3—4 
atnuispheres.  It  burns  with  a  bright  sooty 
flame.  It  dissolves  readily  in  rthn  (3D  vols,  in  1 
of  ether  at  1(5*).  Potassium  permanganate  in 
the  cold  oxidises  it  to  formic,  oxalic,  and  malonic 
acids.  Kxplasivc  com]K)unds  are  producetl  hy 
leading  it  into  ammuniaoal  solutions  of  silver 
nitrate  or  cuprous  chloride.  Concentratcfl  sul- 
phurica<  id  r*-adily  absorbs  it,  forming  on  dilution 
ami  distillation  acetone  mesitvlenc  and  allylene 
sulphonio  acid  CjHjSO.H  (Schrohe,  Ber.  1875. 
18  and  3(i7).  The  fxiri  11  III  sfilt  of  the  latter  is 
crystalline,  easily  soluble,  and  not  decompoaed 
on  boiling  with  water. 

Allyl  ether  C,H,  0  C,I1.  boils  at  M-S"  and 
has  sp.gr.  0-8040  at  IW.  it  is  prepared  from 
allyl  iodide  and  sodium  ally!  alooholate,  or  from 
allyl  iodide  and  mercuric  oxide  fCahours  and 
Hof  mann,  Annalen,  102,  290 ;  ik>rthclut  aud 
Luca,  Ann.  Chim.  Phvs.  (3]  48,  291). 

Allyl  ethyl  ether  ('•jHj-O-C^H.  boik  at  m^- 
(i7'/  742  'J  uiu).  tliriild.  Annalen  §00,  178). 
]>ared  from  allyl  iodide  and  sodium  ethoxide. 

Allyl  Iodide  (  jH,!  lioiU  at  1<>2  n°-102-8''  and 
has  sp.gr.  1-8293  at  23°.  Berthelot  and  Luca, 
Ann.  C'him.  Phys.  [3]  43,  2fi7)  obtainwl  it  by 
the  action  of  PI,  on  glycerol.  It  may  Ix- 
prepared  by  leaving  together  for  24  liours  red 
phosphorus  (20  grams),  allyl  alcohol  (100  grams), 
and  iodim-  (2o4  grams)  (Tollens  an<l  Henninger, 
Annakn,  156) ;  or  by  the  following  proctvy?; 
100  grams  of  iodine  and  1500  grams  of  carefully 
dehydrated  glycerol  are  brought  together  m 
a  large  vessel,  the  air  displaceil  by  a  current  of 
carbon  dioxide,  and  300  grams  of  ordinarv 
phosphorus  gradually  aildetl.  The  ally!  iodifk- 
is  distilled  on  in  a  stream  of  carbijn  dioxidr.  and 
then  contains  as  ini|iuril  \  .-ntnr  >W»propyl  ic*dide. 
To  purify  it  from  this  it  is  dissolved  in  alcohol 
and  shaken  with  mercury,  when  the  compound 
HgCjHjI  is  precipitate<l.  This  is  recrj*8t«lliscd 
from  wiater  and  deoompoeod,  regenerating  a]l>  I 
iodide,  by  dtstination  with  water  and  tht^ 
thcont  ital  qiiaiilit\  of  io<line  (Linnemiuip, 
Atmaleu  SuppL  3,  263).  It  combinea  with 
bromine  to  form  tribromhy<lrin,  and  with 
hydriodic  aci«l  to  ^ive  cliio<ioj>ropylene.  Bv 
long  heating  with  about  20  part«  uf  water  it  u 
converted  into  aOyl  alcohol  and  hydriodic  acid. 

Allyl  mercaptan  (jH.SH  boils  at  ito''. 
With  mercuric  chloride  it  yieltlii  C^H,JSHgi'l, 
which  crystalUsee  (torn  alcohol  in  platea  (Bof> 
mntiii  and  Cahours,  Annalen,  102,  2§2;  Uetlicli, 
Annalen,  178,  8d). 

All3FiiBeCliyltl  iaethlooyanate  is  the  name 

given  to  the  eornpound  (',fl /)  S  ( 'IT.-( "X.  pn- 
]Mircd  by  iwitesuig  a  current  <*1  lormaidehyde  ga» 
through' glycerorfl  kilo)  and  allyl  iM>thiooyaaate 
(5  gramsi  hentpd  to  I W  until  tlie  Meic'ht  of  the 
whole  is  1400  grams.    W  hen  cool  the  product 
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M  filUwi  and  the  n>8ulting  methvlftl  woiluiK:ya- 
nat4>  u.sed  as  an  aatiaeptie  (Piot.  fr.  PtA.  390968, 

v.m). 

Allyl  mustard  oil  v.  Mlhtahd  oil  and  Essen- 
tial ulL-S. 

Allyl  nitrite  CjHjNO,  is  ol.taim  -l  by  addiii); 
L'lycfrol  trinitrilv  to  iw-cold  Jillyl  alculiol  and 
cautiously  dwtillin^  off  th«'  allyl  ester  (Bertoni, 
(Jaiz.  ch'im.  ital.  15,  IWA).  It  boils  at  43-5°- 
44-5',  and  has  sp.gr.  0-95-it)  at  0°.  It  is  rt-adily 
deoompofled  by  alkftking  with  water,  and  yii-UU 
ethyl  nitrite  on  tteatment  with  ethyl  alcohol. 


prepared  from  aniline  and  mustard  oil  (Zinin, 

Annalcn,  84,  348);  or  from  allvlamine  and  phenyl 
mustard  oil  (Weith,  Ber.  ^^^Jh  forms 
nooodiniG  d^stals,  melting  at  98*,  and  is 
readily  !K)lublr  in  ether,  but  not  in  water. 

Aliyl  pyrrol  C.H.NUsH,  is  roadily  obtained 
by  the  action  of  allyl  bromide  on  potassium 
pyrrol  in  rther  (f^iamician  and  Ih-nnstr^lt.  Ber. 
1882,  2581).  It  io  a  lighUyellow  ml.  turning 
brown  on  exposure  to  air.  It  boils  at  105y48  nun. 
It  in^thifile  in  water,  but  dinolves  in  fiCJ, 
prvxlucing  a  ri'd  colour. 

Allyl  sulphate  C,Hg>HSO«  is  pn  partd  by 
*^ilW  a]l\I  alcohol  (1  vol.)  to  Hulphuric  acid 
dilnted  with  its  own  volume  of  water  (1  vol.), 
and  leaving  at  ordinary  temperatures  for  livo 
davB.  Sub«<equently  the  niixtun-  in  hcatvtl  to 
70*  for  12  hour>i,  diluted  with  water  (10  vols.}, 
and  saturated  vdth  barium  carbonate  (SigmUMi- 
ski.  Annalen,  230,  44 ;  v.  also  ("ahours  and 
Hofmann,  Annakn,  102,  293).  It  forms  cha- 
racteristic Halt,'*,  a  number  of  vriiich  are  deaoribed 
by  Szymanj«ki  {I.e.). 

Aliyl  sulphide,  oil  of  garlic,  (Her.  KndblaU' 
thill)  ((',H,)^,  ex'curs  in  garlic  {Allium  sativum) 
sod  other  plants.  It  is  prepared  from  mustard 
0(1  and  potassium  sulphide  at  100**  (Wertheim, 
Annalen,  55,  21)7)  ;   or  from  allyl   icxlide  and 

S[>taa8ium  sulphitle  (Uofmann  and  Cahours, 
mwlen.  102,  29 1 ).  It  u  a  liquid  boiling  at  ISS-e", 
and  ha<<  sp.gr.  0-887<'>,'">  at  2<)  874^^.  It  haw  a  very 
strong  odour  of  garlic  and  is  only  slightly 
■ohible  in  wnter. 

Mrl  thioearlaiiiMi,  ol^  Otmo,  ihUmna. 

»»V,«J»o*ilIii»*S0<^5!j^.  |,  .  is  produced 

by  the  prolonged  action  of  aqueous  ammonia 
on  rauatard  m  (Dumas  and  Felouzo,  Annalen, 

10.  326).  It  forniH  clear  six-sidcfl  tabic-*,  which 
ojch  at  78-4*,  after  sintering  at  71*.  It  is 
iaaoiuble   in   bensene,  sparingly   soluble  in 

'^'^tcr.  and  rearlily  «o  in  alcohol  and  ether.  It 
combines  directly  with  halogens,  cyanogen, 
♦  thyl  iodide,  acids,  &c.  Deprived  «»f  its  nulpnur 
I'y  mercuric  oxide,  or  lead  oxide,  it  vicMs  .^imt- 
(allyl  cyanamide)C,Hj  NH-C'N.  "ltha«  been 
uml  in  surgery  for  the  removal  of  scar  tisMie, 
'wine  inj*x-ted'  aa  *  10  or  16  p.e.  solution  in 

ddute  glycerol. 

AUyl  tribromlde,  •  Tribrmnhydrin '  C,HjBr„ 
wa.«i  obtaine<l  by  Wurtz  bv  trrntirig  alh  I  iodide 
»ith  bromine,  and  by  Ik  rlhclot  and  Lu<  u  by 
tlie  action  of  phosphorus  tri-  and  ]>.  nialiro- 
rnideson  givccrol.  It  is  a  slightly  ycllou  licpiid 
of  «p.gr.  2-430  at  15•5^  and  boUs  at  217°.  it  is 
a  itraQg  aedative  and  anodyne.  i 


Allyl  im  00<j^!^;^}|^  crystallixea  in 

neoiUcs,  nicltitiu  at  8.')°  (Caliours  and  Hofmann, 
Annalea,  102,  2tfU  ;  Audioatich,  Monatsh.  5,  3t>). 

J.  A.  P. 

ALMASCA.  A  soft  grey  resin  Holidilo  in 
chloroform,  ether,  and  abaoluto  alcohol.  Pro- 
bably derived  from  the  bnrecraoeous  Avliam 
hrptaphyllum  (March.)  [/ciVrt  hrpiapl^ta  (AubL)] 
(Symes,  Pharm.  J.  I3j  13,  213). 

ALHATBnf.  Trade  name  for  a  ocmdeoBa- 
tioti  imxluct  nf  h.-^matozylhi  and  formalddiyde. 
Used  as  an  antiseptic. 

ALMIRAO.  Indian  name  for  Launaa  pinna- 
tijida  (Cass.)  M tcrmhynchuH  sririiu  ulo^its  (I>U) 
which  belongs  to  the  family  Compu.Hitie  and  is 
used  at  Goa  as  a  subetitnte  for  taraxacum 
(Dymock.  Phann.  J.  [3]  6,  730). 

ALMOND.  The  kernel  of  the  fruit  of  i'ruwjw 
amifjdnlm  or  Amygdalus  wmmunig. 

Two  princi[>al  varieties  exi.st—  the  sweet  and 
the  bitter  almoud.  Both  contain  amygiialin, 
but  the  latter  is  much  richer  in  thia  substance 
(2  to  3  p.c. ),  and  contains  an  enzyme,  rtniihin, 
which,  in  the  i)resence  of  water,  decomjioscs  tho 
amvgdalin.  yielding  glucose,  benxaldehyde,  and 
hydrocyanic  acid 

C,^,^04i-f2H,0 

In  addition,  almonds  contain  about  50  p.e.  of 
their  weiaht  of  a  hxed  oil  (mainly  olein,  and 
liable  to  necome  rancid)  and  smaller  qnantitiea 
of  proteins,  t^ngar,  starch,  gum,  til)re,  and  ash. 

Analyses  of  almonds  made  at  various  stages 
of  growUi  and  ripening,  show  the  percentage  of 
amyloses,  glucose,  ami  saccharose  to  steadily 
diminish,  whilst  the  proportion  of  oil  increases 
(Du  SaUon,  Compt.  rend.  1896,  123,  1084). 

Aeciirdiiig  to  ValWe  (fompl.  rend.  IfMUJ.  |3»). 
114),  reducing  sugars  in  the  immature  almond 
leereaee  aa  the  fatty  oil  increases;  sucrose 
increases  unfi!  oil  -  f.trmation  begins,  then 
decreases  during  oil-production,  and  towards  the 
end  again  increases.  Ripe  almonds  contain 
a}>out  3  p.p.  of  sucrose.  According  to  OsJidriio 
and  Campbell  (J.  Awer.  Chem.  i>oc.  IhUti,  18, 
009),  the  protein  in  almonds  is  omaiMfia  and  not 
conglutin  or  vitellin.  If.  I. 

ALMOND  OIL  is  obt^tined  from  the  seeds 
of  Plrv»u-»  amttfjditluM  (Stokes)  [Amygdalus 
COmmttSf-^,  (fjiiin.  )|.  'I'll*' ahiiond  tree  ap|M'ars  to 
have  been  indigenous  tt)  Turkestan  and  .Middle 
Asia,  and  has  In-en  transplanted  from  there  to 
(Jreece,  Ifaly,  Spain,  France,  and  to  Northern 
Africa.  Tho  mean  jHjrcentage  composition  of 
the  almond  Is  given  by  Kdnig  as  follows : — 

Oil  41  00  p.c 

Water   27-72  „ 

yUbuminoids          .       .       .    16>G0  „ 
Extracted  matter,  free  from  nitro- 
gen       ....    10  2  „ 
Crudo  fibre   ....     2-81  „ 
Aah  1-77  „ 


dec 


100-00 

The  commercial  oil  is  chiefly  exj»ress( d  from 
bitter  almonds,  the  seeds  of  Frunus  amygdiUuSt 
var.  amam.  Bitter  almonds  contain,  besides 
the  oil,  am yu'<Ii«liii  and  eriiiil>iri,  whicli  '_mvo 
rise  to  the  formation  of  benzahiehydc,  glucose, 
and  hydrocyanic  acid.   Hence  the  Vff^iyijB^  Google 
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from  alinoniiH  hatl  a  jirulilnble  uutlc-t  iu  thu 
manufacturo  of  gcnuiiiu  '  ethereal  bitter  Almond 
oil/  by  triturating  the  meal  witli  \r;it«,T. 

Sweet  almonds  (from  I'ruuiM  amt/qdalus, 
vn.  dnlCM)  are  but  rarely  used  alone  fur  the 
preparation  of  almond  oil.  Mo;,'ii>l.>r  bitter 
nlmotuls,  which  are  ehiefly  used  in  this  country 
for  the  manufacture  of  almond  oil,  are  always 
more  or  less  mixed  with  sweet  almonds.  Sweet 
almonds  yield  from  44^5  p.c.  of  oil,  bitter 
almonds  yield  lesM  an<l  may  contain  as  low  a 
proportion  of  oil  as  20  p.c.  On  an  average, 
sowever,  bitter  almondu  yield  from  38  to  45  p.c. 
of  oil. 

The  oil  i«  p«to  yoUow ;  it  hma  a  vorv  iileMMuit» 
mild  taste,  and  is  almost  free  from  odour.  The 

specific  gravity  of  the  oil  varies  from  U-917  to 
0'\tm  16^  The  oil  solidities  at  ~16^  has 
the  Haponill««tion  value  of  the  majority  of  oils 

wliii  h  ar  Ir  from  volatile  a*  iil,-,  and  an  iotline 
value  of  U;^iUO.  Thiii  jxiint^i  to  the  presence  u{ 
linolio  acid,  of  which  about  10  p.e.  may  be 
cuiitaiiii'H,  on  an  averai;r,  iti  almond  oil,  (ho 
remainder  being  practically  oleic  acid,  since  the 
oil  contains  no  steario  acid,  and  is  most  Ukdy 
al.<o  frfn^  from  {lalmitie  acid. 

^Muiond  oil  in  ohielly  U!«e<l  in  pharmaceuticiil 
practice.  Owing  to  its  high  i>riee  almond  oil  is 
largely  adulterate<1  witli  other  oil^  of  the  Prunits 
family,  chietl^'  with  apricot  kernel  oil,  from 
Frunu8arm€n%aett  (linn.),  and  with  |icaeh  kernel 
oil.  frnni  Prumis  prrsirit  {S'w\k  ft  Zucc  ).  Thcsf 
tuu  oil.-,  are  very  simiiar  to  almond  oil  ;  lU<  y 
differ  from  it  by  their  h^her  iodine  values,  anil 
in  ha\  ing  a  Ie8.s  pleasant  tAate  than  alnioiui  oil, 
Tht  \  are  UHe<l  to  Kuch  an  ext<  nt  ai»  udukcrant« 
that  frtquently  they  completely  substitute 
aluioud  oil ;  indi  i  d  *  foreign  '  almond  oil,  or 
♦oil  of  sweet  aljuouda,  French'  {Oknm  aniytjda- 
iarunt  gcJlicum),  is  nothing  else  than  a  mixture 
of  apricot  kernel  oil  and  peach  ki-mel  oil. 
(jeuuuiu  aluiond  oil  is  »oid  in  cuiiiuit  rce  under 
the  name  'almond  oil,  EngUsh.' 

The  close  relationshij*  in  which  aprieot  and 
peach  kernel  oils  stand  to  almond  oil,  rendera 
their  dete<:tion  in  almond  oil  a  diflicult  problem. 
For  methods  of  solving  it  tlic-  roadi-r  i.s  referred 
to  Lewkovvitsch,  Cheiiiic<»l  Tcchuulogv  and 
Analv         ( )il>.  A. .  ii.  234.  J.  L. 

ALMONDS,  BITTER,  KjiseniiaJ  oU  qf{v,  BsH- 

SL^LDEHYDK  ;   alnO  OiLS,  ESSENTIAL). 

ALOE.    A  genus  of  succulent  plants,  having 

stitf,  |x>inted,  lleshy  leaves,  In-longinj:  tn  the 
Liliaceie.  (Plants  figured,  and  .•structure  of 
leaves  de»cribe<l,  Pennetier,  .'itHi,  />7l>.)    Of  the 

sjK  (  ir-  CA)  are  natives  of  Cajte  C<il<m  \ ,  and  the 
other  s|»eciea  an;  mainly  .Hub-tropical  African, 
though  a  few  occur  in  the  tropic.^  ;  a  number  of 
species  have  bi-en,  however,  introduce*!  into  the 
\\  est  and  Kajit  IndicH.  (For  a  list  of  the  speeieis 
and  their  distribution,  «k  Alarm.  J.  (3)  IL  74().) 

The  libn*  is  Uhed  for  rope,  &c.  ;  e.\f>r'riinent« 
made  in  I'aris  have  ^howrt  it  to  be  hve  times  aa 
strong  as  hemp.  The  fibre  has  aim  been  used 
lor  j»a|K"r-rnakinj!  fXat.  20,  4H4). 

ALOE  RESINS     Aluks  ou  Hitteu  alukh. 
ALOES  or  BITTER  ALOES.   {Aici9,  Fr.  ; 

Alo<\  <  !er. )  The  innpiss'it'^d  juice  or  extrart  df 
the  aloe.  The  prin<  ipai  varieties  found  iii  the 
market  are  : — 

1.  /,'',r'  ,'/' ^  l/zx/f  (uloes  in  gourds.  The 
juice  oi  .1.  itia  (Linn.)  growing  in  Barbados, 


Jamaica,  uud  ^i.  lit  lena.    Li  is  upiii|uc,  lustre- 
less, and  of  a  brown  colour,  with  a  bitter 
nauseoiL<«  ta^tc  and  very  di^grocablo  odour 
it  give.H  a  jxjwder  oj  a  dull-yellow  colour. 

2.  Cape  AUm:^  {A.  Perryi.  A.  lucid^iJ)^ 
obtained  from  A.  spicatu,  A.  nfricanOy  A.  ffmr, 
and  other  C^|x>  spH-iea.  It,<^  (xlour  is  siruuger 
and  more  disagreeable  than  that  of  Barbados 
aloes ;  it  ia  of  a  tieep  greenish- brown  colour,  is 
resinous  and  shining,  and  its  powder  is  of  a 
greenish-yellow  colour,  and  is  almost  completely 
tsoluble  iu  boiling  water. 

3.  Hepatic  Aloea.  Imported  from  Bombay 
and  Madras.    It  is  probaMy  tlie  juice  of  the 

:  Socothne  aloe  soliditied  without  the  aid  of  arti* 
I  fioisl  heat  (Piereira,  Pharm.  J.  1 3]  11 ) ;  it  is  of  an 

\\  iter 


o])a*jni'  li\iT  foliiur,  its  po 


oontaina  mnelt 


matter  insoluble  in  weak  alcohol. 

4.  Socotrine  Aioe*.  The  juice  of  A.  Perrwi 
(Baker)  imported  from  Bombay  and  Madras.  It 
is  of  a  gaiaet-red  to  golden-red  colour,  is  aro« 
matic,  and  has  an  intenselT  bitter  taste;  ita 
j>ou  (i(  r  is  of  *  bright  goldcn*yeUow  colour 
(C'ooiey,  1). 

A.  Ztauibar  Ak>e$,  from  Zanufaar. 

AMUU;   By  extracting  aloee  with  water  the 

purgative  principles.  aloin=,  ran  be  oLtAinncl. 
i>henstone  (Pharm.  J.  ['A,  461  ;  (  htm.  8oc. 
Trans.  44,  480)  divides  them  into  two  claas4-3<  : 
I.  A'(i/«/o  ",  'Ahii  h  iMily  yir  l  i  jiieric  and  oxalic 
acids  wiln  latric  at  kI,  and  which  arc  not 
reddened  by  it,  <  ven  on  heating  (FlQckigcr, 
Areh.  Pharm.  [2J  149,  11;  Tilden,  Ch- m.  Soc. 
Trans.  2~j,  ir»3).  2.  Barbalotnt,  which  yiehl 
aloetic  ac  id  CuFl^i  N0j)j02,  chrysammic  acid 
C,4Hj(N0,)|(0H),0,,  picric  and  oxalic  acids, 
and  are  re<ldene<i  by  nitric  acid.  a-Barbaloiiu, 
from  Barbados  aloes  reddemni  in  the  cold  by 
strong  nitric  acid  (Tilden,  Pharm.  J.  I3J  2,  845  ; 
Cheni.  Soc.  Tmns.  25,  488).  fi-BarbaJotita,  from 
i^ocotrine,  Zanzibar,  and  JafTerabad  aloes, 
coloured  only  on  heating  with  ordinary,  and  in 
the  eold  with  fuming,  nitrie  aoid  (Flllckiger.  Lc. ; 
Til  len,  Chem.  Soc  Tnnu.  28^  1270;  Pbam. 
J.  [3J  4.  2106), 

Barbados  aloes,  aualjrsed  by  Tsohirdi  and 
Pederscn  (Arch.  Pharm.  230.  200),  wa-^  found  to 
contain  12-25  p.c.  barbahin^  12-65  p.c.  resin, 
1-75  p.c.  ash,  10-5  p.c.  amorphous  constituents 
soluble  in  water,  and  0-15  p.c.  of  an  orange 
colouring  matter,  aioe-emodin  t'.^Hj.O>,  ui.p. 
219P.  Barbalolki  C„H„0,  or  C,.H„o/?)  was 
isolated  by  .Smith  ((  hem.  CJax.  1851,  107).  and 
tirst  examined  by  .Stenhouse.  it  oou«i»t«  of  pale^ 
vellow  needle.^,  which  melt  at  147*  and  readily 
become  dis<"oloured  when  moirit.  I/  ift  r  (r'.ini|i;. 
rend.  125.  1H5  ;  127,  234),  by  recryslAiiisation 
of  nartially  purified  luirbalr^o  from  methyl 
ulroho!.  !ia-^  obtaine<l  Mo/<ar6a//>VM,  isomrrio  with 
barlmloia.  /^obarbaloln  urystalli8(»  from  raeth>  I 
alcohol  hi  efflorescent  crystals  with  three  mob.  of 
methyl  alcohol,  or  from  water  with  two  mol*.  nf 
wnt^^r  of  crysf-allisation.  On  fusion  with  ctiu^uc 
potM-h,  l>arlialoin  yields  orcin,  ;>-hydroxy benroio 
and  alorcinic  acids  (Hlasiwctz,  Annalen,  I'^i.  237; 
13(i.  31),  and  on  oxidation  with  chronue  acid 
breaks  up  into  carbon  dioxide,  acetic  acid,  and 
alwranthin  (Tilden,  Pharm.  J.  |3]  8,  2:U  ;  Cherr. 
Soc.  Trans.  32.  204,  IH>3).  Oesterle  and  Babel 
(Chem.  Zentr.  10()4,  ii.  340)  have  shown,  how. 
ever,  that  Tilden'-  nloexanthin  i^  a  tnixtur' 
of  aluc-eiuudm  and  rhcui,  the  lalt4^  cum[>oumi 
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being  identical  with  the  rhcin  i.solated  from 
^ntwrb  by  Hesse  (Annalcn.  309.  43). 

The  resin  from  Barbados  aloes  on  hydro - 
Ijm  ^vm  oinnamic  acid  and  a  rasin  alcohol 
dortmmolamnol  C,2^f^v  conststing  of  a  ^yij<h- 
browTi  powder  (Tschirch  and  Pc*lcrscn).  By  the 
actiOD  of  aloohoiic  hydrogoo  ohloridef  Oesterle 
{Axtk.  Flurai.  237,  81)  obtained  a  trihydroxy- 
nidhvI/iiithraqninon<>  CnH,,Os,  tn.)).  224*. 
idoitjcal  with  the  aloc-cmodin  of  Tschirch  and 
Menen;  abo  Lcger  (Compt.  itmd  184,  1111) 
has  obtained  alix-  omodin  by  tn^atiiu  iit  of  hnrha- 
km  or  MobarbaloXn  with  sodium  peroxide. 

Aeeording  to  heger  (J.  Pharm.  Ghim.  iv.  20, 
145;  Compt.  rend.  IflfJ,  983),  l>oth  barbal..Yn 
and  imbarbaloin  left  in  contact  with  alcohol 
for  a  long  time,  give  a  pentoae  aloinoae.  Thia 
.«ugar  has  since  been  shrnvn  by  Leger  (Compt. 
rend  150,  1695)  to  be  ideutical  VkiiL  d-arabitiosc. 

The  aloin  from  Natal  aloes  hM  the  eompoei- 
tion  C,4H„0,a,  vnlh  varyinfr  amounts  of  coni- 
bioed  water.  It  sofu-uin  at  180*  and  melhi 
with  decomposition  at  210*.  On  acetylation  a 
penta-acftyl  derivative  is  formed.  Natah'in 
diSera  frum  barbaloin  by  its  resutanco  to  alkalis, 
and  bv  containing  a  mctboxvl  group  (Groenwold, 
.Vrch."Pharm.  [3]  28,  116).  'Leger  fron.j.f .  n  nd. 
128,  1401)  has  isolated  two  aloiuii  from  Xatal 
sii(m:  noto/oVn,  the  compound  mor«'  soluble  in 
methyl  alcohol,  to  which  he  gives  the  formula 
^'u^jsO,;  and  homonataloin  C,jU,jO,,  the  less 
soluble  oonatituent.  Tschirch  mna  Klaveness 
lArch.  Pharm.  239,  231).  however,  could  not 
dHect  any  substance  corresponding  with  Legcr's 
homonataloin. 


reddiah- violet  tint  (Klunge,  Ber.  16,  091 ;  Arch. 
Phann.  1883,  363).   This  reaction  is  due  to  tra- 

barbaloTn,  for  barbaloin,  recrystallisfd  scvtral 
times  from  methyl  alcohol,  does  not  give  the 
test  (Ix'ger.  Compt.  vend.  131,  55).  Borntrilger 
(ZeifMh.  anal.  (  hr  m.  10.  IH.'  ;  B(  r.  13,  1040) 
extracts  with  twice  the  volume  of  benzene,  and 
adds  to  the  elear  extract  a  drop  of  ammonia, 
when,  on  warniini^  and  ^hnlung,  the  solution 
becomes  violet-rcd  ;  Groves  (Fharm.  J.  £3]  11, 
1045)  flnda  that  this  colour  is  not  due  to  aloTn, 
Imt  firobalily  (o  a  tarinin-like  stihstanoo.  .■\ecord- 
ing  to  Tschirch  and  redeweu,  this  test  dejiends 
on  the  presenoe  of  aloe^modin.  Ix>nz  (Zeitsch. 
anal.  T'hem.  21,  220)  rxtrnrts  witb  amyl  alcohol, 
evaporates  the  extract,  treats  with  nitric  ar  id, 
andfthen  with  potassium  cyanide  and  hyilroxi<io. 
when  a  blood-rirl  rol(jiiration  is  obtained. 
CYipps  and  Dymond  (I'liarni.  .1  \V\  15.  633) 
test  for  aloTn  by  di-^Holvmj;  1  i/rain  in  10 
drops  nf  strong  sulphuric  arid,  then  adding 
4  drops  of  nitric  acid  (1*42)  and  1  ounce  of 
water,  when  a  deep  ofttnge  or  orimaon  colour 
is  pro<luced,  dee|)ened  by  nmmonia  :  fubstannes 
containing  chrysophanic  at-id  Miavi-  in  a  similar 
manner,  but  their  aqueous  solution  turns  |)ii)k 
upon  the  addition  of  ammonia.  A^chan  (Arch. 
Pharm.  241,  340)  gives  in  tabular  form  a  com- 
parison of  the  reactions  of  the  ohief  varieties  of 
aloes. 

For  the  estimation  of  aloIn  in  aloe.s,  Schaefer 
(Jour.  Pharm.  [vi,]  5.  296)  recommends  the 
following  :  50  grama  of  aloes  are  dis8olve«l  in 
300  c.c.  of  warm  water  to  which  a  few  <lrtips  rtf 
hydrochloric  acid  have  been  added.  VVhen 
The  resin  from  Natal  aloes  when  hydrolyaed  |  cold  the  solution  is  separated  from  the  reain. 
grras  natahrtnnotanruU  i^J^li^^O^{OH)t,  con- '  SO  c.c.  of  20  p.c.  aqueous  ammonia  and  a  solution 
listing  of  a  browii  jjowder,  and  /j-rouniarii-  of  ITi  irrams  of  calcium  chloride  in  30  c.c.  of 
aoid.  Natakneeittotannol  gives  a  tetca-benaovl  |  water  are  added,  and  the  whole  rapidly  shaken, 
derivative ;  it  vields  oxuie  and  pierio  aeios  |  At  the  end  of  fifteen  minutes  the  precipitate  is 
^^hm  oxidi>'*'<l  with  nitric  acid,  and  on  fusion  siparated  and  trituralid  In  a  niortar  with 
mithpotaah gives  pbl<«oglnoinol and  fatty  acids.  !  hydrochloric  acid.  The  free  alu'in  and  the 
Natalo^  heated  with  sodiam  peroxide.  |  oaleium  chloride  are  dissolved  in  as  little  water 
viiWs  natalo<'morlinni»  t!»\ lelhf-r.  ni.p  ''"V-^".  .is  possiblr.  filtrroil  if  nrrr-sarv,  and  tbi-  n-sidiir 
which  OD  heating  with  concentrated  hydrochlunc  ,  washed  with  boiliitg  water.    The  aluin  separates 

^rom  the  aqueous  solution  on  cooling.     A.  B. 

ALOES,  ESSENTIAL  OIL  OF.  A  j.  il.  v.  1!,  ^ 
mobde  liquid  to  which  the  odour  of  aloes  is  due. 
8p.gr.  0-S63.  boils  at  2ft0°-271o.  It  exiata  in  small 
quant irif  ^  in  aloes,  and  when  pure  has  the  ta-f< 
and  odour  of  ]>epiHrinint  (Pharm.  .J,  (3]  10,  OIH). 

ALOES  WOOD.  .\  name  applied  to  the  wood 
ot  AifuiUarin  Afinllorho  (Roxb. ),  a  leguminous- tr»>e 
of  Cochin  China,  and  to  that  of  A.  inaUta  t  mi« 
(T^m.)  of  tropical  Asia.  Both  are  highly 
fragrant  and  nromntif  :  tisf»d  in  fumigations  and 
IMi.Ht  illex,  and  oerasionally  labinet-niakers  and 
itda  v,  <rs, 

'1  li<-  same  name  is  ftp]ilie<l  to  the  resin.  Of 
all  perfumes  XXxvi  is  said  to  be  the  mo^t  esteemed 
by  OrientAls. 

ALOIN  ■  <;r,rcoslDK^ 

ALOO  BOKHARA,  ALPOGADA.  PAZHAM. 
The  Bokhara  plum  (I'runu/>  in.<>Utlia  (Linn.)  \P. 
hoUianftiMtM],  largely  imjx»rted  into  Bomluiy, 
Used  as  a  laxative.  The  root  is  axtrinjient ;  the 
gum  is  used  as  a  substitute  for  gum  arabic  uuder 
the  name  of  Persian  gum  (Dymock,  Pharm.  J. 
[.1]  0.  145). 

ALOUCHIR^TN  >  .  l^M 7  r^^>n,  art.  RKJ^iit. 
ALPHOL  r.  Synibktic  duugs. 


I  is  oQviverted  mto  nataloemodin,  eoosisting  of 

Oian?*  ml  n.  edles,  meltinL'  .it  220-5°  (Leger). 

The  aloina  from  CunM^ao,  Capo  Socotra, 
Uganda,  uid  Jaffraabad  aloes  are  probably 
i  if^ntical  with  barbaloin.  Znnnln'in  frotii  ZamA- 
iAf  a]u<s»  appears  to  be  different  (I^eger,  J. 
Pharm.  25,  [vi.]  518;  Tschirch  and  Hoffbauer, 
Arfh.  Phartn.  24:?,  3W»).  The  lalt.  r  ch-  iuifts 
i*how  that  Barbados  ali»es  contain  but  little 
MMkbi,  Jaflcmbad  none,  whtbt  that  from 
Cttncao  contains  a  considerable  proportion. 

lltu. — Chiefly  in  mcilicine  aud  as  a  hop- 
SBhatitnte.  It  has  also  been  used  as  a  source  of 
CfTtain  dyeing  materials  (Ure,  1,  10 1;  Preston, 
<l»em.  Zentr.  1876.  390 ;  Chem.  Soc.  Traiuj. 
32.  378).  KayBer(Chem.  Tech.  Report,  1870-80) 
finds  aloe  colouring  matters  make  oevtain  aniline ! 
dyes  faster.  ' 

Propertifs  and  It'iwiiona. — Pure  aloes  is  ; 
Aoluble  in  ether  and  almost  comiiU  trly  soluble 
in  water,  the  8oIuti(jn  In  ing  coloured  ilark-brown 
by  alkalis,  black  by  fi  rrio  chloride,  and  grey  by 
lead  acetate  (Fliickiger).  By  adding  a  solution 
of  copper  sulphate  or  chloride  to  a  solution  of 
aloes,  an  intense  yellow-ooloored  solution  is 

pbtained.    which,    warmed    with    potaM«ium  i    .    _  _   

liomkle  or  chloride,  turns  to  a  deep-rcd  aud  i      ALPINIA  OFFICmARUH  f.  aa£M9tlltae4M>9CoogIe 
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ALPINIA  OIL. 


ALPINIA  OIL.  All  o^sontial  oil  obtainod 
fr»>in  tho  li  avi  a  of  Alpitda  malacreniti/i ;  Hp.ftr. 
I ■02  at  2(\°,  rot.  power  +Crl°.  (  Wsipts  mainly 
of  methyl  cinnaraato,  ioj^rthcr  with  rf-pinene 
(Vat)  Rombu^^h.  Proo.  K.  Acad.  Weteoaeh. 
AtTistortlam.  lt)()0,  3,  451). 

ALPININ  V.  Oai.anoa  mxiT. 

ALPOGADA       Al.iMi  llnKHARA. 

ALQUIFON.  Blm  k  1*  atl  oro  or  Pott<»rs'  ore. 
A  native  lead  sulphi(i<<.  by  potters  to  glaxe 
ooarie  ware. 

ALSOL  V.  Synthktic  druqs. 

ALSTONIA  BARK.  The  Wk  of  AhiUmia 
rnnslricta  (F.  Murll.),  an  apocynaccous  trt'O 
((rowing;  in  Australia.  It  has  a  bitter  taste, 
fdightly  camphoroiifl  odour,  eontaiiui  a  nentral 
bitt<T  ])rnifi|ili'  (similar  i<>  niHcrdrin  and 
lulucumin),  a  volatile  oil  Braclling  like 
camphor,  an  iron-grconing  tannin,  reaui,  fat, 
wiw,  A  |)rut('iii  likf>  Hubstanoe,  oxalie  and  citrio 
acid^  (i'alm,  J.  18U3,  615). 

HfiUer  and  Rnmmel  (Chem.  Soe.  Trans.  35, 

olit.'iint'd  a  yoUow  suhstanrr  to  "nhich  thf*y 
f{avc  tho  name  aUtoninc.  Oborlin  and  Schlag- 
denhauffen  (Pharm.  J.  [3]  10,  1000}  Chem. 
Soc.  Alistr.  38,  127)  showed  that  this  Ihm1\ 
conaifitcd  of  two  compounds  alstonine  and 
alalonieintt  tho  former  beinii;  solnble  in  aoids 
with  fliinrr-finence,  the  Iatt<*r  without. 

Ho.>4.s<j  subsM^qucntly  (Ber.  14,  264;  Annalon, 
205,  360)  i.solated  : 

AUtoniDf  f'  hlorogpnine)  Cj^Hj.NjO,,  a  1)rown 
aniorphou8  maHs,  a  stronp  base,  Koiublc  in  chloro- 
form, alcohol,  and  .nparingly  Holuble  in  ether,  and 
meltinjj  when  anhydrous  nt  195*  (uncorr.) 

J'orphyrim  ^'jiH.jNjO,,  a  white  powder 
melting  at  07*  (uiicorr. ).  Holublc  in  aleohm,  ohlo- 
foform.  ether,  and  acids,  with  blue  fltmreseence. 

I'orphi/roMtne,  soluble  in  acetic  acid,  forming 
a  pink  Holution. 

AUtonidine,  colourles-s  needles,  melting  at 
181°  (uncorr.),  soluble  in  chloroform,  ether, 
alcohol,  and  acetone. 

He.sse,  however,  could  not  find  a  trace  of 
quinine  (Ber.  11,  ir)4fi,  1753). 

ALSTONIA  SPECTABILIS.  PoeU  hark,  (  on- 
tainB  ahtonamine  (HesiM*,  Ber.  II,  1548),  and 
the  alkaloidH  of  dita  Ixirk.  It  contains  six 
times  a.s  much  eehitammonium  hvdroxido  as 
dita  bark  (H(  Mse.  Annalen,  203,  144). 

It^  phy8ir)](>iTicaI  action  is  like  that  of  corare. 

ALSTONITE.  A  rare  mineral  consi-sting  of 
barium  and  calcium  carbonate  (Ba,Ca)(H>3, 
erytttalluiinff  in  the  orthorhombio  systom.  Tho 
sniiill  (  i  \  st.il-  have  the  form  of  aoite  six-Hidi  d 
pj^Tamidn,  and  consist  of  complex  twin  inter- 
KTOvthfl;  Fonnd  in  1834  in  a  lead*  and  zino> 
mine  near  Al-lnn  In  f 'utidxTland,  and  in  IfMJfl 
ID  a  coal-mine  near  Durliam.  Ln  J.  S. 

ALTI.  Indian  name  for  a  foot  used  at  Goa 
aR  a  Huf'  f  ituto  for  Althica  (Dymock,  I%arai.  J. 
13J8,  101). 

ALUDBL.  The  aludels  of  the  earlier  chomista 

were  iV'tir-shapf^d  pnt  -  e<'n»Tally  mad*-  of  r.irthr  n- 
ware,  but  aomctirac^i  of  j;l!is.<i,  open  at  Uiih  ends. 
Each  aludel  had  a  short  neck  at  the  top  and 
boffnm.  HO  that  a  "^rrl'^fl  of  them  could  I'l'  llid  il 
tiigither  by  means  of  th««  necks.  The  lartln  n- 
waro  pear*shape«l  vess«'|s  in  wliirh  mercurial 
va]Nmrs  nr<  rondi  nsfd  at  Almaden  in  Spain  are 
aliwt  known  a.t  aiudclK. 

ALUM  I'.  ALUNnfinM. 


ALUMINATES  r.  ALUMnrnrM. 
ALUMINIUM.   Sym.  Al.   At.  wt.  27-1. 

Occurrence. — Aluminium  is  the  mo^t  uidely 
distributed  element  in  nature  with  the  exception 
of  oxygen  and  ailioon.  It  is  not  found  in  tlie 
metallic  state. 

Afl  oxide,  *U-Oj,  aluminium  i;*  found  in  co- 
rundum, or,  coloiived  by  metallic  oxide.s,  in 
sapphire,  ruht/.  emery,  &c.  The  hydrate*! 
oxide  AI^O„H,0  occurs  as  dianpore,  and,  to- 
gether with  ferric  oxide,  ailioa*  Ac,  as  the 
im|)ortant  mineral  bauxite. 

Aluminium  occurs  in  combination  vith 
oxvgen  and  metals  a.««  aluminateM,  in  gpinH 
ALOjMgO,  chrysofxryl  A1.0»-BeO.  gahniU 
AljO^  ZnO.  As  hydrated  solpnate  it  is  found  in 
nluminite  or  u-ebstrrite  AljO^SO^.^H  ,0.  ami  .is 
oitfiKvea  AlgO.(tiO«),,i8U,0;  as  the  double  huI- 
phate  of  alnminhtm  and  potasrinm  in  tdmukmt 
or  nfiitiiti  ;  ami.  a-^  an  I'fTlore.sccnL'e  on  aluminous 
minerals  in  the  form  of  the  alums  of  potassium, 
Aodium.  ammonium,  kc. 

Alnniinlum  occurs  principally,  however,  as 
silicate  in  the  various  dajf» ;  as  silicate  contain- 
ing .silicon  fluoride  in  theffl^Mt;  and,  as  double 
silicat*',  with  iron,  ma^iiesiii.  lime,  A.C.,  in 
garneis ;  with  potassium,  BO<lium,  magncoium, 
and  eaJetum  m  immense  quantities  in  the 
varieties  of  fcltpar. 

As  double  fluoride  of  aluminium  and  sodmm 
it  is  fonnd  in  crtftdUe  Al,F,*6NaF ;  as  hvdrated 
plionphat^  in  the  turquoise  and  in  u^ivdUU,  and 
a-H  borate  in  a  crystalline  mineral  iKii^urring  in 
Siberia. 

Although  present  in  such  quantities  in  the 
soil,  aluminium  is  not  u.sually  considered  a 
Qonatituent  of  tho  a«h  of  plants  except  of  erjrp- 
togam.s ;  Yoshitla,  however  f("hem.  S<m\  Trnnfi. 
1887,  748),  ha.<*  found  it  in  a  number  of  pha.i»ertK 
gains  in  .Japan. 

/lixtnri/.  The  name  of  thi.s  metal  is  derivetl 
from  aluiiten,  a  ti;rm  applied  by  the  Uumans  to 
all  bodies  of  an  astringent  taste.  Pott.  in  1746w 
stated  that  the  ba«?is  of  tilum  i^  an  argillaceous 
earth;  and  iu  1754  Marggraf  j)oint(il  uut  iho 
distinction  between  alumina  and  lime,  and  it* 
pre.>»ence  in  combination  with  silica  in  clay. 

Davy,  in  1807.  having  isolated  the  alkali 
metals  by  electricity,  cn(ieavoure<l,  umnrnroo 
fully,  to  reduce  alumina  in  the  same  manner. 

Oerstefl.  in  1824,  preparp<l  aluminium  chloride 
by  pa.'tsing  chlorine  over  a  mixture  of  alumina 
and  oMrbon  heatod  to  redness.  He  appears  to 
have  reduced  the  chloride  to  the  metallic  cnndi* 
tion  by  heating  with  potassium  amalgam: 
( Berzelius,  Jahresb.  1 827.  [6]  118).  The  amalgam 
produced  oxidised  rapidly  in  the  air,  and  left,  ott 
volatiliKiriLj;  the  ])ota.HHium,  a  tin-white  metal. 

Wohler,  in  1827  (Annalen,  1823,  37.  66), 
having  failed  to  nroouie  the  metal  by  0mted*8 
method,  obtained  it  Viv  the  decompiwition  of  the 
anhydrous  chloride  with  pota^um,  as  a  grey 
powder,  which  became  famlliant  under  the 
burni.sher. 

Bun.sen  and  Dcville,  in  1864,  indcpendenUy, 
obtained  the  metal  by  olootrolyms  of  the  fosed 
I  lili>rid<'.  Deville.  in  the  same  year,  nnuh 
l»liiie<l  the  manufacture  by  substitutius  sodium 
for  the  mort^  expensive  potassium.  In  1854 
he  wa.1  in-tall'-d  in  the  manufactory  of  .lavel 
b;y'  the  Kmji^'ror  Najwleon  111.,  and  suuplied 
with  the  necessary  ftpp^tuc^l^KQHjrS^Ie 
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on  tlie  large  kcaIo.  Aft'tTwardx  hin  process  WM 
removt^i  to  N.mlorn-  and  finally  to  Sftlituirra. 
A  d^^^nptiou  uf  kid  method  ia  given  in  Ana. 
Cbem.  PhvD.  [3]  43,  5-30,  Mid  specimens  of  the 
metal  protiuced  wen  ahown  at  the  FMis  Exhibi- 
tion of  1855. 

Shortly  after  the  publication  of  these  results, 
I>ick  and  Smith,  under  the  direction  of 
Dr.  Percy,  preparetl  aluminium  by  the  action  of 
radium  on  the  tlu  ii  newly  discovered  mineral 
crpoUte,  aome  of  the  raroduot  beintf  shown  by 
Fkraday  at  the  Royal  Institution  hi  Bbroh,  185S 
(PhU.  Mag.  10,  365). 

About  six  months  sabeequontlj.  Rose,  indo- 
pendently,  prepared  it  in  the  same  maimer,  and 

}>tjtili.shi  <i  his  results  in  an  ext4.>nded  atti<^  ID 
P.  96,  152  (PhiL  Mag.  10,  233). 

Deville  »t  onoe  tuned  his  attention  to  this 
prtx  OS  f  Ann.  (liim.  Phys,  [3)  46,  451) ;  but  fm 
account  of  the  impurity  of  the  metal  produced, 
be  iJtefeiTeJ  the  double  ehknride  of  aJumuiium 
aod  sodium,  ii.-^in^;  cryolite  as  a  flux  only. 

The  first  manufactory  in  England  was  started 
at  Battenea,  London,  m  IB59,  by  F.  W.  Oerhenl. 
Sornr  of  his  mrtn  !  wn^  shown  at  the  Sorirty  of 
ArtA  Exhibition  ia  ii!it>0.  Mestirs.  Beil,  of  New. 
eaetle,  also  jw«pared  aluminium  and  aluminium 
hrnnr.i'  tn  lS(>n,  using  Netto's  process.  A  mixture 
of  2UU  lbs.  of  cryolite  and  an  equal  weight  of 
eomiDOa  nit  was  brought  to  fusion,  and  40  lbs. 
of  sodium  cTa<1ually  ad<led.  The  charge  thus 
confcainc<l  only  5  p.c.  of  aluminium,  but  less  than 
half  of  this  was  obtained  in  the  yield. 

The  mnnufActnre  ceased  in  1874.  In 
Grabau's  prtHxm  (J.  Soc.  Chem.  Ind.  1801, 
439)  alnmmium  fluoride  was  subjected  to  the 
nrtion  of  metallic  sodium.  Other  mmlificn- 
tions  were  propostxl  from  time  to  time,  but 
the  production  of  aluminium  made  no  notahle 
advance.    Wcldon,  in  summed  up  the 

position  uf  the  industry  in  liie  statement  that 
'the  odI^  method  known  for  the  manufattnn- 
of  alummium  is  Deville's.  M.  Pcchiney  has 
improved  and  cheapened  the  modes  of  working, 
and  the  appliances  tor  carrying  that  mctho<l  into 
effect,  but  this  is  all  the  progress  which  has  been 
made  in  the  manufaetnre  of  aluminium  dnring 
the  last  five  and  twenty  vear-^.' 

Whan  the  great  staLili^  of  the  available 
tompomidg  eoaiainiiiff  alunniiBm  fa  eoniadered, 
it  la  not  to  bewoiideiea  at  that  the  many  attempts 


that  have  been  made  to  prepare  the  metal  by  the 

action  of  the  usual  reducing  ugpnt«,  Huch  as 
carb^>n,  h^«lrogen,  or  hydrocarbon.--,  have  met 
with  so  little  auoceas.  The  heat  of  formation 
of  them  compounds  is  an  index  to  their  stability, 
and  may  be  taken  as  a  measure  of  the  energy 
requisite  for  the  isolation  of  the  aluminium. 
The  operation  is  not  likely  to  succet«<l  unless 
the  elements  which  become  separated  from  tho 
aluminium  enter  into  new  combinations  of  still 
greater  stability.  The  nature  of  the  changes 
that  might  be  eneoted  to  take  place  may  lie 
ezpr^ed  in  the  rollowmg  equations  : — 


2A1,0,  -f  30 
or  A1,0,  +  3C 
A1,0,  +  OH 
A1,0,  +  fiNa 
Al,(l,  +  «H 
Al/'l,  +  6Na 
A1,F,  +  GNa 


4AI  3(X)s 
2      r  3('0 
2A1  +  SHjO 
2A1  -I-  3Na,0 
2A1  +  6H(i 
2A1  +  ONaC'l 
2M  +  ONsF. 


In  order  that  there  may  be  a  likelihuixi  of 
these  reactions  occurring,  the  heat  arisiui,'  fruin 
the  formation  of  tho  com|V)un<lH  on  (lif  right 
hand  whould  exceed  the  htat  cunci  rtu-d  in  the 
decom|)08it  ion  uf  tlie  aluminium  compdtmds  on 
t  h)'  It-ft.  I  he  following  table  will  show  how  far 
this  is  the  case :— 


A1.0. 
AltF, 


Oiloiies 


I 


301,600 

323,600 
558,000 


3{'() 

3HjO 

3Na,0 

«Hd 

«Nall 

6NaF 


For  amount 
equiviiliiit 
to  iAl 

145.500 
86,400 
174,9(M) 
302,7m) 
132.1KK) 
587,400 
604,300 


It  will  be  seen  that  only  the  last  two  reactions 

u'ill  be  at  all  likely  to  take  placr.  ant!  thfsr  heat 
values  indicate  that  sodium  is  a  much  more 
favourable  reagent  than  oarbon  or  hydrogen, 
and  that  thr-  hi<:!if-<t  cxors^  of  heat  evolved  «iver 
that  abitorbc<i  occurs  in  the  case  of  the  aluminium 
chloride  in  presence  of  sodium. 

The  following  analysts,  taken  from  Hoff- 
mann's  iier.  Kntwick.  Chem.  Ind.  (1)  003,  show 
the  composition  of  commetoial  aluminium  as 
pcodueed  under  BeviUe'a  prooesa 


Silicon  > 
Iron 
Copper 

Sodium  V 


1 ' 

1  .  1 

.  1 

4  ; 

•  1 

6  1 

7     '  8 

■  9 

10  1 

PariB 

BctUa 

l!nnii         Nanterre  (Morin)  f 

lialritat 

MaUei 

Dumas 

kraut  ,  Kruut 

flB'SS 

2-87 
i  2-40 
1    946  \ 

trace 

M<97 

2- 15 
4-88 

06*25 

0-45 
3-29 

02-60 

fIt.T 
7  05 

62  o 
0  7 
G  S 

wi- 1  n 

1 

ltt-7 
;{'7  nn| 

ii;    1 G:: 

■  1 

0-25 
2  40  ] 

trace 

1,  " 

trace 

1  race 

MoissJKiM  f*own  (fompt.  Twnd.  1«I,  851)  i  such  meUl.  or  oven  with  the  metal  now  being 
that  it  containeti  rti.-><(  from  0  1  l<>  !)-5  p.c.  of    mumIi',  mn^i  !».  ,i< . .  pifd  wait  ..i^non. 
sodium ;  0-3  to  0-4  p.c  of  carbon  and  other  ,      The  pniductiou  even  iu  i8«;j  was  .samu  aa.i 
impuritieii.    These  impurities  would  have  a  very  '  did  not  exceed  2^  tons  at  Salindrea  ami  24  cwL 

considerable  effect  on  the  j>rnp<  rtio^  of  tin-  m«  taJ.  i  in  the  Unitvtl  .Stato». 

and  any  statements  liaaod  on  obscrvatioiui  with        According  tu  MaJlet,  pure  aiuminiuni  may 
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be  prepared  by  the  mHhod  adopted  by  him  | 

in  hi'?  fiftfnninatiun  "f  Ihf  ntnniir  wcii^ht  t»f 
thut  element  (Phil.  Trann.  171,  lolbji.    Ordinary  i 
commercial  alumin ill!))  in  t  un  verted  into  btomim  j 
by  the  dirmt  nrtiun  of  bromine.    On  account 
of  tho  violence  of  the  action,  the  metal  Khould 
be  immcrsetl  only  for  a  shi-ri  time,  .it  intervals, 
until  clisMolvi-il,  or  xhould  be  .kMimI   in  very  j 
8n)alt  pieces.    Tho  bromide  so  produced  jh  fre«'<l  i 
from  bromine  by  distillation  and  fractionally  ' 
iliMtilNn],  that    jKirtion   Jxiilini:    imifnrmly  at 
2U3'3*  being  reserved,    'i  liia  ()ortioii  ia  colour-  ' 
lem,  entirely  soluble  in  water,  and  eonsiata  of 
the  pure  bromide. 

It  if4  heat^l  with  sodium  (which  haa  been 
carefully  fretyl  from  oil  and  well  scraped)  in  a  i 
O'uciblo  made  of  a  mixture  of  pure  alun)ina  an«l  : 
Bfxiium   aluminate.    The   amount   of   Kodiuni  ' 
uned  .xhoidd  i)<it  Ix*  8ufficient   to  rtnlucc  the 
whole  of  the  bromide,  or  tho  aluminium  ig 
liable   to   eoutiiin   sodium.    The  plobulos  of 
metal  an*  fu8e<l  together  before  the  blowpipe 
on  a  biHl  of  alumina,  immersed  for  a  short  time 
in  hydrochloric  acid,  washed  and  dried.  Pure 
aluminium  might  also  be  produce<l  by  the  elec*  , 
trolysis  of  the  pure  bromiue  or  chloride. 

The  purificatinn  from  roetallio  impnrities  on 
the  large  ^-<  :il<  iinolvt  s  rn.iny  (lifHt  iilt  it vj.  The 
only  method  of  obtaining  satisfactory  metal  is 
to  erarare  as  h\fh  a  state  of  purity  {XMstble 
in  tin-  fir^t  iii.~tiiii<p  hy  making  um-  ot  Kolectod 
material8  aud  avoiding  contamination  in  the 
of  manufaoture.  I 
H\  ih.'  eatablishnif  tit  of  Devilled  prof<  <s 
the  price  ot  aluminium  iuul  been  brought  down 
from  I8t,  per  lb.  to  II.,  at  which  it  stood  till 
J 887. 

The  double  chloride  of  Modium  and  aluminiuiii 
used  contained  only  14  p.o.  of  aluminium,  and 
the  working  of  large  chnrLT'^s*  with  a  Hmall  yield 
together  with  the  high  cost  ot  Mxlium  ami  fuel 
str>od  in  the  way  of  any  prospect  of  rerluetioii 
in  the  prii  f  of  thr  metal. 

The  juliiMlmiion  of  ('astner'8  proccfw,  by 
whieh  sodium  could  be  produce*!  much  more 
cheaply.  l<fl  to  the  eHtabliHhn)ent  of  tho  Alu- 
minium ("ompany's  work.H  at  Oldbury,  and 
effected  some  re<liieti<tn  in  the  price  of  alu- 
ntifiium.  Meanwhile  Me.s.srH.  Cowleri  (1'fttent.s 
Aug.  IM,  1885,  and  Jan.  20,  1H80)  brought 
eleotrical  heating  into  o|H'rHtion,  and,  though 
tlieir  process  waH  not  adapted  to  the  )>roduetioii 
of  alMn)inium,  it  was  capable  of  funii.shing  alloy.s 
of  aluminium  with  copper  and  other  metaK 
These  eould  l>e  made  at  one-lenth  the  price 
whieh  had  ruletl  for  aluminium,  and  the  valuable 
pri'i"  It  ie8  of  aluM)iniu?n  lm)nze.  Henules  metal, 
and  other  alloys  were  soon  recognised.  More- 
over, the  discoverj'  of  the  effect  of  the  addition 
(if  niinute  amounts  of  nbiminium  to  iron  and 
steel  gave  a  further  stimulus  to  the  prrKluction 
of  alnmminm.  O.  W.  Ricmens  ha<l  already 
described  an  ilc.  tri<   furnace  (IHSI)  i.ip.iMe  of 

f living  very  high  temperaturwi,  and  the  typo  of 
umaee  patented  by  Me«Mrs  Tow  Irs  Bros,  was 
ba-"  >!  "li  >iinil:ir  liin 

The  furnace  ih  a  rectangular  box,  one  foot 
wide,  five  feet  lon^.  and  fifteen  inches  deep,  all 
in-i'l'-  iin  i-iin-  'I'uo  <;irlH>fi  electrodes  pasf 
through  pipoH  in  the  cn<iii ;  they  are  three  incheti 
in  diami^ter  and  thirty  inches  long;  this  sise 
could  not  be  exccedeil,  as  larger  carbona  dis- 


integrated under  the  intense  heat.   For  a  non- 

co»)durtinu  furnace  lining,  fine  particl«  > 
charcoal  are  washed  in  lime-water,  exposed  to 
the  air  and  dried.  They  thus  become  ooated 
with  lime  and  are  of  jjood  insidatinsr  ivunn- 
At  the  high  ten)i>eraturo  produced,  ordmary 
charcoal  becomes  r^nvertcd  into  graf^te  and 
formK  a  gi>od  condtietor.  Th*'  two  electrodes 
be;ng  within  a  few  inches  of  one  another,  the 
charge  of  t  \venty«five  parts  of  oomndum,  twel\  e 
|>arts  of  rarlion.  and  fifty  part?!  of  granulates! 
copper  plattd  around  and  betwwn  them, 
covert^  vitil  small  lumpM  of  charcoal,  and  the 
wlir.le  covercnl  wWh  an  Wt^n  top  lined  ^\ith  tirc- 
!>rick.  The  current  from  a  powerful  dyuAuio  is 
then  passed,  and  i)io  deotxodes  moved  if 
neecfwarv  to  protiuce  the  requiMite  resistance. 
In  about  ten  minute.s.  the  cop|x>r  having  melt***! 
bctWTon  the  electrotles,  the  distance  Ijctwt-en 
them  m  increased  while  tho  current  in  raised  to 
3(K)  amperes  of  fifty  volts  E.M.F.  and  the 
yieW  I  lb.  jier  E.P.Il.  hour.  -Vs  the  resistance  i.-« 
increase*!,  the  temperature  rises,  the  alumina 
i<<  reduced  to  the  metallic  condition  and 
alloy.s  with  the  copper,  while  it«  oxyg'n  f<»rmj* 
carbon  monoxide  and  bums  at  the  openings 
in  the  cover  with  a  white  flame.  After 
about  live  hours  the  !>|  rifion  is  completed. 
The  alloy  pro<hice(l  i^  brittle,  consisting  of 
copper  and  1/S  p.c.  or  upwards  of  alumhunm. 
When  boron  or  silicon  oxidff  have  been  add«!. 
the  bronzes  produced  contain  these  elameota. 
I  It  is  melted,  cast  into  ingots,  the  percentage  of 
aluminium  determined,  and  Hufficient  copj-  r 
added  to  proiluce  '  aluminium  bronze,*  or  the 
requinxl  alloy. 

When  other  metals,  such  as  iron,  nirkri. 
silver,  &c.,  are  subutituted  for  copper,  corre- 
H|H>nding  alloys  are  produced. 

'!'hr-  slar'  jirodiirt  fl  is  hard  and  compact,  but 
iioon  fallij  to  a  tine  alkaline  powder  ;  it  contains 
^  alumina,  calcium  aluminate,  with  tvaoes  of 
copjXT,  silif'oii,  &c. 

Pure  alummium  cannot  Ite  produced  sati^ 
factorily  by  this  nu-thiKl.  a.s  it  remains,  to  a  great 
extent,  mingled  with  the  carbon. 

Srr  further,  W.  p.  Thomjiwon  (.1.  Soc  Chem. 
Ind.  1H80.  20ii)  ;  Mabery  <Amcr.  J.  ScL  aOM, 
and  Anur.  Chem.  J.  1887,  II). 
J       The  KUctriail  Pracenjf. — Anew  priiit-iple  was. 
•  however,  intro<luced  into  raetailUfgy,  and  the 
applicati<m  of  ehx-tricity  for  purposws  of  heating 
and  reduction  of  metals  has  m»<le  rapid  iir»>- 
gress  in  n>cont  yeafs.   Its  full  development 
had  not,  however,  been  reached  in  the  pnv 
ce.ss  just  de8cril)e<!.    It  ha<l  been  Aown  that, 
though  the  fusion  of  a  substance  like  alumina 
could  not  Im>  economically  efTecte<l  owing  to  its 
high  resistance,  the  addition  of  copjjcr  antl  other 
nietals  enabled  the  furnace  charge  to  conduct 
the  current.    If  a  suitable  solvent  oould  be 
1  found  for  alnmina  then  the  riectmlytic  action 
of  the  current  could  Im>  hroiiLdif   into  play. 
When  this  waa  accomplished   the  chemioai 
1  method  of  decomposition  would  give  plac**  to 
tin-  (  Ii  (  I  ri>l\ t  ir   iiiclhtxl,  and  the  iisolat  ion  >>f 
aiuminiuui  become  a  question  of  a  sufficient 
!  current  at  the  necessary  voltage.   Thie  voltage 
can  n  ii.lily  ls>  calculate<l  from  tne  h«  at  of  fi.rm  i- 
tion  of  the  compound  in  question  by  dividmg 
the  number  of  ealories  per  eipiivalmt  by  S3,SS0. 
Wo  thus  obUin  for  »i««»«t)ig2t1|4d^?febA?Ie 
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ahunmiam  chloride  2-32  vo\U.  for  aluminiuni 
fluoride  4^)0  voHs,  for  aluminium  sulphide  0*9  ' 

TOlt 

^  A  suitable  sol  vent  is  found  in  native  cryolite 
3KaF*AlF«,  which  may  be  broaght  to  raaion  | 

Wow  1000*,  and  uill  dissfilv.-  15  to  20  p.r.  of 
iU  weight  of  alamina,  and  in  this  condition  it  ia  , 
likely  that  the  voltage  is  flomnwhat  lower — in 
the  CM©  of  alumina  nlxmf  2-3  volt-'. 

In  the  year  1886  the  Ucroult  mooeee  was  . 
patented  and  eoon  eame  into  me  at  Menhauien. ' 
arnl  at   (hr  Society    Kit  rf  roni^tallurgique  at 
Froges,  near  Grenoble.    In  thia  prooesa  the  : 
aaodea  eondsted  of  oarbon  and  tne  cathode  ' 
*afl  the  carb«''ii  liTiinu'  <>f  lli'-  furiiui  (\  the  distance 
between  the  anixie  and  cathode  being  capable 
of  adjufltment  by  raiaini^  or  lowering  the  anode. 
Th*^  rrynliff  wn"?  fir-t  inflt(Ml  in  tl»n  hath  by 
utilLimg  the  heat  gencratccl  by  the  reaiittance 
to  the  electric  current,  and  then  alumina  wan 
adder],  ami  thr-  ncMitifinH  contiuTii  il  frrmi  lime 
to  time       ihe  balli  la'caine  exiiaust^Hl.  I'he 
metallii  aiuminiuni  HcMled  at  the  bottom  of  the 
Itath  in  the  neighbourhood  of  the  cathode,  and 
was  tappeil  every  24  hourA 

The  parity  of  the  metal  at  firsts  wa»  07-00  , 
p.c.  There  wrrf  nt  (lis|.n<.Tl  360  kilowattH  at 
Frxjpes,  aiul  jii»t  c»vtr  lUOU  ki]owatt.s  at  Neu- 
hausen  (.1,  Hoc.  Chem.  Ind.  1892,  iMO)  ;  the 
yirl<i  ij-^ufilly  (ihtained  waa  about  1^  lbs.  of 
al^uiiuiuiu  per  kiiowatt-day,  an  efficiency  of  less 
than  25  p.c. 

The  Hall  process,  broaght  out  la  tho  Unite<l 
States  aUtut  tho  same  time,  only  tlitiered  from 
Heroult's  in  mat  ten*  of  detail,  the  anodes  boing  | 
rods  of  carhon  3  inches  in  diameter,  or  of  lar<ier 
dimenstiuns  in  sections  banded  together,  the  elec-  i 
tnihte  being  alumina  dissolved  in  mixe<l  fluorides  I 
of  oakinm  and  aluminium  or  AlFj-NaF. 

Ifinet  (Compt.  rend.  112,  231)  used  a  bath 
crtinpojsod  of  t}2-ri  p.c.  of  common  salt  an«l  37*5 
jjui.  of  ayoUte,  but  bis  metal  seoma  to  have  I 
contained  2  to  3  puc  of  impurity,  which  was  | 
chiefly  silicon,  ow  ing  largely  to  the  impurity  of 
the  aJiunin*  need  by  him.    Aluminiom  so  pre- 
paied  was  llabl«  to  contain  sodium,  owing  to 
the  faet  that   the  voltage   neceswaiy  for  tho 
decorapoeition  oi  aluminium  fluoride  differed  so  ' 
little  mm  that  leqmred  to  deeompom  sodium  ) 
fluori'lc    viz.  4-7  an  again>1  }. 

There  naa  added  to  the  bath  as  the  operation  j 
proeeeded,  *  mixture  of  hydnited  alnmma,  cry- 
olite, and  alumina  di8.«olve(l  in  <  rynlite. 

Kleiner  invented  a  furnace  for  the  decomposi- 
tion of  cryolite,  and  carried  on  tho  production  . 
"f  i!  11  mill  ill  ni  at  TvMi  sley  in  Lancashirf'  :    a  i 
I'l.tnt  Wdin  aL$o  operated  on  the  lines  of  the  ; 
H  r  ult  system  at  Patricroft  near  Maaeheater.  | 

In  this  c'lff'  the  il^namns  were  run  by  steam 
I><>»eT.  and  it  soon  i>e€ame  manifest  that  this  | 
codd  not  compete  with  advantageous  supplies  I 
t>i  water  j">oHer  v  hich  l)cgan  to  be  railed  into 
r^uLsiti.iii  ulu  rt  ver  such  power  wa><  available. 

M>  iit:<  II  should  also  Im>  made  of  the  method  of 
Bucherer.  D.  H.  P.  iv,mr,  (1802),  who  prepared 
aluminium  by  tkctrulysmg  the  double  bulphitle 
of  aluminium  and  an  aUnli  or  dkaline  earth, 
the  rhief  obsta<'Ii'  t<»  sneeoss  heintr  the  expenH*' 
antl  diffieulty  attending  the  prcxluction  of  the 
sulphide. 

It  <i04m  l-^^nme  evident  that  the  TTall  and 
Ueroult  pruce:>6  uiusl  bold  the  held,  and  that 
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ooal  oould  not  com|)ete  with  cheap  water  power 
in  this  indu.stry,  and  rapid  expansions  of  the 

industry  were  ma<le.  The  price  had  by  1891 
been  broaght  dowu  to  one-tiftb  of  that  wiiich 
had  ruled  under  Deville's  jwocess,  and  the 
produtfion  had  iruniiscd  to  over  tons  jxr 
annum.  The  accompanying  statement  is  the 
cost  of  production  at  this  period,  as  given  by 
A.  K.  Hunt  (Eng.  and  Mining  Jouni.  1891,  280). 
h'oT  I  lb.  of  aluminium  there  was  requisite 
2  lbs.  dnmina  ooeting  6  oente 

1  lb.  carbon  electrode  „  2 
Chemicals,  pots»  Sco.  „  I 
22  E.H.P  one  hour  „  6 

r^ahotir,  inte  rest,  repairs     „  ft 
makmg  19  cents  in  alL 

The  foUowing  firms  wen  at  this  period 
manufnetnrini;  either  abiminium  OT  ita  alloys:— > 

In  England — 
Cowtos  Syndicate  (Gowlea  pcocess). 
Rtvluction  .Syndicate  (Hall  process). 

In  the  Unit<»d  Stiiu-s  - 

Pittsburg  Reduction  Company. 
C'owles  Electric  Smelting  Company. 
UniU^l  Statics  Aluminium  M<'tal  C<j. 

On  tli«"  t  outinont — 

iSoci6t6  Elertromdtallurgique  at  Froges. 
Aluminium  Industrie  Aetien-('»ew*ll3chaft 
at  Neuhausen. 

Further  progress  wa^  mainl\  in  tli»>  dirertion 
of  increasing  the  yield  and  hnnguig  (iown  the 
cost  of  production  whilst  perfecthng  the  various 
details  of  the  proOCM  80  that  a  putCT  pTOduct 
could  ho  aiu4kt. 

Weshall  now  describe  the  furl  her  development 
of  the  industry  and  the  manufacture  as  it  stands 
to-day  aft<'r  over  20  years  of  experience  ;  and  in 
doing  so  it  will  lie  wi  ]]  t<i  ruiisider  in  greater 
detail  (a)  the  production  of  alumina,  (6)  the 
making  of  the  carbon  electrodes,  (c)  the  nature 
and  arrangement  of  plant,  including  the  reduc- 
tion furnaces. 

Detdopmeta  of  the  Aluminhm  IndwHry. — 
The  first  factnrv  c  (al)lishe«l  on  iln  lrical  lines 
wa.-4  that  starte«l  ni  1888,  at  New  Kensington, 
by  the  Fittaburg  (  'oni})any,  which  is  now  known 
as  the  AhiMiiniiini  Comjmny  of  Amtrica,  and 
conducts  operations  at  the  >iiagara  Falls,  the 
Hbaw  in^ian  Falls,  and  at  Massena. 

Amongst  the  pioneers  i>f  fli.  indu>(i  v  wi  re 
also  (1)  Aluminium  Industrie  Aktien-t  iesellschaf I, 
who  control  works  at  Neuhausen,  Rhdnfeiden, 
and  I^  nd  Oantein  ;  (2)  tlir  Hriliyh  Aluminium 
tympany,  with  reduction  works  oi)erating  in 
1896  at  Fovera  and  now  at  Kinloohleven  (Argyll* 
shin?),  aiuf  hram  !i  works  at  fln  rnook,  Jjarne, 
and  Mdton  (btartonlshire).—  tins  company  is 
also  associated  with  reduction  works  at  Stang- 
fiiinl  (Nnrway).  and  |in»jf>cted  w<»rk«  at  Orsieres 
(Swilzerlaml)  ;  {',\)  Sot  iete  Ekvctrometullurgique 
Fran^aisc  at  Froges,  \a  Pra/,,  and  St.  Michael, 
and  the  Cie.  des  I*roduits  Chimiques  d'Alais  et 
de  la  C^rmargue. 

There  are  also  works  on  a  smaller  scale 
under  the  .Vluminium  Corporation  at  W'allsend, 
with  con.struction  ^oing  on  at  I  (oi^arrog  (N. 
W  ales),  the  Anglo-Norwejiiati  t 'ompany  at 
X'lV'  land  Falls  (Norway),  an<l  ilevehqMnentA  in 
Italy  at  Bussi.  The  cost  of  production  of  the 
metal  to^ay  is  said  to  be  612.  per  ton  as  a 
minimum,  tnongh  at  most  uurks  it  would  reach 
80/.  (Mining  World,  June  20,  1909).     j  ^   ;  y  Google 


106 


ALUMINIUM, 


The  market  price  of  aluminium  ingots  in 
1902-4  WM  1201  per  ton,  but  it  row  to  2001.  in  ' 
inon.  and  has  sine-  (h.  ii  fallen  to  n.V.  (ITOO), 
though  it  is  now  again  advanoing.  8iaco  1902 
no  tnutworthy  reobrd  Ium  been  mule  of  the 
world's  output  of  aluminium.  I'  i  Miiainod, 
however,  fairly  stationary  in  the  nuighbourhood 
of  8000  tons  from  1900  to  1905  inolUBiTe,  and 
since  thon  hng  prown  Ht<a«lil\,  and  mav  l»e 
estimat<«<l  for  1909  at  30,000  tons.  In  the 
United  Staten  Geoloj^cal  Snrvey  publications 
(Metallic  Prtieluct*)  for  1908  there  may  \ye  found 
the  estimated  con8umptiun  of  metal  in  the  United 
Stotes,  from  which  it  appeftfs  that  in  UK)7  this 
amounte<l  to  nearly  7700  ton«p  «nd  in  1908  to 
nearly  5000  tons. 

The  following  is  a  Htatement  of  the  pro<luc- 
tion  of  aluminium  in  metric  tons  fr<im  18S0  to 
1899,  (a)  in  the  UiuUkI  States,  {b)  toUl  out- 
put:— 

a  h 

1889  .       .      22    .       .  m 

1890  .       .      28    .       .  I9.3 

1891  .        .      68    .  .302 

1892  .       .    118    .       .  505 


a 

h 

1893  . 

.  154 

.  87D 

1894  . 

.    260  . 

.  1491 

1896  . 

.    417  . 

.  1835 

1890  . 

.    SOI  . 

.  22SO 

1897  . 

.  1814  . 

,  r.i^  >n 

1898  . 

.  2369  . 

,  tifiilO 

1899  . 

8960 

The  Pnvlnrliiin  of  Alumina. — The  raw 
material  from  which  the  aluminja  is  usually 
made  is  bauxite,  dopositB  of  trhieh  ooonr  at 
Beaux  an<1  in  the  Var  (S.  Fraiiof),  at  F»  i>trit7 
(Austria),  Woohcin  (Styria),  Irish  Hill  (Ireland), 
Georprift.  Arkansas,  Alabanui  (United  States). 
ati<l  in  New  South  Wales.  The  physical  condi- 
tion of  the  bauxito  varies  oonsiderably,  so  tbat 
some  kinds  are  more  readily  aeted  upon  for  the 
pnMluctk>n  of  alumina  than  others.  In  the  alu- 
minium industry  a  low  content  of  iron  and  Kilka 
is  desired,  especially  the  latter  {  it  is  therefore 
ti,  found  Bdvanta;;iV)n^  to  rmploy  the  rwl 

buuxiU!8,  the  white  bauxites  being  used  pr^er- 
ably  in  the  manufacture  of  snlphato  of  alumina. 
The  following  table  gives  tho  oompoeitimi  of 
typical  samples ; — 


Loealltjr 


A1.0, 

SiU, 
H,() 
TiO, 


Beaux 


Var 


60 
25 
3 
12 


I 


75  I 

12 
1 

12  . 

-I 


Red 

60-62 
21  28 
1-7 
12-13 
01-4 


White 


66-74 

0-.V3 
12-18 
14 


Wofllwin 

f 

VeJsMta 

1  trisb 

Qeor«la 

Dark 
ooloared 

Light 

OOtoOTBd 

ReddiRh 
i  brown 

Yellow 

White 

Eaw 

63*10 
23-55 
4- 16 
8-34 
traoe 

72-87 

13-49 
4-26 
8*60 

tMoe 

•  44-4 

.30-3 
16-0 

\^ 

54*1 

10-4 
12-0 
21-9 

64*6 

2-0 
7-6 
24-7 

36-0 
38-0 

3-5 
21-5 

2-0 

00*5 
1-9 
3*3 
32-1 
'  2-2 

The  loUowiag  analyses  by  lxx)p.  Mayer  and  U.  Wagner  (Dingl.  poly.  J.  248,  213)  «how  that 
the  appearance  of  bauxite  eannot  be  relied  on  M  a  oritfetion  off  tta  value.  The  origin  of  the 


samples  is  not  given : — 


Apitearaoee 


1 

Pur©  vrhite 

2-33 

2 

Yellow  . 

103 

3 

1      ♦»  • 

1-30 

4 

Rod  . 

1-34 

6 

♦»  • 

1-31 

6 

I    t»       •  • 

095 

7 

w              •  ♦ 

1-17 

laibrsrosooiiic 
moisture 


Oombhied 
water 


13-80 
27  85 
27-70 
23- 12 
23-8! 
20-83 
4*75 


AliOs    FegOs  I  SlOt 


29-80 
1322 
r»0-38 
33-86 
4618 
6210 
21-80 


3-67 
14-39 
11-68 
26-69 
22-05 
61 1 
3-75 


44-76 
10-43 
8-34 
12-41 

4-  82 

5-  00 
60-10 


MnOt  I  OaO  XgO 


PsO, 


trace 
2-42 

201 


I 


2-  75 
!-61 
trace 
trace 
0-89 

3-  20 
6-06 


0-84 


trace 


trace 
2-49 


1  17 
1-13 
0-61 
053 
0-66 
traoe 
trace 


The  amount  of  Imuxite  minwl  in  1907  was  ' 
260.(MX)  tons,  thieo'liitbs  of  which  was  produced 

in  France. 

For  the  manufaotur'>  of  the  purest  form  of 
alumina  the  bauxite  is  first  roughly  ]K>wdered 
and  calcincil  to  jjet  rid  of  water  and  any  organic 
matter.    It  in  then  more  tinely  pround  antl  intro- 
duced gradually  with  agitation  into  kiers  contain-  . 
ing  caustie  smla  solution  of  1  -45  sp.gr.   The  kiers 
are  now  clu-i  d  and  the  charge  heatcl  f'>r  sonif 
hours  under  high-pressure  steam — about  70-80 
lbs.   The  eontents  of  the  kiern  ate  then  trans- 
ferrf  'l  (o  tlie  liiter  prcH-HCS,  ami  tin  (iKratr  fiiriluT 
cioari-d  through  wood  pulu  in  kail -lined  vats.  I 
The  liquor  contains  essentially  sodium  aluminate,  | 
^v^li^ll  mav        (Icrnrnpo-til  }i\   I'a^-sing  carbon 
dioxide  into  it,  but  it  is  now  mort*  usual  to  adopt 
the  Bayer  method  of  prceipitating  the  alumina.  \ 


This  m<  tho<l  depends  on  the  fact  that  the 
addition  of  alumina  effecta  the  decomposition 
of  the  aluminate  and  throws  down  some  70  p.c. 
of  the  alumina.  The  dissolvetl  litjuor  no« 
contains  alumina  and  soda  in  the  pn){K)rtiaii 
AljO,  :  Na^O : :  1 :  6.  The  preeipit*t<«d  hydrate 
ol  alumina  is  allowed  1o  nttlr.  and  the  liquor 
with  its  uudecompoeed  portion  is  run  oQ  into 
weak-liquor  tanlu.  llie  hydrate  is  filter- 
presJMHl,  .sufflc  irtit  Ix^ing  irft  in  the  vaf  to  <t  T\f 
as  precipitant  for  the  next  charge.  The  weak 
li(|uor  may,  after  oonceatration,  be  used  over 
aL'  liu  for  reaotlng  upon  a  further  amonnt  of 
bauxite. 

The  h3rdrate  of  alumina  so  obtained  ooi^t  to 

cfintain  Ii  >s  than  1  p.c.  of  minora!  iuij'ufitw 
sodium  and  sdioon  being  the  more  obicetionabl<' 
impnritiea.  To  bring  it  into  fi)|||||il«|%il^giBgte 
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cmidition  for  use  in  the  mluction  furnaces  it 
mwi  be  cAlcined  at  IIODMSOO",  bo  that  it 

-'hnw<r  no  tendency  to  ^ivf  up  nioiatur©  when 
ui!«i  in  the  fumaoe  or  tu  iil>«M>rb  moiaturo  when 
ezpotcd  to  air. 

The  alutiiiriA  of  to-day  is  superior  to  that  of 
fifteen  years  ago,  and  the  cost  of  production 
law  than  one-half.  It  const jtnt«i,  however, 
about  on^  fifth  of  the  whol*-  t  ost  of  rnainifacture 
of  aiuminiura,  anil  many  j>i-i>ce»«eH  havo  been 
bnm^t  forward  with  a  view  to  imptove  or 
rhf^ix'n  thf  product.  Of  those  mRV  he  m<'n- 
tkjiifj  ilu>  pateiita  of  Pcnokoll  ( lOi  g.  Pat. 
Nov.  19.  1895.  Mar.  18  and  May  13,  1890.  &o.). 
Endfarnnrs  h/ire  been  mndr  to  obtain  alumina 
of  suthcieut  purity  from  bauxite,  clay,  felspar,  or 
lu<ijin  by  electricaUy  heating  them  with  iron  (or 
its  oxide),  cartxtn  an<l  rrvoltte,  thus  separating 
femwiUcon  from  alumina ;  Moldenhauer  (.1. 
S<ic.  t'heiii.  Ind.  1909,  148),  Siiidiii^-I^araen 
Ubiti.  1908,  4(H»).  and  Tone  ( Electrochem.  and 
Mrtallurg.  liid.  1909,  35),  Hall  (J.  Soe.  ('hem. 
Ind.  1902,  49).  Recently  Serpek  has  nro|xwed 
to  prepare  alumina  by  forming  thc^  carbide  and 
•eting  upon  this  with  producer  gas  consisting 
of  77  p.c.  nitrogen,  23  p.c.  carbon  monoxide, 
and  a  little  carbon  dioxide.  He  ojaima  that  a 
toknUy  pure  nitride  of  altunininm  ia  formed, 
and  this  decomp«Micd  by  steam  yii  lds  iilumina 
aod  ammonia  ^Journal  du  Four  i:Ilectriquc, 
310, 1 :  J.  Soe.  Chem.  Tnd.  1011.  26 ;  Fr.  Pat. 
408712  aii<l  4lsOriO). 

The  Making  oj  Carbon  KUcirodta. — Bitumi- 
nooB  eod,  anthracite,  ratort  eaibon,  natural  or 
artificial  gra|»hitc^,  sf>ot  and "  oil-coke  are  all 
roateraii  which  have  from  time  to  timo  been 
QMd  in  tha  productiim  of  earbon  eleetrodea.  In 
I'd'lins  \»nich  of  these  materials  filimild  he 
i»ed,  account  muat  be  taken  of :  (a)  Supply 
•nd  eoti  of  raw  material ;  (6)  aah  content ; 
(<•)  3!iKniiit  of  volatile  matter  and  sulphur; 
((f)  (^mdnctiTity  for  eleotrioitj  and  heat.  It 
must  dao  be  ondentood  that  deetrodea  uaed 
^  r  tli'»  pro<luction  of  aluminium  fliffer  in 
eharacter  from  those  used  for  lighting  or  for 
tiia  production  of  eafainm  carbide  and  many 
'-thtr  piirjrfw^  when^  graphitisation  of  the 
carlx>n  IS  an  a«i  vantage  and  the  presence  of 
aiinnal  matter  ia  qiut«  permissible  and  even 
nrrr^^s-ar^-.  The  graphitisation  of  amorphous 
I  irholi  is  indeed  effected  by  exposing  it  to  a 
hich  temperature  under  electrical  heating  after 
a<lnjiiture  with  finely  divided  iron. 

It  is  mirl  thAt  at  the  temperature  emnloye^l 
thp  iron  volatilises.  Be  tiua  as  it  may,  the  aah 
of  mifh  r  arlxtn  eontai!i«  h  '  onsiderable  amount 
of  oxRir  of  iron.  Alumuiium»  boron,  silicon, 
*ad  other  clementa  whkdi  forttt  carbides  OMi  be 
as  graphitising  agent<<,  as  also  to  aome 
extent  the  oxides  of  these  eloments. 

It  may  be  taJcen  that,  ao  far  aa  it  m  capable 
ol^  rtduction  in  the  aluminium  furnace,  the 
nineral  ash  contained  in  the  carbon  alloys 
it«elf  «-ith  the  aluminium,  as  also  the  foreign 
laatt^  present  in  the  alumina.  The  amount  of 
•fainina  used  should  bo  alioat  donble  that  of 
thf  aluminium  resulting  therefn>m,  and  the 
eieetrodosxonsumption  about  two-tbirda  of  the 
ahnainfuirt;  m  that  an  mtimate  may  be  made 

the  iTjipurity  as  silicon  fotitaimd  In  the 
Metai  Assuming  the  silica  in  the  alumina  and 
in  the  electrode  aa  0-3  p.c.,  in  each  oaae,  the 


amoujit  of  silicon  in  the  metal  will  bo  that 
contained  in  O-S  p.c.  of  Hiliea,  i.f.  0*37  p.e. 
1'he  electrical  leaiatanoe  ia  in  miorohma  per 

cubic  inch  of 


0 


Amorphous  carbon  (pressed)  1-63 
Gra]4utio  carbon  .  .  0*42 
Klectrodea  for  alnmininm   .  3*00 


1-  45 
0-25 

2-  60 


TIk-  r*  si>tanrr»  p<?r  cubic  eentimcfrc  would  be 
2-54  times  the. St!  values.  ( For  furthi  r  «lctail.  The 
Electrio  Furnace.  StansHeld,  or  the  pamphlet 
issue<l  by  tin-  .\(hes<m  (Jraphite  Co.,  may  be 
consulted.)  in  aildition  to  low  resistance  to  the 
electrical  current,  it  is  desirable  that  electro<le8 
should  Im-  of  low  conduct ivity  for  heat,  that  flu  v 
should  be  sufliciently  hard  and  rciustaiit  to 
su]x-rficial  oxidation,  of  low  ponvsityaad  ol  even 
character  throughout  their  wholo  mass. 

To  produce  electrotlcs  having  these  qualities 
the  material  (oil.coke  ia  lately  uaed)  must  be 
carefully  st»l<!cted,  ground,  calcined,  and  sub- 
jecteil  to  high  pressure  with  the  nfl mixture  of 
tar  or  other  material  to  act  aa  bind  r  I'Ik  v  an^ 
then  baked  at  a  temperature  of  about  1200**. 
in  a  kiln,  in  principle  resembling  a  pottery  kiln, 
the  surface  of  the  blocks  Iteing  protected  from 
oxidation  by  being  embeddecl  in  carbon.  The 
permtaaible  corrent-denatty  for  good  eleetrodea 
of  this  type  is  25  to  60  amjK«res  per  square  inch 
of  traoAverae  aection,  though  in  practice  a  much 
lower  eitrrmt-density  ia  employed.  For  farther 
details  anil  description  of  Mendheim  and  oiln  r 
kilns  suitable  for  baking  the  bloolu,  reference 
may  be  made  to  Die  Kfinatltchen  Kohlen,  by 
.Julius  Zellner.  The  connection  of  the  carbon 
blocks  with  the  anode  beam  carrying  the  current 
may  be  effected  by  meaaa  of  an  iron  claw  let 
inu>  t!ie  biuck  or  a  ooppor  hanger  fitted  into  it 
by  a  screw  contact. 

Tht  Reduetion  Fvmaee*. — ^These  eonsiet 
essentially  of  an  iron  easini,'  lined  with  car- 
bon, the  general  character  and  arrangement  of 
u  hich  is  shown  in  trana^eme  sect  ion  (p.  106).  The 
electrodes  vary  in  si/e  and  form  in  different 
works,  ami  are  not  necessarily  arranged  in  two 
rows  as  in<lioated  in  the  figure.  Their  total 
sectional  area  is.  hourver.  alway  adapted  to 
the  current  to  bo  usetl  and  goml  elec  t  rodcs  will 
act  satisfactorily  under  a  currcnt-dcn.sity  of  8 
to  10  amivercM  to  the  sfiunre  ineh.  The  lower 
part  of  tht;  tiarbou  butly  m  tvcs  as  the  catho<le, 
and  a  special  form  of  cathode  ia  let  into  the 
carlH>n  at  the  base  of  the  furnace.  In  starting 
a  furnace  it  is  usual  to  iiiii-oduce  first  the  cryolite-, 
which  is  brought  to  a  state  of  fusion  by  electrical 
heating.  Aliunina  is  fh'  ti  fed  in  gradually  at  the 
surface  of  the  cryolite,  and  a,s  it  dis.soIves  the 
resistance  gradiudly  falls  to  almut  5  or  volts, 
and  the  tem|M'rature  of  the  bath  will  Ix; 
generally  KXJO**.  'J'he  elec-trolytic  action  brinj^H 
about  a  decomposition,  Mhich  ha.s  been  usually 
taken  to  n'sult  in  the  formatifin  of  carbon 
monoxide,  acconling  to  the  e<|uation 

Al.O,  +  3C  -  2AI  +  SCO, 

but  there  is  little  doubt  that  primarily  carbon 
dioxide  is  formed,  and  the  change  afiould  be 
oxproesed  fiH 

2.\1,<),  i  :i(  •      4  \1  J  -M  ( 

In  the  former  case  the  carlx>n  used  would 
be  two>thirda  of  the  weight  of  the  »h||||»||dttf^GoogIe 
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produced,  uliilst  in  tli«  latttT  it  would  be  one 
third.  In  practice  the  ratio  of  ourbon  to  diuini 
niam  lies  between  these  extremes. 


The  ]>r<i(Iiiction  of  aluminium  is  discon- 
tinuoiu,  for  about  2  hours  after  the  prn]x>r 
charee  of  alumina  ha^  betni  uddud  the  voltage 
of  the  furnace  rises  rapidly  and  affonls  an 
indication  that  more  alumina  must  be  added. 
The  aluminium  coUecta  at  the  bottom  of  the 
bath  of  clfKlroiytf,  and  is  tapped  off  at  stated 
periods,  either  every  day  or  at  longer  int^^  rvala. 
The  redaction  of  alumina  by  electrolytic  methods 
on  a  laboratory  scale  ia  Ix'.set  with  diQiculticH  ; 
an  account  of  experiences  in  this  direction  ia 
giveh  in  papiTs  by  Neumann  and  OLsen  (Met. 
and  <  'li*  tn.  Kn;;iaeeriiig^  1910^  185),  Mid  Tucker 
{ibid.  i9UU,  316). 

Phftieal  Properties. — Commercial  aluminium 
i.H  a  metal  \\\\\\  the  whitetioss  of  tin.  It  has 
been  obtained  in  ery^t&Iri  rcsembliiiK  octahedra, 
and  is  very  slightly  magnetic. 

Its  specific  heat  is,  at 

—  lOO"     01SU3  300*  0-2434 

0*     0-20f>M  600*  0-273U 

10O<'     0-2236  650*  0*3200 

(Schmitz,  riuc,  Huv.  Soe.  72.177). 

The  total  heat  re(|uire<l  to  bring  a  kilogramme 
of  aluminium   from   0*  to  626*  is  239,400 

<  »]■<.,  and  it~i  latent  lieat  of  fusion  is  SO.  It 
meit.s  at  \\:>\  b°  (Heyeuc  k  aii<l  Neville),  U57-3*' 
(Holbom  and  I)ay),  the  nieltinjr-point  being 
*lej»end»'iit  (as  are  other  ])hysieal  properties)  oji 
it.H  purity.  Small  amounts  of  silicon  and  iron, 
whieh  are  always  present,  have  a  <'onsi«lerable 
etTeet  on  its  Inhav  ioijr.  both  jihvsieally  and  in 
<-ontaet  with  reajjints.  Lorenz  foun«l  its 
e«.ndnetivity  for  heat  at  0°  0-34:ir),  at  10<J° 
t»-,'ir»lll;  winl.'^t  Jaeger  and  DresM-lhorst  for  metal  j 
containing  (»-r»  p.e.  iron  ami  0-4  p.e.  copper, 
found  0*4923  at  lOU".   Nimilarly  the  electrical  I 


I  conductivity  of  aluminium,  taking  copper  as 
llH».  i.s  as  f<»llo«s  :  !>.H  p.e.  purity,  56;  W  P.C, 
69;  99-6  p.e,  61  ;  KK)  p.e,  0(>. 

A  sample  of  metal  produced  in  1856,  having 
a  lower  degree  of  purity,  gave  51 -3. 

Its  elasticity  modulus  (t.e.  load  in  kilofframmea 
per  square  millimetre,  divided  by  its  alteration 
in  length)  is  7462  as  compared  witli  11.350  f<->r 
copper,  and  the  torsion  moduli  of  these  metala 
are  3360  and  4460  respectively. 

The  six'cific  gravity  of  the  molten  metal 
is  2*64,  and  of  the  cast  metal  is  about 
2*06;  this  may  be  increased  bv  rolling.  Its 

.xi-ansion  ((jeflieient  is  0(KMKi2313  at  4(>° 
i  (Fixuau),  and  U-0000316  at  600^  It  cx})aud;i 
on  fusion  to  the  extent  of  4-8  p.e.  (Toepler). 
I  In  hartlne.ss  it  resembles  silver,  and  the  pure 
metal  is  softer  than  the  impure.  It  becomes 
more  elastic  and  also  harder  by  hammering  and 
rolling,  and  is  ca|)able  of  Ix-ing  drawn  down  to  a 
w  ire  of  j|g  inch  in  thickness,  or  rolled  into  plate 
or  beaten  into  foil  to  ^jjn  inch  thiek.  It  can 
j  also  l»e  finely  gran ulateoior  use  in  f  xplo>i\e-.  or 
prepare<l  in  the  form  of  very  line  jK)wder,  w  inch 
is  largely  employed  as  *  thermite,'  or  as  aluminiain 
|>aint.  The  ten.'silo  strength  of  aluminiMui  is 
12  to  13  tons  on  the  square  inch,  but  this  variess 
with  the  temper  of  the  metal  between  6|  and 
15^  tons  on  tilO  square  inch,  the  elongation 
varying  in  the  inverse  manner  from  23  p.e  to 
i  U  }).e.  Aluminium  has  been  largely  lund  for 
overhead  electrical  transmi.s.-sion  and  it  po3se«f.*<«s 
many  advantages  for  such  purposes  owing  to  it<i 
lightness.  Its  specitit  Lravity  being  only  ^  of 
that  of  copper,  and  e<»ntiuctivity  over  (V*  p.e, 
it  follows  that  an  aluminium  cable  ha.s  double  the 
eflioiaiuqr  of  a  copper  oablaof  the  same  wei^dit 
as  a  means  of  conveying  current.  The  tenhile 
strength  of  aluininium  is  affected,  of  courFC,  by 
Its  form,  method  of  casting  and  nieohanJcal 
I  treatment.  Its  ultimate  strength  in  tons  per 
I  square  inch  ia  in  castings  7  tons,  in  sheet  1 1 
tons,  and  in  wire  from  13  to  29  tons. 

Although  corroded  in  the  atmosphere  of 
some  large  towns,  it  is  not  more  so  than  other 
metals  ii.sed  for  cables,  and  under  ordinary 
ciroumstanoM  it  mereW  becomes  coated  with  a 
thin  film  of  oxide  which  aetejiiotectively. 

There  ha.s  h<  t  ii  great  difmmlty  in  finding  a 
wholly  satisfactory  solder  for  the  metal«  and  one 
that  shall  resist  oorrosion.  Dagger  (J.  fliem. 
iSoc.  Ind*  1891,  436)  (juotes  as  usi  ful  fi>r  !i<  ;i\  \ 
J  solderiiuf  Al  12  pts.  Cu  8  pt«.  Zn  80  pt«.,  and  for 
I  light  soraering  Al  6  pts.  Cu  4  pts.  Zn  90  pta. 
Joints  ean,  howi-ver,  !«•  made  by  aiitogenou."? 
welding  w  ith  an  oxyh^ilrugen  or  acetyU  ac  flame 
or  elcOTrically.  Butt  ana  other  joints  may  be 
effected  by  various  merhaiiieal  devices  with  the 
aid  of  fusion  at  the  surfaces  or  b^  a  rasting  of 
metal  aimnid  the  junctions. 

Chemical  Propi  rtim. — Aluminium  ahaorbs 
about  its  own  volume  of  hydrogen,  which  is, 
however,  expelled  on  heating  or  in  mtmA.  It 
is  prai  t  it  rtlly  iniactcd  upon  by  nxyjen  at  or- 
dinary ti  iiiperalure.s.  but  if  finely  divitlr>«l  it 
undergo<>s  considerable  oxidation  at  400*,  or 
even,  thoni;h  less  rapidly,  at  lower  tomp»'mture-s. 
If  of  sulheient  puritv,  water  has  no  action  upon 
it,  though  when  sodiuni  is  present  in  Uie  metal 
ft  .slight  action  occurs.  This  is  accent\iat<sl  if 
eop|HT,  bra^s,  or  other  metals  are  in  c<.>nt^it 
with  it.   A  recent  use  to  whic||^^ji»ed<Bf^0d^Ie 
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Ik-oii  ytui  is  for  the  ttt-atiiicnt  of  hanl  wntcre, 
vhifh  by  intimate  contact  with  the  metal,  are 
said  to  l.o  Hoftent'tl  and  be<  <inie  less  liable  to 
form  incrustation  un  the  i»h«.>ll  of  the  boiler. 
The  halogen  elementB  or  acidti  readily  act  upon 
Aluminium,  and  tin-  (lu  inital  activitv  of  the 
metal  i»  i<uch  tliut  a  Jar^r  Hiiioiiiit  of  heat  is 
generatecl  on  combination  with  ihvsv  <l<-menta. 
The  heat  of  formation  of  AI.O,  is  391, H4X)  eak., 
Al^S,  U  124,400  cab.,  A1,F.  is  558,000  cals., 
A1,C1,  i>  323.600  cala.,  AI.Br«  »  243,900  4»lfl.» 
AIJL  itf  140,000  cab. 

The  very  great  affinity  which  aluminium 
])Ofit«esaes  for  oxygen  lias  l>een  made  use  of  in 
tbe  appUofttion  of  '  thermite  '  as  a  meami  of 
i«diiCTn|r  osidM.  Goldschmidt,  D.  R.  P.  9f»17 
(1893),  haw  thus  used  the  finely  divided  metal  in 
the  produclion  of  iron,  manganese,  chromium, 
naokel,  cobalt,  tHaniam,  boron,  molybdenum, 
tun^:^ten,  vana<li{ini,  and  other  metab. 

Reageota  which  rcadiljr  part  with  the 
halofEenn.  «tieh  as  SiCI«  and  PC1„  also  attack  it, 
and  carJ")!!  or  tin-  oxidf  -i  cf  t  arbon  at  high 
temperatures  couvcrt  it  into  carbide,  Al^Cf 
Goocentratcd  nitrio  acid  has  yeiy  little  action 
ufN/u  it  nnli'ss  flu-  nu  fal  is  iiiipurt-,  hut  more 
dilute  acid  diaaoivea  it  appreciably.  8ulphurio 
add  only  reacts  if  hot  and  concentrated,  and 
in  the»r  r irruiii.-'1ant<-s  tlii'r<'  is  a  cinisidi  rablo 
evolution  of  i«ulphur  dioxide.  Alicaiiii  or  the 
hydroxides  of  the  alkaline  etrUu,  eepedally 
^lar^  t.-i,  attack  th«'  metal,  and  hence  vessels  wf&A 
for  culinary  pur|)04»e»  will  Im»  corroded  if  brought 
into  oontact  with  .soda.  Mallet  (Chem.  ooo. 
Tran^.  1S76.  340)  found  that  molten  altiniinium 
k  acie^i  upon  by  nitrogen  with  the  formation 
of  nitri<ie. 

If  brought  into  intimate  contact  with 
mercury  in  preseuoe  of  woiature,  alunanium  u> 
wdfly  converted  into  the  hydroxide,  and  when 
eTpo>«eci  to  thf«  vapour  of  mercury  with  accees 
oj  air,  it  undt*rgoe8  rapid  oxidation. 

Tbp  action  of  orgftnio  Mlda  on  aluminium  is 
im-onaidcrable.  In  presence,  however,  of  srdinm 
chloride  these  acidti  have  a  sJighL  holveut 
■Ctiofk.  Under  like  circum-ttance^,  tin  and 
copper  wonld  Ik-  much  mure  nfTccte"?,  with  the 
production  of  injunuus  Milt^ ;  thu  sull.s  uf  alu- 
minium are,  however,  quite  harmless,  and  are 
almost  entirely  precipitated  and  rendered  in- 
soluble on  boiling. 

Perspiration,  being  acid,  has  no  apparent 
^Ifect ;  aaiiva,  ou  account  of  its  slight  alkalinity, 
aelt  irevy  aiowty.  Aluminium  tuocn  have  been 
used  for  insertion  in  the  human  Ixxly  where 
much  |mrulent  matter  wa«  present,  without 
peroeptible  eorrmion. 

Aluminium  u}icn  fused  with  potash  or  soda 
m  onaffcoted  even  at  a  dull  red  heat,  but  the 
aapetfiekd  silicon  is  removed ;  metal  so  treated 
takf*s  a  go«x1 '  matt.' 

l>ry  ammonia  tfsa  has  no  action ;  solution  uf 
ammonia  has  a  stight  aotion  omm  tlw  metd, 
converting  it  into  hydrate,  whilst  •  portion 
pswes  into  solution. 

Pmn  sfamininm'is  leas  acted  upon  by  most 
fsaffents  than  the  comnK-rcial  tnctal  (Mallet). 

For  bumiiihine  and  engraving  aluminium, 
this  «rdniB>7  media  are  onsnitabieL  According 
to  Mourcy  and  others,  an  emulsion  of  equal  parts 
vi  rum  and  olive  oil  is  most  satiafact<tty.  The 
finidi  of  mnnttfaotnwd  artieles  is  impiovod  by  a 


frodted  api)caranee.  'i'liis  is  produced  by  pluuc- 
ing  the  article  momentarily  into  caustic  alkali, 
washing  well,  and  immersii^  in  dilate  nitric 

acid. 

Adion  on  metallic  soludomtt' — Aluminium, 
especially  in  the  form  of  f(jil,  has  a  considerable 
action  ou  many  salt^  in  stjlution.  The  action  of 
sulphates  and  nitrates  is  usually  very  slow.  .Vll 
chlorides,  except  tho.sc-  of  the  alkalis  and  alka- 
line earths,  are  readily  «lec»)mpose<l,  even  alu- 
minium chloride  solution  dissolves  the  metal 
with  evolution  of  hydrogen.  Bromides  and 
iodides  have  corres|x»nding  effecta.  Tho  pre- 
sence of  chlorides  in  solutions  of  other  salts 
much  iacilitatcs  their  action. 

Worn  a  neutral  or  feebly  acid  solution  of 
silver  nitrate,  silver  is  precipitated  slowly  ;  from 
an  ammoniaeal  solution  of  the  chloride,  adver  is 
rapidly  precipitated  as  a  crystalKne  powder. 

From  the  nitrate  nr  tinlphatr  df  i  (ip}>or,  nre- 
cipitation  is  slow,  from  the  acetate  quicker, 
and  from  the  chloride  or  other  ialt  in  presence 
of  sodium  rhlnride,  rapid  and  ri.nijilete. 

Mercurous  salts  are  decouiiM>seil  with  forma- 
tion of  an  amalgam.  Lead  and  sioo  am  teadily 
precipitated  (v.  also  Goflsa,  2aitaoh.  I.  Chem. 
[2]  6,  38U  and  443). 

Action  of  dry  «aUs  and  oasidu, — ^The  action 
of  aluminitnn,  when  heated  with  certain  salts 
and  oxides,  is  [icculiar,  and  shows,  especially  at 
high  temperatures,  the  tendency  of  thu  metal  to 
form  alunn'nate.H. 

It  is  not  affected  by  potusBium  nitrate  except 
above  a  red  heat;  it  w  then  rapidly  oxidise<l 
with  formation  of  potaMsium  aluminate.  With 
alkaline  carbonates  combination  takes  place  at 
a  rofl  heat  with  separation  of  carbon,  and  with 
alkaline  siil[ihate  combination  takes  place  sud- 
deij\  at  rediiL^iiii  with  explosive  \  iolcnce;  in  both 
cases  alumina tes  are  formed. 

When  finely  divided  aluminiuni  is  nii.\e<l 
Miili  «i.\id>-  (»f  Hipper,  lead,  or  iron,  coudnuutiuu 
takes  place  at  a  white  heat  only,  with  such  vio- 
lence its  fre(juently  to  shatter  the  crucible.  In 
thu  case  of  lead  and  copper  oxides,  aluminates 
are  produced,  and  with  iron  an  alloy  of  iron  and 
aluminium  (Tissier). 

When  heated  with  silicates  or  borates,  alu- 
minium lil>erates  silicon  or  boron,  forming  an 
aluminate  with  tho  base.  Fused  silver  chloride 
is  reduced  to  metal ;  rinc  is  reduced  from  its 
fu.sed  chloride,  whilst  inaj^nesiuin  chloride  is 
not  afiected  (flavitzky,  Bor.  t),  195).  The  vaix>iir 
of  mercuric  chloride  is  reduced  with  such  energy 
by  heate<l  aluminium  that  the  metal  fuses. 

IkUctioiu — Compounds  of  aluminium,  when 
heated,  moistened  with  solution  of  cobalt 
nitrate,  and  again  strOK^dy  lieated  produce  a 
fine  siiy-blue  colour  {I'htiiurd'd  blue^  g.v.,  art. 
Cobalt). 

Aluminium  compouiul^  arf  n>uall\  <  i dour- 
It^  Silicates  and  other  comjxjuuds  insoluble 
in  adds  require  to  be  finely  powdered,  mixed 

with  4  part^  of  >.idiuni  eailiunate'  or  ftisinn  mix- 
ture, and  heated  strongly  in  a  pliiUnum  crucible. 
The  aluraininm,  having  thus  become  converted 
into  sodium  nhuninatc,  is  di--iilved  out  with 
hydrochloric  acitl,  evaporated  to  liryness  to 
render  any  dis.solvcd  silica  in-nlul'le,  and  treated 
with  dilute  hydrochloric  acid.  The  aluminium 
is  then  present  as  chiondu. 

Aluminous  MdutioM,  on  Additloni^j^  g^i^^Qogle 
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givo  a  while  Rclalinous  precipitate  of  hydrak% 
soluble  iu  oxcces  of  the  precipitant  and  in  aciJ8. 
Ammonia  protlucew  the  same  precipitate*,  which 
is  only  slightly  Kolublc  in  cxci'ss,  and  in  entirely 
reprecipitalcd  on  boiling  off  the  cxcinh  of 
ammonia  if  suffioient  ammonium  ohloiide  bo 
present, 

Estimttlion. — Aluminium  is  always  precipi- 
Uted  a«  the  hydrated  oxide  Al,0s,3il,(). 

Fior  Hub  jmrpose  the  nohition,  which,  in  pre- 
si'iK'*'  of  alkali.«  or  iilkaliiic  <artli-i,  i.s  jnixcd 
with  cxce«a  of  ammooium  chloride,  ia  treated 
with  a  dirfhi  excMW  of  ammonia,  and  the  hoIu- 
tinii  lioilfd  until  llic  fn'f  anitnoiiia  is  cxixlh*!. 
Thu  hydrate,  haviuu  thus  become  totally  pre- 
cipitated, is  filtered,  w^  washed,  dried  and 
hoatcil  in  a  platinium  cnir  ihle,  the  heat  being 
finally  raised  to  bright  rednuds  for  five  minutes 
over  the  blow  pijte.  The  weighed  reeidue  consists 
of  anhydrouH  oxide,  Al  .O^,  ainl  runtains  53  p.c. 
of  alumiuiun).  The  sciiaration  from  other 
metalB  is  not  difficult.  The  hoavy  metalit  may 
be  pn-^cipitnt*-!!  from  the  acid  solution  liy  sulphu- 
retted hydrogen,  leaving  the  alumiuium  in  hoIu- 
tion,  wnilst  the  precipitation  in  preeencc  of 
ammoninin  rlili  ri  li  in  cxn  8e|)arate8  it  from 
thu  alkaliH  and  ulkuline  eartlu.  From  chro- 
mium and  iioD  the  separation  is  less  simple. 
Chromium  may  Vie  »eparate<l  a^  follows: — The 
precipitated  uxide.n  are  dried,  mixed  with  2 
parti)  potasKium  nitrate  and  4  >«odiuro  carbonate 
and  fii«c*l  in  a  platinum  <  rii<  ifil<\  Alkalirn' 
chroniute  and  aluniinate  uiu  iIiuh  ptuductd. 
The  matiH  '\»  digested  with  water  and  a  Mmall 
quantity  of  |)titjt!<»ium  chlorate  and  hydrochloric 
acid  are  tlun  added,  and  the  solution  '\n  eva|K)- 
rated  to  a  Nxrup,  with  occasional  addition  of 
potai^siiuni  chlorate  to  destroy  the  cxcesa  of 
hydrochloric  acid  and  prevent  its  reducing 
action  on  the  chromate.  The  aluminium  in  the 
dilutc<l  solution  in  precipitated  a«  above  by 
ammonia,  leaving  the  chromato  in  solution. 

For  the  se|)aration  from  iron,  tlx  im  i  ipitatcd 
livdrated  oxideti  are  dissolved  iu  the  minimum 
•  iuantity  of  hydrochloric  acid  and  treated  with 
an  exeetw  of  pure  stronu  |M)(assiuin  hydroxide 
solution,  lx>iled  for  a  few  minutotf,  diluted, 
filtered,  and  well  washed.  The  ferric  oxide  is 
thus  precij>itate«l  and  s<  paraf*  d  from  tli*-  >oluble 
alumina.  The  twlutiou  and  washings  are  acidi« 
fied  with  hydrochloric  acid  and  precipitated 
by  aiiuiiiMiia.  On  account  of  it,<  sofx  ruf  ar  t  ion 
upon  ula«s,  the  treatment  with  pota«h  should 
be  performed  in  a  porcelain  dish,  which  is  much 
IcN*  attacked,  ur.  [irrft  ralily.  in  one  of  silver. 

Commercial  AmUt/MS  oj  Aluminium, — The 
direct  determination  of  aluminium,  constituting 
as  it  di>o>s  UKually  ovrr  fH>  ]i  f,  of  the  metal  undrr 
exannnation,  prcHcnts  many  <litticultie«.  It  has 
been  proposed  to  cstimat«^  the  aluminium  by 
a-(  rrtaiiiiiij:  tin-  vohimr  of  hxrJrorrcn  evolved  <»n 
dir<.s«:>lvinK  it  ni  liydrochlonc  acid  or  the  amount 
of  chloritle  fornu-^i,  but  the  erron  to  which  such 
a  det'TTTi iiiJil i' III  is  liable  are  tf)t>  rrriMit  to  admit 
of  jtuthiiinl  iucuraey  ;  mortovci.  Ih*  iinpiintirs 
usually  preM-nt  give  rise  to  corrections  which 
detract  from  the  .'>implicity  of  the  method  and 
complicate  the  renult.  Th<'  .Mtlutittn  in  caustic 
soda  is  preferable  to  thix.  the  iron  and  eop)KT 
remaining,'  a  black  residue,  but  the  .Hilicon,  in 
part,  at  Ua>;t,  reacts  with  caustic  mxia,  so  that 
even  in  this  case  the  bydrogen  evolved  cannot 


I  be  taken  a8  a  measure  of  the  aluminium  present. 
In  these  circumstances  it  is  cufitomary  to 
determine  the  impurities  and  arrive  at  tbe 
amount  of  aluminium  by  difference. 

The  imnuritics  generally  present  in  quantity 
are  iron,  Hilicon,  and  ^metimra  copper.  Minute 
amounts  of  mxlium,  carbon,  and  ni^oi^  are 
'  also  contained  in  the  metal,  but  these  should  not 
I  greatly  afieot  the  result  unless  when  dealing 
I  with  specially  impure  metal.  CV>mnieiciall3-. 

therefore,  iron  and  silicon  alone  arc  ujsually 
1  estimated.  For  the  i>o»,  the  metal  is  di»- 
I  solved  in  caustic  soda,  and  this  solntioB  on 

acitUiIat ion  with  .•^ul|thuric  acid  yicld.s  sulphates 
1  of  alumina  and  iron  which  re<lisM)lve  iu  the  ackl* 
I  whilst  the  preseooe  of  copper  is  indieated  by  the 
apj)earancc  of  a  Mack  n  t  lm-.    The  amount  i>f 
iron  id  finally  determined  by  titration  with 
potassium  permanganate.   For  the  tOkoH,  tli« 
metal  i-<  di^'c^ted  with  hydrochlorie  acid  (in 
j  presence  of  nitric  acid  to  avoi<l  volatilisation  oi 
I  any  silicon  aa  chloride)  forming  a  turbid  solution 
owin^'  tc)  the  separation  of  tne  silici.    Thi?;  is- 
thtni  liuiled  down  w  ith  sulphuric  acid  until  white 
fumes  of  this  acid  appear.   The  aluminium  and 
Iron  salts  are  thus  eonvcrtcfl  into  ♦stdphate,  nnf\ 
I  redissolvo  on  digestion  with  water,  the  silica 
I  bi>ing  left  in  sus|H^nsion. 

!       After  filtration  and  washing,  the  silica  is 
.  strongly  hoat*^^cl  and  weighe*!.    Copjf  r  may  be 
I  estiniatetl  as  suljiliidc,  or  the  black  residue  above 
mentione<l   may  be  (li   olve*i  and  the  copper 
estimated  colorimet  i  u  ally.    If  the  amount  of 
I  «odtHm  is  to  be  found,  the  metal  must  ije  dissol  ved 
in  nitric  neifl  to  whu  li  a  little  hydrochloric  acid 
is  added,    'i'he  solution   is   Iwilcd  down  to 
dryness  and  espoaed  to  *  dull  red  beat  so  long 
'  as  red  fumes  appear.    The  n-xitUie  is  extractc<l 
with  water,  care  being  tak«'n  liually  to  remove 
.  all  alumina  or  other  metals  precipitate<i  by  the 
j  ordinary  reagents,    Ultimat<'ly  the  sodium  8alt 
I  remaining  may  be  eonvert<>d  into  sulphate  and 
weighc<l  as  such.    For  fuller  details  a  paper  by 
1  t!>eligman  and  WiUott  may  be  consulted  (Jonm. 
I  Inst.  Metals,  vol  iii.  p.  138). 
'       For  general  analytical  details,  the  following 
sources  of  information  may   be  ooosolied : 
iMoissan  (Cbmpt.  rend.  121,  S61);  Gonthi^rv 
(Analv.-t,  21.  270);  Jean  (Rc\ .  (  liim.  Indu)<t.  K 
5).    The  better  (qualities  of  cummcrrial  metal 
should  not  contam  more  than  0-a  p.c.  of  iron 
and  .silicon  together,  nor  noire  than  0*03  p.e.  of 
iiodium. 

Atiojf». — ^Tbe  addition  of  quite  small  quanti- 
ties of  aluminium  to  certain  metals  {r.y.  copjH-r 
and  iron)  has  a  profound  effect  m  modif ving  the 
pdropertios  of  these  metals.    Likewise  the  addi- 

tion  of  hniall  rjuantitie^  of  certain  nu  tal-  f.  tj. 
Fe,  Mn,  frii,  &c.)  to  aluminium  effecli}  cun- 
siilerable  change  in  the  properties  of  Uus  metal. 
The  axldition  of  0-1  p.c.  of  aluminium  to  cop|»er 
brings  down  its  conductivity  23  p.c. ;  tbe 
[  addition  of  zinc,  copper,  nickel,  iron,  or  maa- 
ganese  to  ahimiiiium  is  accompanied  by  con- 
■>«iderable  augmentation  of  the  tennile  strem^th. 
The  alloys  of  aluminium  may  be  classified  into 
bronzes,  casting  alloy.s.  and  rolling  alloys,  arcorri. 
ing  to  th<'ir  prop*Tties.  The  Irur  broHz/^ 
I  consist  of  eo|)|M>r  and  alutninium  alone,  bnt  there 
,  ar«'  niany  l.iiiar\  fitn«l  temar\  )  all.ivs  which 
contain  tiieLai.>4  other  than  copiM>r  and  yet  tniffi- 
ciently  resemble  bronie  to  be  ^|p$ifi||9ieeK3^e 
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iU  The  broniM  proper  chii-lly  omplnyed  are 
KoM  bronre,  contaiiiint:  3  to  .1  p.c.  of  aluiiiiiiium; 
steel  hrvwix;  witb  h-3  p.c.  Al  and  i>uuiu  silicon  ; 
acid  bronze,  with  10  p.c.  Al.  The  copper 
bronze*,  with  UO,  92-5,  95  and  97-.^  of  copin  r. 
are  all  good  alloys,  Hhowing  homogeneity  and 
freedom  from  orystAlliiMition.  They  we  of  great 
banlneHS  and  high  tensile  .'-tnii;:th. 

Such  alloys  posaesjw  very  valiiabk'  properties, 
the  ultimate  stress  of  the  <.M)  p.c.  alloy  being 
liH  tona  to  the  eq.  inch,  and  they  have  the 
further  valuable  property  of  being  practically 
noncorrotiible  by  sea-water ;  this  pro|K*rty  is 
also  shown  very  markedly  by  brunrx^s  containing 
ntangane^.  These  bronzes  in  hardness  and 
tensfle  strength  compare  favourably  with  the 
best  steel,  and  are  similarly  affected  by  temper* 
inf.  The  aOoys  high  in  aSumiiuttm  and  low  in 
copper  an-  also  of  great  commercial  value  ;  a 
broose  with  4  p.c.  copper  by  rolling  and  drawing 
flhowed  m  steady  inctvaee  in  tensile  strength 
fiom  9-6  tons  to  20  t(»ii.s  to  (he  sq.  inch. 

A  small  pcrceutage  of  mangaueeo  lenderH 
tbeee  alloys  more  ductile  without  reducinff  their 
ultimate-  ^tr^■^s.  lait  large  proportions  ofman- 

Saneae  increaijc  the  strength  and  lessen  the 
uctilitj. 

For  further  information  nfirt'iico  may  l>«' 
made  to  the  eighth  report  of  the  Alloy's  Research 
Committee  of  the  Iqst.  Meeh.  Enginews  (Car- 
jwjnt<  r  and  Edwanls),  and  to  ihv  ninth  report 
(RotM-uliain  and  Lantsbeity),  also  to  The  Metal 
Industry,  1909»  186(Hioms).  The  composition  of 
otiu  r  bronzed  used  industrially  ia  given  in  the 
following  table : — 


Al  ' 

Ctt 

Zn 

8n 

Cr 

Mg 

Jlircvdes 

bronze  . 

*  i 

65 

33 

Cbiumnini 

bronze 

95-75 

4 

_ 

0-25 

79 

n 

P^rtauuiii  * 

'  S8-7 

0-6 

4-6 

( lrOri:emaiin*S 

alloy 

,  87 

8 

5 

Arg«it«a 

1  7 

70 

23 

Herculos 

metal  (No.  3) 

1  1-5 

tfl 

^7-5 

j  ~ 

ITie  aluminium  alloy  containing  20-60  p.c. 
erf  copper  or  nickel  is  brittle,  as  is  the  alloy  with 
35  p.o.  of  manganese. 

J\'Miti>i  Alhii/'.-  Ahiirnniuni  alloys,  containing 
3  to  4  p.c  uf  copper  or  1-5  to  5  p.c  of  nickel, 
roll  weft  as  do  many  other  alloys  eontaining 
topper  and  zinc,  the  former  in  nmall  fiuantity, 
amooatiDg  to  from  1  to  3  p.0.,  and  the  latter  10 
to  12  ptiC,  or  even  more. 

ifa^ailium  cou>i.st.H  of  aluminium  alloyt-d 
with  2  to  10  p.0.  of  magnesium.  This  alloy  is 
lighter  than  aluminhim,  and  in  strmigth  and 
WorkabOit^'  equal  to  good  brass. 

CoMing  aUoy«  are  also  largely  used,  con^iisting 
iDOst  frequently  of  aluminium,  zinc,  and  copper 
in  vari'fntr  projK^rtions  (Kicjiards,  Eng.  and 
Mining  Joum.  1908,  715).  Magnalium  admits 
of  introdoction  «jtb  advantage  of  small  quant i- 
tiea  of  eopper  and  nickel  without  unduly 


raising  its  specifio  gravity.   Tbe  tensile  strength 

and  hardness  of  these  alloys  arc  consi<K  ral)lp,  and 
they  arc  said  to  bo  resistant  to  atmospheric 
corrosion  (Bamett,  J.  Soc.  Chem.  Ind.  ]9(k6» 
S:i2).  Ta|>s,  tuyrrrs,  and  the  liko  aro  made 
Iroui  an  alloy  cuiii|K>tied  of  aluminium,  to  which 
12  p.c.  Cd.,  6  p.c.  ("u,  6  p.c  Sn,  2  p.c  Ni  are 
addeil.  IVlestal^^  an-  al<-d  niadr  of  aluminium, 
containing  14  p.c.  Sl>,  1'2  p.c.  Cu,  12  p.c.  Sn, 
37  p.c.  Zn,  and  0-8  p.o.  Pb;  copper,  wiUi  10  p.c. 
Al  and  1  p.e.  Mn,  is  an  excellent  hard  alloy  for 
bearing  metal  or  tool  ptwl ;  horsc'Shocs  arc 
made  from  a  ternary  alloy  of  aluminium  con» 
taining  cither  12  p.c.  i\i  and  10  p.c.  Zn,  or  5  p.c 
Cu  and  10  p.c.  fin.  .lUuiuinium  or  itd  alloys 
have  provetl  useful  where  there  is  contact  with 
concentrated  nitric  acid,  or  for  .stilln  and  jjlant 
usetl  in  the  sulphite  pulp  manufacture ;  also 
wluTL'  .stearic  or  other  organic  acids  are  dealt 
with.  These  alloys  resist  acid  corrosion  to  a 
remarkable  degree,  and  even  if  cooking  utensils 
were  made  from  an  aluuiiniura  copper  alloy. 
Carpenter  and  Edwards  ha\o  shown  that  if 
corrosion  does  occur  the  (-o|>{>i'r  is  not  dissolved 
out,  and  hence  there  i.s  no  dangerof  poisoning  in 
using  such  votuicls,  since  the  salts  of  aluminium 
have  no  toxic  action. 

An  improvement  i.s  effected  l>y  the  addition 
of  aluminium  to  hram.  An  aliuy  containing 
aluminium  2*5  p.c,  copper  70  p.c,  and  zino 
27  T)  ]i.c.,  I.s  said  to  show  nearly  double  the 
tenacity  and  considerably  more  thui  double 
the  elongation  of  cwdmary  east  hrass. 

Tlic  presence  of  Un  in  aluminium  renders  it 
more  fusible  and  brittle.  Acconling  to  Bourbouze 
(Compt.  rend.  102,  1917),  an  alloy  of  aluminium 
100  and  tin  10  is  strong,  eaf-il  ,  n  irkcd,  may  !>*.' 
soldered  as  easily  as  brass,  is  \>  hiter  and  loss 
affeeted  by  reagents  than  aluminium,  and  is 
very  suitanlo  for  parts  of  optical  instruments. 
Its  sp.gr.  is  i!  Kf).  The  addition  of  aluminium 
to  tin  morea.-^e.s  its  hardness  and  tenacity.  TTie 
alloys  containing'  o.  7,  and  9  p.e.  of  alnminium 
are  ail  easily  worked  and  stildered.  A  larger 
proportion  of  alumiiiittm  is  iiaUe  to  separate  out 
on  nieltinp. 

Aluminium  combines  in  all  j>roiK>rtions  with 
cadmium,  forming  malleable  fusible  alloys. 

Small  quantities  of  «ilt>tr  increase  the  liarrhiess 
and  elasticity  and  lower  the  meltitig-|M7int 
without  rendering  aluminium  brittle*  The  alloy 
containing  4  p.c.  silver  has  been  used  for  the 
beams  of  delicate  chemical  balances.  When  the 
addition  exceeds  5  or  0  p.c.  the  metal  becomes 
brittle ;  the  60  p.o.  alloy  is  as  hard  ns  bronze, 
but  very  brittle.  *  Tiers  argenV  consists  of  1 
part  silver  and  2  parts  aluminium  ;  it  is  of 
considerable  hardness,  and  is  used  for  table- 
spoons, ftc  The  addition  of  5  pic.  of  alu  miniu  m 
to  .silver  reu'lers  it  as  haid  as  Standard  Silver  and 
very  permanent. 

The  presence  of  aluminium  hi  gM  oonsider- 
a1)ly  alli  rs  i(.s  propert  ies.  The  addition  of  0*1 8(» 
p.c.  of  aluminium  to  |mre  gold  increases  the 
tensile  strength  from  7  tons  to  8^7  tons  per 
square  inch,  a  trteater  increase  than  i-  i)roduco<l 
by  the  same  amount  of  any  other  metal  (Koberts> 
Ansfen,  Boy.  Soc.  Rep.  April,  1888;  Ghem. 

News:.  V.  57.  p.  133).    With  1  ]..c.  alu- 

niiiiiutn  the  gold  has  t  he  colour  of  '  green  cold,' 
is  hard  hut  easy  to  work ;  with  5  p.c.  aluminium 
it  is  white  and  extremely  brittle,  snd^ith  |^  |^<^  ^ 
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whiU-,  brittle,  aii'l  crvhtHllinc.    Alumiiiiuiii  oon>  ,  hydride.    The  two  metals  oombtiie  i»pidly  in 


taining  10  p.c.  of  gold  is  white  and  hard. 

'J'ho  malleability  uf  aluuiiuium  is  not  much 
im|>aire<l  fay  the  eddition  of  ff/tAA,  Btlvur,  or  tin, 
but  1*1  •  ].rcsencc>  of  iroo,  eod  espeoially  of 
siliciHi,  li  very  injurious. 

WHh  tUicmi  »iliniiinium  unites  in  almost  all 
proportions,  either  directly  or  by  its  action  on 
ttiliciuus  materials ;  for  this  reason  the  fusion 
or  pceptiation  of  this  metal  shoukl  not  Ik>  {XT- 
former!  in  any  sUicious  crucible  in  presence  uf  a 
ilux.  The  presence  of  silicon  renders  aluminium 
brittle  and  much  less  permanent.  The  alloy 
containing  10  p.0.  BiUcon  is  grey  and  brittle. 
Wuhler  prepared  an  alloy  containing  70  p.c. 
silicon,  whicn  stiU  appeared  metallic. 

With  van  the  alloys  ajra  of  espeeial  iatore«t. 
The  presence  of  a  smiul  quantity  of  iron  is  very 
injurious  ;  it  n  iuk-rs  tlie  aluiniiiium  i  r\ cstalliin.', 


presence  of  nlknlis.  The  amalr;rtm  may  aL*i>  be 
produced  \>y  electrolysis  of  mercuric  nitrato, 
using  ft  negative  plate  of  aluminium  (iipt>ing  in 
niprcury.  W  h-  ti  nluininiutn  i^  rubbed  with 
wash  leather  unj>riga;ili.'d  with  mercury,  com* 
bfnetion  occurs ;  the  surface  rapidly  oskUses  end 
hrcnmoM  hiTited,  u  ith  formation  of  concretions  of 
uluiniiia  (Jehu  and  liiuze,  13er.  7,  1498). 

.Alloys  of  bifimuth  with  aluminium  are  bard 
and  brittle.  With  antimony  and  lead  alumintiun 
does  not  unite,  although  traces  of  lead  arc  fre- 
quently present  in  commercial  aluminium. 

Soaiwn  unites  readily  with  aluminium.  The 
last  traces  of  sodium  are  difficult  to  remove, 
e.'<p<'cially,  it  is  said,  when  the  metal  has  l>e«'ii 
reduced  iron)  cryolite.  The  alloys  are  eaialy 
attaeked  hy  moisture,  and  hnm  in  the  air,  witli 
oxidation  both  of  the  aluniinium  and  sodium; 


and  raises  the  mciting-point.  Tho  alloy  con-  ,  that  coulaiuiug  2  iP>c  of  sodium  deoonipoew 
taining  5  p.c.  of  iron  is  hard  and  brittle ;  with  '  water  with  ease.   The  neeoisity  of  avoiding  the 

8  p.c.  thi-  ii\h)y  iTVi^tallises  in  nr-<-dI<-s,  and  on    j)r>'!S(.-n(-i'  of  8o<1iinii  in  the  foepwatioil  of  elu« 


heating  separates  into  a  more  liquid  alloy  oon-   mioiurn  is  therefore  obvious, 
taining  but  little  iron  and  a  skekton  very  rich  ■      Aluminium  also  unites  with  etan^aiiese  ;  with 

in  that  iiittal.  Michel  (Annalon,  115,  102)  has  platinntn  it  unites  easily,  forming  fii^iMc  alleys, 
prepared  an  alloy  whkh  crystallises  in  six-sided  ,  With  boron  aiuminium  combines  in  varying  pro- 
prisms,  eoirespoiiding  to  iO,Fe.    A  heantifuUy  poftions.   ThesO'OaUed* adamantine* and* |;ra> 

crv.-lalline  substatifc-  having  tlif  <-nrnji: ■  it i ^^n 
.iVi^Fo  is  often  found  in  the  ueighlwurhood  uf 
the  cathode  of  a  reduction  fumaoe. 

The  valuafilc  proj)ertie«  imparted  to  iron  and 
steel  by  the  presence  of  a  small  quantity  of 
aluminmm  have  long  been  known ;  Faraday 
(Quarterly  .Tourn.  Roy.  In  t  l^l't,  2W)  foimd 
from  Cl-(li:j  to  0*009  p.c.  ot  ainnuiuuui  in  ccrtum 
sam|>l<-^  of  Bombay  wootz,  though  it  has  been 
shown  by  Henry  ami  others  that  this  metal  is 
nut  always  present.  About  the  same  time 
8.  B.  Rogers  showed  the  presence  of  aluminium 
in  srnnf  f»f  the  beat  quality  of  pig-iron  ma^le  in 
fciouth  Wales,  and  found  that  a  hlwl  to  whicli 
0-8  p.c.  of  aluminium  had  been  a<lded  in  the  form 
of  an  alloy  w  ith  iron,  was  rendered  hanler  and 
stronger  and  resenibltxl  the  best  wootz  (Rogers, 
HetaUurgy,  1858,  14).  A  superior  steel  was 
prepared  by  Sir  Charles  Knowles,  which  was 
stated  to  owe  its  value  to  tho  use  of  kaolin  and 
coiis<>quent  introduction  of  aluminium  into  the 
meul  in  its  preparation  (Mining  Jootnal,  lSd9, 
118). 

Messrs.  Cowles  Bros,  have  exhibitetl  a  Sie- 
mens-Martin basic  steel  containing  0-2  p.c. 
aluminium,  which  welds  nith  iron  and  shows  no 
mark  at  the  junt  tion. 

The  addition  of  aluminium  to  iron  or  steel 
for  the  moduetion  of  *  mftis  castings  *  has  been 
patented  l>y  P.  (J^tberg  ( Knginot-rinK.  !  '.W^^. 
iron  and  steel,  especially  at  temperature^i  tar 
aliove  the  mettinj^.point,  absorb  considerable 

quHiititios  of  ya-,  \vlii<  h  iMi|taii-  th*  \alut  of  th«- 

eo^tings.  J'he  addition  uf  0*05  or  01  p.c.  of 
aluminium  to  the  fused  iron  or  sted  lowers  the 

nu  hiii;^-|»oint,  pi' wiits  tho  alj-Mrpi  ion  nf  giuj, 
and  cousiderably  mcreaaes  the  tluidity.  'I'he 
metal  can  then  be  easily  cast. 

Nickel  and  aluniiniuin  combine  with  incan- 
descence when  healed  tog«-ther.    The  presence 

of  under  3  p.c.  of  nickel  lowers  the  melting-point  is  nearly  4,  its  bulk  density  may  be  less  than 
and  iucrcasics  the  h  iriliu  -  uid  elasticity.  one-fifth   of   ihi.s.    With    a   somewhat  lower 

Pure  Aluminium  combmcs  with  mercur\,  al-  deotuty  tho  bulk  tlensiiy  is  higher,  but  is  still 
though  not  readily,  when  the  metals  are  heated  such  that  it  occupies  a  larger  httlk  than  the 

together  in  an  ineit  gaa  such  as  carbonic  an*  '  same  weight  ol  watar.  _   ^  , 
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phitic  *  boron  apj»oar  io  l>e  lx)ridt  s  of  aluniinium 
(Uampe,  Annalcu,  1876,  75;  and  i>eviiie  and 
Wohler,  itM.  1867,  268)  (v.  Bobon). 

Mnllot  (Chrm.  Sor.  IVans.  1876,  ii.  ^)  has 
pre[»areti  a  nitnilo  of  aiuminium  in  »iu<*U  crystals 
hard  enough  to  scratch  glass. 

For  fiirlh<'r  information,  see  J.  W.  Richacda, 
Aluminium  and  its  Alloys,  London. 

AluminlUBl  olMe,  Afumina^  Al.O,. 

Alumininiii  forms  only  oti<*  oxiiic.  Al,<.)3,  cor- 
restx)nding  tu  and  isomorpbous  with  thf^  se*- 
quioxidcs  of  iron  and  ehrominm. 

This  oxide  occurs  native,  colourless  as 
hyaline,  corundum;  or  coloureil  by  metallic 
oxides,  OS  ruby,  sajrphire.  oriental  tojtaz,  kc.  {q.n. ). 
\'ery  inifnire,  dark,  and  usually  a>.-o<natcd  "ith 
magticlil^  and  hannulile,  it  o(c-i]r.-»  in  lajgc 
I  boulders  in  many  districts,  and  u.*te<l  as  a 
grinding  and  |x>lishing  material  in  the  fttrni  of 
emery  {q.x\).  Tho  native  oxide  crystallises  in  tbe 
rhonibohedral  system ;  in  hardness  it  comes 
next  to  the  diamond.  The  finely  coloured 
specimens  are  usr-fl  as  gems.  It  ocoura  aliiMMt 
pure  in  c  onsich-rHble  quantities  in  the  AUeghaiiies 
•  in  Northern  Ueorgia. 

<  It  may  bo  prepared  by  the  ignitkm  of  alu- 
minium foil  in  air  or  oxygen  ;  the  o.xide  so  fVO- 
duGod  is  fused  and  as  hara  as  corundum. 

Amorphous  alumina  may  be  ptodoeed  by 

ienilion  uf  tin-  jirtci  pita  ted  hydrate,  j>utv  alu- 
minium sulphate  or  ammonia  alum ;  in  cither 
ease  alumina  alone  is  left 

II  is  u!iit<'  and  soft,  but  iHVoriu-.-  hard  <.fi 
strong  ignition.  According  to  H.  Hose 
Ann.  74,  480)  the  sp.gr.  of  the  oxide  a^nr 
h<  alin^  over  a  spirit -iiimp  is  3-725  :  its  density 
niav  be  raised  to  4,  just  about  that  of  corundum 
byluNiting  in  a  porcelain  fomace,  but  it  still  r^ 
rnnin^!  amorphous.  It  is  remarkable  that  thon^h 
tlie  density  of  the  artilicially  pre}>an?d  alumina 
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1 ,  WB  H»w^  maj  De  cinven  oit  at  a  .  ^hkh  ttiumma  Iobcs  its  acid  proiwrtioa  auil  aKain 
;li    tomix  raturt',  leaving    crygUllm*   beeomw  Imwio.   Sodium  alumtnate,  when  mixed 
By  the  addibioa  of  the  proper  oxide  ]     onuival.  nl  r.r..|H.ri ions  uith  anv  Imlonl  halt 


VVln-u  heated  by  the  oxvhydrojgcu  Wow-pipc, 
alumina  tnelt8  and  oi3r8ta]hae« ;  the  fltdditiiMi  of 
mmiuai  oxide  or  a  ofaiomate  imparts  •  raby 

culuur  to  the  cryMtAis. 

Fremy  aiid  Vemeuil  (Conipt.  rcud.  1888, 
5«i6)  hav*'  pr'-|t;<r»-il  artificial  nihics  hy  hontin^' 
to  redneaji  a  mixture  of  bariuui  iluohde  and 
alumina  containing  •  tnoe  of  {totassiiim  diohro- 
luate.  The  heal  rpquires  can-ful  rnanngcment. 
Fine  rubies  are  thua  foruied  iu  a  friable  niatrix 
which  may  be  separated  by  agitation  with  water. 
By  former  methods  the  matrix  was  hanl  and 
difficult  to  remove  (Jb^omy  and  Fcil,  Compt. 
rend.  1877.  1029,  and  1887,  737).  The  crj-stals 
cootaia  no  barium,  easily  M^ratch  the  topaz,  and 
poMesB  the  form  and  properties!  of  natural  rubies ; 
'beir  crystalline  form  has  been  d<  t»  rniinod  by 
OcccJomuz  (CompL  rend.  1888.  507).  i3y  I  he 
•ddition  of  a  uttle  oobalt  oxide  befurc  the  fll^i()n, 
eapphiras  may  be  produced. 

Alnminft  is  aoiublo,  whea  strongly  heated,  in 
hdfie  sod ;  the  l»tt^  may  be  driven  off  at 
\*Ty  hii;l 
alumina.  ^ 

the  eorwspotiding  spineli  may  tie  prodacod, 

crli.iin-'l  'ly  cufi'ilt  oxide  (blue),  chromium  oxide 
(ml),  iron  oxidc  (black;,  (Kbelmen,  Ann.  C^im. 
Phys.  3, 22, 211  and  33, 34).  Only  two  htjdrmiift 
of  ahiroinium  arc  known,  viz.:  Al.Oj.K.O  and 
Ai,.0,,3H,O.  By  Graham's  method  an  aaueous 
solution  of  the  hydroxide  may  be  obtahiea. 

When  the  hydroxide  is  mshl\'  prfcii)itat<'d 
'  di.i£uh-es  readily  in  ddute  acids,  but  on 
unding.  or  after  fiUfation,  solution  is  more 
diffjruh,  and  is  be^t  nchievod  by  a  mixturo 
ot  6  partA  of  sulphuric  acid  aod  3  parts  of 
vater.  VHien  heated,  the  hydroxide  loses  its 
wnt^T.  undnrp^ing  a  contraction  of  about  30 
p.t»  m  bulk  OA  ii  passes  into  the  form  of  the 
anhydrous  oxide. 

When  boUed  with  water  containing  a  drop 
of  a  I  p.c.  solution  of  ali/.irin,  the  hydroxide 
unj«  r  a  bright  red  colour,  not  removed  by  a 
weak  mlution  of  acetic  acid. 

Thi*  test  oa«ily  distinguishes  it  trom  gelatin- 
<  us  siLea.  Alumininra  nydroxido  poss^uee  a 
powerful  affinity  for  many  organir*  .sul>stances, 
and  enters  into  association  with  a  largo  number 
ff  colouring  matters,  precipitating  them  entin'ly 
as  Ukts,  On  this  property  depends  the  use  of 
ahim  mordants  (nxl  liijuor,  &c.).  They  pre- 
cipitate the  hydroxide  upon  the  fibre  of  the 
jjooda  to  be  dyed,  and  this  constitutes  the 
"ssHbsi  or  fixing  agent  which  retains  the  col«)ur. 
Sodhim  alaminate  Al,0,-3Na,0  or  Al2(NaO) 


heated  to  redness  with  chalk,  forming  aodium 
alummate  aod  oalciam  lluoridv  : — 

i  Al,F,-6NaP+«ChC0,  .\lj(NaO),-i-6CbF,+6CO, 

The  mass  produced  is  lixiviated  with  water  and 

fitered.  Jrorn  (his  aluniinate  the  hyrlrcxidn  is 
precioitated  by  carbon  dioxide  with  formation 
of  sodium  earbonate : — 

A]t(NaO}«+dOO«+3H,0<-Al,(OU)«+3NasCO, 

The  hydrnxid*'  is  u>ually  ina«li-  intu  aluminium 
sulphate  by  solution  iu  sulphuric  acid,  or  it  is 
eonyerted  mto  alum. 

An  rntirely  ditTf*M-nl  jtrixess  Im.s  iK  t  ti  inf  re- 
duced by  ^^uerweii).  The  tinciy  powdered  cryolite 
is  faoilea  with  miUt  of  lime  forming  alnminate  as 
before : — 

ALF,  nNaF+6CaO^Al,(Xa(V)^  ;  r.fal\. 

For  the  coaversiou  of  the  alunuuato  into  oxide 
Sanerwein  applies  »  peculiar  pro)M!rtv  iMsaeesed 
by  th  if      It,  which  shows  tin;  rca<)iness  with 


quivalcnl  ftrit|> 
I  aluminium,  is  deconnioged  ;  the  sodium  combines 
'  with  the  halogen,  while  the  whole  of  the  alumi- 
nium  is  pr>  (  ipitated  Jis  hydroxide.    On  the  largo 
scale  the  haloid  salt  useJ  is  cryolite.    The  finely 
I  powdered  mint  ral  is  stirred  into  the  dear  Uquid 
I  from  iho  ])re\  ious  o|HTntion,  and  the  alumina 
precipiLaUil  &ji  hydroxide  : — 
Ala(NaO),-hAl,F,-6NaF-f6HjO 
I  =2Al,(OH),-|-12NaF. 

Sodium  aluminate  is  a  white,  infusible, 
amorphous  solid,  easily  soluble  in  ljuth  cold  ami 
hot  water.  The  concent  ratetl  solution  rapidly 
deposits  alumina,  leaviii;^  in  .solution  a  imaic 
alumiaate,  which  on  evaj^toraiiuii  i.s  itbUtint  <l  as 
a  fusible  and  hy$(roscopio  mast<.  The  additi' u 
of  any  arid  at  once  tleromjxiHCB  it  u  itii  priLijuta- 
tion  ut  iiiuniina.  TliiM  alumina  la  pure  atui  iree 
from  alkali,  which  is  never  the  case  when  alkaline 
precipitantii have  t.< u-n  ii-<  d.  It  may  be  eiiipIoye»l 
A»  a  mordant  in  d>eui<4  and  ealico-pnuiuig,  iu 
an  aoid  and  not.  as  in  the  case  of  alum,  an 
alkaline  bath.  For  the  ]>roduction  of  UiUm  the 
colouring  matter  is  mixed  with  the  aluminate 
solution  an<l  preeipitatetl  by  the  addition  of  sul- 
phuric acid.  According  tii  Morin  these  lakes 
are  richer  than  those  obtained  from  alum  and  are 
pnidueed  at  al«iut  one  half  the  C'o«t. 

PoUssiuffl aluminate  Al.o,  3K^0or  Al,(K.O), 
is  obtained  in  harti  glihtenin<;  crystals  when 
alumina  is  fused  with  ]x>tash,  the  mu.ss  l>oiled 


ihw  salt  is  now  prepared  on  a  large  scale,  botn  .  in  water  and  the  solution  eva}>orated  in  vacud. 
(o  be  used  as  such  and  as  an  mtermediate  pro-  |      Atamlnllim  eblOfMB  ^\1,C'L.   This  eompoand 
dcct  in  the  preparation  of  tha  SOlpfaalO and  Other   >^as  first  prepare<l  in  1824  by  Oersted,  t>y  pa.ssing 


Mhs  of  atumioium. 

Its  formation  depends  upon  the  property 
poaae!>T4.-<J  l>y  ahirnina  of  acting  as  an  Acid  in  pre- 
sence of  a  powerful  base. 

Its  preparation  from  bauxite  has  been  de- 
-'rribed  on  page  lOG.  It  may  also  be  produced 
bv  paasing  a  ouiient  of  steam  through  a  heated 


chlorine  over  a  mixture  of  alumina  aud  charcoal 
heated  to  redness.   The  method  and  apparatus 

re^mblc  that  um  d  in  the  pri  paration  of  the 
double  chloride,  omiltuig  the  sodium  chiorido. 
According  to  P.  Curie  (Chem*  News«  28,  307) 

it  niav  he  easily  prejiatrd  a-  follnwa  ; — ^Anhy* 
^  ^  droua  alumina,  or,  less  satiiilactonly,  clay,  is 

of  bauxite  and  common  salt,  and  by  stoongly  heated  in  a  tube  and  subjected  to  a 
s'rongly  hratinc;  a  mixture  of  bauxite,  sfidium  currerit  of  hydiO(h!or;i  acid  impre'L'naled  with 
-uJphate,  and  carbor»,  but  in  the  latter  case  its  carbon  disulphido  by  bubbling  ihroujih  that 
panfirAtion  from  the  sodium  sulphide  simul-  i  liquid.  Aluminium  sulphide  appears  to  be 
*«iaeon-lv  pr>>lucod  is  difTicult.  It  if*  also  formed  formed  and  at  once  decomixtsed  by  thf  {lydrn- 
ui  th?  preparation  of  soda  from  cryUiU,  Accord-  chlorio  acid,  yielding  aluminium  chloruie  and 
ix>2  to  Tbomsen*s  method,  powdered  oyolite  is  j  sulphuretted  hydrogen.  The  condensegj^j^llif^  Google 
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m»y  Im  IrccU  iroin  uulphur  by  distiUaliuu  with 
iron  fiitngK. 

A  solution  of  the  chlori'ic  may  bo  obtaine<I 
by  dbeolving  the  hydroxide  in  hydrochloric  acid. 

The  |nuo  anhydrouA  ohkuride  is  *  white,  w*xy, 
orysttdlino  »oHd  ;  in  presence  of  a  trace  of  iron 
it  becomcH  yellowish.  On  heating,  it  volatilises 
without  fu-iion.  If  l!ir<:c  j)u-(  «-.s  }><•  quicklv  heated 
they  fuse  and  b<»il  at  180**  to  185"  (Lieb'ig).  It 
is  very  hygroscopic,  and  evolves  hydrochloric  ! 
acid  on  cxjiosure  to  the  air  ;  is  easily  soluble  in 
water ;  wiuUe  ia  alcohol  and  ether.  When  i 
depoeited  from  a  aolution  in  hydrochlorio  acid,  I 
it  forniH  cryetals  of  the  fonnulii  .\ljClj,12H;0. 

It  abaorbe  ammonia  and  combines  with  i 
many  metallic  ehloridea,  forming  donUe  ohior- 1 
i«le8,  the  most  imj>ortant  Ix-in^  that  with  sodium,  j 
Aluminium  chloride  haa  been  recommended  by  i 
Filsinger(rhem.  SSentr.  10, 1270)  fortheprMerva-  ' 
tion  of  wiHul.  Hri<l  by  SftL'ft  (('hem.  NV^vs-  4r»,  1  Kl; 
and  other*  (J.  Soc.  Chem.  lud,  1882,  183  and 
i30)  for  the  prodootion  of  a  dieehari^  on  indigo 
blue.     An  itii))un'  chtoriih'  ronlniiiin^  calciuni 
anci  Hodmm  Malt«  is  stated  to  be  largely  Ujscd  a»  a  . 
disinfectant  under  the  name  *  CUorahiro.'  j 

Double  chloride  of  aluminium  and  sodium  ' 
A!j(.'l,,2NaCl.  Thi8  com)M>und  may  be  pro-  ; 
(luce<l  by  funing  together  the  proper  proportions 
of  aliiminiuii'  m  l  i  Hutj:  chloriilt'-.  It  in  a 
colourlt'HH  irvriluliiiK-  miikI,  melting  Ht  lb5° 
(JDeville)  and  volatilising  at  a  nnl  heat.  It 
i«  "lightl}'  hygroHoopii-,  but  mu(  !i  Ivs.h  ho  than 
aluminium  cnloride ;  it  is  Bii:n>  more  Htable 
and  more  satisfaotory  in  utse  than  that  sub- 
fitanoe,  nm\  gives  up  nearly  the  whole  of  its 
aiummium  when  roduceti  bv  s<Klium. 


of  being  lighter  and  melting  at<  a  louer  tem- 
perature (J.  Soo.  Chem.  Ind.  189l>,  945).  Natural 
cryolite  occurs  in  quantity  only  in  one  locality, 
in  a  large  vein  in  \\n-  ;rneiM8  at  Ivigtut  in 
Greenland.  (j!n*«  iihin<l  crxolito  has  ih«-  followin}* 
composition  :  Al  13-2,  ^a32•7.  F&4-2.  and  small 
quantities  of  mangancac.  The  melting-point  oi 
mixtures  of  cryolite  and  alumina  is  said  to  be— 
Ciyolite  lOOO' 
With  3  p.c  AlgO,   .      .  974* 


960* 
980** 
994* 
1018* 


I*  p  c.  „ 
„  10p.c  „ 
M   15  p.c.  „ 

20  p.c.  „ 
(Chcm.  8oc.  Abst.  1907,  469). 

It  is  a  Mmi-tvanapannt^  white,  crystalltn^, 

brittle  solif  I.  which  melta  at  the  ed^es  in  i  a  idle 
flame.  Its  hardness  is  2*5  to  3 ;  its  sp.kt.  2-96. 
When  impure  it  is  frequently  3rellowtt£.red  or 

rvrn  black  (v.  Cbvolttk). 

i  ryolitc  is  used  as  a  Hux  m  the  manufacture 
of  aluminium  ;  formerly  for  making  saJts  of 
Mxiiutn  ami  aluminium  ;  an<>  for  thf  manufac- 
ture of  an  opiique,  porcelain -like  glasti.  It  iii 
also  used  for  enamelling  pans  and  an  a  glas>  for 
pots  tiH  r-'ulnr  iiif;  lead  ^'laxe.  (6W  further,  Bcnxiju. 
(HoffiJiami  ,s  Ber.  Entw.  Chem-  Ind.  [1]  660).) 

Aluminium  sulphldi  Al^,,  may  be  prepared 
by  strongly  heating  a  mixture  of  aluminium 
aiiH  sidphur,  or  by  heating  alumina  to  bright 
n-diHtts  in  the  vapour  of  oarbon    ^  ulphide. 
It  furm«'  a  yellow.  tjla^HV  ma!^«.   which  fu.<c* 
with  dilhculty,  and  burns  in  air  wUh  produc- 
tion of  alumina  and  sulphur  dioxide.    It  is  al 
once  decomiiosed  by  watrr.    Houdard  ((  '(.mnt. 
rend.   1907,  801)  found  that  by  biatuig  Ju 
Aluminium  bromide  Al^Br,  is  meet  readily   miniumtumin^udsulphidesof  manganese  iron 
prepared  by  th«'  arlion  of  brominr  on  metnlHr  |  and  cliromium  m  a  carbon  boat,  sulphide^j  rtlattii 
aluminium.  The  action  is  violent,  and  the  meul   to  the  spinels  arc  formed,  of  which  he  prepared 


should  only  bo  added  gradually.  A  lump  of  | 
aluminium   weighing   twenty  grams  becomes 


Hn8,Al,8„  FeB,Al^«,  Q«,Al,8r 

Aluminium  carbide  .\t|(",  mav  In-  ohtaim^i 


strong!  v  heat<Hl  and  even  fused  on  being  plare«l  ^t^^^      car  lion  or  the  oxides  of  carbon 


in  cold  bromine  (iMallet,  Phil.  Trans.  171.  1018) 
It  may  also  be  prepared  by  the  action  of 


on  ahiroina  at  very  high  temperatures,  and  often 

Ht  nr>  ill  ,><niall  <niantity  in  the  ii<  i;:hl»oiir}i.»f;'l 


bromine  on  a  strongly  heat<Ml  mixture  of  alumina  \  cathode  of  alumimum  rwlucUon  ixinmc^ 


and  carbon,  and,  in  solution,  by  dis.solving  the 
hydroxide  in  hydrobromic  acid.  It crystidlisos  in 
oolonrless  shining  laminiR,  wUdi  melt  at  93** 
(Dt  vill.  and  Troost)  and  boil  at  203*3*  (at  747 
mm.)  (Mallet). 


Like  the  chloride,  it  forms  a  double  bromid 


in  the  form  of  a  ydlow  powder ;  it  'is  formed 

when  a  mixturt'  of  aluniin  i  ruid  earbon  is  -uh- 
miit*?*!  to  a  current  of  300  am|ien'S  at  35  volu. 
It  posHcsHes  the  remailtable  property  of  bemg 

stafilc  at  hi;;h  trrnpt  rntiirrs,  and  yet  undergoini' 


AlJ^r,  ,i'K  Mr. 

Aluminium  iodide  Al,l,  may  be  prepared  by 
heating  aluminium  with  iodine  in  a  closed  tube. 

It  melts  af  al>out  lSr»^  (Weber)  an.l  at 
350**  (iJeville  and  Trooat);  il«  vapour  is  com  \ 
bustible.    IC  disHolves  in  water,  alcohol,  and 

Aluminium  fluoride  AI^K^,  may  be  urcpartnl 
by  the  action  of  gaseous  silicon  fluorine,  or  of  | 

hydrf>Huoriu  arid  up.n  aluminium.    It  forms  ' 
transparent  rhuniUjhetlra,  vulatile  at  a  rtnl  heat,  I 
innolubl*'  in  water  nnd  unacted  upon  by  acids. 
In  Rol'ilii.n  in  hvdrofluoric  aeirl,  it  ap]>enrM  to  ; 
form  tlif  eimnKtund  i\ljF,UHF,  the  acid  cor 


^'f  !  dccuinitoMt  !'>n  al  a  tiull  rtni  heat.     It  reat  U, 


though  Komewhat  slowly,  with  water  or  dilute 
a(iil  "till  the  prtKluct  if>n  of  itiilbane.  Th« 
lurnmiion  ot  carhule  ivtul  uhiuiMt44y  its  dt<cota< 
position  has  been  pro|)omMl  as  a  means  of  pff*» 
|>.uiiiL;ahiTniiin  fn.tiu  la\  nr  nf  lun  rndt  rn.'\t*-rt'^l« 
I'ling  ((  heni.  Sue.  l  ians.  11M»6,  1630)  toumi 
(hat  up  to  ]400<\'.  the  carbide  sets  as  *  redneia^ 
agent  on  metallic  oxifii,*.s. 

Al.C,  + 1 2M0 - 2AI ,( ), -r  3C0,  +  12M, 
but  at  higher  temperatures  alloys  of  Attuninl 
and  the  inet*l  an  produced,  only  oarbon  bei 
oxidised, 

A1«C, +3CuOa  AtaCu^+SCO, 

o\^in^  ((«  (In-  fact  that  alumina  can  Ih?  mlu 


res|>unding  to  the  doulile  fluoride  of  aluminium 

Cryoliie  Al  .F.  tiXaF.    This  important  com-  '  t<^'ni'«rattt«»  the  •ftminlum  is  oxidiMd 


an 


by  carbon  at  very  hu{h  temperaturva ;  at  loai 
 ^   ^.^.„.   temiieratures  the  ammhdum  is  oxkU 

|MHin(l  may  be  *pr'|>ar<-<i  arUficiaUy,  and  attempt  |  O'fi'ltJ  »»  observed  by  Moissan, 


have  lieen  made  to  produce  it  hj^  a  substitute  for 
the  natural   cryolite,  it  being 
the  artificial  cryolite 


G.Vl-fSC'O^Al^r^  :  W  jl, 


claimed  that  the  reaction  being  reversed  at  the  higher  tel 
the  advantage  1  pemtans.  Digitized  by  Goog 


ALOmNIUM. 


116 


Ahmil&Iiim  snlphate  A1,0,(SO,)„18H,0  or 

AI,(iS0,),,18H,0.  Aluminium  suljihato  occurs 
naturally  in  considerable  quant  it  itMt.  As  the 
hydnied  salt  of  the  above  compomtiocu  it 
forms  tbe  chief  constituent  of  the  mineral 
aluncQtn,  kaUdruihUt,  feather  alum,  or  hair  saU, 
whioh  is  found  in  volcanic  districts,  at  Biliii  in 
Bohemia,  CopiH|>o  in  Chili,  Ac.  It  aim)  occurs 
in  p)Ti(ic  e^ale.    A  sample  of  feather  alum  from 


Production  of  al«MWfu«m  mJpkaU  from  tkitta 

r!'!>{. — At  the  prT>5cnt  time  the  ninrnifactnrc  of 
aiummium  suipliate  from  china  clay  m  carried 
out  oil  an  extensive  aoftle  by  a  process  based 
upon  the  original  patent  of  PcKliin  (Put.  1866, 
1406G).  The  cla^',  coutaiuiug  ubuut  40  p.c. 
•Irnnina,  is  obtained  from  Cornwall,  ana  is 
'^•h'eted  as  free  as  possible  from  yrtt  mihI  oxidn 
of  iron.    It  is  re<luc^  by  miiiiii^  and  sifting 


Fritvdorf,  Boon.  >%as  found  by  Hose  to  contain  I  to  the  finest  possible  state  of  diTision,  and  after 


A1,0,  14-9  p.c.,  SO,  371  p.c.  F.O  2-5  p.- 
H.O  45-2  p.c.,  with  traces  uf  K,  Xa,  Mg,  ami 


8iO 


H  preliminary  drying  by  exposnro  to  a  warm 
atmosphere*  is  calcined  at  a  dull-rod  heat  in  a 
reverberatofy  fumaco.  The  furnace  i.s  provided 
with  thrtte  working  doors,  the  material  being 
introduced  by  the  door  whioh  is  most  remote 
from  the  firegrate,  snd  gradually  raked  forward 
until  it  reaches  the  hottest  part  of  the  hearth. 


Aluminite  or  wfb«teriU,  a  hydrateil  basic  salt 
of  the  composition  Al,0,SOj,.9HjO,  has  been 
found  at  Anteuil,  Halle,  Muhilhauscn,  &c. 

In  oombination  Mith  potassium  sulphate,  the 
betio  nit  occurs  also  in  tdunite,  alumshme,  or  During  the  calcination  the  ctay  suffers  a  loss  in 
ahim  rorl-  K  ,S04,3A1  jO,(SO,),6H,(),  a  mineral  weight  amounting  to  from  20  to  26  p.c,  due  to  the 
which  is  found  in  iaij|e  ouantitics  at  La  Tolfa  expoision  of  the  whole  of  the  moisture  present 
near  CiwHm  Veechia,  m  Hungary,  at  I^ly•de•  (10  to  15  p.c.)  and  <rf  the  greater  part  of  the 
Sancy  and  Madriat  in  HurerKiie,  niul  m  many 
uther  localitii(».    It  usually  oocun  in  fibrous 


water  of  hydration. 

The  calcined  clay,  which  still  contains  about 
compact  ma  WW  in  trachyte,  of  colour  varving   3  p.c  of  wat«r,  is  tranaferred  by  nieana  of  iron 

fruiii  white  to  n  1    r  hfown,  being  jirodiu-eA  hy    tubs  to  a  lead-lined    wo<Hlen  \;it  containing 
tbe  action  of  sulphurous  gptaes 
rocks  fich  in  felspar. 

The  alunite  from  La  Tolfa  contains  from 
3o  p.c.  to  i7'9  p.c.  alumina;  the  average 
composition  of  tbe  mineral  is  Al,0,  27 -H  p.c, 
SO,  29-74  p.c..  K,0  7-55  p.c,  Wefi*  1-2  p-o., 
SiO,  22  7  p.c.,  H,0  U  -2  p.c. 

Aluminium  sulphate  may  be  produced  by 
<i'-<'lvinp  (ifVi'T  th<.'  hydrated  oxide  or  the 

iiljcate  in  .Hui|>lmnc  acid.    Of  the  raw  materials  [  umsti  gra<iualh    uoliditie».    Finally   thu  lioiid 


upon  trachytic  ^  the  requisite  quantity  of  sulphuric  acid,  heated 
.  to  a  temperature  of  85",  and  having  a  atrenf^h 

at  this  temperature  of  96*rw.  A  vigorous 
reaction  imoiodiately  takes  place,  and  after  the 
lapse  of  15  minutea,  during  whieb  |>eriod  the 

coTit'  nt<  if  the  vat  ftfc  kept  well  agitated,  the 
product  is  run  into  lea<l -lined  woo(Mn  waggons 
<with  removable  ndea),  in  which  the  rea«1»on 

coTitinm''-  f'T  n  considerable  tinu'  ar^'l  thr-  pn.-tv 


afailable  for  its  manufacture,  the  two  which 

Ai^  of  the  great '  sf  iniportanee  at  the  present 
tiiito  are  china  clay  (kiuilin)  and  bauxite.  China 
liy  is  a  very  mire  variety  of  clay,  resulting 
from  tbe  natural  decomposition  of  felspar,  ana 
approximating  in  oompositioa  to  the  formula 
AI«0„SiO„2H,0 


block  is  brought  under  a  heavy  mechanical  knife, 
and  by  a  combined  cutting  and  crushing  action 
is  rciluced  to  the  state  of  a  coarhe  }>uuiler. 

The  prodnet,  which  is  brought  on  the  market 
under  the  name  of  'alum  cake.'  contain-  th'i 
whole  of  the  silica,  iron,  and  utlur  inipuritius 


H,0.    It  is  of  comparatively  rare   present  in  the  day,  its  average  composition 

•ing  ffiund  chiefly  m  Devon  and    being:    .'M.Oj    (soluble)    12  2o    to    13  <>  p.o.. 


f^ccurrence,  Vh 

<  omwall  in  England ;  at  St.  Yrieix  near 
Ltmoces,  and  in  the  departments  of  Allier, 
Puy-de-Dome,  and  Brittany,  in  France  ;  at 
Seilitz  in  Saxony  ;  and  at  Xaa^au  iu  Bavaria 


Fe.()3(>  ]2  to  0  22  p.e. ;  combined  .St),  2«-6  to 
31  8  p.c.  free  SO,  0*4  to  1*0  p.c;  insoluble 

matter  20-0  to  26-6  p.c. 
About  00  p.c.  of  the 


durnma  present  in  the 
Bauxite  is  an  impure  aluminium  hydioxide  i  ohina  clay  is  converte<l  into  sulphate. 
A1^0„2H,0,  containm^  widely  varying  quan-  '      The  commercial '  white  8ulphHl<'  of  a!u 


titles  of  silica  and  ferric  oxide.  It  is  found  in 
Ireland,  in  the  south  of  France,  an<l  in  Austiia, 
Ukbria,  Senegal,  &c.  (v,  BAVxm). 

TIm  composition  of  typical  commercial  grades 
of  the  two  minerals  is  given  in  the  following 
table,  the  anabraes  having  been  made  on 
mrtMW  dM  at'lOO^:— 


I 


China  dajr 


Baodte 


«tJ$teiitMn't|  St.  Austell  Antrim 


Ke,0, 

SiO, 

Tif), 

K,0-|-Na.O 
H,0(oomb.) 


40  16 
0-35 
45-00 

0-80 
13-70 


Total  j  100-00 


411U 
0-20 
46-20 

trace 
12-50 


100-00 


Antrim 

France 

41-08 

6418 

3-21 

347 

}33  17 

18-96 

13-30 

100-00 

100-00 

mma 

is  prepared  from  alum  cake  iu  tlu-  fullowiug 
manner  :  The  coarsely  crushed  alum  cake  is 
i  lixiviated  with  water  (or  with  weak  liquors  from 
previous  extractions)  in  load.Hned  vats  heated  by 
live  fteara  ;  alter  settling,  the  clear  solution  is 
j  decanted  by  means  of  a  hinged  pipe,  and  run 
I  faito  lead-lined  evaporaton,  heated  by  steam 
,  coils,  where  it  is  concentrated  to  a  litrentrth  i»f 
I  n2^^y.   at   the  boiling-point  (about  US'). 
I  The  pyrupy  liquid  is  then  run  into  a  wnries  of 
shallow  tiled  trough  ,   where  it  .solidifies  on 
,  cooling.    Before  Bolidjhcation  occurs,  a  number 
of  leaden  partitions  are  inserted  in  the  troughs, 
and  the  product  is  thu8  obtaiiu-d  in  the  form  of 
rectangular  blocks  of  uniform  size  (24"  x  9"  x  6"). 
( *  White  sulphate  of  alumina,*  prepared  by  the 
ahfnf  process,  contains  on  an  average  about 
14  o.c.  of  alumina  and  0-26  p.c.  of  forrio  oxide, 
ana  is  practically  free  from  insoluble  matter. 
Ar.  ifVi'r  grade  of  the  raaterial  IB  prepared 

j  containing  17-5  p.c.  aluuiiua. 

Preparation    of  aluminium    aulphate  from. 

bmuntei— The  substitution  of  bauxite  f  r  hina  . 

i  -J,      L  y  Google 


ALUHINnTH. 


clay  in  the  manufacturt*  ui  aluminium  sulphate  t  Nowlands  (£ag.  Pat.  1880,  <>287)  (evaporates 
WM  propo;(o<l  hy  Lochatelier  in  18118,  and  ito  I  a  cni<Ie  Kohition  of  tho  sulphate  to  a  deoaity  of 

tmatmeiit  iVirins  the  f^ulijcct-raattor  of  ntrmtTniig 


patcDt«.  iiauxilt;  had  Ihe  advantage  ovi-r  china 
eUy  that  it  is  more  readily  solubie  in  acid,  and 
netnls  no  preliminary  calcination,  the  ohief 
drawback  to  it*j  use  being  the  prcecncc  of  a 
comoarativcly  large  amount  «jf  iron, 

Iho  treatment  of  bauxite  for  the  preparation 
of  '  alumino-ferric  cake,'  an  p»tent<>d  by  MetiMrR. 
P.  and  F.  M.  Sponcc  (Isvri  .     i,^  t.Hi.uM:— Tho 


67*^rw.  (ni  200''F.)  and  coola  lor  t««nty*foar 

houfii  ill  leaden  tanks. 

About  GO  p.c.  of  the  sulphate  thus  eiTatalliWB 
out.  The  liquid  is  drained  off,  nrnl  the  residue 
pumpcil  or  forced  into  lead-line<l  lilu-r  ])pv<»wm. 
the  platos  of  which  are  covered  with  thi<  k  fdt. 
and  separate<l  by  metal  ringn.  Here  it  ih  «ub- 
jectctl  to  a  prciwuro  of  about  2U0  lbs.  to  the 
squan*    inch.    Tho    hard    cako    so  produc<^i 


mineral  in  digested  with  dilute  Hulphuric  acki   coutainM  about  07  p.c.  of  the  total  aluminium 


with  iho  aid  of  steam  urdil  the  acid  ih  nou> 
traliiied  ;  the  insoluble  raattt>r  allowed  to  sub- 
itide,  and  the  soluticm  evaporated  to  lUO^M'w. 
and  run  into  Mhallow-partitioned  lead  coolenu 
It  there  solidifit  s,  .iria  is  n  inovcd  in  blocks 
18  or  20  inched  square,  each  weighing  about 
1  owt.  Tt  is  ^peUowish-green  in  oolovnr,  ooo* 
t'uus  much  aluiiiiim,  and  a  .'iinall  prnfK>rtion 
of  iron  and  free  acid.  It  is  used  in  the  prepa- 
ration of  all  but  the  finest  papers,  in  the  nre- 
l  ipifiit  inn  of  s<  \vam'  ntul  n  fuse  liquids,  an<l  in 
tho  elariiication  and  dccolourisation  of  water 
Hupplioti.  The  foUowine  analysis  shows  its 
general  composition  :  Al.Dj  14-2n  p.c.  (corri'- 
sponding to  Al,Oa3SUj47  til  p.c.),  Fe,Ua  U-28  p.c., 
FeO  0-32  iko.  SO,  (combined)  35*3ft  i».c..  80, 
(free)  0-45  p.r.    In    luMr  n  ot-:  p  - 

The  commercial  bul}>hat«j  ot  aiunilna  uimh 
iH  sold  under  the  names  of '  concentrated  alum ' 
and  *  alferitc,'  resembles  alumino-ferric  in  com- 
|)o«ition,  and  is  prepared  by  a  similar  process. 
The  following  details  eonoeming  its  manU' 
facture  will  serve  to  exemplify  modem  prac- 
tice. 

As  raw  material,  it  is  usual  to  employ  a  mix« 
turo  (if  Irinh  and  French  bauxit*'»,  n  iliucd  by 
means  of  ilisintegrators  to  the  state  of  a  cuar^c 
powder,  'i'he  jx)wdcred  mineral  in  conveyed  by 
means  of  an  elevator  to  a  lead-lined  vat  contain* 
ing  sulphuric  arid,  hcatetl  to  it8  boiling-point 
(aoonfe  itS^U  having  a  strength,  at  this 
temperature,  of  00**Tw.  The  mixture  of  acid 
and  bauxit4*  is  boiled  vigorously  for  G  hours, 
after  which  it  is  diluted  with  weak  liquors  to 
70**Tvv,  (measun^d  at  the  Iwiling- point)  and 
allowed  to  settle.    The  clear  liquor  is  decanted 


sulphate,  antl  O'OS  to  Od  p.c.  of  iron.  The 
mother  liquor,  evaporate<l and  similarly  treated, 
.  yiokU  a  second  and  third  crop  of  cryvtaJa 
'  containing  increasing  quantities  of  ircwi. 

Clia<lwicl<  and  Kynaston  have  ]>atentod  a 
I  method  for  the  removal  of  iron  from  baiutite 
I  before  converting  the  latt«r  into  alnmininin 
sulphate.    The  powdered  mineral  is  jnixol  to  a 
thick  cream  with  water,  and  treated  with  5  to 
>  10  p.e.  of  oxalio  acid  and  salBoient  hvdroohlorie 

acid  to  jirivrnt  the  formation  of  insoluble 
oxalates.  iVftcr  seven  to  ten  days  the  ma«e  ib 
washed,  and  a  large  uroixtrtion  of  the  iioa 
(t<iu'<  thcr  with  some  of  the  alumina)  is  thns 
rernovi^d  as  oxalate. 

Omdy,  in  1877,  proposed  the  rednetion  of 
111"'  iron  by  n^ducing  agents,  nr  its  con  version 
into  sulphide  by  sulphuretted  hydrogen,  and 
the  removal  the  metal  or  solphidc  by  dilate 
arid.  Th<-  propirtion  of  iron  may  thus  be  !«• 
ducinl  to  oiie-llurd. 

'  \N'eiHmann  suggested  tho  precipitation  of 
th*'  iron  from  aluminium  sulphate  liquors  by 
means  of  jK>ta^>juni  ferroeyanide.    The  method 

I  b  by  no  moans  satisfactory,  as  the  prooipilaie 
cnn tains  mnob  alumina  and  subeidea  vety 

hlouly. 

Kynaston  precipitates  the  bulk  of  the  iron 
as  ferric  arwenite,  romorin;:  the  la>?t  portioii.s 
with  calcium  f trroc^  aiiidt*,  followed  by  the 
addition  of  copper  or  zinc  sulphate. 

According  to  Faldberg  and  Semper  (Eny. 
Pat.  1881,  5r»79),  both  ferrous  and  feme  sjUt.s 
'  ma}'  be  prwipitated  from  alumnuum  sulphate 
by  agitation  in  the  cold  for  about  thirty  minnt4^ 
with  Icatl  jxToxide,  ferrous  salts  b(>ing  first 


and  evaporatc<l  in  lead-lined  vessels  until  its    oxidised  ann  then  pn-cipitatod.    No  lead  pai^seM 


density  reaches  112*Tw.  (boiling).  It  is  then 
run  into  psititioned  coolers  where  it  solidifiee, 

fonuini;  lilocksor  slabs,  containing  on  an  as  r-rage 

13*8  p.c.  alumina,  0*7  p.o.  ferric  oxide,  and  0*1 
p.o.  insolnble  matter. 

If  Fn  ri(  h  bauxif'-  f»e  us*-*!  alone  in  the  above 
process,  great  difliculty  is  experienced  in  the 
ciwification  of  the  liquor;  With  a  mixture  of 

Iri-h  ftiid  FreiKli  l>au\ite,-.  houever,  rapid 
bettling  occurs,  and  a  perfectly  clear  liquor  is 


into  solution  unless  chlorides  be  present.  The 
cumposition  of  the  precipitate  is  not  known,  but 
the  jX'roxide  may  1m-  nm  rierated  by  digestion  in 
cold  nitric  acid.  F.  and  F.  M.  tipenee  (l^ng.  Pat. 
1882,  3836)  use  manganese  dioidde  to9  the 
same  purpo-M\  In  presence  of  mlueing  agents 
suoh  as  ferrous  salts,  &c,  manganese  paeotw 
into  eolation,  and  requires  to  be  reprecipitatcKi 
by  addition  of  chlorine  or  a  hyporbforite. 

The  use  of  metantimonic  acid  and  meta- 


readtly  obtained.   It  is  of  importance  also,  in  '  stannic  acid  (Hood  «id  Salamon)  has  also  been 


ttii-  I  Dnneefjon.  that  the  liquor  should  retain  a 
&mail  amount  of  tree  acid,  as  the  fully  neutralised 
solution  settles  ver\  slowly. 

Sulphate  of  alumina  pn-fmrvd  by  any  nf 
the  above  procennes  al»ay.-^  contains  apprci.'iable 
quantities  of  iron,  and  the  removal  of  this 
impurity  i>  «  jnolilem  of  considerable  impor- 
tance, and  out  uhu  h  has  received  tho  attention 
of  many  chemists.  Numerous  processes  have 
been  deviled  for  the  purpose,  but  it  is  douVtt- 
ful  if  any  ui  these  u  satisfactory  in  works' 
praotioe. 


'n 


proposed  for  the  precijiil 
IS  first  oxidised  by  the  addition  ol  bleachiuic  | 
powder,  and  the  liquid  is  neutralised  with  chalk  j 
and  agitated  with  th(;  precipitant.  Both  sub- 
stances nia,\  lie  regenerated  by  digesting  the  i 
precipitate  with  sulphurio  aoid.  | 
(for  furtlier  information  resiardinp  these  pri>-  ' 
cesses,  Beveridge    (J.  Soc.  Chenu  Lad. 

1886,  16-22):  B.  £.  R.  Newlanda  (iM.  1882* 
124) :  Kynaston  (CbenL  News,  40,  191  and 
202U 

The  above-Mtioned  SVipici  bfCot^i^ 
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parificmtion  of  ahmbiinm  gnlpluMte  from  iron 

jx:>sse>8  little  or  no  ooinmerelal  r^it^nifirance  at 
the  present  time.  '  Pure  alumiaiam  sululMte  ' 
is  prepared  dinelly  from  pur«  fthuniim,  Wnloh  is 

obtaiiHxl  from  luiuxitc  by  the  '  alknli  fusion  ' 
urooeaa.  The  bauxite,  reduce<i  to  a  fine  powder^ 
m  nuxed  with  soda  ash  in  such  pmpoftiont  tliat 
for  every  molecule  of  AI|0,  (tncliKlinij;  Ft.O,) 
weeeot  there  we  1  to  1-2  molecules  of  ^AjO. 
llienuxtore&staroDgly  heated  in  •rsverbentory 
furnace,  m  ith  frequent  stirring,  for  a  period  of 
fire  hours.  Carbon  dioxide  is  evolved  and  the 
atomina  and  fetno  oxide  are  converted  into 
Eodrum  alutninate  and  sodium  ferrite  respec- 
tively. Thu  lUABs  ia  lixiviated  by  suocoaeive 
extractionB,  first  with  weak  liquor  from  pfevfomt 
b:it<h«--*,  and  finally  with  pure  water.  The 
.stxliuia  alumiuatti  diii^lvtiii  such,  whilst  the 
Hxlium  ferrite  is  decomposed,  forming  insoluble 
ferric  oxid^  v  hieh  ri-inains  in  the  exhausted 
residue,  ami  c-au.itio  ^oda  which  pajuies  iiito 
aolniion.  The  clear  lji{iior  is  run  into  a  boiler 
and  saturated  with  carbon  dioxide  produced  by 
the  &)mbnstion  uf  cuke  or  by  tlit-  decomposition 
of  limestone.  During  the  pagmgo  of  the  gas 
th<»  o«nt*  nt>*  of  tlu'  lioilvr  an-  hcate*!  to  70°  iiiul 
kept  thorouiihly  stirred  by  mcann  of  an  agitator. 
Whcr)  tlif  ]irrriijitation  ot  the  alumina  is  com- 
plete, the  liquid  is  allowed  to  settle  and  the 
clear  liquor  decanted  and  concentrated  for  the 
recovf-ry  of  the  dissolved  so<lium  carbonate, 
whilst  the  alamioa  ia  drained  in  a  hydio* 
extractor. 

A  cheaper  process  for  obtaining  the  alumina 
from  the  ■odioin  ahiminate  baa  been  devised  by 
Bayer  faa  described,  p.  106). 

The  alumina  prepared  by  either  of  the  abov<- 
procesoe^  yieUht  by  treatment  with  sulphuric 
acid,  a  vcrj'  ]itire  quality  of  alamininm  aolphate. 

Two  gradt  ?*  of  th«'  latt<  r  an*  couinKiidy  prepared 


;  of  alumininm  snlnhate,  faeOitatea  llie  cfyatalU- 

sation  of  the  salt  (Persoz). 

Karl  Keuaa  (fier.  17,  2888}  gives  the  density 
I  of  ealatioBB  of  pore  anhydrona  alomlmum  ■ul- 

phate  as  f oUom 


1 

1-017 

14 

11467 

2 

1027 

15 

M574 

I 

1-037 

16 

M668 

1*047 

17 

• 

1-1770 

5 

1-0569 

18 

I  1870 

6 

1-0670 

19 

11971 

7 

1-0768  1 

20 

1-2074 

8 

1  -0870 

21 

1-2168 

9 

1-0968 

22 

i  -2274 

10 

11071 

23  1 

1-2376 

11 

1.1171  1 

24  ' 

1-2473 

12 

11270  ' 

i5  1 

1 -21178 

M369 

1 

Per- 

Density at 

Density  at 

X>eii8ity  at 

centage 

2500. 

5 

1  0503 

1-0450 

1  oaiki 

10 

11022 

1-0960 

1-0850 

16 

1-1522 

11460 

1-1346 

20 

1-2U04 

1-1920 

1-1801 

25  t 

1-2483 

1-2407 

1-2295 

for  the 


lish  market — the  one.  sold  in  the 


form  of  mm  or  bloeka,  oontaina  14<0  p.e.  of 

alunu'na  and  OOOSr)  \t.c.  of  f(TrIc  oxide,  the 
Other,  sold  in  powder^  contains  18  0  p.c.  of 
■ihiinin^  and  O-OOIO  f».e.  of  ferrie  oxide. 

Aluminium  sidphutt-  cryKtalli  ^vith  diffi- 
culty in  thin,  six-sided  nacreuuri  piatee,  con- 
taining 18  molecnks  of  water  and  having  a 
tlf  Hiity  of  I  -eOl.'l  at  17*(Dewar).  The  following 
table  of  solubilities  is  given  by  Foggiale  (Anu. 
Cbim.  Phya.  [31  8,  467)  for  the  oiyatailine  and 
aahjdroaa  aalta  : — 


Sfllalinty  In  100  parte  of  water 

A1,(S04),       1  Ala(S04)3.1»HaO 

0 

313 

86-8 

10 

33-5 

95-8 

20 

361 

107-3 

30 

40-4 

127-6 

40 

45-7 

167-6 

SO 

62-1 

2014 

60 

591 

262'6 

70 

66-2 

348-2 

80 

78-1 

467-8 

90 

80-8 

078-8 

100 

89-1 

1132-0 

Hw  addifeioa  of  alcohol,  in  which  alnminiQin 
tol^te  ia  almoat  inaolnblab  to  aqueous  adlntiona 


When  1)i-al<-d,  aluminium  sulphate  melts  in 
^  its  water  of  crystallisation,  swells  up,  and  gradu- 
I  aUy  fomiA  a  vdtite  ponnm  mam  of  the  anhydrous 
sulphate,  \vhi<li  only  dissolves  slowly  in  water. 
At  a  red  heat  oxides  of  sulphur  are  expelled 
and  a  reaidue  of  poie  alumina  remains. 

Aluininiiini  sidphato  roinhinoH  readily  with 
the  sulphates  of  the  alkali  metahi,  forming 
crvstalline  double  snlphatea,  known  as  ahtma, 
wnieli  m  ,  a  ;  a  rule,  conHiderably  leas  soluble 
than  aluiuinium  sulphate  itself.  According  to 
Reosa  (Ber.  17,  2888),  the  addition  of  I  p.e.  of 
potsfsiuni  sndphatc  to  a  8f)hition  containing 
7  p.c.  or  upwards  of  alumiuium  sulphate,  at 
onoe  produces  a  crystalline  precipitate  of  ainm. 

The  general  industrial  uses  of  alnminium 
sulphate  are  the  i>anie  as  those  of  ordinary 
alum.  It  is  largely  used  in  paper-makini;  and 
in  the  preparation  of  red  liquor  as  a  monlant. 
The  coarser  preparations  are  employetl  for  the 
preoipitation  of  sewage. 

For  the  detection  of  free  acid  in  ahuninium 
j  sulphate.  Miller  (Ber.  1883,  1992)  rtcuuuneiith 
'  the  oae  of  methyl  orange,  which  yidds  an  orange- 
I  coloured  solution  w  ith  tho  pure  sulphate,  but 
I  is  reddened  by  free  ai  id.  A  dilute  solution  of 
j  Con|[0  red  becomes  blue  inpweeoee  of  free  acid, 
I  but  IS  not  affected  by  the  pure  salt. 
'  For  the  estimation  of  the  free  acid,  a  weighed 
I  quantity  (20  to  50  grams)  of  the  sample  is  dis- 
solved in  40  to  100  c,c.  of  water,  the  solution 
I  heated  to  boiling,  and  titrated  with  normal 
I  ca\istie  soda  until  a  drop  of  the  liquid,  taken  out 
I  with  a  i^lass  rod,  faib  to  yield  a  blue  colour  when 
mixed  with  fliz  drops  of  Congo  red  aolntion 
,  (prepared  by  disaolvmg  0-067  g^nbijfz&W^Google 
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ttA  in  100  e.e.  of  boiling  water  Mm)  dfhithig  to  « 

litre). 

T.J.  I.  Craig  (J.  iSoc.  Cbem.  Ind,  1911,  IH) 
proposea  to  determino  the  free  add  in  almnlnium 

Muljihato  liy  tivaling  the  lattrr  with  exows  of 
neutral  potossium  fluoride,  whcroby  the  double 
mtit  AiV,*3KF  u  lotmed  together  wtth  potoMinm 

sulphate.    As  theae   pr(M!iu(s.  are  neutral  t<» 

Sheuolphthalein,  the  free  acid  present  may  be 
ueotly  titrated  with  »  etandud  eolation  of 
potassium  hyrlrnxidp. 

Iron,  in  the  ferrou8  condition,  is  etttimated 
by  titffttbn  with  decinormal  potaasiuin  iier 
IBMIgAnate,  and  total  iron  hy  inr:ni^^  nf  standard 
titanous  or  KtannoUH  chloriilu  solutiun.     If  the 

auantity  of  iron  prestnt  1h'  very  Hmall^it  ia 
eteriniiu-<l  tulitriiiu-lrically  {v.  Alums' 

Sovrral  luisic-  aluminium  sulpluitrs  liiuc  in-vn 
prt'pariil.  Tlu-  compound  A1,0„2S()  ,.12H,0  in 
()l»taiiic<i  hy  ht'aliii^;  a  solution  of  aluminium 
tfulphate  willi  ziuc,  or  by  iliiwolviag  in  it  thi' 
calculated  quantity  of  aluminium  hydratt. 
Spenco  and  Sons, "  Limited  (D.  R.  P.  1903, 
1U7419),  prepare  a  basic  sulphato  of  similar 
composition  by  heating  ralphunc  aoid  tinder 
pressure  with  15  to  30  p.c.  more  alumina  than 
is  required  for  the  formation  of  the  norma]  salt. 
The  solution  is  then  treated  with  MufiiciiMit  chalk 
or  lime  to  raise  the  basicity  by  20  to  28  p.c. 
The  strongly  basic  solution  is  rapidly  filtered  and 
concHntratc<l  in  triruo  until  it8  density  reaches 
1*4S.  On  eooling  with  agitation,  a  liiagma  of 
crystals  is  formed  and  is  separated  by  suit- 
alilt"  nu  ans  from  the  mother  liquor  which  con- 
taios  normal  aluminium  sulphate  (compare  also 
Enft,  Vtkt.   1902.  itmH,  and  Fr.  Put  1903, 

ALUMINIUM  BRONZE  v.  Aluminium. 
ALUMS.  This  generie  name  is  pvon  to  an 

important  crimp  of  double  Malt.><  of  tin-  yf-ncral 
type  R-SO^R'jO,(SO,)„24H,0,  where  R  is  a 
monovalent  metal  or  basio  radiele  soeh  as 
pota^-.-jiinn.  odium,  ammonium,  &c.,  an  !  I>'j0j 
is  a  sesquioxide  nuvh  as  that  of  aluminium,  iron, 
ehromiuro,  or  manganese.  They  are  all  soluble 
in  WBt<T,  nnd  cr^'st-allise  therefrom  with  twonty- 
four  muieeulea  of  water,  in  forms  belonging 
to  the  rpgttUr  qratem,  usually  ootahedra  or 
cubes. 

The  alums  which  contain  the  sesquioxide  of 
alumina  will  alone  be  considered  here,  and  of 
thesr  the  most  important  are  the  potassium, 

so<lnjm.  and  ammonium  compounds. 

*  .S«  |t  iiic  nlums '  have  b<^  prepared,  in 
whi<  !i  irir  acid  is  replaced  hy  selenio  acid. 

Poiassiuni  alum,  Polai*h  alum 

K,S0„Alj0,(8O,)3,24Ha0. 

This  salt  is  found  in  nature  as  kaiinit^,  in  the 

form  of  tibrous  crystals  or  as  an  (  ffldn  st  rnce  on 
aluminous  mineralii,  and  occasionally  also  in 
oetahedra,  at  Whitby,  Camrwie,  ftc.  In  the 
Solfat^ira  noar  Naples,  and  the  islands  f>f  ^'olc•ano 
and  Milo,  it  occurs  in  lat^fcr  quantities,  being 
formed  by  the  aetion  of  voleanie  gases  npon 
felspathif  trachyt*'. 

Of  greater  im[>ortanoe  is  the  mineral  aluniU 
mahrnvtonf,  which  is  a  double  salt  of  potassium 
f^ulphatf  and  aluntininm  -id(phate,  having 

the  cuinpoaition  K^SO^,  Alj(.SO«;„2Al,(0H), ; 
it  i<«  foumi  at  Tolfa  near  Civita  VeoohUt;  at 
Montiont  in  the  l>uchy  of   Piombino;  «t 


Mnnaly,  Ifnnlcaot,  and  Tohay  in  1Tunj?ary  ;  in 

the  i.sland.s  of  Milt),  Ar>:i-iit iiio,  ami  Ni|K»gli<> 
(Grecian  Archipelago) ;  at  Puy-de-Sauoy  Mui 
Madriat  (Auvergne);  at  Samsoon  in  Atom 
Minor;  and  in  Au.xtralia.  An  'alum  mountain.' 
composed  of  this  mineral,  is  reported  to  eziitt  in 
China,  and  is  stated  to  be  neany  1900  feet  bigh 
and  to  have  a  circumfrrcnf  (  it  it-  1 1 1 se  of  ^bout 
ten  miles  (U.  £j.  UOna.  Reporl,  1903). 

The  nwnufaetvre  of  alum  is  of  great  mi- 

tiquity.  In  tho  time  of  Pliny  alum  w  i-  it:  n  e 
as  a  mordant  for  the  produotion  of  bri|^ht 
oolonra,  and  was  even  tested  by  means  of  tlw 
tannin  in  pomegranate  juice  to  n-ririaiTi  its 
purity.  It  was  prepared  in  the  thirlc«  iitb  cen- 
tury at  Smyrna  from  alum  rock,  and  .since  the 
tlft<-f>nth  century  has  been  largely  produced  at 
IsA  loiia  from  the  same  substance. 

Its  preparation  from  pyritic  shale  has  Ions; 
been  kno^vTl,  toirc)h<T  with  the  fact  that  the 
presence  of  an  ali<ali  uas  nooeeaarv  to  induce 
crystallisation,  but,  until  proved  in  1797  by 
Chaptal  and  Vanfjuelin,  the  essential  pre»enoe 
of  alkali  in  the  crvjitals  Mas  not  recognised. 

Very  pure  alum  i^  ])n>parcd  in  small  qiuMl- 
titles  at  Solfatara.  The  natural  alum  found  thent 
is  digested  with  water  in  large  woo<len  vata  under 
cover,  and  maintained  at  about  40*  bv  the 
natund  heat  of  the  soil.  The  solution  is  de- 
canted and  cr}'stallised.  A  second  crystallisation 
produces  extremely  pure  alum. 

Pnduetian  olum  from  qIwmU. — The  pre- 
paration of  alum  6om  alnnlte  is  an  indnstry 
\\  lii(  li  dates  from  ver\'  early  timtw.  Of  Oriental 
origin,  it  appears  to  liave  been  introduced  into 
Europe  in  the  thirteenth  eentury,  and  during 
the  Hfteenlh  cfntury  M-viral  alum  works  were 
established.  Amongst  these  may  be  meottooed 
the  eelebratttd  workiB  at  La  Tolfa  near  Civite 
\'('r-(-hia,  a  district  in  uhirb  alum  manofnotivn 
still  ranks  as  an  important  industry. 

The  outlfaw  of  the  La  Tolfa  prooeaa 

Ixlow  is  of  I'i  t '^ri-al  ir  fen-.^f.  Tlic  ininer»l, 
broken  into  lumjts  of  mu<lerate  size,  is  calcined 
at  a  low  red  heat,  either  in  heaps  or  In  kilns. 
Tho  op) THtinti  requirf'S  tf)  he  carefidly  |»«Tfornutl, 
and  is  htopjxd  as  sotui  m  the  mineral  bt^ginis  to 
evolve  acid  fumes.  The  calcination  oooupiim 
about  f*ix  hours  and  results  in  a  lo^s<  in  woic»ht 
amounting  to  abuut  33  p.c,  chieti\  due  to  thtf 
expulsion  of  water  ;  at  tlie  same  time  tlie  hnnici 
sulphatt^  U  'Iff'imjxxcd,  yiddintr  alum  atnl  in- 
soluble alumina.  The  ntant^il  nta.s^  L-i  irana- 
ferred  to  briokwork  bins  and  exponed  to  tbe 
air  for  several  months,  during  which  time  it 
is  oocAsionally  moisteneil.  The  n-sulting  sludge 
is  lixiviated  'with  water  at  TO",  and  tho  cleiar 
<lecant*Hl  liquor  concentrated.  The  crysta-Is  (if 
alum  which  separate  on  cooling  are  cubic  and 
have  a  rc<ldish  tinge  itig  to  the  ptMenoe  of 
su8|x?nfled  ferric  oxide  ;  this  may  be  removr«d 
by  recrystallisation.  The  amount  of  soluble  iron 
present  w  stated  to  be  less  than  0-005  p.c  The 
product,  known  as  Roman  alum,  was  in  fornM-r 
tiroes  highly  valued  on  account  of  its  great 
])urity. 

In  the  modem  process,  employed  on  the 
Contment.  tho  alunite  is  oaleined  at  a  higher 
ttmiiKTature  and  the  jirodui  t  tnated  w  ith 
sulpWic  acid,  whereby  aluminium  sulphate  is 
formed  hom  the  excess  of  alumina,  and  paaei^ 
Into  sdutioii  together  with  ^^^Q^^^ 
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Utt«T  b  eithn*  cin'stallisod  out.  and  tho  morv    1*09  to  art*  nin  into  ?5pttlintr  tanks  and 

soluble  aiumiiiium  t>ulphiit«  rticovficd  as  riuch    allowed  to  deposit  cukium  .suljihate.  fvnw  uxidc. 


from  the  mother  liquors,  or  sufficient  potadsium 
suiph»te  w  added  to  convert  the  whole  of  the 
aluminium  sulphate  into  alum. 

According  to  C.  Schwartz  (Ber.  17,  2HS7), 
the  best  temperature  for  the  roasting  Is  500°, 
•nd  tile  acid  iised  should  have  a  density  between 
1-297  and  1*530.  Ij.  Greschwind  (Manufacture 
of  Alum  and  the  8aiph»tea  of  AlumiQa  and 
Iran,  1001),  however,  statM  that  in  France  a 
traperature  of  al>out  1000*  is  employed. 


and  other  suspended  impurities,  and  arc  then 
removed  for  concentration.  The  method  adopted 
for  this  purpose  varies  according  to  the  nature 
of  the  mineral  under  treatment.  In  the  case 
of  shales  from  JHurlet  and  Cam|)sie  the  concen- 
tration »  effected  by  surface  eva|K)rati(m  in  a 
reverberatorv  funiace. 

The  bed  is  of  gtooe,  coated  with  weU-rammed 
otay,  4  or  9  feet  wide,  2  or  3  feet  deep,  30  or  40 
feet  lun;.'.    It  !•<  lilU-tl  to  th<'  l»rini  with  strong 


Fannerly»  the  greater  portion  of  the  alum  |  liquor,  and  the  flame  and  hot  air  from  the  fire 
nmirafMitiired  in  Bnghmd  was  prepared  from  i  owrried  over  it.  As  evaporation  proceeds,  more 
alum  shale  (alum  ore),  alum  schist,  and  similar 
minends,  which  occur  in  largo  quantitiea  at 
Wliitbv  in  Yorkahim,  Hiukt  and  Oamprie  in 
.Scotland,  in  Sweden,  Norway,  Belgium,  and  in 
several  parts  of  Thnni|gia»  Westphalia,  &o. 
Them  minenb  are  mixtures  of  afundniam 
>ilicAt»^,  in»ri  pyrite-i,  and  !)itutninou8  substances  ; 
the  iron  pyrites  is  principally  present  in  the 
ahiaiiiMras  schista  aa  a  fine  Uaeic  powder, 
disseminat'd  throughout  the  ma,--,  and  not 
distingui»hat>it-  to  the  eye.  The  rapid  oxidation 
of  these  niinerals  under  atmoaphene  inflnenee* 

or  lu'at  i-*  due  to  this  ntato  of  tl-ir  di\  r;if>ii. 

Alumthous  tarl/in  are  dark  lirown,  friable, 
pofoufi  masses  without  stnu  ture,  and  contain 
leea  silica  than  the  schista.  They  unialiy  ooeur 
in  lasers  with  lignite. 


li<|Uor  is  added  until  flu'  projxr  concentration 
is  reached,  it  is  then  run  into  leaden  pans, 
eonoentrated  to  about  1«4  sp.gr.  and  conveyed 
to  a  precipitating  ristem  fontaining  the  requisite 
i^uantity  of  dry  [lotaasium  chloride ;  the  liquid 
is  well  agitated  and  the  ohloride  soon  dissolvet* 
In  about  5  day.-*  the  liquor  i.s  draitn-*!  from  the 
large  crystals,  whu  h  are  washed  and  recryatal* 
Used. 

The  Whitby  shales  differ  from  those  at 
Ifurlet,  in  that  they  contain  a  considerable 
quantity  of  magnesia  which  passes  into  the 
extmft  in  the  form  of  magnesium  sulphate.  In 
this  case  surface  evaporation  is  not  satisfactory 
on  account  of  the  formatkm  of  a  criiat  of  tl^ 
salt  which  retards  evaporation.  The  evapora- 
tion of  the  liquor  is  carrie<l  out,  therefore,  in 
'ion  of  alum  from  attminouM  nhaU —  \  leaden  vessels,  until  a  sp.gr.  of  ld25  to  1-137  is 

reached,  after  which  the  solution  is  allowed  to 
«!tand  until  clear.  The  concentration  is  con- 
tinued up  to  s|[».gr.  1  •2.'>,  at  whieh  stage  a  sample 
of  the  liquor  w  withdrawn  and  the  percentage 
content  of  aluminium  sulphate  determined. 
Aft<'r  further  evaporation  to  a  density  of  I  ^  to 
1*5,  the  hot  liquor  is  run  into  a  precipitating 
tank  and  mixed  with  a  saturated  solution  of 
the  calculatt^tl  quantity  of  potassium  chloridu 
itfiiited.  As  the  mass  bums,  fresh  quantities  of  or  sulphate,  the  whole  being  kept  in  constant 
Ube  mineral  are  added,  until  a  sufficient  mass  of  agitation  to  induce  the  formation  of  .small 
tnateriAl  has  been  accumulated.    By  pumping  I  cr^'.^tais  (alum  meal). 

water  over  the  surface  at  intervals  the  tempera-  When  much  ferric  sulphate  is  fKroeent  in  the 
tnre  in  regulated  to  a  degree  suitable  for  rendering  solution,  the  addition  of  potassram  sulphate 
th<-  df<-ompoaition  as  complete  as  possible.  Too  '  "nuid  |ir<Mluce  iron  alum,  isomorphous  wWh  onli- 
bigh  a  temperature  is  to  be  avoided,  as  it  j  uar>'  alum,  which  would  omitalliic  out  and  con* 
reaidtB  in  the  loss  of  sulj^inr  dioxide  and  the  1  taminate  the  product.  The  use  of  fiotassinm 
f.»rmAtion  of  a  slaf,'.  Durini:  th"  comhustion  '  chloride  prfvcnts  thiw,  by  proclucing  the  easily 
of  the  !>bale  the  pj-ritcs  is  decomposed,  giving  >  soluble  ferric  chloride,  while  ferrous  salts  are 
up  a  fxirtioD  oll  its  snlpbnr,  which  is  converted  |  converted  into  the  equally  sc^uble  ferrous 


TTi<-  nioT^  earthv  vhnlr«  fir<-  poro«<i,  and  if  pile<l 
m  ueap.4  in  the  u)N'n  air  and  occasionally  mois- 


undergo  spontaneous  oxidation,  with  lUie 
formation  of  sulphates  of  iron  and  aluminium. 
L'sually  they  ret^uire  roasting,  and  when  not 
RiAciently  bitummoiifl  for  oombostion,  are  first 
mixed  with  fuel. 

The  coarsely  broken  shale  is  built  up  with 
alternate  layers  of  coal  into  heaps,  which  are 


l.y  buminir  into  sul]»hur  dioxide,  and  thi.n 


!il<  ride,  an  equivalent  amount  of  jKitaH-'itim 


conjunction  with  atmospheric  oxygen  attacks  Hulpiiate  being  formed  at  the  same  time.  Chloride 
tha  «lay,  forming  ahnnininm  sulphate.   The  I  of  potassium  is  generally  employed  in  preference 

<^4!cin«l  mass  is  allo\U'<I  to  n  in  iin  exposeil  to  to  the  sulphate,  uhenever  suf^irient  iron  sidphate 
the  air  for  a  considerable  period,  during  which  i  i^  present  to  nupply  the  requisite  amount  of  sul> 


a  farther  absorption  of  oxygen  takes  piaoe,  |  phuric  aci<l  for  the  formation  of  alum  ;  its 

resultintr  in  the  conversion  of  the  lower  sulphide  greater  soluhilitv  i-;  al<u  in  its  favour.  Too  much 
of  iron  into  ferrous  sulphate  and  ferric  oxide.  chloride  should  l>e  carctuliy  avoi<^led,  for  after 
Lixiriaiion. — This  operation  is  omtwA.  ont  -  the  iron  s<ulphates  have  Ix-en  decomposed,  the 
11  larjre  leaddined  hoxes  with  perforated  hottoniB,  ;i1'mt  iitiuu 
the  tiltt-ring  lK.d  being  formed  of  limber  top}x.Hl 
with  brushwood.  A  layer  of  the  roasted  mineral 
sboTjt  13  inches  deep,  is  introduced  and  its 
cxtra^ioo  is  effected,  first  with  the  mother 
liquor  ttotn  the  alum  crystallising  pans,  and  later 
with  pnre  water,  the  liquid  in  each  en^^e  Inins; 
left  ovtmiiilit  III  contact  with  the  nuiterial. 

The  exhausted  mineral  still  eontainn  a 
«**TTTsi<!eral»le  amount  of  ftliimina  and  sulphuric 
ttcid.    Thv  liquors,  which  liave  a  density  of 


n  sulphate;  is  itself  attacke*!^  with  the 
pro(i\iciion  of  the  very  nolnlfle  chloride,  which 
is  lost. 

The  alum  meal,  consistinir  of  small  hrou  tu  di 
crj-stab,  is  drained  and  washed  twice  with  t  okl 
water.   The  adhering  mother  liquor,  containing 

much  iron,  is  tlni.'s  remnvcd.  and  the  meal  is  left 
nearl>  pure.  I'lic  tinul  puriHeation  is  effecte<l  by 
dissolving  in  a  minimum  quantity  of  boiling 
water  anfl  allowing  the  solutifin  to  stand  for 
about  eight  days  iu  ca.sks  funmhed  with  movable 
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ptavf'^.  At  tlir  011*1  of  tlii  |)frio(l  the  staves 
11X12  removed,  tbo  block  o£  crytilais  is  pierced, 
the  mother  Hqucir  d»in«*i)  off  and  ciuploycd  for 
dissolvin;!  frosh  qiianf  it  ic  i  nf  rm-al. 

The  mothor  liquor  irom  the  alum  meal  has  a 
8p.gr.  of  about  1-4 ;  it  contains  sul])hatc  or 
chloride  of  imn,  ma^jnosium  sulphate,  &c.,  and 
will  yield  more  alum  on  evaporation.  In  a  final 
evaporation  it  yields  ferrona  sulphate  in  fine 
pri  i  ti  crystals.  When  iron  \^  |.n"sctit  in  largo 
quantity,  the  liquors  arc  (Evaporated  and  the 
ferrous  Rulphate  crystalltsed  out  before  the  ad> 
difion  of  tne  potassium  salt.  In  thi.-t  <  ,i-<(:  the 
iron  .Halt  is  less  pure  and  lois&  soluble,  but  the 
alum  snbsequently  produced  oontaina  lees  iron. 

Formerly,  potassium  ahirn  alone  pro- 

duced. In  184r»,  however,  the  |K>Ui.HHium  sul- 
phate was  ropla('(  <l  by  the  ammonium  sulphate 
produce<l  from  the  then  wawte  liquors-  from  tjas 
works,  yieidmg  ammonium  alum.  Tliis  great 
improvement  was  introduced  by  the  late  Peter 
Bpenco ;  his  method  M  as  soon  generally  adopted 
both  in  England  and  on  the  Continent. 

Another  great  advance  was  made  by  Spence 
in  1845  in  the  manufoctun*.  1)\  (he  tr«'ritment 
of  the  nfoiic  Hhalc  underlying  the  cual'Stutms 
of  South  Lancashire.    This  shale  contains  from 
5  to  10  p.c.  of  earbonaeeous  m8tt<T.    It  is 
piled  upon  rows  of  loosely  placed  bricks  (to 
allow  a  free  passage  to  the  air)  in  heaps 
4  or  5  feet  liigh  and  20  feet  long.    The  com- 
bustioti  is  started  with  a  little  fuel,  but  the  shale 
contains  Kufficiont  combustible  matter  to  con- 
tinue burning.    The  calcination  is  performed 
sloti'ly  at  a  heat  helow  rednesw.   In  al>out  10  days 
the  roasting  is  completed,  and  the  material  has 
become  soft,  porous,  and  light  red,  whilst  the 
alumina  mntainerl  in  it  hae  become  anhydrous 
and  soluMf  in  sulplmtic  aciil.    Too  hish  a  tem- 
perature, however,  partially  vitrifies  it,  in  which 
oase  it  is  only  slowly  attacked  by  aeid.  Oharjres 
of  20  toii-t  arc  )ilncod  in  large  covered  pans  10 
feet  long,  10  fuct  wide,  and  3  feet  deep,  lined 
with  lead,  and  are  dii;ested  for  about  48  hours 
with   sulphuric   h(  itl    (of  sp.er.  \  'Afi)  at  110°, 
the  temperature  being  maintained  by  fires  be- 
neath the  boilers.  Formerly  ammonia  was  forood 
into  the  liquid  from  a  boiler  (  onf  lining  gas 
li(pior ;  ammonium  sulphate  was  thus  produced, 
with  considerable  rise  of  temperature,  and  oom- 
bine»l  with  tlie  alnniiniiini  sulphate  fornnn<.'  am- 
monium alum.    The  sohition  of  alum  so  pro- 
duced is  run  into  eistcms  29  U  i-i  by  17  feet,  and 
If  feet  deep,  in  whii  h  it  is  kej)t  in  constant 
agitation.    In  ab(iut  14  hours  the  small  cry.stals 
80  formed  are  drain<Ml,   wasbeil   with  some 
mother  liquor  from  *  \>]<>ck  alum.'  anrl  di.'Jstdved 
by  H  process  known  as  '  rucking  '  for  the  pro- 
duction of  pure  block  alum.    For  this  pur|X)sc 
they   are   introduced  into  a  hopper,   at  the 
bottom  ot  which  (hey  encounter  a  current  of 
steam  at  a  pressure  of  20  lbs.  p  r  sq.  inch,  both 
.steam   and  crvsfals   l>eing  sn)>plie(l   in  such 
proportions  that  *dl  ihe  crystals  are  dissolved. 
whUe  no  si  ram  is  vasted.    In  this  manner  4 
tons  of  crystab  may  be  tlissolved  in  30  or  40 
minutes.    The  solution  is  run  into  a  leaden  tank, 
and.  after  a  time,  treated  with  a  small  quantity 
of  size,  which  precipitates  a  quant  ity  of  insoluble 
matter.   The  clear  liquid  is  next  run  into  tulw 
ahonl  r>  fcrt  high  and  ii  feet  wide,  ta|^'ring 
iipwatxis,  with  movable  lead-lined  staves.  After 


some  (lays  flic  staves  are  removed  an<l  a  liolo 
I  is  bored  iu  the  mass  of  crvstals  for  the  rcmuvai 
'  of  tiie  liquor.   Each  block  weighs  about  3  tons, 

while  the  mother  liquor  contains  about  1  ton. 
To  produce  i  ton  of  ammonium  alum  by 

this  method  on  an  average  about  18  ewts.  of  the 

shale  is  required. 

A  great  advant^c  of  this  process  ia  the 
I  speed  with  which  the  crude  material  is  oon- 
I  verted  into  marketable  alum.    Hy  tVie  old  pro- 

oess  twelve  months  was  required  for  this  con- 
I  version,  whilst  by  Spencers  prooees  the  wiioie 
I  operation  is  j  r  rfMrnied  in  one  month.  For  thif* 
'  process  Spence  was  awardeti  the  metlal  fur 
I  alum  manufacture  at  the  Ezhibitimi  of  lS(i2,  at 

whicli  elate  he  manufactured  150  tons  of  alum 

weekly,  over  one-half  the  total  pnxluctiou  t»f 
I  Bni^and  (v.  Hofmann's   Report  on  C^eniic«l 

Processes  at  the  Exhibition  of  1862,  p.  and 

J.  Carter  Bell,  Chem.  News,  12,  221). 

Alum  is  also  pnxluced  b}'  the  addition  of 

potasfium  sulphat-e  to  aluminium  sulphate,  pre- 
I  pored  by  any  of  the  processes  already  described. 
:  It  is  prepared  in  gre^t  purity  from  the  sulphate 

produced  from  t  T\  (!ite;   1  ton  of  cryolite  pio> 

duCftS  3  tuns  ot  aium  (»;.  HSodiurti  alumifuUc). 
Many  other  processes  have  hctin  propcKKd 

and  usetl  for  the  pn-paration  of  alum. 

Spence,  in  1670  (Eng.  Pat.  1670),  patented  a 
I  method  of  preparing  alum  from  mineral  plioa- 

phates,  especially  that  from   Redonda  uear 

Antigua,  which  contains  26*1  p.c.  of  alumina  as 

])hosphate  with  ferric  oxide  and  silica.  It  i.s 
I  calcined  at  a  red  h6at  to  render  it  porous, 
I  powdered,  and  digested  with  sulphuric  acid  of 

sp.gr.  1*6  in  quantity  proportional  to  the  amount 
I  of  alumina,  in  lead«iioed  vesseli^  heated  by  ateaaa. 
1  The  liquid  is  concentrated  to  a  density  of  1*46, 

and  treated  witli  the  requisife  amount  of  {hjIaa- 

sium  sulphate  to  convert  the  whole  of  the 

alumina  Into  alum.   Phosphate  containing  90 

p.C  of  iilii  ciiu.i  \irl(!s  about  H  time'*  its  Wfiirlit 

^  of  alum,  from  which,  however,  the  laat  traces 
I  of  phosphorie  acid  are  remoTed  with  difficiilty. 

The  phosphoric  acid  in  the  mother  liquora  ia 
^  valuable  as  a  manure. 

Methods  hare  frequently  been  propoaed  for 

the  preparation  of  alum  from  feis|)ar.  Ordinary 
I  felspaj*  contains  lioth  potassium  and  aluminiuin 
combined  with  silica  m  larger  propottiona  than 
f^re  contained  in  aium  ;  the  problem  to  Ik-  SKjivc<l 
iH  the  substitution  of  sulphuric  acid  fur  ailioa. 
A  methrMl  adopt^xl  by  Turner,  said  to  have  been 
ofiL^inated  by  Siirengel,  consi->te<l  in  the  ignition 
ot  H  mixture  of  one  part  of  the  puu  dered  miucral 
with  one  part  of  potassium  bistdphate  until 
fuse<l  ;  one  part  of  80<lium  carbonate  n-a^  th.  ti 
a<lded,  and  the  whole  again  fuse*!.  TIu  ina«<3 
was  boiled  with  water  and  the  insolulile  double 
silicate  remaining  was  decomposed  by  hot  .«!ul- 

i)hurie  Hcid  uf  sj».gr.  120,  and  the  alum  cryitt«J> 
ised  out.    On  account  of  the  high  tempexatnre 
required,  this  process  was  not  snm  s>fiil. 

At  the  ])rescnt  time  the  bulk  of  the  wlum 
nmnufactured  in  England  is  prepared  either 
from  shale  or  from  the  aluminium  sulphate 
<lcrived  from  bauxite  or  china  clav. 

For  the  more  delicate  dyes  the  alum  used 
must  bo  of  exiareme  purity.  Samples  et»ntAinitv:j 
even  less  than  0-001  p.c.  of  irtm  may  lie  uumuu- 
able  for  i'crtain  pur|»oses.  The  percentage  of 
iron  in  alum  or  in  aluminium  suinhate  ia  iMmallr 
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detemuncd  by  mcaas  of  a  solution  of  aininonium 
tkioiijMutettMidaidiMd  with  iron  alum.  Many 
precautions  ari-  noccssary  in  i»cTf«>rnniit;  the 
analj-iiis  (p.  Tat  lock,  J.  80c.  (  hciii.  Ind.  1887, 
276;  G.  Lun^'c.  Mon.  Sci.  1897,  KjO). 

l'ota!v.«ium  ulum  crystallises  with  24  niok'culcs 
of  w»t«-r,  m  crystals  belonging  to  th«'  cubic 
tyitem,  usually  in  large  colourle8.s  uctuht-ilr*  of  ' 
xp-er.  1  7'i]  (Hcti;i-rM,  Zeitwh.  physikaL  Chem. 
3,  289;  .1.  B.  1889,  148). 

i>e  Bobibaudran  lias  also  obtained  it  crystal- 
li«ed  with  hemiheiiral  faces  of  the  tetralunlron. 
The  pr>!*talliiie  form  is  affectetl  by  the  jm'Honce 
of  othrr  Niilistaiices  in  aolution,  and  by  the  tem- 
(mtuTv.  W  lu-n  formed  at  ordinary  temperatures 
in  the  presence  of  basic  alum,  the  crystals  arc 
cubes,  frequently  dull  on  the  surface  from  the 
{lesenoe  of  the  basic  salt ;  for  this  reason  Roman  | 
aJnm  usually  forms  cubes.  At  40",  even  in 
prejifnce  of  ba.sic  salts,  octahwlra  arc  produced, 

Potaaaium  alum  possesses  the  property  of  . 
cryBtaDning  wHh  hydrogen  pcmzkle  (Will- 1 
•tatt^T,  R  r.  36,  [19U3]  1828). 

Aooording  to  Poggiale  (Ann.  Uum.  Pbya.  [3J 
8, 467),  tlo  sdhibflity  of  potaitiatii  ahini  mmI  of ' 

ammonium  alutn  is  as  fallows 
lUU  parts  w»ter  dissolve  : 


Crystallised 

GryitaUis«d 

PotaMiom  alum 

Ammonium  alum 

.S 

3-9 

■  .;.> 

9-5 

91 

16*1 

13-6 

so 

22-0 

19-3 

40 

30-9 

27-3 

60 

44*1 

36-5 

60 

60  0 

51-3 

70 

90-7 

72-0 

80 

134-6 

m<i 

187-8 

100 

307-5 

421-9 

 I 


Ooodnetivity  determinations,  made  on  alara 

snlution.«  of  diflerent  cotKcntratioiH,  indicate 
tliat  even  at  moderate  dilutions  the  alum  is 
ntohcd  into  ita  component  aalts. 

Pota.s«tium  alum  ponsesscs  a  sweetish  astrin- 
gent taste  and  a  strongly  acid  reaction.  The 
•^oeoin  sohition  dMomposes  when  heated,  with 
ITPcipitatii.ti  of  a  Iwusic  alum,  espt^cially  when 
diUite.  For  this  reason  a  small  quantity,  not 
■tflkieni  to  be  distfaigiiiahed  by  taate,  is  fre- 
quently addc«l  to  impure  wat<'r.  The  ;;<  l  Uinous 
precipitate  carries  with  it  the  culuuriug  matti>r 
aod  moat  of  tho  organic  impurities,  producing  a 
itimy  deposit. 

Alum  is  almost  insoluble  in  a  saturated  solu- 
tioa  of  alumintam  ralphate,  and  is  quite  insoluble 
in  sicohol.  On  exiK»sure  to  air.  the  crvstrtls 
liecoroe  white  on  the  Mirfacc.  'I'hiH  change  is 
(hie,  not  to  the  loss  of  uater,  but  to  the  abaorp- 
tron  of  ammonia  from  iIh-  air,  with  formation  of 
*  U*ic  salt.  B4  lo\v  '.Hf  they  lose  uu  water  ;  at 
42*  they  evolve  11  molecules  (Juttke,  ('hem. 
Zentr.  is.  777).  In  a  close<l  V('>->»1  over  sul- 
phuric acid  they  lose  18  molecules  at  til"  (Graham) 
and  becomo  uowly  Anhydrous  at  100",  more 
lapiilly  in  a  current  of  air.  .\lum  melt.s  in  its 
vatcr  of  crystallisation  at  92*5°,  and  when 
hMtad  to  dnU  ndnMi  is  oooT^ted  into  »  porous 


friable  mas.s,  slowly  soluble  in  water,  known  as 
*  burnt  alum.*  At  a  white  heat  riumin>  and 
potassium  siil]>luitc  alune  reniaui. 

When  burnt  alum  is  mixed  with  oue-third 
its  weight  of  carbon  and  heated  to  rednecB,  the 
residue  is  M|K)ntaneously  intlannnalile  on  account 
of  the  j)rc.scnco  of  liuely  divided  potaiwium 
sulphide,  and  is  known  as  Uomberg's  pyro- 

f>horu9.  By  fusing  alumina  with  jiotassium 
lisulphatc  and  digesting  the  nitiss  in  warm 
water,  anhydrous  potas^tium  alum  may  be 
obtained  in  crystals  of  which  />  parts  are  solublo 
in  100  of  watt'r  at  10°  and  74-5  parts  at  100** 
(Salm-Horstmar,  J.  pr.  L'hcm.  52,  319). 

On  the  addition  of  caustic  soda  or  sodium 
carbonate  to  a  solution  of  alum  until  the  pre- 
cipitate  at  lirst  prmluced  is  only  just  rcilissolved 
on  agitation,  i.e.  when  two-thirds  of  the  acid  has 
been  neutralised,  the  solotion  contains  a  neutral 
])i\/ir  iiIiiHi.  known  a.4  neuiral  aium,  together 
with  sodium  sulphate.  This  solution,  on  M- 
coont  of  the  ease  with  which  it  gires  tip  its 
excess  of  alumina  to  the  fabric,  is  u>c<I  by  «iy(  i  - 
as  a  mordant.  Commercial  potassium  alum  is 
frequently  mixed  with  ammonium  alum. 

Alum  is  extensively  used  as  a  rooidant  in 
the  dyeing  industries,  and  in  tho  production  uf 
other  «himlninm  moRhints  such  as  the  acetate, 
solphoacetate.  Sec,  employed  in  dyeing  ami 
printing  and  fur  sliower-prouting  fabrics.  The 
alum  used  for  dyeing  with  alizarin  red  must 
Iw  fnc  from  iron,  othcr\\i-i'  dull  shades  are 
proiiuced.  It  is  also  umpkiyeil  in  the  manu- 
lactiure  of  lake  pigments,  in  tho  dressing  of 
skins  ('  tawing ')  to  produce  white  leather,  in 
sizing  paper,  and  in  the  jinwluction  of  tire- 
prooftng  materials.  In  most  of  its  applications, 
however,  it  is  b«Mii<,'  rcpluctd  l)y  aluminium 
sulphate,  the  use  of  uliith  is  considerably  more 
economical. 

Sodium  alum,  Soda  alum 

Na^O«,AliO,(803)3,24H,0. 

Occurs  as  mendozite  in  S.  America  and  in  Japan 
(Divers,  Chem.  News,  44,  218). 

This  alum  was  preiwreil  by  Zellner  in  1816, 
by  the  spontaneous  evaporation  of  a  solution 
containing  tho  sulphates  of  sodium  and  alumin- 
ium. Its  exi.st«'nce,  .li.Hitnted  by  Ostwald,  has 
l>een  established  by  Waumore  ((ibem.  ISoc  PToc. 
21,  150  ;  C.-B.  1905, 11, 18).  who  from  a  solution 
of  tho  mixed  sulphat<'s  obtained  octahedral 
crystals  having  the  above  composition.  From 
a  not  concentrated  solution  it  is  deposited  on 
cooling  as  a  |»asty  mass  which  slowly  becomes 
crystalline.  Contrary  to  tho  statement  ire- 
(juently  made,  the  crystals  do  not  appreciably 
efflon^sce  in  the  air. 

Technically,  sodium  alum  may  bo  prepared 
in  the  following  manner: — To  a  solution  of 
alumitiium  sulphate  containing  675  grams  of 
tho  crystalline  salt  per  litre,  and  maiutaincii  at 
a  temperature  of  S<r  to  00",  is  added  a  scdution 
of  soilium  stdphate  containing  140  grams  of 
the  anhydrous  salt  per  litre,  until  the  lic|ui<l 
attains  a  density  of  l  .'ir* ;  t  rystals  of  sodium 
alum  se|>arate  on  cooling.  The  crystallisation 
should  be  etiected  at  a  temperature  between 
10*  and  86" ;  at  2H*  the  formation  of  crystals 
proceeds  very  slowly,  whilst  below  lU"  separation 
of  80<lium  sulphati;  occurs  (Augii,  1>.  li.  V.  IH\M, 
60323  J  J.  1890^  2686).  Digitized  by  Google 
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MeAsrs.  F.  M.,  D.  D.,  und  H.  SfK>t\ct'  (Eng. 
Pat.  ItXK),  5tf44)  prepare  a  ■  liiium  of  so<lium 
sulphate  saturated  at  40®  to  50",  which  is 
allowed  to  cool  during  agitation  until  a  consider- 
able proportion  of  decahydrated  crystals  have 
itepaiuteu.  The  mixture  of  liquid  and  crystals 
is  then  ran  into  a  solution  of  aluminium  sulphate 
containing  the  solid  nalt  in  suspenaion.  There 
is  thua  obtainfid  »  largo  crop  of  well-defined 
80d*  ahim  OTTiitala.  Alternatively,  the  solid 
aluminium  sulplmf*-  fiiay  be  added  to  a  suitable 
BolutioQ  of  aodium  sulphate  or  chloride,  in  which 
either  mlt  may  ht>  iraiipended  in  the  solid  state. 

Sodium  Ilium  i^  much  more  soluble  at  onli- 
aaiy  tcmperatun^  than  potsMium  or  ammoniuin 
Alum,  in  oonaequenoe  of  vrhieh  it  is  more 
(Hftinilt  to  purify  frnm  irnn.  On  account  of 
the  lower  coHt  of  sodium  aalta,  it  would  be 
htrg«ly  luied  in  plaee  of  oth«r  and  more  ex> 
pensi\'-  iliiins,  if  it  could  \»'  t-nsWy  purified  by 
crystallibation  (see  Eag.  Pat.  i8»l/5ti50). 

Sodium  alum  oiygtalliaM  with  24  moleottles 
of  wator  in  ri-^'ular  dctah  Ir.i,  Imvinf;  n.  f*p.cr.  of 
l-mi  (Soretj.  At  iu-t)°  lOU  parts  of  water 
dissolve  107-11  partA  of  the  alum  (Wadmore) ; 
acconling  to  T>i',  th<-  sniution  saturntcd  at  15  ")° 
contains  lli»  pttrU  of  the  alum  in  lUU  of  water, 
and  has  a  density  of  1'2M.  Sodium  alum  is 
insoluble  in  ilr  thol. 

Ammonium  alum 

(NHjjSO,.Al,0,(SO,)„2  4lKO 

occurs  as  T«chermi<jilt  in  liolieinia,  and  in  the 
erater  of  Mount  Etna. 

Its  preparation  is  analogous  to  that  of 
potassium  alum,  a  solution  of  aluminium  sul- 
phate, i>repared  by  any  of  the  mcthocls  ahvady 
described,  being  treated  w  ith  tliu  t-pii^  ilr  i"? 
quantity  of  ammonium  sulphule,  aiul  iht  almu 
aeparat^nl  and  puritied  by  crystallisation. 

Ammonium  alum  crystallises  with  24  inok- 
cttles  of  water  in  regular  octahcdra,  having  a 
conchoidal  fracture  and  a  density  of  1-631 
(Soret).  At  ordinary  temperatures  it  is  less 
soluble  in  water  than  potassium  alum  (v.  Table 
of  soluhilities,  under  PotA8.sium  alum).  The 
saturated  solution  boils  at  ilO-6",  and  contains 
207'?  parts  of  the  alum  to  100  partes  of  water 
(Mulder).  Wli.  n  heated  the  crystals  swell  up 
and  form  a  porous  mass,  losing  water  and 
Bulphnrio  acid ;  at  a  high  temperature  alumina 
ftlfmo  mmains.  This  servi-s  as  a  usi-ful  method 
for  the  production  of  \  ery  pure  alumina. 

In  itM  general  pru{><  rtiesaadQa6e;»ammoiiiam 
alum  closely  resembles  the  oofltesponding 
potassium  compound. 

AlmnlnliDB  lUlphlto  A1,0,(S0,),. 

The  bisulphite  has  been  usetl  b\-  Becker 
(Dingl.  poly.  J.  2i>7, 300),  Suchomel  (J.  Soc.  Chcm. 
Tnd.  1887.  143)  and  others,  for  the  nurifioation 

of  beet  sugars.  Becker  prepares  for  this  purpose 
a  solution  of  sp.gr.  l-lti7  containinjj  4-37  p.c. 
alumina  and  13*9  p.c.  sulphurous  onde,  by  dis- 
solving the  hy  h  it   1    \ide  in  sulphurous  acid. 

Aluminium  phosphates.  As  hydrat^^^l  phos- 
phate, aluminium  oooun  in  the  iurqxmise,  and 
enters  into  ihf*  rompcwition  of  uweHite,  ^frf/- 
lite  and  {/ibbmU.  It  is  found  in  considerable 
quantity  in  mineral  phosphates,  as  in  the 
Kedonda  plinspluit<  .-^  \vhi<  h  tiave  been  usetl  for 
the  preparaiiuti  ot  i»lum  and  lor  fertilisers  (t?. 
A&OMs;  IAamubss).    a  masBiTe  stony  variety 


is  found  on  the  island  of  Anguilla  in  the  West 

ln<li'  - 

Aluminium  thloeyanate  or  sulphoeyanaU 

has  been  proposed  as  a  substitute  for  ahxmtciiuiB 
acetate  for  alizarin,  steam  reds,  &-c.  ;  the  rc .lours 
produced  are  said  to  be  especially  poruukuent 
{V.  Storoh  Mid  StarSbel,  Dingl.  ix>lv.  J.  241.  464 ; 
and  (lottliol)  Stein.  Dingl.  poly.  .1  250.  30). 

l<auberand  Haussmann  (liingl.  poly.  J.  245, 
306)  recommend  the  following  method  of  prep«,ra^ 
tioti  •  5  kilos,  aluminium  sulphate  are  di.s.s<  >1  \  ••«! 
in  G  litres  boiling  water.  200  grams  of  chalk  are 
added,  followed  l»y  11*5  Htns  61  enide  oalciam 
thiocyanate  solution  of  SOTw.,  and  the  whole 
well  stirred  and  allowed  to  settle.  'I'he  cltsax 
liquid  is  ready  for  use. 

Aluminium  permanpanate  v.  Makoanese. 

Aluminium  silicates.  'J'h«Mic  compounds  ato 
exce<^tdingly  numerous  and  important.  Aji  an 
anhydrous  silicate,  with  silicate  of  iron,  ealciura, 
magnesium,  &o.,  aluminium  occurs  in  the- 
vaneties  of  garnet,  cr^-stallising  in  the  re^uls^ 
sys-tcm.  As  .silicnte  of  ahiininium,  calcium,  .-^n-! 
i^lium  it  is  found  in  Utina-Uuali,  which  was 
formerly  used  a.s  ultriini<inne.  It  is  now  re- 
placed by  artiticial  ultramarine  {v.  Ut.tramakink). 
Aa  silicate  of  aluminium,  cutiibmed  with 
potassinm.  iron,  ami  magntvium,  it  oceuni  in 
the  micas.  Aa  double  silicate  of  alununium. 
jiutassium.  sodium,  magnesium,  or  caJcmm,  it 
forma  tiie  varieties  of  felspar  ikbidb.  occur  in 
immense  quantities  in  eruptive  rock.t.  By  th** 
decomposition  of  felspar  by  the  carbonic  achI 
in  t lie  atmosphere  and  in  rain  or  spring  wmter* 
the  alkaline  compounds  are  removed,  leaving 
clay  of  more  or  less  purity  {v.  Clav),  which, 
under  pressure,  becomes  hanlene<l  and  laminated, 
forming  sAole.  and  finally  daU  (f.r.).  Many  uf 
the  silicates  of  aluminium  are  of  gi«*i  impor- 
tance,  and  of  the  widest  application.  The  more 
important  of  them  are  specially  oonaidered  under 
their  applioations  (v.  PoiTKBr :  Pobcblaix). 

Aluminium  acetate.    Red  lujwut  (v.  Ahtmi^ 
nium  acetaUg,  art.  ACSTIC  ACID). 

The  compounds  of  alnmininm  with  the  higher 
fatt>'  H'  !  1-  are  used  for  increasing:  tin-  vist  <isit  v  i»t 
mineral  lubricating  oils,  under  the  narocw  •  oU 
pulp  '  and  '  fluid  gelatin '  (L.  Marquardt,  Zeitaoh. 
anal.  Chem.  26,  150). 

Aluminium  oleate  is  a  soft  white,  putty olske 
suhstaaee,  of  great  tenacity.  Insohihle  in  water, 
soluble  in  ethor  and  petrolenni.  A  rnixtiirt-  of 
oleate,  palmitate,  and  other  fatty  salt«  i«  prv 
dnoed  bom  whale,  ootton<aeed^  and  similar 
oils  by  saponification  wi'h  ^oda  and  addition 
of  the  sodium  salt  so  produced  to  a  soluticm  uf 
alum.  The  gummy  precipitate  is  known  as  *  oil 
pulp.'  and  is  dissolved  in  4  or  5  jmrtw  of  min*  ral 
oil  to  form  a  'thickener'  fur  adtiition  to  the 
lubricator.  A  samfde  of  oil  pulp  rv«emblinf; 
thick  gelatin  had  a  sp.srr.  of  0-921.  and  mntaiiuvj 
(i  p.c.  alumina  cuuibintd  with  3U  p.e.  lutly  acid^ 
together  with  15  p.c.  lard  oil.  and  48  p.c^  pwrnAn 
oil  ((Ji!  MTtfl  ( '«)lf)urnian's  ,)ouni.  4.  4<>3). 

Aluminium  paUnitate  is  »  conatiiuent  of  oil 
pulp.  It  may  be  prepared  in  the  same  omuumt 
as  the  oleate,  from  paltn  oil.  It  fornis  a  n^^inoiT^, 
elastic,  inodorous,  neutral  .-^ubstanre.  itist.lubie> 
in  water,  but  readily  soluble  in  ]>etrt.leuin  juj«i 
turpentine.  K.  l.i<  l>er  (Dingl.  |)oly.  J- 24*i.  l.V. ) 
rcGommendH  the  u.se  of  the  latter  solution  ms  a 
varnish.  It  imparts  a  i^7bi9»PSmif6bc%ie 


AMALGAM. 


123 


j»|tcx,  kathcr,  &c.,  and  renders  them  uiUii^proof  •  fuiiAUs,  Fomes  (Pdy^pcmui)  igniariuSf  the  '  false ' 
iriuuMit  •ffeetiDg  their  elutieity.     O.  H.  B.      tnider-fuiiffus,  u  hich  grows  on  the  trnnka  of  the 

ALUMNOL  V.  Synthetic  DKiras.  oak.  hut  iiho  on  ahU-r,  willow,  and  variou?»  other 

ALUH-SUALSi  A  kmd  of  shale  or  slate  trees,  it  must  be  plucked  in  the  months  of 
wwitaming  dkaeniiiiated  iron  pytkm,  which,  on  ■  August  uid  SeptemW.   It  nwy  aleo  he  pie- 

prolonged  t"X]M>.<iire  to  the  ueftthor.  fjivcs  alu-  pared  from  Foiiks  {Pnlt/porii.<i)  foinrntaritUt  the 
rainiam  sulphate,  owing  to  the  action  of  buI-  true  tinder-fungus,  ahio  iniUgcnous,  found 
phnrio  mda  (from  the  deooin)Mwition  of  the  i  especially  on  tihe  beech,  dm,  ana  variotts  froit 
iron  p^Tites)  on  the  clayey  material.  The  heaps  tr  ■(■.-;.  It  was  formerly  nsvt\  in  unr^erv,  and  has 
of  umtbered  nhmlv  are  leaohed  with  water,  nn<l  iience  lK*on  called  surgeons'  agaric.  Amadou  i^^ 
to  the  solution  of  alummium  sulphate  and  prupared  by  removing  the  outer  rind  and  care- 
sulphuric  acid  mt  obtained  potashes  are  added,  fully  seimratitig  the  yellow-brown  spongy  Rub- 
Tbe  alum  obtained  by  the  evaporation  of  thie  stance  \vhieh  Viva  HiLliin  it.  This  substance  is 
solution  is  puriBed  by  leerystalliaatioD.  The  cut  into  thin  slices,  and  beaten  with  a  mallet  to 
aium-shales  of  Liassic  age  on  the  coast  of  soften  it,  till  it  can  be  easily  pulled  agnndor 
YorL«»hire,  in  the  neigh Uiurhood  of  Whitby,  between  the  fingers.  In  this  state  it  is  us^eful 
have  been  largely  w<wked  by  this  method  since  in  surgery.  To  convert  it  into  tinder,  it  is 
the  tiro©  of  Queen  Elizabeth,  bnt  now  the  boiled  in  a  strong  solution  of  nitre,  dried,  beaten 
industry  has  become  exiiuct.  Aiurn-jihalea  in  anew,  and  put  a  second  time  into  the  solution, 
the  oou-meoaaiee  of  the  West  Riding  of  York-  Sometimes,  to  render  it  very  inflammable,  it  is 
.ahirp  are,  howcv^T,  ^^till  worked  to  a  small  imbued  %\  ith  pmpowder.  whence  the  diatinctioo 
extent  (r.  Alumf,  art.  Au  minii  m).     Ij.  J.  S.       of  '  black  '  ami  *  bruvva  '  amadou. 

ALONDUM.   An  al>rasive  manufactured  at       AMALGAM.   An  alloy  of  merouiy  with  some 
Niagara  Falls  from  fused  baiudte  (n  Abaasitxs  i  other  metal  or  metals. 

and  Bal  xiTK).  '      There  are  four  general  methods  for  preparing 

ALUMm  or  ALUM-CTONE.  Hydrated  amalgarm*. 
baac  siUphate  of  aluminium  and  potassium  1.  Metallic  mercury  is  brouf^ht  into  contact 
Kj'^3(SO4),(0H)^  usually  found  as  white,  :  with  the  other  metal,  either  in  the  solid  or  m  a 
compact,  granular  ma.Hses,  somewhat  resembling  finely*  divided  state  at  the  ordinary  or  at  a 
linMctooe  in  appearance.  It  mostly  occurs  in  ,  higher  temperature.  In  this  way  amalgams  of 
emmeetkm  with  ▼oleanio  rocks,  having  been  !  antimony,  arsenic,  bismuth,  oadmium,  mag- 
formed  by  the  aetiuii  of  solfat&ric  vajKjurs  on  |  nesium,  potas-Mium,  silver,  sodium,  teihirium, 
such  rocks.  In  some  cases,  however,  it  may  have  thorium,  tin,  zinc,  and  lead  may  bo  obtained, 
been  fonned  by  the  actfon  of  decomposing  iron*  I  2.  Mercury  is  brought  into  contact  with  a 
|«\ rites  on  clay.  Kxtensive  deposits  are  mot  saturated  solulion  of  a  salt  of  the  metal,  when 
with  at  Tolfa  near  Rome,  in  Tuscany  and  I  part  of  the  mercury  goes  into  solution  and  the 
Hungar>-,  and  at  Bnlladelah  in  New  South  remainder  combines  with  the  liberated  metal;  or 
Wal«-s.  Alum  is  obtained  from  it  by  repeatedly  Ijottcr  ptilt.  /.ine  or  soditim  amnluam  is  einjiloyed, 
roasting  and  lixiviating,  the  yield  being  from  00  when  the  zinc  or  sodium  displaces  the  metal  in 
to  M  p.c.  la  Hungary  the  harder  and  more  the  solution.  By  this  method  amalgams  of  bis- 
cooipact  vaiietjcs  have  been  naed  for  millstones,  nmth.  cakium,  ehromiuni.  iridium,  iron,  magne- 
  L.  J.  S.     ',  slum,  manganese,  osmium,  palladium,  and  stron- 

ALUIIOOBll.  Hydrated  aluminium  sulphate  tivm  may  be  prepared  by  using  sodium  amalgam, 
A!  .fSO,)„18HjO,  ocnirrinj:  as  a  white,  delicately  and  cobalt  and  nickel  hy  using  zinc  amalgam 
hbrvus  efl!*>rp!»eence  on  shale  and  other  rocks  (Moii<san,  Corapt.  rend.  1879;  Chem.  News,  39, 
It  haa  been  foritie<i  by  the  action  on  the  alu-  ,  g4). 

minous  nx;k  of  the  pnvluc  ts  of  decomposition        3.  The  metal  t<>  be  amalcrnmatcd  i'?  ]'hced  in 
id  iron  pyrites.     A  trace  of  iron  sulphate  is  i  a  solution  of  a  mercury  ualt ;  copjK  r  may  be 
often  pre.<tent,  imparting  a  yellowiah  or  reddish  amalgamated  by  tiii.s  process, 
colour  to  the  mineral.  L.  J.  S.  4.  The  metal  is  placed  in  contact  with 

ALVA  or  ALFA  v.  Esi  akto  mercury  and  dilute  acid  :  this  is  tlie  method 

ALVELOS.  Anameapplicfl  to  the  £JupAor6ta  uxuatly  employe<l  in  amaluamating  zinc.  Iron, 
htUrod^tfit  (.Mtiell.),  growing  in  Rrazit.  the  juice  ahiminium,  palladium,  nickel,  and  cobalt  may 
of  which  has  besn  usetl  as  a  curts  for  cancer;  be  made  to  coml>iae  with  mercury  by  this  process 
(Pharni    '     >1  1">,  <U4).  if  they  be  placed  in  contact  witli  a  stick  of  zino 

ALYPIN.  Tnwlc  name  for  Itnzoi/tfrfraiiiflfn/I-  (Casamajor,  Chem.  News,  34,  tUi ;  Arch.  Pharm* 
diaminoctkyldimethykarftiHcl  hydrochloridf.  Km-  [3J  11,04;  Chem.  Soc.  Trans.  [2]  34,  474). 
ployed  as  an  ana«<thetic  an<l  as  a  remedy  for  I  Amalgams  aro  also  formed  when  mercury  is 
vomiting  and  in  the  treatment  of  diseases  of  \  used  as  the  cathode  in  the  electrolysis  of  salt 
the  upptT  respiratory  passages  and  of  the  organ  ,  solutions ;  a  number  of  metals  can  thns  be 
of  hearing.  Used  uso  in  veterinary  practice  in  obtained  as  amalgams,  alt  hough  they  cannot  \^e 
place  of  cocaine.  obtained  <lirectly  iu  the  free  state  by  the  eleo- 

It  occurs  in  crystals,  m.p.   160**,  sol.  in    trolysis  of  aqueous  solttiionn. 
water,   forming  a   neutral  solution.    Aqueous         The  combination  of  sodium  with  mercury  by 
sofaiticmB  may  be  sterilised  without  undergoing  j  method  I  takes  place  viith  great  energy,  heat 
deeompositjon  by  boiling  from  5  to  10  minutes  |  and  light  being  produced.    Tt  w  best  prepared  by 
(Neustatter.  Pharm.  .1.  |!«».").  .SnO).  combining'  a  small  jiorlicn  of  tlie  mercury  with 

(Fw  distinctive  reactions,  p.  Lemairc,  Hep.    the  sodium,  and  then  adding  the  remainder  to 
Pkurm.  1906.  18,  385.)  (v.  Symnnrno  dbvqs.)    |  the  amalgam. 

AMADOU  or  GERMAN  TINDEP.  (Amadou.  Native  amalgams  are  fomid  in  various  parts 
Fr.;  Zundtr«chu-<ni' III .  (  Jer.)  A  spongy  com-  <  o£  the  world.  The  following  tabic  contains  the 
InMtifale  aabataacc,  prepared  from  a  n^eam  of  I  aiial|yieB  of  *  few Digitized  by  Google 
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Gold  and  siivtr  in  the  mt  t.rtllic  stat-o  can  be 
extracted  from  their  ureu  by  grinding  the  ores 
and  making  them  pMS  t£roiii!li  mereury, 
nlthoiiiilt  this  process  is  now  largely  replflO<-<i  hy 
the  luoUern  cyani'ling  methods.  (For  delaiL,  f. 
those  metals  ;  and  Mav,  J.  Soc.  Cheni.  Ind.  4, 
362 ;  Moon,  id.  4,  iilH :  Miller,  id.  4,  122 ; 
Whitoli.'ad,  id.  4,  603  ;  Fisher  and  Waher,  id. 
4.  ;  Barker,  IHngl.  prilv.  .1.  251,  32:  Body, 
id.  252,  33;  MoUoy,  id.  254,  210:  Bonnet,  id 
264.  297  ;  Ca^sel,  id.  267,  286  ;  Jordan,  id.  258, 
103;  Holli(  (  J.  25S,  Kis.)  W  hen  the  mercury 
liaH  taken  up  a  quaotity  of  gold,  tbd  amalgam 
is  squeezed  through  ehftmoia  leather,  when  the 
prcatfT  portion  of  the  gold  i'^  left,  combined 
with  a  little  raeroury.  m  a  inuily  naum.  Kasaat- 
neff  (Bull.  8oe.  ohim.  1 2]  30,  SO ;  Oiom.  Soo. 
IVann.  [2|  34,  1137)  tiritls  that  the  mercury  which 
escapes  oontaina  at  ordinary  temperatures  0*126 
p.e.  of  gold,  at  0*  0*110  p.c.,  and  at  100* 
0  f  ino  p.c.,  thus  behaving  like  an  aqueous 
t«olution. 

Berthelot  found  that  the  solution  of  definite 

amalgams  in  different  qtmnt  ilics  of  nirrrtiry,  like 
the  solution  of  nalt^  in  water,  absorlM  a  constant 
amount  of  heat :  thus  the  beat  of  solution  of  an 
amalgam  of  which  the  nn!nivf>?:ition  cf)rrrs'ponds 
witli  the  formula  Hgj,K  iu  four  tmiea  its  weight 
of  mercury  is  —8  0  kil.  deg.  of  heat»and  in  t»venty 
iimei)  -6-0  kil.  deg.  (Compt.  xend.  89,  406; 
Chem.  8oc.  Abstr.  38,  1). 

Aooording  to  Beithelot»  the  maximum  beats 
of  formation  for  nmalrrams  of  potassium  and 
sodium  are  34-2  and  21-1,  corresponding  with 
crystalline  amalgams  ocmtaining  1*0  p.c.  of 

Eta'-'-iiim,  and  2  p.c,  of  sodium  respectively, 
thcrit!  aiiialgunis  tlio  relative  affinities  of  the 
free  alkali  metals  are  inverted  :  thin  explain.s 
Kraut's  and  Popp's  ob-K^rvation  that  sodium 
displaces  potassium  when  j)ota.ssium  hydroxide 
is  treated  with  fHKlium  (inmlgam,  the  final  result 
being  the  formation  of  an  amalgam  of  composi- 
tion Hgj<Na  (C'ompt.  rend.  H8,  1335). 

The  vieu.s  formerly  held  on  the  constitution 
of  amalgams  and  pariioularJjr  on  the  existence  of 
definite  amalgams  of  the  natnre  of  chemical 
compounds  of  mercury  and  fh*-  ftlloye<l  metal, 
have  been  profoundly  moditied  by  the  Mtudy  of 
theite  bodies  by  the  metho<ls  of  metallography 
(v.  Mktai  r '^uit  vi'Hvl.  Thr.' amnljfams  are  found 
to  be  strictly  analogous  to  other  allo^-i<,  but  their 
peeuliar  bebsviour  arises  from  the  fact  that  they 


ari'  fn  qut  ntly  met  \\  \ih  in  a  range  of  temperature 
which  lies  bctwtjcu  the  cumuieneuuit^nL  of  solidtb- 
oation  and  final  complete  crystallisation.  It  has 
been  shown  that  a  number  of  supposcnl  com- 
pounds, of  which  the  existence  had  been  assumed 
on  the  ground  that  amalgams  representing  them 
took  the  form  of  homogeneous  cry^^talline  bodies, 
are  not  true  com|x>unds,  whilst  detiuite  com- 
pounds of  different  composition  have  been 
found.  Thus*  in  tho  case  of  sodium  and 
potassinm  amalgam?,  the  eomponufls  HgfNa. 
IfLsXii,  Hu'Xii,  llu'.Nii,,  Il^jXaj,  llgNa,,  and 
Hg,K»  HgK.  HtfaKt  ^S^it  Mid  liiS»K,  have 
been  recognised  (Behliller,  Zettsdi.  anorg.  Cbem. 
1904,  40,  385;  KurnakufT.  {hid.  ]<MH),  2:l.  439; 
Jacueoke,  Zuitscb.  phyaical.  Cbcm.  1U0«,  68, 
245). 

'llw  ntiialgains  of  liismuth,  7jnr,  tin.  and 
thalljum  are  found  nut  to  contain  any  definite 
compounds  (Pnshin,  Zeiteeh.  anoig.  Chem.  IMS, 
36,  201 ;  iret.  rri,,  ^  >/  )'»0-i,  42,  Kuinakofi 
and  Tushin,  tbtd.  11)03,  30,  hO). 

*  Ammonium  amalgam  '  is  prepared  by  acting 
on  a  .Mituratcd  solution  of  aninitxiium  rhlorid** 
with  bodium  amalgam ;  the  amalgam  thus  ob- 
tained soon  breaks  up  into  mereaTy,aad  ammonia 
find  hydrogen  gases.  According  to  Wethenll 
(Amer.  J.  8ci.  [2]  50.  100),  this  compound  i.-* 
not  a  true  amalgam,  as  when  an  ammoniaesl 
solution  is  electrolysed,  thf*  nccrativr  pnlf  fifing 
a  spongy  plate  iaiprt'gnate<i  >\ith  mercurv,  no 
amalgam  is  formed.  Landolt  (Zottsch,  f.  (^soa. 
[2]  5.  420)  (Irans  utt*  ntiun  to  the  fact  that  am- 
moniuin  aiiiHli^am  dui:s  nut  reduce  Milutiona  of 
silver  nitrate,  ferric  chloride,  or  cupric  sul|iliate, 
as  do  sodium  and  ))otas.sium  amalgams. 

8i'clev  (Chem.  News,  21,  205)  luis  shown  that 
on  submitting  ammonium  analgaat  to  pret^wre, 
it-s  volume  diminishes  in  the  same  wav  that  ^a^s^* 
do,  and  hence  he  considers  that  the  t^iinuiuniii 
and  hydrogen  exist  in  the  aumlmm  as  gas,  aikd 
that  the  '^pong.v  m&m  is  only  a  troth  of 
inclo^il);^  these  gases. 

(JcUatlin  (Zeitfch.  f.  ('hem.  [21  5.  807) 
thai  when  amraunium  amalgam,  free  from  sodium, 
is  placed  in  contact  with  phosuhorus,  phosfJuK 
rettiNi  hydrogen  iseNohcd,  and  he  infer'  that  tbs 
hydrogen  must  be  in  the  nascent  state. 

Pfeil  and  Lippmann  (Cbmpt.  rend.  62,  42fi) 
>tat<-  tliat  tritiiethylarnine  hydnH^hlnride  .ilso 
forms  a  spongy  amalgam  which  quickly  decom- 
poses with  evdutioa  of  hydr^liMgitiBHl  wg^Siss/bmlz 
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of  trilnelliTbmlM ;  sftlorated  aohitioiu  of  the 

in-drochlorides  of  aniJin(',  coniine,  morfdiinc, 
aiidquinuie  give  off  hydrogen  only. 

FtlWtrhrt  atmUgMB  is  made      mdfcing  to- 

■.'r«th«'r  J  part  of  zinc  and  1  part  of  tin,  and  thi;n 
addjng  3  parts  of  uiercur^'.  An  amalgam  of 
cadmium  n  need  in  the  ctmstnictton  of  the 
f  i'lniium  standard  cell;  this  amalgam  and  its 
eUt  irical  bi*haviour  have  been  studied  by  F.  E. 
liiiiith  (PhiL  Hag.  F^fafiianr»  1910). 

SilYoring  amalgams.  For  metoli*,  !  i)ait  ot 
iulvcr  to  8  parts  of  mercury;  for  giast>,  1  part 
cadi  ollmd  and  tin,  2  (mrt  s  bismiitb,  and  4  )>art» 
rocrcur>'.  The  use  of  amalgams  for  silv<  rinu  hus 
U*u  almost  completely  Bupersedtni  by  tlie  use- — at 
the  case  of  glass— of  chemically  deposited  silver, 
and  in  th^r  cast-  of  metale  \>y  electro-plating. 

Teelb  fillings.  1.  (.'opper  precipitated  from 
copper  sotpbate  s<  > hi tjoB  with  sine,  washed  with 
sulphuric  acid  containing  a  small  quantity  of 
mercuric  nitrate,  and  amalgamate<l  with  twice 
ita  weight  of  mercury  (Fletcher),  hns  the  pro- 
perty of  softening  wit^  heat  and  hardening  again 
after  a  few  houni.  It  is  a  permanent  filling,  as 
the  copper  salt?'  ])enetrate  and  preserve  the  tooth 
ttthitaiice.  It  has  the  objection  of  staining  the 
tooth,  and  b  only  used  in  posterior  teeth.  2.  A 
pallariium  amalgam  is  .sometimes  emploj'ed,  but 
it«  rapidity  of  setting,  intense  black  colour,  and 
coat  are  against  its  general  uaa  S.  An  alloy  of 
i«ilvcr  68*5,  tin  2o'5,  gold  5,  and  /.inc  1  p.c. 
(fiiaak) ;  or  sUver  tin  25-5,  gold  4,  aad  i 

cine  1  p.c.  (Tolloeh),  amalgamated  with  mer-  I 
I  uf  ,  I  .  xti  n^ivt'Iy  t»mpl<i\cd,  a.s  it  has  a  good 
edge  htrea£th,and  suliera  littJe»  if  any,  shrinkage. 
The  ahrinSage  is  the  greatest  difBculty  to  over- 
1  ome  in  order  to  render  all<»ys  .  f  permanent  ut^' 
tot  teeth  filling,  the  object  Ibeing  to  secure  such 
a  propartico  m  metals  that  the  shrinhage  of  one 
may  be  overeonn  \>v  the  expansion  of  another, 
ami  M>  obtain  a  uat<  rii^ht  plug. 

AM  AUG  ACID  r.  Ai.i.oxAifTi>'. 

AMANITA  MUSCARIA.  Fh,  m/aric.  A 
poiisonoua  fungua,  umxI  m  KamlHchatka  and 
Siberia  aa  a  nanotio  and  intoxicant,  and,  when 
stocfKHi  in  milk,  as  a  fly-poi.';on.  A  narcotic 
i>rganic  }>a-M-,  muscarine  CjH,,NOj,  which  i*.  the 
hyidrated  aldehyde  of  betai'nc.  has  been  isolated 
from  it  (Schniit  dt  lM-rt;  and  Hamack,  J.  1876,804). 

The  natural  tnusrarine  in  like  the  artificiai 
praduet  in  cr}-8t<illinc  form,  eolubilitv,  and 
composition  of  its  jilatino-  and  aiiro-chloride«, 
aod  to  a  large  extent  in  ita  physiological  action, 
hot  nnjike  the  artificial  muscarine  it  does  not 
induce  paralysis  of  the  intermuscular  nerve- 
terminations  in  the  frog,  and  royosis  in  the  pupib 
of  the  eye«  of  birda  (Nothnagel,  Bcr.  26,  801). 
It  differs  both  in  constitution  and  propertiee 
from  aohydro-  and  lao-muscarine. 

A  green  and  red  dye  of  composition 
^^trn^im  Ci»U,gOa  respectively,  have  also 
hem  nohted  from  it  (Grillithfl,  Oompt.  rend. 
130,  iC]. 

AMABAMTH  v.  Am-  colouhinu  matthbs. 
AlUXO1l«9T01fB.  A  bright  -^reen  variety  of 

ihc  f>oLa.-.!i  f'  l-ji  ir  niirrni  line  (KAlSi,0,).  It  is 
f<»UMl  in  granitic  rocks  near  Lake  Ilmen  in  the 
UnJ  Ifonntahu,  at  Pike's  Peak  in  Oolorado,  and 
recently  of  very  i^'oo^!  quality  in  M'adskgascar.  It 
is  used  to  a  limited  extent  m  a  gem<>«toa^  and 
for  naldng  Taiioiis  siniJI  omameiitat  objeots 
(«  TwLsrjkM).  L.  J.  8. 


AMBAR  LIQUID  v.  Balbamb. 

AMBER  or  SUCCINITE.  { n<  m^l.  C.i'v.)  \ 
fossil  resin  derived  from  the  uxtuct  conifer 
FinUettuecinifer  (Goppert),  andfoond  aainegnhur 
nodules  in  strata  of  Tertiary  age,  priiioi  pally  on 
the  Prussian  coast  of  the  Baltic  The  amber- 
l>earing  stratum  lies  partly  below  sea-level,  and 
the  amber  vrashed  out  by  thr  action  of  the  wavea 
is  picked  up  on  the  sea-shore  or  »  on  i>y  dredging. 
I  Such  *  etraad-amber '  wae  formerly  collected 
fartln  r  wf  st.  an  far  as  thr  roast  of  Holland,  and 
Isolated  fliH'cimeus  an-  nicked  up  on  the  east 
coast  of  England  (.Norfolk,  Suffolk,  and  Essex). 
At  the  present  timt-  Ihf  Imlk  of  Prussian  or 
Baltic  amber  'u^  obittined  from  pits  and  mines  in 
the  '  blue  earth '  in  Samland,  East  Flnasia. 
Hen-  tlio  production  in  1907  amounted  to 
1(>1,3UU  kilos,  and  in  atlditiim  about  :!U,000 
kilos  was  collected  on  the  sea-shore. 

Baltic  amber  differs  from  otlur  lo.s.^il  riMin.H 
in  coatuiiiiiiu  succinic  acid,  uhich  in  preMsnt  to 
the  extent  ofS  to  4  p.c.  in  perfectly  transparent 
specimens,  but  n'achmg  8  p.c.  in  cloudy  ('frothy  *) 
amber.  It  is  therefore  distinguished  by  theminera- 
logical  name  succinite,  and  in  the  trade  the  ten- 
dency is  to  apply  the  name  '  amber  '  exclusively 
to  Baltic  amber.  The  composition  is  somewhat 
variable,  averaging  (',  7!)  p.c;  U,  10*5  p.c; 
If,  10*6  p.o.i  and  correstK>nding  approximately 
witii  the  formnla  C,oH,,0.  Sulplrar  n  also 
})r(M-nt  (0-20  to  0-42  and  s<)mf  ash,  tisually 

about  0*2  p.c,  but  increasing  in  amount  if  the 
material  encloses  foreign  matter.  Amber  is, 
liowcvir,  nut  a  .siinj)!!-  rtsin  ;  ulun  heated,  it 
ivcs  oil  of  amber  (0.t7.)  and  other  products,  and 
y  the  action  of  solventa  at  least  four  difierent 
kinds  of  resin  can  Ijc  cxtrai  ti'd  from  it.  Accord- 
ing to  O.  Uelm,  Baltic  amber  contains  17  to  22 
p.o.  of  a  resin  (nup.  106^>  solnble  in  aloohd ; 
5  to  6  p.e.  of  a  resin  (m.p.  145^)  insoluble  in 
alcohol,  but  soluble  in  ether ;  7  to  9  p.a  of  a 
resin  (m.n.  175**)  izuwluUo  in  aloohol  and  ether* 
but  dissolving  in  caustic  potadi  \  and  44  to  60 
p.c.  of  inaoluble  bitumen. 

Baltie  amber  is  usually  pale  yellow,  ranging 
to  brown  or  reddish- brown  in  colour,  and  it 
varies  from  perfect  transpari  ih  y  to  opacity. 
The  varying  degrees  of  turbiilily  aru  duf  to  the 
presence  of  vas^t  nntnljers  of  microscopic  air- 
bubbk's.  'I'iie  enclucuie  of  insects  and  fragments 
of  wood  and  dirt  in  amber  is  well  known,  and 
|)oints  at  once  to  the  mode  of  origin  of  the 
laateriai.  According  to  differences  in  colour  and 
transparency,  various  trade  Danns  Jir«-  applied, 
such  as  'clear,'  *  rtohmig,'  'cloudy,'  'bastard,' 
*  osseous  '  or  •  bone,'  and  *  frothy.'  The  ti\i.vr. 
ranges  from  I  U.j  to  1)0  (varying  with  the 
porosity) ;  and  the  hardness  is  2|,  Iwing  rather 
higher  than  that  of  most  other  resins,  which 
latter  can  si  ratehed  with  the  finger-nail. 
I  The  material  is  brittle  and  breaks  with  a  con- 
I  ehoidal  fracttne.  When  cut  with  a  knife, 

]mrintrs  are  not  obtained,  but  onI\  jiowder.  It 
can  be  turned  on  the  lathe  and  takes  a  good 
polish,  being  worked  with  whiting  and  water  or 
rotten-f-tone  and  oil,  and  llnishrrl  Ity  friction  with 
a  flannel.  When  heated,  amber  begins  to  soften 
at  about  100*.  giving  a  chaitMiteristic  odour ; 
it  mv\\<  at  n.W"  37.5",  that  i>.  at  a  higher 
temperature  than  other  resins,  giving  dense  white 
fames  with  a  peculiar  aromatie  odour,  and 
causing  violent  eoughing.  Whei^.t!i|b|^  ^  ^ 
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befsomes  tief^liTdy  deotrified  (from  tbe  atkoient 

nami-  >U<irun,  for  atubor,  tho  word  'electricity* 
i»  derived) ;  aad  whea  rubbed  vigorously  it  enuts 
an  aroowtie  odour*  but  does  sot  become  stioky 
like  other  rcsin><.  These  charactfr^|  serve  to 
distinguish  true  amber  from  tbe  more  abundant 
copid;  tlw  latter  is  fuither  turaally  clearer, 
lighter  in  ooloiir,  and  mora  gammy  in  appear< 
ance. 

In  the  trade  the  material  is  sorted  into  many 

pradcs  suited  for  various  jnir]M»?rs.  Thr  larger 
pieoeii  of  better  quality  ('  work -atone- ')  are  cut 
mto  beads  and  otiier  small  personal  ornaments, 
and  nre  largely  used  for  making  the  mouth- 

Eieces  of  tobacco-pipes  and  cigar-  and  cigarette- 
olders.  Smaller  and  impure  fragments 
{'  vami?-h  *)  arc  tnelted  (l'n\  u  for  the  manufac* 
ture  ol  amber  vanufih  niui  inc ;  but  in  recent 
years  such  material  is  largely  converted  by  the 
applientiun  of  lu  at  ami  hydraulic  pressure  into 
blocks  of  prmHcd  uinhcr  ur  '  ambroid.'  About 
SSklOOO  kilos,  of  pressed  amber  is  now  produced 
annually  from  three  times  the  amount  of  rough 
amber;  it  is  cut  for  ornaments  and  smokers' 
mouth-pieces.  Pnces  (current  in  1908)  for 
rough  '  work-stone  *  vary  from  ill.  to  lOMt. 
per  kilo,  and  for  smaller,  inferior  material 
('  varnish  ')  about  5a.  per  kiio.  Pressed  amht  r 
fetches  AL  to  bl,  per  kilo.  The  production  and 
the  trade  in  amber,  as  -well  as  the  Bteratare  of 
the  eiibjcct,  is  HlmoMt  t-xthinively  Gernmn, 
though  the  fiuiabcd  articles  are  largely  made  in 
Vienna. 

Other  varieties  of  fossil  resin  closely  allied 
to  amber,  but  regarded  as  distinct  from  Prussian 
or  Baltic  amber  (sueeinite),  «re  the  foUowing : — 

Ikckerit'  (E.  Pies/rzek.  1880),  a  Uaok  nain 
occurring  with  Prussian  amber. 

Bwrmile^  Birmite,  or  Burmese  amber  (F. 

Nortling,  1893).  a  dark  reddish-hrown,  amWr- 
likc  resin,  which  has  long  been  mined  in  Up{ier 
Burma  and  used  in  China.    It  is  found  in  large 

inHs,s(\s,  one  wen  by  tlie  A\  riter  weighinc  33,1  lbs., 
whilst  the  largest  piece  of  Prussian  amber  yet 
found  weighs  only  9-7  kilos.  (21 1  Iba). 

Chtmninnitt  (B.  J.  Harrington.  I  HOI). 
Codarito  (R.  Klelw,  1897),  or  Canadum  amber, 
found  as  vale  yellow-  fragments  the  size  of  a  |iea 
to  that  of  a  walnnt  on  the  beach  of  Cedar  Lake, 
near  Chcmahawiu  m  .Sa^kat^'hewan. 

<i<Jnlc  (O.  Helm,  1878),  a  brittle,  jiale  yellow 
tesin  foinid  with  Prussian  anitxr.  Imt  differing 
from  thtis  in  containioL;  Ivsty  ox^guu  and  no 
SUOOtnio  acid  ;  ni.]).  l  il)^. 

Oh^><iti  (<).  Helm.  Issl),  also  found  with 
Prussian  auiber  ;  it  contains  no  Huccituc 
and.  but  probably  some  foimio  add;  ra.p. 
200*. 

Roumnnite,  Komanite,  Rumanite,  or  Rou- 
manian amber  (O.  Holm,  1891),  a  brownish- 
yellow  to  brown  resin,  found  in  Tertiary  sand- 
stone at  .several  places  in  Roamania ;  it  re- 
wmblcH  lVu--iaii  amlnT  in  containing  some 
succinic  acid  (()-Ii-3  -2  p.c.),  and  is  characterised  by 
therelath-elv  large  amount  of  sulphur  (l*15p.c.)'; 
m.p.  300*. 

8im«iUe,  or  Sicilian  amber  (0.  Helm  and  iL 
Gontrentz,  1886),  a  dear  winO'red  to  gamet-rsd 

re^in,  reiiiarkaiilc  for  its  beautiful  green  or  blue 
fluorescence,  found  in  the  river  Simeto  and  other 
pacts  of  Sicily.  It  contains  only  0-4  p.c.  of 
suodmio  acid. 


I     SimUienUe  (E.  Piescewk,  TfWI),  s  brown 

■  resin  occurring         Prn-.-i.'ui  arnlM.  r. 

i      ITor  several  papers  on  ambt-r  and  aiiiber^like 

I  resins,  by  O.  Helm  and  by  P.  Dshms,  see  Sehr. 

naff.  n.-s.  Danzig,  vols,  iv.-xii.  f  1 S78- 1 'K*** V. 
I  8ee  also  Max  Bauer,  Edelsteinkunde,  2nd  edit, 
j  1909,  and  English  transL  (Pmciour  Btones),  by 

L.  J.  Spencer,  l'f>i  T     i  s 

I  AMBER,  OIL  OF.  When  amU  r  )>  h.-at<^l 
I  it  softens,  fuses, and  givesoff  succinic  acid,  water. 

oil,   and   a   eombustible   pas.    If  the  re-i<lue 

(culupbuiiy  of  amber)  be  more  strongly  lie^^ieti, 

a  colourless  oil  passed!  over.  These  oils,  accord* 
'  iug    to    Pelletier  and    Walter   (Ann.  Chrm. 

Phys.  [3]  9,  89),  have  the  compuMlion  of 
I  oil  of  tur{K-ntine.  By  distilling  with  wmtar* 
'  a  )>ale-yellow  oil,  havin^r  h  .'•tronfr  odour  «nd 
I  ucriil  taste,  can  be  obtamed.  It  blaekfiis  juid 
I  thieken.s  on  exposUlO  to  Hir  and  heat,  boil.s^ 
'  at  86°,  and  has  a  sp.^rr.  of  0-758  at  24°.  One 

part  of  the  rectifieil  e>il  mixed  with  24  (tarts  uf 
;  alcohol  (0*830)  and  *.H\  of  ammonia,  forms  ent 

de  Itice,  a  oelebirat^l  old  perfume.    By  mtxinj; 

'  eau  de  luce  *  with  nitric  ac^id,  artificial  musk  is 

ma<le.    Its  solution  in  alcohol  was  formerly 

considered  as  a  specific  for  whooping*ooag^  (ib 

also  OiT.s,  Essential,  and  Ri»rsrs). 
AMBER  VARNISH  v.  Varxish. 
AMBERGRIS.  {Antbngri*,  Ft.  ;  Ambra,  Aim- 
;  bar,  Cer. )  (J.  Hoo.  Ghem.  Ind.  1890, 420. )  Is  foand 

in  the  sea,  near  the  coasts  of  tropical  coiintrirr-, 

and  in  the  intostiues  of  the  spermaceti  whale 

{PhyMfierntaeroeephtdvs). 

Arnber;iris  is  ^ciurally  found  in  fragments, 

but  a  pie€t!>  lias  been  obtained  weighing  225  lbs. 

Its  sp.gr.  ranges  from  0-780  to  0-M«  (0*780  to 
,  O  m\  Brande.  O-WS  to  0-920 Pen  ira).  If  of  ^.mhI 
'  quality,  it  adheres  like  wax  to  the  ed^  of  a 
I  knife  with  which  it  is  scrai)rd,  refauns  the 
'  impression  of  the  rutil.'^,  and  emits  a  tat  o<f<ifi- 
j  ferous  liquid  uu  being  penetrated  with  a  hot 
I  needle.    It  is  generally  brittle,  but  on  rubbing  it 

with  the  nail  it  l>eeome.-(  smooth  like  hard  soap. 
'  its  colour  varicji  from  black  lo  white.  Us  smell 
I  is  peimliar,  and  not  easUy  counterfeited.  It 

mrlta  at  R2-2*,  at  lOO*  it  is  volatilised  as  a 

Hhite  vapour  ;  on  a  red-hot  coal  it  bnms  and  ia 
;  entirely  diRRi}>ated.  Water  has  uo  act  ion  on  it ; 
j  acids,  eT<v  )>t  nitric  acid,  act  feebly  upon  it  ; 
I  ether  and  th.  Mtlatile  oils  dissolve  it;  so  do 
^  the  fixed  oils,  and  ai-o  ammonia  when  assisted 
'  by  heat ;  alcohol  dissolves  a  portion  of  it. 

The  principal  constituent  of  ambergris  is 

ambntl^  iq.v.) ;  its  inoreanie  ,  uti^t  ituents  areoSLT- 
'  bonate  and  phosphate  of  eakium,  with  traces  of 

ferric  oxide  and  alkaline  chlorides. 

Used  by  perfumers.    The  Chinese  test  its 

purity  by  scraping  it  upon  boiling  tes  >n  whicfa 

it  shordff  wholfv  melt. 

AMBERITE  v.  Explosives. 
AMBLYGONITE.    Fluo  phosphate   of  alu- 
I  minium  and  lithium  .\IP04,LiF,  crvstalli^inK 
'  in  the  anorthic  system.    It  in  usually  found  ad 

whitish  cleavage  masses  much  reaernhjing  falqpar 

in  appearance,  from  whfdi  it  h  dislhigimiied  by 

its  hi^dier  sp.^r.  "'"1  !!  01)  and  ehemical  cha- 
<  racters.  It  occurs  m  granitic  rocks  at  Montebms 
I  in  !SVanoe,  OAoares  in  Spain,  Pala  in  CiUilomia, 

iS:e.     At  eaeh  of  tlie  ]ilace.<  named  ;^  h  is  Int-ri 

mined  for  the  preparation  of  lithium  aalts»  tJhe 
j  phosj^iBta  beinff  a  by-prodooi.  It  oontalni 
I  .»<»»  10     «(^  Digitiz^^dbogle 
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Ixilatcd      Pi  li(.-lier  an«l  (Javentou,  l>y  (liyfstin;^ 
MnbeiigriB  io  bo^  akohol,  ap.gr.  0-827.   It  w  of  , 
a  brOliMit  white  eoloiir,  bss  an  agreeable  odoor,  i 
i-  '!«--titiite  of  fast*',  is  in.-oluble  in  water,  dis- 
solves readily  in  alcohol  and  ether.    Melts  at 
36^,  and  is  Tolatfliiied  above  100" ;  is  non*  ' 
saponifiaMe  ;    i.<  f  !j\  i  rtt<l  by  nitric  acid  into 
•M&reic  acid.    Ambrem  ts  {vobably  impure  , 
ehoterteroL   Felletier  <AiiiiaIen,  6,  84)  found  it  r 
locootain  r  8:?-3.  H  1'?  3  nntl  O  3  31  p.c. 

AHBRIT£.  A  broMu  translucent  resin, 
•umilar  to  reiinite,  fotmd  in  Mwcifttion  with 
Nev  Zealand  c  -<! 

AMEHTL.    irattc  name  ror  the  hydrochlft-  \ 
ridt  of  mdkift  hydraeiimitU,    Forma  yellowish 
ntMHlles,  m.p.  227^  Soluble  in  hot  wster  or  ! 

'  AMSUGAM  OOW  or  MILK  TRBB  WAX  ' 

«.  Wax. 

AMraiCAK  £L£Mi  v.  ULEo-KKSUis. 

AMETHYST.  A  purple  transpanmt  variety  I 
of  crystallise^  quartz  fSiO.l.        as  a  pom  ^tMnf . 
Ho  named,  from   ifitidvaTus,  '  not    <li unkcti,' 
owing  to  the  anoiont  belief  that  the  stone  when 
worn  a.^  a  eh«ttti  piwented  intoxication  (v.  , 
Qvx&Tz^   L.  J.  6.  , 

AMETHYST.  Tetramcthyl  (lafranine  and  | 
tvtraamyl  safranine  are  found  in  oomnmrao  j 
under  thin  n*m»*  (v.  AziNES). 

AMETHYST  ORIENTAL,  v.  CobvtotW.  ' 

AMIANTHUS    {AmioHU,  Ft.)    Jfoviitem  1 

jlvr  (v.  ASBBSTOS).  I 

AMIDASE  I  EN/.VMK.S. 

AMIDE  POWDER.   An  explosive  similar  to  i 
oidinary  gunpowder,  in  which,  in  place  of  the 
iiulphur.   an   anirnomuin   salt  in  cniployt-il  in 
oomMnation  «ith  saltpoirCp  in  such  jtroportiunn  ; 
tliat  on  Ignition  potaenamide,  volatile  at  hich  i 
t.  riij-  raturo^,        formed.    ThiM  increases  the 
useful  effect  of  the  expkNavet  wliioh  bums  with- 
fiot  reaidne  (Oaeos.  Eng.  F^t.  14412,  1885; 
J.  Soo.  Ch.-ni.  Tn.l.  r>.  H7S).  ' 

AMIDOAZOBENZENE  or  ANILINE  YEL- 
LOW r.  Azo-  cotoiTBnio  WkTnaa.  i 

AMIDOGENE.  An  rxplnsivo  made  by  dis- 
Kiiving  73  partti  of  potassium  nitrate  and  1  ]>art 
maimeaaai  (ndphate  in  one-thiid  their  weight  of 

botlinu'  water  ;  8  parts  of  jrround  wood  clmrcoaK 
8  piirtjj  of  brati.  an<l  10  jtart.s  of  iiulphurare  acided, 
an<l  the  whole  is  rlim'stril  for  two  hours  at  140*  ;  I 
it  i*"  th«  n  <lried  at  5if*  and  rriadr  into  cartridges 
tOuipcrk.  .1.  Snc.  Chrtn.  Ind.  3,  11)1  ;  1,  201 ; 
Kcderroaiii       I   n    I .  h  .lahrb^  7*  146). 

AMIDOGUANIDINE  V.  Hv0ra7.tnes. 

AMIDOL.  Trade  name  for  2  :  4-diamino- 
pheni^l  hydrochioridi^  need  as  »  irfiotogmphic 
developer. 

AMIDONAPHTHOLS    v.   Azo  colourino 

MATTERS. 

AMIDONAPHTHOPHENAZINE  v.  Aanm. 
AMIDOPHENOPHENANTHRAZINE  v. 

Axnoet. 

AMDIES.  Amines  or  '  ammonia  bases  '  may 
be  regarded  as  substance  derived  from  am- 
monia by  thesubtititut  ion  of  hydrocarb^in  radicUs 
for  l^ydrageo.  They  may  also  be  looked  upon  &i> 
doived  from  hydrocarbons  by  the  replacement 
of  unt-  >>T  motv  h^'drogen  atoms  by  NH.  or  its 
aikyi  substitation  jxrodoots  HBB,  or  'NEK'. 
Tht  drfirtlticwi  of  tbo  tera  urotald  teehide  «lkyl 
dsrivativef  of  hydmiiio  and  hjdmoao  aoid,  aad 


oompoiinds  such  as  mtrasaminesi,  dia»-  com- 

!>■  'iiiul  :  1 1  [1 1 .  t  !)■  !  >A  hidi  ctuitain  nitrogen  linked 
to  nitrogen  or  ciumcnts  other  than  carbon*  aa 
well  as  to  alkyl'  residues.  It  also  indndes 
componnds  in  which  the  nitrogen  forms  part 
of  a  ring,  as  in  pyridine,  pyrrol,  and  their 
derivatives,  among  which  the  alkaloids  may  be 
mr-ntioncd.  Tlie  majority  of  thf  sp  more  conrj>Iex 
substanct^  are  treated  of  in  detail  in  special 
artides  (see  arts.  An>-  ooloubiko  MAmtiM; 

Ar.INES  ;    VkgETABLE   ALKALOIDS;    RuvK      TI  ; 

t^uoiOLiNK,  &c.),  and  come  within  the  ucopo  ot 
this  only  in  so  far  as  they  |KMBee8  ^e  general 

oharactoriiitics  of  the  ammorua  bases. 

Amines  are  classed  aa  primary,  secondary,  or 
tertiarj-,  according  as  one,  two,  or  three  of  the 
h\  ('rf't^cn  atoms  of  ammonia  have  l)«  f  n  r'-jilacccl 
by  alkyl  groups.  Thus  the  geneml  lornnila  of 
the  primarv  amines  is  NHjR,  of  the  wcondary 
ammes  NftRR',  and  of  the  t<Ttiar\  amines 
NRR  R",  where  R,  K ,  and  R"  may  be  ideuticai 
or  refffesent  different  alkyl  groups.  The  re- 
actions of  the  amines  differ  to  some  oxtt-nt 
aoconiing  at>  the  substituting  alkyl-  groups  ure 
(1  )all  aliphatic ;  (2)  mixed  aliphatic  and  aromatio, 
with  the  nitrogen  attached  to  th»'  aliphatic 
residue,  as  in  benxylamine ;  (3)  mixe<l  aliubatic 
and  aromatic,  u  ith  tlic  nitrogen  attachea  to  a 
carbon  atom  of  the  benzene  ring,  as  in  methyl 
aniline ;  and  (4)  pure  aromatic  amines  such  as 
aniline  its<  lf,  di-  and  tri-phenylamine,  and  their 
homologuea.  Substaoceeof  group  (l)and  (2)  wiU 
be  refeiTsd  to  here  as  aliphatic  and  aromatic 
arainc-^  rc.sjxf  t ivt-Iy,  and  those  of  groups  (3)  and 
(4)  as  aromatic  amino-  compounds.  Aromatic 
amino,  compounds  serve  as  the  starting  matmrials 
in  many  of  tlic  difTcn  nt  branclus  of  the  dyeing 
industry,  and  arc  prepared  artificially  in  laige 
quantities  (*fe  art«.  AwniiKB;  Axo-  COLOUBIMO 
M  ATTKir'^  ;  '!' I; I  i  Tr  r \  V i.M  KTTf  A.»u  COIOUBWO  MAT* 
TBRJ*  ;  DU'UJ&J^  V  LAMJNK,  &C.). 

With  the  Important  exception  of  the  vege- 

tablf  alkaloids,  tlic  ntiiim-s  arc  not  widch- 
distributed  in  nature,  though  some  of  the  lower 
membcm  of  the  fatty  series  (mcthylamines) 
occur  in  plants  and  in  the  blood  of  some  animal". 
They  are,  howtntr,  found  as  decomposition 
products  of  animal  and  vegetable  organisms, 
'ind  of  iiiincral  substanrps.  Tims  thn  mothyl- 
amiiieM  art!  touiiU  in  lu  rruig  brine  ami  in  decom- 
posing fish-  Other;?,  chiefly  diamines,  are  found 
in  certain  pathological  conditions  of  the  urine, 
and  as  decomposition  products  of  tho  animal 
tisBuea  (ptomaines).  Tho  decomposition  of 
proteins  givt-s  rise  to  large  numlxTs  of  anitno- 
acids.  Aniline  was  first  isolated  as  a  product 
of  tho  distillatifm  of  indigo,  and  it  and  its 
homologues  as  well  hh  ntln  r  hascM  are  pr^"^M»nt 
in  the  distillates  from  bono  oil  (Dippcl  s  oil), 
and  of  coal  tar.  A  mixture  of  fatty  amines  is 
obtained  in  tho  dry  distillation  of  the  residues 
in  the  beet -sugar  indu8trj%  and  this,  under  tho 
name  of  *  trimethylamine,'  of  which  it  contains 
about  6  p.c.t  is  used  in  France  for  the  preparation 
for  industrial  purposes  of  methyl  chloride  ;  on 
account  of  the  yn-at*  r  solubility  of  its  hy<lro- 
ohioridc,  it  has  also  been  used  instead  oi  ammonia 
in  the  preparation  of  potassium  carbonate,  bk  a 
manner  analogou.^^  to  the  Solvay  rm  ^  1  far  the 
preparation  ofsodium  carbonate,  but  tho  process 
does  not  seem  to  have  been  commerciaUy 
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(irncral  tnetkod*  of  prr  parat  ion. 

1.  Tlif  nrtiim  of  ammcnia  or  its  alkijl  dfrira- 
tivis  t)u  .'-uh.sftt utiou  I'lXKiitcts  {(jetierally  huUyid 
or  ii'idmriil  (li  rirutii  i  s)  of  hydriKarbons. 

Thoincthixl  lir.st di-si  ril><  <l  li\  Hi)ftnanii  (Phi!. 
Trans,  1«50,  1 ,  !>3  ;  1 S51,  2,  307),  of  heatuiK  alkyl 
halides  (pmferably  broiokleBor  iodide«)  with  am- 
monia, is  available  for  the  preparation  of  primary, 
secondary,  and  tertiary  aminea  of  tho  fatty 
series,  and  if  aniline  is  MubHtitutcd  for  ammonia, 
for  the  pre^iaration  of  m-condary,  t<?rtiar3',  ancl 
aromatic  amino  compounds.    Quaternary  am- 
monium compounds  arc  also  forme<l  in  the 
reactions, which  may  ben  iirr-mtfd  ns  follows : — 
NH,  +  RBr  Ml.HHUr. 
NU  .K  ^  U  Hr       XHltil  -HBr. 
NHHR'-f  Jl  Hr  -  MJK'U"-HBr. 

NKKll"  +  H  '  Br  =  :sKH'R"R"'Br. 
Tho  reaction  will  take  place,  though  only  very 
nlowly,  in  water  solution,  more  quickly  in  alco- 
holic solution,  and  l>eHt  on  hoatinc;  in  alcoholic 
solution  in  aeided  tnbe.s  at  KK)**.  j'ho  prodnets 
obtained  i7iay  contain  haloid  HaXia  of  one  or  all 
of  the  }K>s«iblu  amiaes,  and  of  the  quaternary 
bajH>?<. 

In  the  pre^iaration  on  tho  large  scale  of 
secondary  and  tertiary  aromatic  amino-  com- 
|M)unds.  e.g.  (liuieUi>ia&iline,  the  primary  amine 
is  he«tetl  under  pressiin*  rlinrtly  with  tho 
uloohol  and  hydrochloric  or  .siiljthuric  mid  ul 
I80"-2<K)°.  Here  the  alkyl  group  is  exchanged 
directly  for  hydrf>^en  withtiut  tho  intermetliate 
ticuaratiou  of  the  aik\l  halide.  'I'ho  prcHenco  of 
danet  negative  groups  in  the  benzene  molecule 
increases  the  case  with  which  tho  l^H,  group 
eun  displace  halogen  groups.  Thus  the  ehJorine 
atoms  of  chlorbenzcne  can  Iki  replaced  ,  by  NH, 
groups  by  the  action  of  ammonia  if  the  benaene 
ring  alf*o  contains  NO^  groups. 

Amines  may  also  be  oi)taiii'*d  by  heating 
zinc  ammoniam  chloride  with  alcoUola  at  254)''- 
260*  (Herz  and  Gasiorowski,  Btr.  1884,  17, 
623). 

Alcohols  or  phenols  will  rc^t  with  ammonia 
or  iti«  alkyl  derivative  on  heating  in  the  preeenee 

i>f  /im-  <  liloriile,  oili  iuin  t  liloride,  or  other 
catalytic  agent  (Merz  and  VVcith,  Bcr.  1880,  13, 
Ism ;  Mere  and  Mueller,  Ber.  1886, 19, 8901). 

Mixturr'i  of  the  vuponr^  ^A  alcohol  and 
ammonia  or  primary  amine  led  through  tulx^s 
containing  finely  d'ivkled  thoria  or  tungsten 
oxide  ii\  nfrO"  i:i\c  inriincH  (Sabatier  and 
Mailhe,  t  ompt.  rend.  liRis,  14H.  898). 

Sodamide  or  its  alkyl  substitution  products 
may  b<  ii-<  d  in-toad  of  ammooia  in  the  oaae  of 
aliphalic  iiiiiiiif^. 

NH,Na  +  CHjd  =  NHj  CMj  +  NaW 
(I^  beau,  Compt.  nrul.  llw'."..  140,  KM2  ;  Clia- 
,bhiy,  Compt.  rend.  llKJfi,  140,  12b2).  ijodamide 
will  also  react  with  anhydrous  sulphuric  esters 
of  the  abphatic  series,  and  with  aromatic  sul- 
phonic  Ht  ids  to  give  primarv  amines  (Jackson 
and  Wing,  Bcr.  188«,  19.  902;  Titherloj%  Chem. 
8oc.  Trans.  1901,  79,  399). 

2.  By  reduction  of  mtrogen-contaimng  sub- 
ataneet. 

This  ni<  Hioil  i~  <  hi'  Hy  important  in  the  pre- 
paration of  primary  amines,  and  particularly  in 
that  ctf  the  aroinatie  amino*  compounds,  themtro* 

compounds  of  which  are  f  a-il\  .  ifit  iint  M  hv  <lirect 
nitratiun  of  the  hydrocarbonii,  whereas  the  nitro- 


comjKHinrls  (if  thr  aliphatic  and  annnatir  amines 
are  only  ol>taine<l  muircctly.  Zinin  in  liv42  pre- 
pared aniline  &om  nitrobenaene,  by  the  action 
of  alcoholic  ammoniiin  sulphide.  On  th« 
commercial  scale,  as  for  instance  in  the  jire- 
pa ration  of  aniline,  iron  and  water  with  some 
hydrwhloric  acid  is  usually  einployrd  as  tfie 
rctlucing  agent.    Nitro-  compounds,  hnwtvcr, 

!  as  well  as  nitriles,  oximcs,  and  hydrazuues.  oan 
be  rodnccd  to  amines  by  electrolysis  in  dilute 
alcohol  and  sulphuric  acid,  using  a  nickel 
kathoile  (Pierron,  BnlL  Soc.  chim.  1899,  [3}  21. 
780).  A  mixturo  of  alipliatic  aldehydc^s  au<l 
ammonia  iw  converted  into  amines  if  electrolysed 

I  in  malphurio  acid  solution  with  •  lead  Icatibiode, 

'  the  relative  proportions  of  primary,  secondary-, 

:  and  tertiary  iiuiiues  formed  depending  on  the 
strength  of  the  current,  and  the  relative  amounts 

I  of  aldchy<Io  and  ammonia  present  (Knodaeo, 

!  Ber.  1909,  42,  3994).  Another  method  for  the 
reduction  of  nitro  compounds,  nitriles,  oxinu^ 

I  and  hydnzones,  consists  in  heatiuc  in  a  stream 
of  hydrogen  in  tho  presence  of  midy  divided 
nickel  rir  t  r.ppcr  (Sabatier  and  Scndi  n  n.s,  rotupf . 
rend.  19U2,  126,  226).  In  all  these  mcthotia 
the  temperature  most  not  be  allowed  to  riae  tno 
hi;^di,  or  reduction  of  the  amine  tn  h\ (Inn  HrlxTi 
and  ammonia  takes  place.  Other  reducii:^ 
agents  employed  are  sodium  amalgam  and  water, 
.Midiuiii  and  alcohol,  .*o<liuin  .sulpnidr.  zinr-duist 
and  (Kitash,  Stannous  chloride,  &c.  Magncaiiun 

,  alkyl  iodide  (the  Grignard  reagent)  sometiaies 
acts  as  a  n  ihil  ing  agent,  and  ethyl  aniline  haji 
U^en  obt.uiue<l  by  treatment  oi  nitrobenzuae, 
with  magnesium  ethyl  iodide  (Oddo,  Atti  R. 

i  Accad.  iJiuri,  VM)i  (v.)  1!?.  2.  220). 

Amides  and  smidines  are  also  converted  to 
amines  by  reduction  with  sodium  and  aloohol 

;  (GuerWt,  Compt.  rend.  1899,  129,  61). 

1       KCONH,  +  2H,  =  BCH  KH,  4-  H 
;    RCNH  NHj  +  2H,  =  R-CHj  NH,  4  NH,. 
Condensation  pnxlucts  of  the  action,  of  primary 
amines  and  al'l''li\ des  of  the  type  R-CH  ;N'K', 
yield  secondary  auiines  on  reduction. 

R-CH :  NR'  +  H,  R<;H,-NHR* 
(Stoermer  and  v.  Ix^ptl,  Ber.  1896,  29,  2110; 
Brand,  Ber.  1909,  42,  Mm).  * 
I      8.  From  amideg  bff  the  aeiian  of  bromine 
I  andpotash     (Ib.finann.  Hrr.  1SS2.  If.,  702.) 

Tim  reaction  iii  mainly  applicable  to  the 
preparation  of  primary  fatty  amines,  and  Kivea 
l'|"h1  _\  ifl(l>  Hilly  with  the  Inwi  r  iiit'tiitK-rs  of  the 
series,  'i'ho  lirst  iiroduct  of  the  reaction  ia  a 
bromamide,  and  this  on  further  troatment  with 
{X>lash  gives  amine,  potassium  bromide,  and  <  a  r 
bou  dioxide,  the  alkvl  group  being  transferriHl 
from  the  carbon  to  the  nitrogen  *tom,  as  id  tlie 
'  Bf  f'kman  rr.i'-'- 'n  -niifnt.' 

Cil.  COiiH.^  KUH  +  Br, 

=C  H  3-CONMBr+ KBr-f  H -( ). 
(?H,€ONHBr+K0H  =  CH,  NH,+CO,+  KBr, 

.•Vziili'^  (in  Imilintr  with  alcohol  or  water,  anrl  -nti 
seijucul  treatment  with  cone.  HCl  give  aromes. 

KCON.-fC.H.OH  =  R^'HCOOC,H.  +  N,. 
RNU<X)OCtH,-fH«0 

=  RNH,  +  CO,+C,H»OH 
(Curtius,  Ber.  1894 ;  27,  779,  1896,  29,  1166). 

4.  By  tiie  action  of  alkalis  on  alki/l  i^orui- 
t N7f.  c  (Wurtc,  Annalan,  1^49,  71,  390;  1860^ 
7b,  317.) 
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Til©  interest  of  tilia  method  in  mainly  i  amines   reupcctivcly  (Tithcrley, 
historical,  sincf  it  Ifxi  to  the  liiwcovcrv  of  the   Trans.  19<»J,  79,  3l«)). 
*min«  by  Wurtz  in  Primary  amines  '      1.  Bv  distil  la  lion  of  ammhooidawUh  baryta. 

antliecliiet  prodiiot.imt8eooiid«iy«adintMnr  I  ^  iinir 

'      Me  also  formed  in  smaU  qmuititiea.        ,      CH,QH<3JJ^"  »  CH,-CH»-NH,  +  CO.. 

C  H.NTO  f^H,0  =  C,H,-NH,+CO,.  ^  Aliphatic  jnimaryand  secondan,  amines 

o.  By  nydrolysts  oj  alkyl  esters  of  thw-  may  be  obtained  by  the  action  of  potash  on  the 
carbamtnu  and  %»oeyan%de$  wUh  eoacentraUd  p.nitro»o  derivatives  of  secondary  and  tertiary 

I  aromatic  amino-  compottmh. 

!  =  C^4  N0  0K  -f  N(CH,),H. 

I  no<',h«nhc;h,  +  KOH 


acids. 

CjHjNC+H.O  =  C,H  ,  .\H,+  UCOOH. 

G.  Frtnn  omtpounds  wkidt  Cirtain  Mubttonpes 
form  vnth  aikyl  haUde*. 

(a)  Hessmetliylene  tetmmine,  formed  by  the 
8<  tK.n  of  ammonia  on  formaldehj'ile,  gives 
aUUitiou  oompounda  of  the  type  Ci|U|tN4*iil 
wil6  alky!  iodidee.  Theee  on  treatment  with 
H(T  aii<l  alcohol  an'  dccomjK),-'  1,  L'iving  primary 
amines  (l>el^mDC,  Compt.  reod.  lisUl,  124,  21^2  ; 
Ann.  Cfcim.  Fhya.  !8»8.  [7]  15,  608). 

{I')  PhthfiliriiI<lo.  on  treatment  with  nh-oholic 


=C,H4-N00K-j-NH,CH,. 

9,  Tertiary  amines  can  be  obtained  by  heat- 
itig  primary  and  secondary  bases  tcith  excess  of 
potassium  alkyl  sulphate. 

RK'MH +CH,080,K = HR'NCH,-t-HOSO,K. 

Oettfral  Prnpertif  s. 
The  amines  of  the  aliphatic  iiericfl  are  vola- 


rotaah.  gives  potafiidum  phthalimide»  and  this  f  •  •"!»»*«»^f«.  the  lower  raemln  rs 

to  litmne;  the  density  of  the  Ifqnid  mem> 

l>er8  of  the  series  is  about  0-7.'»  (hut  of  \^ater. 


alkyl  i.xliilf,  \\hi('h  on  hydrolyus  with  fomiDg 

iU.'l  yields  a  primary  amine. 


r,H,(tX)),NK+RI  =  C,H,(C'0),NR  +  KI. 
C,H,(CO),NR+2HjO=C,H,{COOH),+NH,R 
(Gabriel,  Ber.  1887.  20,  2224  ;  1891,  24,  3104). 

(<■)  Magnesium  aikyl  iodides  form  addition 
compounds  with  phenyl  Mooyaiiate ;  these,  on 
treatment  ^ith  water  are  converted  into 
antlidcH,  vvLioh  \ickl  amiiiCfi  on  snpouification 
(Blaise,  Compt.  rend.  1901,  132,  38,  478,  978). 

(</)  Sodium  acetamide,  if  treated  with  alkyl 
iodide,  gives  mono-  and  di<alicyl  derivatives  of 
forrouU  R-CONHR,  and  B<X)!NRR',  and  these 
on  saponifioatioa  y^teJd  pdiiMiy  and  secondary 


and  increases  slightly  with  increase  iu  the 
molecular  weight.   Their  basicity,  messnml  by 

the  po7i'l!iftt\-it\-  method,  is  <  nn-idfrably 
grt-tttcr  than  thiit  of  ammonia,  and  they  will 
saponify  esten  and  precipitate  oiMes  from  the 
salts  r)f  many  of  the  heavy  metal*--  'I'!\('v  havo 
an  anunoniacal  and  tishy  odour.  The 'smelly 
inflammaUIity,  boiling-point,  and  solubility  in 
uatt  r  iKTomo  less  with  incrcn'^i'  in  lh»?  molc- 
cmiit  weight,  and  the  kight-^it  knowu  members 
are  odourless  solids  at  ordinary  t^mperatares. 
They  react  with  moist  air  with  fonnatioa  of 


Alxphatic  Aminss. 


Alkyl  gruupfi 


M.pt. 


Priouiir  eoinpottBdt  jSeooodaqresmpooiidij  Tertiary  oompoonds 


Methyl 
fithvl  . 

Propyl 
ieo  l*ropy  1  , 
prim.  »-Butyl 
MO- Butyl 
«ec  Butyl  . 
ten.  Botyl  . 
prim.  it-Amyl 
ft«o-Amyl 

lift  Bntyl>nethyl 

•er.  M-Amyl  . 
*(e,  i«o-Amvl 
iapt.Amyl  '. 

».H,-xvI 

M  uocyi 

,.  Nonyl 
„  Decyl 
„  Uttdiscyl 
„  Duodecyl 
„  Tridecyl 
„  Tetradecy 
Pentadecy 
„  Uezadecyl  ' 
Heptadeayl 


+  17 

15° 

27'' 

27'' 

37^ 

36-6= 
450 

49= 


B.pt. 

+1««» 

32' 
7l'8P 
66« 

93P 
43*80 

104" 
95 
82*'-83" 
90«»-91^ 
83**-^40 
78-6'^ 
129^ 
153^ 
17.>"-177^ 
190°-192^ 
2I6*-218' 
232° 
24«* 

I<i2'(l5mra.) 

298°"30F 
187  (15  mm.) 

335"-340° 


8p.gr. 


B.pt.  I     8p.gr.     I  B.iii.  I  8p.gr. 


0-699  ( - 1  r^) ,  -f  7*  1 0-68ii  ( -  0° )  +3-6° 
0'70e(-2")f  8««!0-711(  +  ir>°)!  90» 


0-728  (0") 

uoyo  (18®) 
0-742  ( 1 8«») 
0-735  (16«) 
;  0-7 18  (20^) 
0-698  (15°) 
0-766(19") 
0-750(18*) 

!  0-749  (20') 
0-757(18-6°) 
|0-748<16*>) 

U-777  (20*) 
0-777  <26-8») 


110* 
84* 

leo* 


0-738  (20*) 
0-724  (16*j 
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2»7» 
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260* 
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(benzyUunineuid 

its  luiin<)l<>t;\its)  closely  ri'><fml»h'  the  Hiifthatic 
amines,  but  are  not  quite  so  stronftty  baaic  in 
ctuunicter,  owinj;  to  the  presence  of  we  negative 
jthi  iiyt  erouji.  The  aromatir  nmino-  o uri]  iiuuls 
(auiiiue  and  ita  hoinoluguos)  arc  l&sa  ba«ic  tlian 
ammoak,  and  the  basioity  diminiahea  with 
iii<  rea>K^of  tlu-  nuinl)ernf  phr  iiyl-  ^Totips  attaohcd 
to  the  mtrugeii  atom.  Thux  tiiu  ti&ita  of  diphenyl- 
amine  are  hydroly8(>d  by  wat^r  t^  a  greater 
ext^^nt  than  thosr  of  aniline,  whilst  triphenyl- 
amino  i»  a  neutral  ImhIv  ami  forms  no  tsaltii 
with  aci(l8.  Comparatively  few  aminea  are 
kno«Ti  which  contain  onlj'  nmmati''  pTfMi|w  ;  of 
thetie  aniline  and  diuhi*nyUmine  are  pn'|)arcd 
on  the  huryre  aoale  in  toe  ilyring  industry,  as  well 
an  many  -» <  "tulary  am!  t*^rtiar>'  amino  rom 
poun<l.H  <<>nt. lining  both  fatty  and  anuuatic 
group;*. 

The  ulxivc  li-ifs  of  the  chief  honu>lo)(ucii  of 
tncthylHUuiu;  umi  aniline  {set  pp.  12U,  13(1}  are 
taken  from  Mryer  and  Jaooboen'a  Lehrbnch  der 
OfgMiiacben  Chemie. 


All  daaaea  of  aminea  form  additioD  producta 

with  acids,  containing  oiw  molecule  of  l>a><t  to 
.  one  molecule  of  monobaaic  acid.  Compoaiwia 
i  containing  three  moleenlea  ci  BCI  to  om^  ol 
amine  have  also  Yuen  obtained  (K>  rr,  vn-ki.  B*T. 
I  iWH,  41,  4379).    The  pioiatea  are  spt^ciaiU'  cha- 
t  raoterietie.  and  are  naed  for  tho  identi&ation 
of  the  amines,  as  arc  aLw  the  double  salts  with 
platinum  an<i  gold  chlorides,  which  have  tb< 
jieneral  formulae  B,H,PtGI, and  BHAnCI^  re«pe^- 
tively.  Many  aliphatic  aniin»>sfiirni  h>*tirat««  will 
'  one  mol(H?ule  of  wat<T  uf  (t> .stallitiation.  l>o«ild( 
'  aalts  >\  ith  mercuric  chloride  and  stannic  chtoridc. 
and  with  silver  Malt«,  tv  t  Ulise  well,  and  or^^ati  U 
analogues  of  ammoiiiuiii   ]iyrophuiiphate  lutt; 
arsenate  are  known,  but  are  not  verv  atftfak 
(Brisao,  null.    Soc\  rhim.   IfXtn.  [3]  29,  59U 
With    alk\l    hnlidcii    they    form  quateni&T} 
ammoniuni  <  oin|X)unds  of  the  typoNRR'R  'R*^!. 
where  RH'K'  R' '  may  Iw  thr  ftnmv  or  diffen- nl 
radicles.    In  eases  where  those   radicles  art 
I  all  diffeveni,  llie  Mlb9t«HM  ftie  capable  («4 
;  eziating  in  two  outntibmoipliottB  opiiodOly  acti«  « 
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forms,  anil  a  uuutl>er  uf  these  have  be«n  isolated. 
The  qufttemary  ammoniiiiii  compounda,  unlike 
Uieir  inorganic  analueiies.  are  imt  dooompfwjed 
on  IxiiJing  with  potash  ;  on  heating  aiouts  they 
give  tertiary  aaiines  and  alkyl  luiUdee.  The 
corresponding  bweo  are  obtained  from  their 
balideA  by  tfeatment  with  nioij<t  silver  oxide; 
thp\'  are  stroncly  alkaline  to  litmiu!,  and  the 
iulaiiimageiieniiy  decompose  easily  on  evapora- 
two,  but  aoiliie  of  the  aliphatic  members  have 
b(^ii  oblMned  cuTataUintt  by  evapirfttkm  m 

The  fommtkm  of  qnatermury  ammoniam 

corapouncls  hy  a'lditioti  uf  ext'cHM  of  methyl 
iudide  to  an  amine  gives  a  quantitative  method 
for  the  determhtatton  of  the  number  of  rephce- 
able  hy«!ri')^i-ti  tttorn^j  in  the  Riilwtnncc.  Analysis 
id  the  original  compound  and  of  its  quatemnry 
■Mflhyl  dcymttire  i^vea  the  number  of  methyl 
groujM  which  hav<-  t  rit<»nHi  into  the  niolceiilo. 

The  chemical  behaviour  of  many  aubstances 
varies  with  ^  different  chwam  of  amines, 
*nd  separation  and  purification  of  the  amines 
iurmed  in  many  of  the  methods  above  referred 
to  may  be  oarried  out  by  making  use  of  such 
tliff*  n-nccj;.  IVimarv  and  sotoiularv  amines 
ui<uaiij  give  bimiiar  reaclionH,  vvhii»>t  tertiary 
amines  are  more  stable,  in  accordance  with 
•\f  crfn^ral  rule  fur  cumpninds-  wlii^h  contain 
carbon  atoms*  linked  to  the  maximum  po^ible 
ttuinber  of  hydroigen  atom. 

1.  With  ni$r<m$  aeid. 

Primary  amines,  on  boilinjx  with  potnsFium 
or  sodium  nitrite  in  acid  solution,  give  alcohoia 
or  pbeools  with  avdlutioii  of  nitnigeiL 

RNH,+HONO  =  ROH+N,+HgO. 

Secondary-  amines  give  nitrosamines,  which 
oii  boiling  with  cone.  HCl  are  attain  transformed 
into  the  original  amines. 

RR'NH  +  HONO  -  RR'N  NO+H,0. 
RRNN0-i-2UU  =  RR'NHHa+NOCL 
TertiaiT  amines  do  not  reset. 

Prinmrj'  arnrnatic  amino  rompounda  react 
difiermtly  if  their  solutions  are  kept  cooled, 
iliey  give  diaao>  oompounda  aoonding  to  tile 
follow  ing  equation  : —  I 
RXH,,Hn+HONO  -  RN  :  Kn-r2H,0.  I 

YhiM  reactiuri  is  o(  tliu  gr€At4,-£>t  iniportuaue, 
lor  the  diaxo-  compounds  are  very  unstable,  and 
on  treatment  with  various  .wvibstaiit*  s  either 
form  Kubstitutiun  |>roducts  of  benzi'iu-  hydro- 
eariioos  with  evolttta»  of  nitiogen,  or  retain  the 
r>itrog«>n  and  form  azo-  compounds,  which  are 
tbo  parent  substances  of  the  azo-  dyes.  Thus, 
if  the  diaxo-  compound  bt'  boik«d  with  water, 
fticohol,  cuprous  chloride,  bromide,  or  cyanide, 
phf-nol.  benzene, chlor,  brom,  or  cyan,  derivatives 
r-  j^ftivcly  are  produced.  If  the  diazo-  com- 
P<jund  is  tr^ted  with  a  substance  containing  a 
phmoi  or  aromatw  amino-  group,  a  coloured 
'ubfltance  is  form«-<1  which  is  capable  uf  fixing 
it«df  as  a  dye  on  a  fabric  Compounds  derived  . 
from  unimbstitnted  aminee  have  only  a  limited  I 

&p[HiCiati(in  for  dyeing  purjHiscw,  a,s  they  are 
gnksraUy  insoluble*  in  water ;  the  sulphonic  acids 
Wfiired  from  thnn  ai«,  however,  generally 
3t<lub^.  and  art-  u«xl  extensivrl\  art.  A/.o- 

(  OLocmiNo  MATTKBs).    The  reactions  are  cx- 
pnsMd  by  the  f oUowmg  oqa*tioitt 


( ',H  sN,Cl-f  t;,Il .( )H  =  C.H  .N :  NC.H.UU  -|-  HU 
C.H,N/)l+C.H,N{tH3), 

=C,HjN :  NC,H4N(CH,),-|-HCl 
Tertiary  aromatic  compounds,  such  as 
dimethyl  aniline,  react  with  nitrous  acid  to 
form  7)-nitro8o  compounds,  where  the  nitroso 
nitrogen  is  attached  to  the  carbon  of  the  benzene 
ring  in  the  para- position  to  the  substituted  amino- 
group.  These  are  highly  coloured  substances^ 
and  serve  as  intermediate  compounds  in  the 
produetion  of  certain  oolooring  matters  (methy* 
lene  blue,  &c.),  whirh  are  usxl  in  the  colour 
industry.  On  treatment  with  caustic  potash 
they  give  seoondary  amines  and  salts  of  nitroso 
phenol 

2.  ii  uh  cfUoridfa  of  wromatic  iulphomc  adds. 
Primary  and  secondary  amines  in  strong 

alkalinp  solution  are  coiiv<Tt<'d  into  amides 
l>y  shaking  with  chlorides  of  aromatic  sul< 
phonic  acids  ;  of  these  amides,  Ph4M)2NHR  and 
PhSOjNRR'  respx-tivi-ly.  Mh  f;r:^t  only  ai« 
Moluhlf  in  dilute  alkalis  with  lurmntion  of  salts. 
Tert  iar\  amim  n  do  not  reset.  The  primary  and 
secondary  -sm  ]yp  rrycnrrat<Hl  from  the 

amides  bv  i)oiiuig  ^vith  cone.  Ht  'l  or  H,S04  at 
120O-160O  (Hinsbeig,  Ber.  23.  2963;  AnnaW, 
\Hm,  205.  178). 

3.  With  actlyl  cldoride  or  acttk.  anhydruir. 
Primary  and  s©condar\  amines  give,  as  a 

rule,  aoetyl  derivatives  wkich  are  in.soluble  in 
cold  water  ;  tertiary  amines  either  do  not  react, 
orfonnaoLufaleaoetateaaadhydioQliloridei.  Tho 
primaiy  and  socondarN'  amines  may  be  rec^nc- 
rated  by  saputiitictttiou  of  tho  acetyl  derivatives. 
Since  the  velocity  of  the  formation  of  the  acetyl 
derivative  of  the  primary  is  much  greater  than 
that  of  the  eecondary  amine,  a  metho<l  based 
on  this  difference  in  pro|)erty  hu.s  been  used  to 
separate  the  two  (Menschutkin,  Chem.  Zentr. 
1900,  1,  1071 ;  Potozki  and  Gwosdow,  ibid. 
1903.  ii.  339). 

Tho  action  of  benioyl  chloride  is  similar  to 
that  of  aoetyl  chloride. 

4.  With  oxalic  esUr<. 

Severalof  the  aliphatic  primarj'and  socoodary 
amines  react  with  ethyl  oxalate,  the  former 

giving  M  dianiidi  s  and  the  latter  liquid 
oxamic  enters.  Tertiary  amines  do  not  react. 
Primary  and  secondary  amines  are  regenerated 

by  boiling  with  pota.ih  (Ilofinann.  Ber.  1870,3, 
109,  77ti ;  Duviilier  and  Buisine,  Ann.  (Jhim. 
Phys.  [6J  23,  299). 

5.  W  iili  truiiftiesium  methyl  iodides. 
Primary  aminee  react,  giving  two  molecules 

'     *  of  1  ' 


of  methane  for  every  moleoule ' 

RNU,  +  2MeMgI  =  RN(MgI),+aCH4. 
Secondary  amines  react  in  a  similar  manner, 
but  give  one  molecule  of  methane  for  every 
mohmile  of  amine : 

RR'NH  rCHjMgl  RR'NMgl+CH^. 
Tertiary  amines  either  do  not  react  or  they 
form  addition  oompounds  with  the  reagent 
s  i  liufrou^h  and  Hibberfe^  Chem.  8oo.  Trans. 
1909,  96,  477). 

A.  Wi^  o-»ytl^tene  bromHe. 
Priniarj'  amines  react,  L;ivini;  two  molecules 
of  UBr  and  liquid  derivatives  of  o-xy lyleneimine 
(dihydroisdndol). 

Secondary  amines  react,  civini:  crystalline 
quaternary  ammoiuum  bromides  and  one  mote* 
oule  of  HBr :  Digitized  by  Cooole 
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'  =^.H.<i:Sp>N<g,  +  HBr. 
Br 

Tertiary  aliphatic  aminos  pivo  addition  pro- 
ducts of  one  inolocule  of  xylylenobroinide  with 
two  of  amine.  Tertiary  nroinatic  amines  and 
amino-  compounds  do  not  react  (Scholtz,  Ber. 
1898,  31,  1707). 

7.  With  aronuitic  aldehydes. 

Primary  and  secondary  amines  form  com- 
ponndR  \iith  loss  of  water : 

<!,H,('HO+NH,ll  =  C,H.(HNR+H,0. 
»CHO  -f  2NRR'H =0,11  jCH  (N  RR '),  +  H,0. 

'fVrtiary  amines  do  not  react  (Sobifi,  Annakn, 

]r>u,  iriU). 

8.  With  Conform  and  petofh. 

Primary  aminrs  civ  <■  »'vocyanid(y}  on  warming. 

KNH,+CHa34-3KOH=RNC-t-3KCl+3H,0 

(Uofmann»  £er.  3, 767). 

Seeondaiy  and  tertiary  amines  give  no 

Obarar  t eristic  rrnction. 

9.  Wilh  carbon  disvlphide. 

Aliphatic  primary  and  acoondaiy  amines 
met  as  l(dk)W8  : — 

CS.    2NU,R  «  8C<^^j{ 

On  boiling  the  prodnet  of  the  action  of  CS^ 

on  primary  nniinr-  •with  metallic  salts  (HgCl,  or 
FeCln),  muRtard  oils  are  producc<l,  and  |vimary 
amines  partly  regenerated. 

®^SH  NH  ,R  +       +  NH,R. 

(Uofmami,  Bor.  8,  105,  401;  14,  2754;  lo, 
1200). 

At>mat'0  amine"  fjive  RubBtitutecl  thioureas. 
2RMH  ,4-1  tij^-  H  ,S+(RNH),Ca 

10.  Wiih  the  alkali  tntUiU. 

Mmaiy  and  secondary  amines  dissolve  with 

evolutinn  of  h\<lriicrn  and  formation  of  fiub- 
fltances  of  the  tyjK^  RNllK  or  R^K^  Tertiary 
amines  do  not  react. 

11.  With  oxidising  aqf  nt^. 

Oxidation  with  i)otas^ium  permanganate 
decompo9<^'s  ali])hat  io  amines  with  formation  of 
aldehydes  an<1 

With  Caro's  ucitl  (H,SO^),  primary  amines 
of  the  type  RCHjNH,  are  oxidised  to  liydroxyl- 
amines  and  hy<lroxatiiie  aei.ly,  all  of  whu  h  cjivo 
a  characterisf  ie  colouration  with  ferric  ehloride. 
Ketoximes  an;  formed  from  amines  of  tfic  t\  pe 
K R'CH -NH ,,whil8tthoj«'of t he  ty i)e RR'R' (  N 1 1  , 
uivc  nitroso-  and  nitro-  dcrivativcR  (Bamberger, 
Ber.  1902.  35,  4293 ;  1903.  36.  710). 

With  hydropen  [»eroxi<le  aliphatic,  secondary, 
and  tertiary  amines  cive  hv«lroxvlamines  and 
N-oxides  of  type  UK'NOll  and  RR  K  NO  (l)nn- 
8t)in  and  Ooulding,  Ctiem.  Soc  Trana.  76, 
1104). 

Oxidation  of  aniline  and  its  para  compounda 

gives  quinone. 


DuMiras. 

Theflo  may  be   regarded  as  derivcvl  from 

hydrr  irljons  by  replacement  of  two  hvilncn 
atonic  by  two  amino-  groupie,  or  from  tno 
moleeoles  of  ammonia  by  replacement  of  two 
hydrojTf.n  ntonip  one  from  ench  moK-cule  by  .i 
hydrocarbon  renidue.  Certain  of  them  occur 
as  decomposition  products  of  the  animal  organ* 
ism.  the  chief  of  thene  hein;;  ■putrc^rinr  ftrtrn 
methylene  diamine),  and  auh-iitnm:  (peau*- 
methylene  diamine).  Diamino-  acidit  are  an 
important  prodoot  of  the  deoomposition  of 
proteins. 

Preparation. — The  methods  are  entirely 
analf)p(H]s  to  those  nsfd  in  the  preparation  of 
moikainines.  Alij)hutu;  diammcji  arc  obtained 
by  the  action  of  uijueouH  ammonia  on  dihalogen 
derivatives  of  hydrocarbons  ;  this  mcthrKl  is  not 
fjenerally  applicable  to  the  preparation  of 
aromatic  mono-  or  diamino-  compoonda,  but  a 
modification  of  it,  which  consists  in  treatmrat 
of  p-chlormonamincs  with  aqueotis  ammonia  in 
presence  of  copper  Balt«,  is  used  in  the  commercial 
manufacture  of  «-pii«urlene  diamine  and  its 
homologues  (Ger.Pat.  1908).  Aromatic 

(liainino-  ('oni]x»unds  are  prepared  on  the  com- 
mercial scale  chieHy  bj'  the  reduction  of 
dinitro-  compounds  ;  but  practically  all  the 
method.H  for  the  ])ro<liiet ion  of  nionaminca  an 
also  available  fur  that  of  diamines. 

Fropertin. — The  aUphatie  diamines  arp 
strongly  basic  suVistanoes,  their  JiHsielty  in- 
oreaamg  with  the  number  of  methylene  grouu* 
(Bred^.  Zettaeh.  phyneat.  Hiem.  Ift94, 1%  908). 
Their  boiling  I  i  i  ri  n  nt  li  higher  than  tho:*.- 
of  the  corre»iiondii)K  niuuamines.  Tlieir  hy- 
droxides, whien  are  diacid  bases,  are  extmndy 
stable,  and  or'  rnl^  <leconijK>>ed  ot»  lM">il!nff 
with  caustic  allkalL''  or  dibtiilation  over  metallic 
sodinm.  The  list  of  the  diiel  aUphatie  dia- 
mines and  (heir  j<hyf«ieal  constant e  fisr,^  p.  \Xh 
is  taken  from  Meyer  and  Jaoobsen's  U  brbuch 
der  Organisohcr  Chemie^  The  lower  membcm 
of  tlif  aromafie  diamino  coinpound  differ  frorn 
the  correajioiitliug  inouamines  by  being  ea^ji 
soluble  in  water.  Their  solutions  in  water  arc 
easily  oxidised,  but  tiie  dry  bases  are  stable  in 
air. 

Reactions. — Diamines    ffive    the  Oldinary 

reactions  charaetfTistie  of  the  amino-  group,  but 
primary  aromatic  o-amino-  compoumls  and  to 
some  extent  aliphatic  diamine*,  possess  in 
addition,  the  property  of  fomiinc  condetisjitioji 
products  containing'  i4itrogeti  rnigsi.  m-  ami  p- 
diamines  do  not  exhibit  this  property. 
1.  With  aldehydes. 

With  aliphatic  diamines,  cyclic  compoun<1> 
are  formed  as  well  as  the  onlinarj-  alkylideiK 
bases,  llius  the  action  of  fornialdehyde  on  coM 
eolutitms  of  ethylene  diamine  reeiilts  in  tb<? 
formation  of  a  ocHnpoond  GaH,«N|,  to  which 
the  formula 

CH,— N-CH,— n-<;h. 

C?H,— I^l-CH,— ^— CH, 

has  been  a^si^ned  (BischofT,  Bor.  1898,  31, 3254). 

/\romatic  o-diamino-  compounds  give  ald»* 
bydines  or  anhydro  bases : 
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Kthylenf^fainine 
■j^     «»        »  • 


^-rdimetbyi  •  ^-rdiaminolmtane 


#f4liMCIiyl'9«'diaaUiMioclMift 


CHs  CH(NHj)CH .  Nlfj 
NH/CHj  CIT.  CH/XH» 

CHj  CHs  CH(NHy)  CH,  NHi 

KHvCH . Cir,  CirvCJTvNHa 

XTI  /CH  (  ir  •('!!  /('jr ,  (  ff  NH  . 
CH'jCHtKHj)  CHa  CH(NHa)  GH,' 


j(Ua*OUs  GU(GHa)-CUa-OUa-KU, 
irH,-OUs(0Hs)40H,*KHa 


I  N'n .  (Ill vciucii  i)  cti  .  ('lUMi  orHj 

NH',CHaCM(Cll:,)(CII.)..CH.5,-il2 
(CH3)i,C(Kn,)C(Nl  JaXCUaJi 

(OHa)sO(lfH,)(Ctr}MllHt)C(CBa)t 

CjH.UCCH  j)  ( N  ir  1  ( N I  r ,  )0(OBs)'OtHft 

NHi(CH;,bNll, 

(CH,|«C(irH2)(CH^)3(NHj)C(CH,h 
NH2(CU2),oNUi 

(CH,)^c(HHs}(CH,)4arBs)ctqat}s 


B.iit. 

I  ID  >> 

A-ftri^O  /  1  ^  -'1 

U  VU&  l(  1  «>  } 

1  f  f 1       t  Oi  t  ^ 

I IV  — l-U 

»  or,     1  lit  :i 

(7.io  mm.) 

1 

Hi 

{7'M  mm.) 

HiUy  kuuwii 

US  its  salts 

1  ~il  J    t  TO-^ 

1 J  5  — 17W 

x)  Vl  f  \\J  ) 

1  amoalttca- 

ill  '  J*?-* 
40  — 47 

1  tion 

(20  nun.) 

1 3  modifica- 

•ia — «•» 

tion 

(li-i2mni.) 

j  inactive 

1     fun  11 

17*;  —I/O 

active  form 

(20  ram.) 

9  aonTBUve 

1 1  i>  J 

(75:<  mill.) 

X  »i 

1/4. 1  -ijj€> 

(752  ttirn.) 

175^ 



1  — 

78^-^0^ 

— 

'   y?  "WW 

i4f  — I4V 

(  /  4U  IDUJ  J 

228  -m^ 

620 

•OUdinoa 

n  ur.a       A  ' 

at  0 

(7*19  mm.) 

only  kniiwn 

OS  lis  f<i&lU< 

1  ~ 

(749  mm.) 

0  8&M 

615^ 

140^ 

(12  mm.) 

0  M44  ) 

j  St'' 

yjm,  OHCR 


CR  +  2H,U 
N<JH,R 


(lAticn^ur^  Hiul  Enufllirwht,  Ber.  1878*  !!» 
lt»&3;  HinKbcre,  tbui.  iHHii,  19,  2U25). 

The  aldeliydines  are  stroiu^y  banic  bodies, 
Aul  not  .It  t oiiiixtK*  <l  on  boiling  with  dilute 
ncids  and  aikaliM.  Thoy  arc  veiy  stable  towaxdu 
oxidving  and  rodudng  agmte.  Their  deriva* 
tivc*;  art?  tifsf^d  hs  dvcs. 

p-  and  m-dianimea  give  alkyiidmo  bases. 

S.  fKOik  l.S'rfMiiffoiiyl  eomipewid*  {aUehifdes 
or  fi^fem^ji). 

o-Diamino  comjwuDiU  react  to  give  quinoxa- 
lioe  (aiine)  derivativfla  (Hiaabeig,  ImMlan,  342, 


CR 


+  2H,0 


/X  /KH,  0;CB 

"  /  ! 

NH,  0:CR  '\/\k 
3.  {f tiA  N»frott«  acid. 

O'DimBUBO-  oompoundii  form  azimincs  (La-  | 


NH, 


+  HONO 


I 


N 


N  +  2U,0. 


Diamine-  compounds  both  rn-  and  j7-  v^iU 
nMi  in  tlie  ofdinar^  way  iu  pr«eniw  of  much  . 
hjdtoelilorie  acid,  giving*  bia'diaao*  oomponods ;  1 


in  neutral  solutions  m-diaraino-  compounda  auTO 
triamino  a^o  benzene  and  its  bomolognee.  The 
raaotion  in  the  case  of  m-pheaylene  diainine  is : 
2GgH4(NH,),  +  HONO 

=  NH--O.H^N:N-C,U,(NH,),. 

The  8Qb0(«nee«  formed  are  brown  and  very 

deeply  r  ()loiirf<l.  Tho  rcftotion  i'^  uscl  ns  a  test 
for  the  presence  of  nitrites  in  water  analysia 
(Griesa,  Ber.  1878,  11,  624). 

Alijthat  ic  (liamincH  give  glycol.-*  and  oxidca. 

4.  With  organic  acids,  acid  chlorides  or 
anhydfidet. 

Aliphatic  diaminps  aiu!  m-  atul  /*  dianiino- 
oompoiuida  form  normal  derivalivets ;  in  tho 
caaes  of  aliphatio  atthatanoee,  these  dariTatiyes 

an'   parfliilly  decomposed  on  healing,  giving 
I  cyclic  compounds  of  tho  iminoazolo  type : 

CHj  NHCOCH,  CHj— NH 
I  =1  ^C<JH»+CH,<JOOH 

CH.-NHCOCHj  ('IT,-N>^ 

o-Diamiuu-  compuunda  give  (similar  com- 
pounds, without  the  intermediate  formation  ctf 
the  acyl  derivatives 
'  NH 
1       t    '  +  CH,«CO0H 
\/NH, 

«  ClI,  +  2H,0 

5.  With  mineral  acida, 

AU  diamines  form  ataUe  flalte.  Those  of 
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the  aliphfitie  series  are  decomposed  on  heAting  j  wmter.   It  gives  the  typical  reactions 


of  m. 


with  s»'jmrati<>n  of  ammonium  salt  and  formation 
of  cyclic  compounds.  Thus,  tetramcthylene 
dianine  gives  pvTrolidine  and  pentamethylene  |  m  phenylenetliamine, 

diamine  gi\tf4  pijM  ridinr  : 

H,C\  CH, 

MHg(CHt)sNHpHa»NH«Gl+H^/\CH, 

NH 

The  hiirher  homologues,  however*  do  not 
foim  ring  ( um])oands  oontainiDg  a  correeponding 
nainber  of  atoms  in  tho  ring.  Thus,  octomi  thy- 
lene  diamine  hydrochloride,  on  heating,  does  not 
give  octomethylene  imine,  whidi  wmld  oontain 
a  ring  of  nitif  atoms,  but  2-butylpyn'olidine. 
8iaiilarly,  decamethyiene  diamine  gives  2- 
beKjipjrrralidine  (Blaise  and  Houilkm,  Oompt. 
r«nd.  \m\  112.  151!  :    1006.  143,  3fil). 

The  aromatic  dianimcii  are  the  starting- 
points  for  the  preparation  of  a  larae  number  of 
dyes,  and  hence  are  of  commercial  importance. 
The  following  are  the  chief  memherH  ol  llie 


diamino-  com|M>undf»  (*f«  above). 

iiy  the  notion  of  a  diazobcnzene 
chrtfuo'tdine  (ui 
trical  diamidoazobenzeno)  is  prodooed  : 

C.H.N,C1  +  CV1JNH,), 

-Ha  +  C,H     :  N<:,H,<NH,), 

In  the  manufacture  of  phcnylcne- brown  aiitl 
chrysoidino  the  solution  of  crude  m-phenylene- 
diamine  hydrochloride  obtained  by  the  reducttoo 
of  »/»-dinitrobenziene  is  employed,  without  fiiwl 
isolaUng  the  base.  A  violet  colouring  nuktt^  ii 
obtninM  by  heating  m-pbenylenediamtne  witk 


aniluK 


line  hvilnxhlori.l.-  to  1!M)°  2<n)= 


bill" 


o-Pht  niili  indianiinr  ( ',lf  ,(NH,);.  Fir«t  ob- 
tained by  Griesti  by  the  distillation  of  o-m-  and 
m-p-  diaminobensoio  acid ; 

C,H,(C0OH)(Nn,),-C,H4(NHj),+(X)t 
(1.  2.  t,  or  1.  3,  4)  (1.  2) 

(J.  pr.  Chem.  f2]  3.  143).    Bv  the  reduction 

of  o  nitranilinc  (';H,(NO_.)  (NH*.)(I.  2)  (Zincke 
and  binteniii.  Ber.  «l,  123).  or  of  o-dinitrolx*n- 
lene  C.H^lNOj).  (1,  2MHinne  and  Zincke, 
Ber.  7.  1374).  \Mtb  tm  iind  hvilriK'hIorir  acid.- 
CrywtallineH  Inuii  water  in  lamiuie,  ujelting  at 
102**.  Bi.ils  at  I'.'c".  Readily  soluble  in  water, 
alcohol.  ati<l  ether.  Diacid  base,  the  .wlphate 
2tC^H«(Mi  J,,IL.SUJ  3H,0  forms  nacreouH 
laminm  It  give8  all  tne  reactions  for  o-diamino- 
com|xnind8  referred  to  above.  On  oxidation 
with  ferric  chloride  it  gives  a  rc<l  compound, 
dianunopheaaxine : 


NH, 


N 


y 

N 


in- I'fir  nj/li  ii"!intnit>r  ( ',H  ,f  \  H  ) ..  Hy  re- 
ducing iN-dinitruben/ctie  or  in-nilraniluu;  with 
iron  filings  and  acetic  acid  (Hofmann,  Proo. 
R*)y.  Soc.  11,  r,lS:  12.  tVM)),  <.r  with  tin  and 
hydrochloric  acid  (( lenleinaiin.  Zeiti*ch.  f.  Clieni. 
IMS,  61).  By  replacing  either  (I,  2.  \i-  <>r 
(1.  2.  <5)-dinitrol>en/t>ie  a<id  with  tin  and 
li\ "IriK-hlorie  acid,  the  earb<»xyl  group  being 
t  liDiiimted  in  the  process  (Zineke  ami  Sintenis, 
Jier.  r>.  701  ;  ( iriess,  Ber.  7,  1223).  On  a  nmnu- 
faeturmg  scale  it  is  prejiared  by  riHlucing  <lmiln>- 
benzene  with  iron  turnings  and  hydrochloric 
acid.-  Separato.s  from  its  solutions  an  an  oil 
whieh  dfw's  not  readily  solidify  unle.K.s  brought 
in  ••ontait  with  a  crvstal  of  the  base.  Melt-a 
at  ta\  and  boils  at  2iiT*.    Readily  soluble  in 


colouring  matter  by  heating  it  with  m-phcny  len«- 
diamimiiydroohloride  (Rranse,  Ber.  9,  835). 

p-PhrtnjIriuijinifinif  (\U^('SU  ]..  <>'  t.%ined 
by  reducing  p-dinitrobeuzeue  (Uinne  and  Zincko, 
"Bet.  7,  871),  or  p*nitTatiiliM  (HofmMim.  Proc. 
Rov.  Soc.  12, 1130).  or  amino.izoi)enz« n*-  (Ma.rtiu;' 
an<i  Griess,  J.  pr.  Chum.  97,  2(>3),  uitb  tin  a.ti<l 
hydroohlorio  acid,  aniline  being  formed  ffimvl- 
taneou.oly  in  the  case  of  aminoaxoHonxene. 
.Along  with  diaminodiphenylamine  by  retiucinj^ 
aniline.black  with  tin  and' hydrochloric  a«i<l  or 
with  hvdriodic  aci<l  and  anutrphous  phosphoru.n 
(Nietzlii,  Uer.  11,  1097).  By  distilling  (1,  2.  5)- 
iliaminobenzoic  acid  (Griess,  Ber.  S,  200).  By 
action  of  />-chloranilim!  on  aqueou.*«  ammoni&  iii 
presence  of  copjier  salts.  CrystaLs,  melt  ins;  at 
147".  Boils  at  267*.  Sublimes  in  leafleta. 
Readily  ^4olu^»ll•  in  water,  alcohol,  and  eth«-r 
Yields  quinono  on  oxulalion.  When  *»xidif;*Ki  m 
the  presence  of  primary  amines  or  phetiol«  it 
gives indamines and  indoph'  tinls.  the?.ei>n  h«-at  ini; 
produce  .safranincs.  By  hcatmg  it  with  sulphur 
to  ISO^-ISO*,  it  is  convertea  into  diamino- 
thiodiphenylamine  (Uucothionine,  LatUh**  sdkafe) 

MH<[i:S:iN!I:!>s 

which,  when  oxidised  witii  fecrio  diloride»  jielda 
thionine  {Louth's  laofel) 

N 


HsN  ^  ^  ^NH,Ha 

The  latter  colouring  matter  may  also  Vie  obtAin»-«  i 
by  the  simultaneous  oxidation  of  />-pheaylon«r- 
diamine  and  sulphuretted  hydrogen  by  fnrio 
chloride  in  aqueous  solution  (l.auth.  ( 'onipt .  rcn«l- 
82,  1441  ;  Bull.  Soc,  Chim.  25.  422;  Bemt  Wn, 
Annalen,  2.30,  108).  If  diniethyl*|»*phcoylone-. 
diamine  (',11  ,(NMej)(NHj)  h  8ul>stitnt«^I  for 
/>-phen\lene4liamine  in  the  fornzoing  reaction, 
tetrainethylthionine  {methylene  Rue)  ia  forniMi 
(r,  .M.  tliyienc  blue). 

Tolylenc-diatnincs  ( J)niniiiiotolucncs) 
C,H3((H,)(NH,),. 
.Ml  the   six   |Hissible  comixnuid.x  are  known. 
Their  physical  constants  areas  foIlow^(l : — 


Mpt 

l>Methyl-2  : 3-diaminobaiBeoe  (U" 


2:4 
2:S 
2:fi 
3:4 
.>  S:5 
Only  two  of 
importanoe. 


»» 

n 


»* 


99* 
88* 


Bpt. 

2.'».'>° 

283*-28&* 
27S» 

266* 


thoae,  however,  aie  of  terhniml 
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Tdfknedutmine  C,H,(CH,KNH|),  (1,  2,  4). 

Obtained  by  the  reduction  of  tho  corresponding 
idnitrotohieno.  Sparingly  si>lul>Us  in  cold, 
rMdily  soluble  in  boQinK  water,  in  alcx>hol,  and 
in  ether.  Ffirms  crvstallinc  salts.  Ah  th«'  two 
amino  groups  in  thin  c-Mni|>uun(l  aru  in  tho 
meta-  poaition  to  one  another,  it  ia  an  analogue 
'«f  w-{»hcnyb  iic<liariiinc.  which  it  r<-*i-niMes  in 
many  of  ita  n-arluma  ;  thus  2:  4-tolyk'Utxliamiue 
may  either  wholly  or  in  part  replace  the  m- 
phenylenetliamine  m»e<l  in  the  inanufarture  of 
phenylenc- brown,  pruduciutf  colouring  matters 
the  shade  of  whidi  is  redder  Uuui  that  of  ordinary 
phen  vlene-  brown. 

fol^nediamine  (',H,((*H,)(NH,),  (1,  2.  5) 
iitrtMamed  bv  the  n*<liictiun  of  the  corresponding 
«i-nitm-o-toluidineC,H,(C'H,)(NH,)(NO,)(  1,2.6) 
«ith  tin  and  hydrochloric  acid  (Beilstein  and 
Kuhlberg,  Annalen,  158,  350;  Laidenbtirg,  fier. 
11,  1651 ).  Formed  along  with  o-tolukline  when 
the  aminoawtoiuene  prepared  from  o-toluidine 
ii  tvenied  with  the  Mune  rednoing  afent : 


I  1 


CH, 


CH, 


CH, 


NH,l 


The  two  l>aj«es  mav  be  separated  by  fxactional 
di^tillat ion  ( N iet«ki,  Ber.  10, 832).  Thii reaction 
is  utilised  in  preparing  the  mixture  c»f  o-tolui.litic 
and  -y-tolylene-diamine  which,  after  the  addition  j 
of  a  second  molecule  of  a  monamine  (either  I 
aniline  or  o-  or  p-toluidine),  y  'n  UU  «»n  nxidation 
safranine.  On  a  laig9  scale  the  aminuazo- 
toluene  is  reduced  with  from  tumingB  and  hydro* 
chloric  aeid.  (Yvstallises  in  colourless  ro^«•ttef^ 
of  tabolar  ciyatdb.  Readily  eolublo  in  water, 
alcohol,  and  ether,  sparingly  soltible  in  benxme. 
Yielib  on  c)xidation  toluijuinone  (\H](GHg)Of 
Other  diamines  of  this  scriea 


tion  of  o<f»<dinitraniline  or  of  chiyaoidine.  On 

oxidation  it  irives  trianiinophfim/in. 

1.3.5-tnamtnobemene  in  only  known  in  the 
form  of  ite  salts. 

l.'2.!M.  ami  ].^.\.r}-fftraminol>fnzfnex  pre- 
pared i>y  the  ri'^iuctiou  ot  oxiines  and  nitro 
conipoundH,fiave  been  isolattnl  &n  th<  ir  sparingly 
soluble  sulphates  (Niet7.ki  and  Schmidt,  Ber. 
1889,  22.  HMH  ;  Nietzki,  Ber.  1887.  20.  2114). 

]'>  nlaitiin<J)ttizt  ne  has  btH'n  obtaimnl  as  the 
hydrtM'hl'Tidf  w  ith  3  iin>!«-<'ul»-s  of  IK 'I,  by  n'<luc- 
tion  of  tnaiiunodiiutrolK-nM^nu  (from  tribrom- 
benxene  and  ammonia).  Pentaninotolnene  hat 
been  siinil»irly  obtained. 

Kedurtion  of  triaminotrinitrobenu-ne  gives 
]M-ntaininoben»'m'  (Palnir  and  Jackson,  Ber. 
1888.  21,  17U0;  Palonr  and  Grindlov.  ibid. 
1893,  2H,  2304).  M.  B.  T. 

AHINO-ACIDS.  The  amino-acids  may  bo 
conveniently  described  under  the  two  headings 
(a)  Aliphatic  Amino-acids,  and  (6)  Arcmaiic 
Amiuo-nridt. 

AUphatle  Amino-aeids.  The  amino-fatty 
acids  are  of  great  physiological  importance, 
many  of  them  occurring  in  jtlant  and  animal 
organisms.   They  are  ^oducts  of  proteid  de« 

ration,  and  may  be  obtained  from  proteins 
heating  with  hy<lrochloric  acid  or  baryta 
water.  "Die  general  methods  in  use  for  pre- 
paring these  acids  are : 

(i.)  By  tn-ntii\;.'  the  monohalogenated  fatty 
acids  with  ammonia : 

('H,(l-COOH  ('Hj(NH,:COOH. 
diloraoetic  add.  Glycine, 
(ii.)  By  heating  the  oyanhydrin  of  an  aldc« 
hvde  or  ketone  with  ammonia  and  then  hydro* 
lysing  the  product,  whereby  an  a-amino-aoid  is 
produce*! : 

(;H,CH(NH,)tO,H. 


XylyUtu  —  

1.3-diniethyl,  S.4-dianiinobent«B^  m.p.  64^ 
4.5      „  lOj;. 

1.3-     M      ^5      „  >»       f>  77  . 

Diamktoinmttkylbemetm :  diammo.  paendo- 


1.2.4-  trimethyl,  5.64lianunobenlen^  m.p.  00". 
1.2.4  3«     „        „  m.p.780. 

Diamtno  ntesttykne : 
1.3.54riniethyl,  f.4-diaroinoben«cne,  m.p.  00°. 
Similar  diamines  have  l»ecn  prepared  from 
naphthalene  and  other  hydrocarbons. 

TkUinVH,  TSfKAlOHM,  AKD  FmSTAMOKWB. 

Wry  few  of  these  snbetanoes  are  known. 

Their  projMTtios  are  .Mimilar  to  tho«H«  of  other 
Mbatances  containing  tho  ammo  uroup. 

\.t.9-irimHinopropanei  b.p.  I90»  (Qtrtius, 
J.  pr.  ("hem.  IWH).  fif,  232). 

1.1.5-  iriaminolt£xane  (iAorxUi  an«l  Marchetli, 
Atti  del  Aooad.  Lin.  1906,  [8]  17,  1,  2.><)) 

The  three  nwdifiontkms  of  tnaminobencme 
are  all  known. 

IM-tHmOmbtiuene  ;  m.p.  103^  b.p.3360. 
1.2.4-fHaMMipteiuMe  ia  formed  by  leduc 


(iii.)  By  the  retluotion  of  tb.-  cyanofatt  v  m  irls 
with  nascent  hydrogen  (Zn  and  HCl  or  by  heatnig 
with  HI) 

CN-('0OH  +  ai,  -  CHt(NHt)C''0,H. 

«  yanoformic  add.  ^ 
The  amino-fattv  acids  arc  crystalline  bodies  with 
usually  a  sweet  taste,  and  arc  n  atlily  soiuble 
in  water.  They  are  amphoteric,  i.e.  feeble 
bases  and  feeble  acids.  Important  members 
are  glycine,  alanine,  plK-nylalanine.  tyrosine, 
leucine,  and  valine,  serine,  cystine,  trxpto- 
phanc,  histidine,  arginine,  lyjiine,  asparti.  ac  id, 
and  glutamini<-  acid,  vhich  an-  describe<l  under 
their  respective  headings  (v.  also  Protkin.s). 

{b)  AronUltle  Anlno-MMl.  A  true  aromatio 
amino-acid  such  as  anthrnnilir  ft(i<!.  tontaint" 
both  the  aminoand  thccarboxyl-  ;:n)ui>s  unite«l 
to  earlxm  atoms  in  the  bensene  ring.  Isomeric 
with  thiM-  arc  acids  \\hich  contain  the  amino 
groupor thccarboxyl- group  or  both,  introduced 
mto  fatty  side  chams,  the  last  two  olaases  being 

leallv  substituted  fnttv  acids'. 

Ihe  general  methods  in  use  for  prei«rmg 
,  aromatic  amino-aoidfl  are :  ,.  • 

I      (i.)  Biy  reducing  the  correapondmg  mtro- 

(•  H.('nO,)(()0H(1:2)-»('.H«(NH,)C0OH(I:2) 

o-iiltrr.lH  U7.oir  iK  l.l.  Aiithranilir  acid, 

(ii.)  By  treating  the  halogen  esters  with 

Digitized  by  Google 


136 


AMINO^AGIDS. 


j)otai»»iuni  phtalimide  and  hydroIyHiog  Uie  pro- 
duct with  hydrochloric  acid  at  200**. 

The  aromatic  amino>acid8  an;  used  in  the 
prfpanilion  i>f  azo-dyestuffs  {q.x\). 

o-Amitwbenzoic  acid.    Anthraniltc  add 

(',H,(NH,K'0,H  (1:2). 

It  was  first  obtaiued  by  heating  indigo  with 
osQstio  potash  (Frittsche,  Annalcn,  30,  83).  It 
may  be  prcjwred  by  the  nnluctioii  of  o  iiitru- 
benzoic  acid  with  tin  aad  hydrochloric  acid 
(BeibCeiQ  and  Kfihlbetg,  Annalen,  m,  138), 
or  with  zinc  and  sodium  bisulphite  (Gold- 
bcrgcr,  Chcm.  Zontr.  1900,  ii.  1014;  v.  also 
ftetttt  and  Bine,  Zeit.  angcw.  Chem.  1000,  [161 
385  and  Bad.  Anil,  vi  S. .  1  ,  Fab.  Eng.  Pat.  18319 ; 
J.  8oc.  (Jhcm.  Ind.  1900,  774);  by  heating  o- 
dikrlNnnno  aeid  and  ammonia  at  1211^  wider 
prcssuro  (Fabw.  Mpistrr.  Lucius  und  Bruning, 
D.  R.  r.  145604  ;  t  hem.  Soc  Abat.  1904,  i. 
SO) ;  by  treating  phthalimide  with  brominb  and 
cati:stic  potash  (!I cjcwprff  and  7>orp,  Tier, 
mi,  ii«f.  96<i.  Had.  Auil,  und  tkxia  iab. 
D.  R.  P.  65988 ;  Frdl.  ii.  646 ;  Anistcrdamsoho 
(-hiniiiefahrik.  Eiig.  Pat.  18246  :  J.  8<)t.  Chcm. 
Ind.  IS!)1,  831) ;  by  boiling  phthalliydroxylaraic 
acid,  fornuMl  by  treating  phthalic  anhydride 
with  hydroxylaniinc,  w  ith  (.aiistic  Boda  or  swliiim 
carbonatf  (Cie.  Par.  do  Conl.  d'.AjiiJim-,  Fr.  I'at. 
318050  ;  J.  Soc.  Chem.  Ind.  1!K)2,  1392  ;  Farbw. 
Meister,  Lucius  und  BrQning,  Eng.  Pat.  1982, 
D.  R,  P.  latiTSH;  Basler  Chcmische  Fabw.; 
D.  R.  PP.  130301,  130302) ;  by  reducing  milph. 
anthanilic  acid  clectrol^'tieaily  or  with  fsodium 
amalgam  (KalleandCo.  D.  R.  P.  129165  ;  C'hom. 
Zentr.  1902,  i.  1 138 ;  D.  li.  P.  146716 ;  Chcm.  Soc. 
Abet.  1904,  i.  169);  by  treatinir  o-nitiutobiciu' 
with  concentrated  alcoholic  or  uqucoun  ulknii 
(Bad.  Auil.  und  Soda  Fal>.  D.  R.  P.  114839; 
Chem.  Zentr.  1900,  ii.  1892) ;  and  by  ht  atinrr 
iaatoic  add  with  concentrated  hydrocldoric  acid 
(Kolbe,  J.  pr.  rh.  ni.  [2 J  30,  124). 

Anthranillo  aoid  is  of  great  commercinl 
importanoe,  aa  H  !■  one  of  the  intermediate 
products  in  the  manufacture  of  synthetical 
iodi^  It  aystaUkes  in  odourless  platen, 
m.p.  146*,  and  b  readfly  soluble  in  alcohol  or 
water.  It  condf-nyo.s  with  formaldehyde,  form- 
ing oomjpounds  which  are  of  use  in  the  piYjjpara- 
tioo  of  mdiflo  (Beller  and  Keaaebnann,  Annalen, 
324,  118;  Bad.  Anil,  und  Soda  Fal).  1).  R.  PP. 
117924,  158090,  1^8346;  J.  Soc.  Chcm.  Ind. 
1905,  615).  Reductioii  wMli  sodium  amalgam 
in  hydrochloric  nrirl  .<?nlution  yields  o-ainino- 
bi-nzylalcohol  (Langguth,  Ber.  1905,  2062). 
('oncentrat4Ml  hydriMib  acid  decomposes  it  at 
200°  into  nmmnnia.  carbon  dioxide,  anilint-  and 
beitituiu  acid  (Kwiisda,  Monatsh.  12,427);  whilst 
nitrous  acid  converts  it  in  aqueous  solution  mto 
salicylic  ac  id.  Anthranilic  acid  is  employed  in 
the  preparation  of  azo-  dyentuffs  iq.v.)  (v.  also 
Bayer  and  Co.  1).  R.  PP.  68271,  60494,  60500, 
86314  ;  Frdl.  iii.  t>14,  it        i\.  70.')). 

The  methyl  of«ter  of  aiitliraiiilu  acid  (»ocur«  iu 
Neroli  oil  (oil  of  orange  llouer.s)  (Walbaum, 
J.  pr.  Chen).  1S}H»,  59.  [»^-7l350).  It  i.s  pr»  pan d 
by  heatiny  anthranilic  acid  with  methyl  akohoi 
and  hydn  .  ),iori<  aoid  (Erdmann,  Bor.  1899, 
1213;  1).  K.  P.  110:{.sr.)  ,,r  from  acefylanthra- 
nilic  acid,  methNl  ukuliol  and  mineral  acids 
(Erdmann,  D.  R.'P.  1 1.3942;  Chcm.  Zcntr.  mH), 
ii.  S31).   It  it  a  crystalline  solid,  m.p.  24*6% 


b.p.  135-5°  (15  nun,).  The  ethyl  e«ter  nielt«  at 
ir  and  boiis  at  136'»-137'*  (13-6  ram.) :  at  2fi«*'- 
268°  (corr.)  (Frankel  and  S^iro,  Ber.  1896,  I6H4). 
Aminobcnzoic  acid  alkamina  eaten  (n.  p-^taaath- 
benzoic  acid). 
Anihmnil 

is  the  anhydride  or  lactam  of  anthranilic  acid, 
iU>  conptitntiou  being  still  under  diM-us.-iori.  It 
is  prepare<i  by  treating  the  dimcrcury  dcriva.tivo 
of  o-nitrotolueno  (obtained  by  suspending 
nitrotoluene  in  water  and  heating  it  with  freshly 
precipitated  mercuric  oxide  and  caustic  isoda) 
witti  conoentrated  hydrochloric  acid  and  decom- 

ixj^ing  th«'  protluct  with  water  (Kalle  and  Co. 
'V.  I'ttt.  370.522;  1).  11.  V.  1U43W ;  J.  Soc. 
(Iiem.  Lid.  1907,  278  ;  1908,  713) ;  by  heating 
o-nitrotoluene  with  caustic  smla  to  170*  (KaIIo 
and  Ck).  D.  R  P.  194811  ;  Chcm.  Soc.  Abstr. 
loos,  i.  786) ;  by  the  reduction  of  o-nitrobens- 
aldehyde  with  aluminium  amalgam  (Brtihl,  Ber. 
n>03,  3634) ;  and  by  the  oxidation  of  o-amiuo- 
l)enzaldehyde  with  a  neutral  solution  of  C'aro's 
persulphuric  aci<i  (Bambeiger  and  Demuth,  B«r. 
1903,  829  ;  2042). 

Anthranil  i."  an  (»il,  readily  volatile  in  .>^t«'.Hin, 
possesses  a  jieculiar  odour,  and  boils  at  210**— 
213*.  It  dissolTes  in  alkalis  to  form  salt*  of 
anthranilic  acid  and  on  treatment  with  ■OCitiici 
anhydride  yields  acetylanthranilic  acid. 

m'Aminobenxoie  add.  Bemamic  aeid 
C'eH4(NHj)CO,H  (1:3),  is  prejared  by  re- 
ducing »i-nitrobenar>ic  acid  with  ammonium  sul- 
phide and  subsequent  I  y  precipitating  the  aoid  with 
Tartaric  acid  (HoUemaii,  H<*c.  Tra\  .  Chim.  19<>2, 
[ii.J  21,  56;  r.  also  Cerland,  Auualcn,  91,  1B8). 
It  IS  a  colourless  crystalline  solid,  ra.p.  174^  ; 
M{)aringly  ■  nlnhli;  in  cnld,  nadily  -o  in  hot  water. 
Ri>duetion  with  sodium  amal^m  in  hyilro- 
chlorie  acid  viehls  m-aminobenvjd alcohol  {LM.nfs- 
guth,  Ber.  r5HJ5,  2062).  Concentmte.l  hydri.>tlir 
acid  transforms  it  into  ammonia  and  benzoic 
acid  (Kwi^^da.  Motuittih.  12,  428).  ii»»Amnio> 
hejm»ic  a<Md  i.s  used  in  the  pre|>aration  of  azo- 
dvc-tuffs  iq.v.)  (Bttver  and  Co.,  D.  R.  PP.  58271, 
5iK)8l,  60494,  60500,  63104,  64529,  6944$ 
74198,  74516,  7840:^.  ^♦.314-  Fnll.  iii.  «I4 
et  m/.,  777  it  9tq. :  i\.  71*3,  795  ;  Oe.»s  f.  diem. 
Ind.,  D.  R.  P.  76127 ;  PWI.  iii.  746).  Amino, 
benzoic  acid  aUuunine  esters  (r.  y.aminobco«uio 
aci<l). 

P'Aminobenzoic  acid  C«H4(NH,)C(),H  (1  :  4), 
is  pre]>anxi  by  the  reduction  of  p-nitr«d»c>nzoic 
aciawith  ammonium  sulphide  (Fi«cher,  xUiu^en, 
127,  142)  or  with  tin  and  hydrochloric  acid 
(Bcilsteiu  and  Wilbrand,  Annalen,  128,  164). 
It  is  a  colourless  crystalline  soUd,  m.p.  186*- 
187*,  readily  soluble  in  water,  alcohol,  or  ether. 
Strong  byaiochlorio  acid  at  180°  converts  it 
into anilmeand (Murbon  dioxide  ( Weith,  Ber.  li»7i», 
105)  and  hydri(xlic  acid  at  200*  into  ammonia^ 
carbon  dioxide,  and  benzoic  acid  (K>»i»cl«, 
Monatsh.  12,  428).  P'Aminobenzoic  acid  i.s 
uschI  in  the  prejiarat  ion  of  a/o- dvestuffs  (v  r  I 
(Bayer  and  Co.  li.  R.  PP.  58271.  '60494.  Co!kn\ 
86314;  yrdl.  iii.  614  et  geq. ;  W.  796;  Ge.<. 
f.  (hem.  Ind.,  1).  R.  P.  76127  :  Frdl.  iii.  746,. 

Many  complicated  alkyi*  and  alkamine  r^^trrs 
of  the  aminofwnKMo  aflkui  havo  been  ptvpanxi 
and  they  are  claimed  to  be 
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(FMbw.  Keister,  Lucius,  and  Bruning,  D.  R.  PP. 
1 70587,  172301.  172447,  ITioOs.  I7<ui27.  180291, 
ltM»82,  104748,  Eng.  Pat.  17162.  Fr.  F»t. 
361734.  U.  &  IVtt.  81I5S4 ;  J.  Soe.  CSieiiL  IniL 
1906.  607:  1907,  434;  (In  Soc.  Abstr.  190C, 
i.S45cl«e9.;  1907,1. 023;  liM>8,  L  638 ;  Merck. 
D.  R.  P.  168335;  J.  Soo.  ClmaL  Ind.,  Ifi08. 
471  :  Baveraml  Co.  1).  R.  PP.  211801,  218389, 
Eng.  Pmi,  4321 ;  J.  Soc  Chem.  lad.  1909,  854; 
Chem.  Zentr.  1910,  i.  782 ;  Frituohe,  Eng.  Fdt. 
2020,  Fr.  Pal.  3082r,f>,  D.  R.  P.  2X3469; 
J.  Soc  Chem.  Ind.  1909.  814). 

4'AmimH>4ohife  msid  C«H,<CH3(NU,)C0,H 
M  :  4  :  2h  m,]\  f'tt;°.  Ohtnined  hy  the  reduction 
of  4-nitrotolaic  acid  -with  tin  and  hydrochloric 
Add  (JMobeen  and  Wierse,  Ber.  1883,  1959). 

^-AmintHhUiluic  arid  (*,H  'H,(NH,)CO,II 
(1:5:2);  ro.p.  153*,  la  oblauit<l  by  the  re- 
duction of  5-nitrot-oluic  acid  with  tin  and  hydro- 
chloric acid  f.TiK  ob>4  I,      r  l!SS4,  164). 

^'AmiftO'O-hiluk  nrvi  tj,H,-(_:H,(NHt)CX),H 
(1:6:2).  Method  of  prepantkm  M  above; 
Btp.  H»I°  f.T.  and  \\.  I.e.). 

2-AnnHo-m4oliiic  uctd  C,H,-CH,(.NH,)CO,H 
(1:2:  3).  Method  of  preparation  an  above ; 
m.p.  132*  (Jacobscn,  B<  r.  1881,  2364),  172" 
(JOrjjens,  Ber.  1907  440K). 

I  A  w  ino-m-UAuic  nc id  ( Mi  Ihi/UuUhroniUc 
ncid)  C,H3-CH,  (NH,)  CO,H  (1:4:3).  Obtained 
by  reduction  of  4.nitro-m-toiuic  aciil  with  tin 
and  hyiirrx  hloricaokl  f  Jacobsen,  Ber.  1881, 2364) 
or  by  treating  p  -  methyl  isa  to  ir-  luid  with  concen- 
trated hvrirochloric  acid  ( I'aiintjtovic,  J.  pr. 
Chem.  f2]  33.  iVl) ;  m.p.  172°  i  Kin  lich,  Ber.  1901, 
3366),  175°  (Fimleklee,  Ber.  1905.  3533). 

6-jOTtiio-iii-fol«t«  arid  C,H,-C'H,(NH,)f  O,H 
(1:6:3);  m.p.  167*.  Obtained  by  reduction 
oC  6-nitro-iA-toIttic  aoid  (Beilstetn  and  Kxeusler, 
Annaka,  144.  147). 

2.1 ;/» i,u,.p.iauic  acid CJ I ^  ('IT, •( X H j) •<  'O jH 
(1 : 2 ;  4) ;  m.p.  m^-lfiS".  Method  of  preparation 
as  above  (Ahren»,  Zeitseb.  f.  Ghemic,  1869,  104). 

^-Amino-p-toluicacid  {Homo-anthmnilir  arid) 
C,U,<;U,(NH,)CO,H  (1:3:4);  m.p.  177*. 
llelhod  of  iireparalioii  as  above  (Niementowski 
Hnd  RozaiL-ki,  Ber.  1888,  1997;  Noyee,  Amer. 
Oicm,  J.  10,  479). 

V'-Amimo-^htolmie  add  {Bemtdamine'O-^W' 
hoi'jUr  acid)  NHj-CH,-(\]r,  ('0,H  (1 :  2).  Ob- 
tamed  hv  digesting  1  part  of  o-oyanobenzyl- 
pbthalimide  with  4  paxtsoiconcenttaled  sulphuric 
ax^id  (r.al.ricl.  Ber.  1887, S231).  GryitalliiiAnon. 
volatile  mAul. 

I'-Amino-m-Uduic  acid  ( Beitzytsmf ne-m-eor- 
feory/ic  a^id  NH,<'H,<',H,-C:0,H  (1:3  )  n  .p. 
Sli^-SIS*.  By  heating  at  200"  a  mixture  of 
2  grama  m-cvanobcnzvlphthalimide  and  10  c.c. 
concentrated  hydroohlono  aoid  (ReingiBM,  Ber. 
1891,  2419). 

I'-Amino-p-toluie  acid  {licnzylnmine-p-cnr- 
h^r-fUr  'K:VfiNH, CH,  ("jr,  <'0,H{l  :4).  Method 
of  prcpiiratioii  aai  above  ((.«uathcr,  Brr.  1890, 
1060).    CrvHtallino  »olid. 

2-.  I  miuti-a-tof  nir  iicid  (2-.  I  xuiitiphi  mihtf  • 
lie  arid )  N  H  J  C,!  1 ,  -LH  ,-C"U  ,11  (I  :  2 )  la  nul  know  a 
in  th''  free  state;  all  attfiiiji  to  prej>aro  it 
laeidt  in  the  fonuationof  its «iih>'dride,oxindole. 

V,  H  ^^w«^ro 

is  obtained  b^'  treating  2-nitro-a-toluio  acid 
vith  tia  and  hydroditorio  aekl  (Bayer,  Ber. 


1878,  583),  or  by  reducing  dioxindcle  with  tin 
and  hydroi'liloric  acid,  or  with  sodium  amalgam 
(Bayer  and  Knop,  Annalen,  140,  29).  CSrytfbai- 
lises  in  odonrlem  needles  ;  m.p.  120*. 

Z-Amino-aUHnic  acid  (3-Aminophenylace- 
tic  add)  NU,-CVl«  CUa-iX>.U  (1 : 3).  Obtained 
by  reducing  3.nitro-tt-toluio  aeid  tHih  tki  and 
hydrochloric  acid  :  in.p.  148*-149"  (Oabriel  and 
Borgmann,  Ber.  1883,  2065). 

A-AminO'tftoluie  aeid  {A-Avunophentflaeeiie 
acid)  NH,('JT,('H,('0,11  (1:4).  M.fl.nd  of 
imparatiuu  as  above  (Kadziozcw.ski.  Bi-r.  1860, 
209);  m.p.  190^-200*  (Bedson,  Chem.  Soe. 
Trans.  I'^'^o,  '.v2-. 

a-AmuiauhtnyUiCeticacidCt\iA:H(i(l{i)rOi}i, 
Obtamed  hy  heating  o-phenyibromacctic  acid 
w  ith  nqtierms  ammnnia  at  100"*-!  10°  {Sto<>keniu8, 
lior.  1H78,  2UU2);  m.p.  256°  (Tienuum,  Ber. 
1880,  383).  Sublimes  without  melting  at  266* 
(Elbers,  Anna!  i    J'JT.  3tiv 

a-AMINO  CAPROiC  ACID  >:  I.klclne. 

AMINONAPHTHOPHENAZINE  r.  A/.iir«L 

AMIN0PHENYLA(}ET1C  ACID  v.  AMtKC 
ACIDS  (aeomatic). 

AHMOPHBNOPHnfAMTHRAZnm  v. 

o-    and    ^«-AMIN0PR0P10NlC    ACIDS  v. 
Alanine. 

o-AMINO-i^o-VALERlC  ACID  r.  Valine. 

AMLA  (Beng.).  AMLIKA  (Hind.),  AMLIKU 
(As8.),  OWLA  (Mechi).  NELLl  and  TOPPINELU 
(Tam.).  A  eui>h(»r1uaceou8  Indian  tree,  Phyllan- 
thtu  cmblicu  (LimuJ,  the  fruits  of  which  (Emblic 
mi/rob(Uan^)aTe  used  in  a  fresh  condition  as  a  laxa- 
tive, and,  when  dried,  as  an  astringent  (Dymock, 
Pharm.  J.  [3]  10, 382).  The  fruits  are  also  ^jekkd 
and  r  iT'  I.,  uid  used  for  tanning  and  dyeing. 

AMMONAL  V.  £xPL08I¥S9. 

AMMONIA.  Vdatile  aUuOi,  alkaline  ait, 
spirit  of  hartshorn.  Solutions  of  ammonia  have 
been  ^own  from  very  early  tinie«,  but  the 
Rubstanoe  itself  was  fint  clearly  d  cognised  by 
Priestley,  who  o1)tainod  it  by  heating  tlic  aijucous 
solution  and  collecting  the  gas,  which  he  termed 
aUtaUne  atr,  over  mercury.  Scheele  proved  that 
it  contained  nitrogrii ;  and  TJertliollrt, and  more 
accurately  Austin,  demonstrated  its  real  nature, 
■nd  determined  the  })ruportions  of  its  con- 
stituent-. 

Ammonia  (or  its  salts)  is  found  in  siiudl 
quantities  in  the  air,  and  in  most  natural  \\  atcr  ; 

in  the  juice  nf  plants,  in  most  animal  fluids,  in 
I  many  soils,  and  in  a  few  minerals,  ochret^,  clays, 
I  marb,  Ac.    Ammonia  can  bo  obtained  synthetic 

rally  in  small  qnantify  by  the  passage  of  <Ico« 
,  Iriual  dibcharL;"  s  through  a  mixture  of  lutrogeu 

and  hydrogen  (Uonkin,  Pogg.  Ann.  21,  281);  or 

a.s  nitrite  by  tlic  action  of  a  strong  induction 
i  ai^dvk  on  a  nuxturo  of  nitrogen  and  water 
I  va{x)ur  (Tht^nard,  Compt.  rend.  70,  983) ;  or  as 

chloride  by  sparking  a  mixture  of  hydrogen, 

uilrogcn,and  hydrogen  chiorjilu  (iJcviUe,  Coupt. 
I  rend.  60,317) ;  <>r  by  the  action  of  heated  spongy 

platinum,  pmnice,  Ac,  on  a  mixture  of  hyoirogen 

and  lutnc  acid. 
'  For  laboratory  }iurpoa08  the  gas  is  u>»ually 
I  prc}»ap  tl  by  licating  a  mixture  of  ammonium 
cliloridu  or  sulphate  with  slaked  lime,  or  by 
gently  wanniflg  the  concentrated  solution,  and 
1  drying  the  gas  over  quicklime.  (For  ihe  pre- 
1  parataon  of  the  chemicullv  pure  gas,  «es  Stas, 
I  ^teoh.  anal.  Chem.  6,  423. )        ^-^^^^^^  Google 
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Ammonia  is  «  oolourleas  gw,  luTing  a  very 
pungent  characteristio  smell,  and  is  (Kiisuiiotis 
when  breathed  in  quantity,  destroymje  the 
mnooas  mombiane.   It  has  a  np.gr,  ci  0*6967 

(air  =  1),  I  litre  of  the  ^as  at  0°  and  760  mm. 
weighing  0-7708  gram,  ami  readUy  liquefieH  on 
oompresrion,  the  critical  temperature  buns  131^, 
and  th"  rriti'al  pressure  113  atm.  Liquid 
atniaunia  i^i  cdluurlcaiM  and  very  mobile,  and  has 
a  np.gr.  at  0*'/4'*  <jf  0  6385  (Dieterici),  O'dSBB 
(Drcwf.s),  tile  l  orHicient  of  «'X|>ansrf>ii  Ix-iii^  vorv 
high  and  increasing  rapidly  w  ith  the  teiniH>raturL-. 
It  boils  under  atmospheric  pressure  at  —33  5**, 
and  freezes  to  a  white  crystalline  solid  at  —75* 
(Faraday),  —77*  (Brill),  the  vapour  pressure  being 
a«  follows  (R^gnault,  J.  1863,  70) : — 

at —30"  1-14  atm.     ut       4-I<t  ntm. 
„  —20"  1-83    „        .,  10*  6  02  ,. 
„  ~10»  2-82  „  20*  8-41  „ 

Its  latent  heat  of  evaporaticm  is,  with  the  excep- 
tion of  that  of  water,  higher  than  that  of  any 
known  liquid,  amounting  to  about  5000  cal. 
at  15"  and  5600  cal.  at  its  boiling-point,  and  on 
this  account  it  is  produced  commercially  in 
largo  quantity  for  employment  in  freezing 
machineii.  In  many  of  it«  physical  properties 
the  liquid  n  semblcs  water,  atiil  it  aotaaaaaolTent 
for  a  largo  number  of  substances. 

Ammonia  gas  banui  with  diffienlty  m  the 

air  whfii  <*old,  l)ut  iiiflanu's  mure  readily  on 
heating,  and  still  more  readily  in  oxygen, 
giving  a  greenish -yelloiw  flame  of  high  tempera* 
ture.  In  jircscucc  nf  .Huilahle  ratalysts.  xxuh  as 
copper,  iron,  nickel,  and  especially  platinum, 
ammonia  ia  oxidiwd  by  ox.\  gen  at  lower  tern* 
peratiires  with  product  ion  of  oxides  of  iiitro;:;en, 
the  manufacture  of  nitric  acid  from  ammonia  by 
Ostwald's  procefls  (Eng.  Pat.  608.  1903)  being 
carried  out  in  this  maimer.  A  numl)er  of  the 
elements,  when  heat'Cd  in  ammonia  ^as,  yield 
eorreaponding  nitrides,  boron,  magnesmm and 
titanium  Lcint.'  especially  active  in  this  resjwct, 
whilHt  the  alkali  inetaL  give  riKc  U)  amides. 
With  carbon  at  temjx«raturc»  above  750* 
ammonia  is  partly  dissociated,  and  jMirtly 
converted  into  hydrocyanic  acid,  the  prettenoe 
of  the  latter  in  crude  coal  gaa  behig  largely  due 

to  thiK  reaction. 

Miiny  .sii\U;  combine  with  ammonia  to  form 
stable  compounds  at  the  ordinary  temperature, 
the  amniotiia  ]>Ia\  in'4  the  same  part  as  wator  of 
crystalli-at  iuu.  it  is  evolved  on  hcAtm^i,  liquid 
ammonia  having bocn  first,  obtained  by  Farada}', 
in  1823,  by  warmint:  the  compound  with  silver 
chlori<le  2A^'1,3N  Hj,  iu  a  sealed  tube. 

The  action  of  heat  upon  ammonia  has  heen 
investigate<l  by  Ramsay  and  Young  (t'hem.  Soc. 
Trans.  46,  92),  Perman  (Proc.  Roy.  Soc.  74, 
110;  76A,  167),  Ha»)cr  and  v.  Oordt  (Zeitwh. 
anorg.  Chera.  44,  341),  and  Nemst  and  Jost 
(Zeitsch.  Elek.  13,  521),  Under  atmospheric 
j)res8ure,  tlecomptwition  commences  at  tempera- 
tures below  600%  its  extent  inoreaeing  rapidlv 
with  the  temperature,  bat  the  iipeed  wnh  whien 

eijuililirium  \<  atl.iini'd  lutwcrti  undc<'om]M>>r<l 
ammonia  and  nitrogen  and  hydrogen  varies 
greatly  according  to  the  nature  of  the  surfaoes 
with  \ihich  the  gases  nre  in  conl .ict .  f^jn'^s  i»? 
very  inactive,  but  porcelain  aiul  many  metttis 
ami  their  oxidM  have  a  very  strong  acoelecating 
effeot.   In  preaenee  of  the  latter  deoompoeitioD 


becomes  nearly  oomplete  at  630^  under  aimo- 

spheric  j>r»>i>.surc,  Kiit  ihn  iii  t  traces  do  not  cli.-,- 
apucAr  even  at  1000^.  Conversely,  in  wcsence 
of  mm  as  catalyst,  Haber  and  Owdt  find  that 
at  1000**  traces  of  ammonia  are  formed  from 
nitrogen  and  hydrogen  at  atmospheric  preesure. 
and  Nemat  atvl  Jost  have  fonnd  that  smaU 
quantities  are  formed  at  the  samp  tj^inprra- 
ture  under  the  greater  prv.s-^tirc  ut  50-70  atm. 
Recently,  however,  Halier  has  found  that  at 
temjirmtnres  of  600*-550*  under  2>W)  atm. 
pr»'&Hure,  ia  presence  of  metallic  osmium  or 
uranium,  nitrogen  and  hydrogen  combine  to  a 
considerable  extent  f  *fr  below). 

Ammonia  gas  ia  very  soluble  in  water, 
alcohol*  ether,  and  many  saline  aoltttiooa,  the 
aqueotts  .solution  (caustic  ammonia  or  lifuor 
amnufni(je)  lieing  of  great  commercial  imi>urtanc4'. 
One  gvun.of  water  at  0' and  760  mm.  ab«korba 
1148  c.c.  or  0-875  gram  of  ammonia,  at  10* 
0-679  gram,  at  20*  0-626  «ram.  at  30*  0-403  pram, 
and  at  100*  0-074  gram  (P.(.>(«ie  and  Dittmar, 
("hem.  Soc.  Trans.  12.  128;  Sims,  Chem.  Soc. 
Trans.  14,  1  ;  see  altso  Perman,  Chem.  Soc. 
Trans.  70,  718;  83,  1168).  In  the  act  of 
solution  much  heat  is  evolved*  and  aoooidiag  to 
Thomsen,  NH,-|-aq.  =  8430 cale. 

The  density  of  a((ueou8  solutions  of  animcinia 
of  vaiying  strength,  according  to  the  deter- 
minationa  of  Lunge  and  Wiemik,  is  given  oa 
p.  139. 

The  solution  is  very  strongly  alkaline,  and 
unites  with  acide  to  form  the  ammonium  aalts, 

and  it  is  frequently  sup[)08ed  that  the  solufiim 
contains  ammonium  hydroxide  NUj'OU,  corre> 
spending  to  NaOH  and  KOH.  Olie  evidence 
for  this  view  is  not  alt^»tri'ther  conclusive,  and 
the  physical  properties  of  the  solution  at  tiie 
ordinarv  temperature  are  in  eome  leepeota 
opjK>s(  (1  to  the  presence  of  the  cnmp<~iund 
MU4OH,  and  in  favour  of  the  iiup|x>»itiou  that 
tiie  ammonia  ia  diMolved  an  such.  At  ver\'  low 
temperatures,  however,  RujK-rt  (J.  Amer.  I'liem. 
Soc.  31,  866;  32,  748)  ha^  shown  that  tuo 
definite  hydratee  exiet,  the  freeiinc -point  curv« 
of  mixtures  of  ammonia  and  \vatcr  in  i.  nr\  iii£; 
proportions  showing  two  well-<leiiae<i  mnuma  at 
— and  — M'rBBpeotively,  the  composition  at 
these  two  points  corresponding  to  the  fomiida; 
N H  3,  H ,( >  and  2NH,.  1 1 .0-  The  first-iukmed  forms 
small  oolourless  crystals  resembling  tha-w  of 
sodium  and  potassium  hydroxide  ;  and  the  latter. 
largCT  needle -«hapc<i  crystals.  Whether  these 
are  true  hydrates  or  are  to  be  regarded  m 
ammonium  hydroxide  NH4OH  and  ammotthdun 
oxide  (NH^),!},  is  at  present  unccrtaiiu 

The  aqueous  solution  of  ammonia  also  diw- 
solves  man}'  metalHe  oxides  and  hydroxi<lt^s, 
such  as  AgijOjCml  >H  Jj,  us  well  as  many  salts 
which  are  insoluble  in  water,  such  as  Kilvpr 
chloride  and  phosphate,  and  cuprous  chloride,  and 
also  acts  as  a  scNvent  for  many  fata  and  i«ein«t. 
The  solution  of  cupric  hydroxide  in  ammonia 
is  of  oonaideiaUe  commercial  iraportaiic^  m» 
it  is  a  sdveot  tcr  odlulosts  and  it  used  in 
lar->;  qoantitics  in  the  nuuraf aoture  of  aftiSdal 
Kilk. 

I.  TednM  iOlllWt  of  aimiMiila.*  Ammonia 

is  forme<l  in  naturf  chicfl\  duriii)::  the  decay  of 
nitrogenous   organic    sid)stat«  cs,    and  cimix.'- 

For  motv  cotuulct^^  det«i)».M<r  ijUiigv'»  (  uai-Tar  jknU 

Ammonia,  ehsps.  «ll.'Xv.  (Oener  -QA  ^^Iz 
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qucntlv  cxisU  ia  coiuoderable  quantity  both  in 
tbe  aau  and  the  atmosphere.   WhQst  this  is  of 

the  greatest  imv«jrtance  for  a^oulturt',  if  is 
only  possible  in  very  exoeptional  caaes  to 
tttOise  tiiis  sonnoe  for  the  maiMifMitttra  of  am- 
ni'iniuni  salt^,  pra<*ticaUy  thf*  whole  of  t\\o 
i^orld's  pcoduction  being  obtained  by  the 
destraoCive  distillatioa  of  nitrogenous  organic 
matter,  chiefly  ooaL 

A.  Naimvl  occurrence  of  ammaniacal  com- 
fommi*  in  qmaniity  of  commerrial  itnporktnee,-^ 
Ammonium  carbonate  has  ^M'(■n  found  in  guano 
depoaita  on  the  West  Coast  uf  iSouth  America, 
and  has  been  imported  into  Europe,  a  sample 
imported  into  Germany  in  184S  coiir^isting 
OMeatiaJIv  uf  ammonium   bicarbonatti  mixed 


with  some  insohable  matt<^.  Ammonium  aid- 
pbate  is  contained  m  the  Tuscan  *  soffioni,*  and 

iH  thvn-  obtain«'<l  in  conmdcrable  quantity  a 
by-product  in  the  roanufabtuie  oi  lx>nc  acid. 
Ainmoninm  diloride,  together  with  solphate,  is 
sometimes  found  in  the  nei^bonmood  of 
volcanoes. 

B.  SffiOhttie  pnu»9e»  far  proiueUon  of 

ammonia. — Verv  many  nttrmpts  havp  brrn 
made  to  effect  the  manufacture  oi  ammonia  from 
atnoepherio  nitrogen,  and  a  burge  number  of 

procfssrs  \\i(h  thin  (»l»joet  have  hern  patented. 
Hitherto,  liuwever,  no  methud  which  has  been 
proposed  has  pqroved  snceessful  on  a  oommeroial 
sofilr,  for  although,  as  statt  d  above,  nitrogen  and 
hNilro^pn  romhine  together  to  a  slight  extent  to 


Dkxsity  or  Aqusovs  Solutions  ow  Ammonia  at  15°  (Lunob  and  Wuknik). 
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^urm  ammonia,  when  heated  toother  under 
suitable  conditions,  the  \ield  at  high  tempera- 

tiirix  i--  -o  !<niall  that  tte  oo«t  of  production 
would  be  prohibitive.  With  many  of  the 
nMthods  propoeed— Hmeh  as  those  of  8windellji 
(Eng.  Pat.  June  21,  1876),  Rickmau  (En;r.  Pat. 
.TWl,  1878),  Glover  (Kng.  Pat.  1890,  1880), 
JSo!\-ay  (Bull.  Soc.  chim.  25,  527),  Wagner 
f  Jahf-HlM  ri<  ht.  IS7fl.  444),  Bassett  (En^.  Pat. 
433»,  l'^7'.«}  -  It  la  vtry  doubtful  whether,  m  fact, 
Saj  ammonia  is  pitxluced  synthetically,  the 
ftmmonia  obtainc^l  Ix-iii):  more  probably  all 
derived  from  the  nitrugeu  prtwut  in  the  coal  or 
eohe  eoplojed  in  each  of  these  nnH^'^hscs. 
Tbe  proceiwes  of  Johnson  (Chem.  Now:b,  4'A, 
pp.  42, 288),  Wolterock  (J.  iSoe.  Chem.  Ind.  1908, 
16B.  978 ;  Eng.        8461, 1902 ;  16^  1004 ; 


8358,  1905),  Moud  (J.  tiuc  Chem.  lud.  1889, 
505),  and  Roth  (B.  R.  P.  1019l4y,  in  which 

a  niixtiin-  *>f  nitrogen  and  hydrogen  is  passed 
over  various  hcatetl  catalytic  agents,  do  not 
appear  to  have  remilterl  in  any  eomniereial 
yield  of  rtinmotu'ft.  Hal>er  (Zt  ifsch  Klek.  Chem. 
16,  244)  h&A  fuuiui  tliat  when  a  mixture  of 
1  vol.  of  nitrogen  ami  3  vols,  of  hv-drogen  is 
hoat<'d  with  metallic  osmium  to  550*  under  a 
prtvssure  of  200  atm.,  a  verv  considerable 
production  of  ammonia  takes  plact-  amounting 
to  8  p.c.  of  tlic  mixed  gas,  and  although  osmium 
is  tix)  svartc  luid  t-.\|x-nsivo  for  tochmcal  use,  it 
may  !k-  ix  phu  od  by  metallic  ucsnium  with  good 
rt>ults.  With  11  small  npparnins  eonstruct«l 
to  allow  of  the  circulatitin  ot  the  niixeil  gaa 

under  this  pnesura  over  «»wu'»«|)ijNI!9S84)y*Google 
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about  500**,  aiul  cooling  between  each  passage  of 
the  gas  over  the  metal,  Haber  has  nynthesisetl 
ammoiu*  at  the  rate  of  about  90  graim  i^r  hour, 
the  amnonia  separatiiig  out  on  eooluig  under 
thrsc  conditions  08  a  liquid.  Larger  plant  is 
now  beiim  erected  by  the  Badiache  Aiulm  uad 
Sodafabrflc 

Attempts  to  efTi  tt  tlir  i-yiitlic.^is  Iiy  the 
passage  oi  the  aiieut  discharge  and  of  Kparks 
through  the  nuxtnre  of  nitn^gien  and  hydrogen 
have  ill  '  failed  to  cfFi-ci  a  suflicii  iit  \  ield  of 
ammonia.  Patents  for  this  type  of  procoiM  have 
been  taken  out  by  Young  ( Eng.  Pbt.  1700, 1880), 
Miillcrand  Gei»enh< T^-^rr  (Kiiu-.  Pat.  14SI.  1879; 
1592, 1879),  the  Soci6l6d'Azotc  (1).  K.  P.  17070), 
Nithack  (D.  R.  P.  95632),  West-Deutache 
'I'li..inasphn^'phatMerke  (D.  R.  P.  I572S7  and 
i7'.Kl(MJ>.  (.orianoff  (Kr.  Pat.  3«W>8.'i),  Hooper 
(U.8.  Pat.  7U1 194),  an»l  CushcI  (D.  R.  P.  176480); 
8et>  al«»  Brinft  and  .Mfttlcr  (Cumpt.  rend. 
144,  094),  and  Davics  (ZeitHch.  physikal.  Cheui, 
64,  ()57).  A  similar  lack  uf  conimefoial  suooem 
has  hitherto  nttcndd  \hr  >  fTorts  to  pro<luoe 
ammonia  l>y  combining  atmospheric  nitrogen 
vitii  elements  which  reMily  form  nitrides,  such 
as  boron,  titanium,  mairnrfitim.  and  cal(  iuin, 
and  fiubsequcnt  conver»um  of  thi-  nitridi'  into 
ammonia  b^  the  action  of  etean) :  patonts  in  this 
reiiiptK't  having  been  taken  out  1)\  Jiass.  tf  {Eng. 
Pnt,  4338,  1897).  Lvons  and  Jiruadwcll  (U.S. 
Pat.  810928),  WiWn  (Eng.  Pat.  21755,  1895), 
Mehner  (Eng.  Pat.  12171.  1895;  2054.  1897; 
28li4)7.  15K)3),  Kaiser  (Eng.  Pat.  2G803,  1905), 
Korchers  and  Beck  (D.  R.  P.  190323),  and  Both 
(D.  H.  P.  197393). 

C  Production  from  ajanidcs.—  It  has  lou^ 
been  knonn  that  nitrogen  combines  at  high 
temperatures  with  carbon  and  alkalis  with 
production  of  cyanides,  an<l  many  atteuipts 
nave  been  mviAv  during  the  lat^t  fifty  years  to 
manufacture  cyanides  in  this  manner  and  to 
convert  these  subsequently  into  ammonia  by 
the  artiiMi  of  8U|K'rheat(>d  steam.  The  large 
demand  ior  cyanides  tbemselveB,  resulting  from 
their  employment  in  the  oxtmetions  of  gold 
from  th(r  mine  tailinL--,  and  the  Tk  I  1)iat  at 
in«sent  nitrogen,  in  the  form  of  cyanide,  com- 
mands a  higher  ]>rico  than  In  the  form  of 
ammonia,  has  inaiir  nih  1i  |>toces.scs  of  ni)  value 
fur  ammonia  production  under  existing  condi- 
tions, and  in  fact,  at  the  present  time,  the 
oppo^itr  jinire.'vs  of  converting  ainMioma  into 
evaniiles  is  carried  ou  to  a  largj'  extent.  'Ihe 
methods  proposed,  so  far  as  they  relate  to 
eyanidf  jirnflnrtion,  will  In  di-iu-vn!  inid.r 
that  heading,  but  one  method  may  bo  here 
mentioned,  namely,  the  manufacture  of  calcium 
eyanamid--,  Ca  :  S'C  ;  X.  acrording  to  Frank 
and  Caro.^  jai>LL.s.s  (J.  Not-,  Chcm.  Ind.  JiH)8, 
1093),  by  the  action  of  nitrogen  on  heated 
ralciutn  r  arMdr,  tliis  Ik  iii^  si riiultaneouslv  a 
cyanogen  and  uu  iimmonia  tienvativo  (v.  Cyan- 
A«tds,  art.  NiTROGKV,  Atmospbsric,  I^hlisa- 
Tli'N  nri.  This  Milistancc  may  rr-adih  1h'  ron- 
vciU.ll  into  aiiinmnia  hy  the  iicliua  of  HU}*r- 
heated  ^t(alll,  Imt  it  is  for  thf  most  part 
<iii(  ( tly  employed  on  the  land  as  a  nitrog^ous 
riistiure. 

X>.  Amnwnio  from  urim,  Mitttfjc,  and  animal 
Lxcreia. — Urine  is  not  merely  th<*  oldest,  but 
for  ccnturii's  was  the  oidy  source  for  obtaining 
ammonia  compounds  on  a  oonunercial  smIc. 


It  is  stated  that  sal-ammoniac  made  from  It  vras 

an  article  of  commerce  as  early  as  1410,  and 
that  the  Jesuit  iiicaid  in  17^  saw  the  manu- 
facture of  it  in  the  Delta  of  the  Nile  In  Eg>'i>t 
sal-ammoniac  was  niadt-  In  Imrnin;^'  camels' 
dung  and  collecting  the  sublimate,  l^ltre£^ed 
urine  (in  whieh  the  urea  has  passed  Into  ammo* 
nium  earlionati  )  hnn  Ixcn  used  for  centuries, 
j  and  to  a  certain  extent  is  still  used  by  dyecs  as 
I  a  source  of  ammonia  for  scouring  wool  and 
other  {airiH)scs.  The  methodiral  working::  up  of 
urine  colleete<l  in  laige  quantities,  or  of  sewage 
for  obtaining  ammonia  tberefrom,  has  beni 
carried  out  in  the  neighbourhood^  of  sonir  large 
towns,  eg.  Paris,  but  only  a  very  small  quantity 
of  ammonlft  in  comparison  witn  the  enormous 
quantity  wtoreted  is  actually  obtained  in  thia 
I  way. 

I  Normal  urine  contains  r  htre  fn>m  20  to 
I  35  grams  urea  frarhamifh  ),  wliich  afti  r  n  Nliort 
time  is  changed  mto  anunoiuum  carbonato 
under  the  iidaence  of  a  micro-organism.  An 
adult  man  protluces  from  22  to  ^7  L^rams  urcA 
per  24  hours,  logetluT  with  a  l«tl<-  uric  acid, 
corres|)onding  to  12*5-21  grams  NHg  per  day, 
or  1p<  t\v«  i  n  0  am!  17  i^r  annum.  If  all  the 
animonta  obtainable  from  lA)ndon  urine  were  re< 
coveml  this  would  amount  to  100,000  tons  ol 
ammonium  .sul|)hat('  por  annum. 

Owing  to  the  now  almost  universal  adoption 
of  the  n>moval  of  sewa^  by  means  of  water,  the 
<Ulution  nf  the  ammonia  in  the  combined  sewage 
is  so  great' that  its  recovery  is  hardly  practicable, 
but  with  concentrated  pan  sewage,  recovery  of 
anmi(inia  is  carriefl  on  in  a  few  plaoes,  especially 
iu  Paris.  A  large  numln-r  of  patents  have  b«?en 
taken  out  for  the  recovery  of  ammonia  both  from 
sewage  and  also  from  the  more  concentrated  sludge 
depositcil  in  the  collecting  tanks  at  the  seiwnge 
works,  among  which  may  l>e  mentioneil  I>nnoa>\ 
(D.  R.  PP.  2714«,  Young  (Eng.  Pat. 

3502,  1882),  Bolton  and  Wanklyn  (Eng.  P>it. 
6173,  1880),  (Jesellschaft  fur  \\  asM  ral.kl anirn:, 
Berlin   (D.  K.  P.   10U66),  Buttcrtield  and 
Watson  (Eni;.  IHit.  19608,  1905K  Taylor  and 
Walker  (U.S.  Pal.  r,onr.r»8). 
I      In  Paris  there  arc  daily  2^  cubic  nietr«c> 
I  (say  tons)  of  urine  and  night  soil  taken  ont  nf 
!  till'  f<i--r^,  and  treateil  I>v  \arious  ]ir<  t  c  --i  ~. 
I  In  the  Bilauge  process  the  sewage  is  imxetl  w  ith 
I  milk  of  lime  and  allou'ed  to  settle,  the  liquid 
]>ortion  is  worked  ff>r  ammonia,  thf"  muddy  «lf- 
posit  (containing  a  great  many  albumiuoki 
i  matters)  Is  heated  bv  steam,  passed  throuffh 
liU«  r-prwses   and   sold   as    man  nr.-.    In  the 
Kuent^  process  the  muddy  deposit  is  mixitl 
I  with  a  reagent  prepared  by  treating  a  mixture 
of   iMiuxite,  natural   iihos|)hate  of   Itmr.  and 
,  bydrated  oxide  ot  iron  with  hvtlroc  hl»»rw  acid, 
i  The  resulting  rasas  is  l[tMaed  through  filter* 
presses  ;   the  cakes  remauung  in  these  eontaul 
all  the  pbospborto  acid  (10-12  p.c.)  as  dicalcic 
I  phosphate,   precipitated  by  ammonium  oar- 
honat«*s  ;    th«'  iron  has  ahsnr'^f*'!  the  sulphur 
I  t-iiiujMfUud.'?,  aiul  the  aliuama  hah  nio<liiied  the 
'  nll>timinous  and  slimy  matters  which  would 
irttiM'did  the  tiltraiioii.   The  percentage  of 
i  nitr(»gen  in  those  cascff  i.s  3-3 -n. 
I      Ketjcn  (Zeitaeh.  angew.  CSiem.  1891,  291) 
also  rejtorts  a  successful  recovcn^  of  ammonia 
.  from  concentrated  sewage  by  distillation  with 
•  lime  at  Anuteidam.  Digitized  by  Google 
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E.  Ammtmia  from  guano,  Ac. — Whilat  the 
ammonia  obtainable  from  excivtu  ih  mostly  loist 
for  immediate  recovery,  sa  it  quickJy  passes 
Bvay  into  the  water,  the  soil,  or  the  air,  there 
are  a  few  exceptions  to  this  rule  prt-M-nte*!  by 
the  deposita  of  bicds'  exoroiuenU  <w  aome  desert 
jdanils,  mm!  %  few  Kimflar  tmam.  In  tJiis '  guano,' 
aninuHiia  .-;ilts  «',\i>t  alnudy  ]ir«'f()rnu'U,  and 
auumoni*  caa  be  formed  from  other  oitro- 
gtfMMis  rabBtenoM  contained  tberdn  by  boating 
truano  Hith  lime  (as  pitfiitod  by  Yoiiiij;  in  1841 ). 
but  this  pcooesB  is  not  remuuerativc,  since  the 
direct  nMurarial  value  of  guano  is  mudi  superior  to 
Uiat  of  the  ammonia  saltH  o1»taiimJ»!i"  thL-rcfrom. 

F.  Mauujaciure  of  ammonia  by  the  destructive 
dKifaOoKoii  o/  nUrogetuma  argmue  maUer. — The 
t'ttiil  qtiantity  of  aniinotna  commercially  pro- 
•luceti  by  all  of  the  mcthodii  dc8cril)ed  above  in 
at  present  almost  negligible,  neatly  the  whole  of 
the  uurM'-  supply  of  ammonia  and  its  salts 
being  obt«me<i  as  a  b^  -product  in  the  course  of 
other  manufactures  in  which  mtiofeiions  oifanio 
matter  ia  siibjfH  tfd  to  the  process  of  destructive 
dMtiliatiop.  By  far  the  greatest  proportion  is 
obtained  in  the  mannfMstort^  of  illumhiating  gas, 
P'tTirr  gas,  or  coki*  from  ronl,  and  in  tlit-  di.-t illa- 
tion of  shale  for  the  jtroUuc-tion  of  shale  oil.  A 
eoiundeimble  amount  is  also  leeovered  from  the 
onjse^  evolved  from  blast-furnaces  when*  ff>al  is* 
u.sed  as  fuel,  and  smaller  quantities  truiu  lhi5 
dintillations  of  bones,  horn,  and  other  animal 
refuse,  and  also  from  the  residoe  obtained  from 
beet-root  molasses. 

The  total  production  of  ammonia  in  the 
United  Kingdom,  calculated  as  sulphate,  for  the 
years  1907-8-9,  is  shown  in  tne  following 
table,  the  tigufea  for  1889  being  also  given  to 
indicate  the  increase  In  production  during  the 
past  20  years.  The  statistics  are  taken  from  the 
Annual  Repovta  of  the  Chief  Alkali  Inspector  : — 

IMS  I9et  I9S8  IMS 

Qas  works      .  87.000  1(»,474  165,218  164,276 

Ironwork-      .    o.'KK*  21.024  IS.m  20,228 

Shale  works    .22,000  51,338  53,628  67,04» 

Gokeorens     .    —  63^72  64,827  82,886 

Pro*luct-r  tras  and 
other  carbon- 

.  d,000  21,873  24,024  24,705 


I17..H»»  32r).'_'2«  349,143 

The  world's  production  tor  1907  is  given  in 
Minend  Indnatxy,  I6i,  31,  as  fdloii's : — 

nrr^t  Britain  .  33 1 .220  metric  too*  (2204  Ibft. ) 
Ik-niiauy  .  287,000  », 

Unite<l  States    .  81,400 
Holland  and  Bel- 

gium  .  56,000 

France     .  fi2,000 
Other  European 

countries       .  88,000 


»» 


895,520 

Of  the  German  production,  only  30,000  tons  were 
produced  from  gas  works,  the  remainder  being 
derived  chiefly  from  coke  ovens. 

<'oal  always  contains  uitroffen  in  greater 
pr>  ■{v:)rtkm  than  is  present  in  nesh  vegetable 
malUr,  this  l>einp  prolmlih  dno  to  thf  rt  inaini; 
of  a^nimAla  iubabitiug  the  coal-forming  forests 
and  awaapa.  Hw  totaljpevoentage  of  nitrogen 
foond  in  the  eodi  usiud^  varies  between  the 


limits  of  0*9  and  2-0  p.c. ;  thus  Tidy  (Lnnge's 
Coal  Tar  and  Atiinionia,  4th  ed.  p.  872)  foun<l 
in  Welsh  coal  0-91  p.c.,  in  Lancashire  coal  1-25 

1>.c.,  and  in  Newcastle  mal  1*32  p.c,  whilst 
^^oster  (Inst,  t'iv,  Kng.  77,  iti.  23)  found  in  Welsh 
anthracite  0-91  p.c,  in  English  coals  1-66>1'75 
p.c,  and  in  Scotch  eannel  !'28  pic.  SehiOiinK 
(.1.  Gasbcl,  1887.  OGI).  u-ini;  th.-  Kjeldahl 
method  of  estimation,  obtained  from  Went- 
phallan  ooal  1  -SO  p.e.,  from  Saar  coal  1H)6  p.c, 
from  Siloeian  coal  1 -30  p.f..  from  Bohrniian  coal 
1  '36  p.c.,  from  Saxon  coal  1  -20  p.c,  from  ik>ldou 
(Durham)  coal  I -46  p.e.,  from  POsener  oaanel 
1*49  p.c,  and  from  Tlohcmlan  lignite  0  r»2  p.« . 
McLeod  (J.  Soo.  Chem.  lud.  1907,  137)  analysed 
80  samples  of  flooteh  ooals  and  eannels,  and  found 
jxTcr-ntajTcs  of  nitrogen  varying  from  0*91  to 
1  '87,  an<l  averaging  i  '43. 

The  world's  production  of  ooal  in  1900 
amntmtrd  io  about  OriO.»>^>0.n()0  tons,  containing 
on  the  average  probably  some  1  -3  p.c.  of  nitrogen, 
Avhich,  if  the  Whole  were  recovered  as  ammonia, 
would  represent  an  output  of  about  48,000,000 
tons  of  ammonium  sulphate  per  annum.  In 
fact,  however,  the  prodnotton,  aa  sho^-n  by  the 
above  figures,  only  amounts  to  about  of  this 
quantity.  Fully  90  p.c.  of  the  coal  is  co»i- 
Humed  in  such  a  manner  that  the  recovery  of 
(lu-  nitro^'cn  i.-*  impracticable,  and  vv1/  t  •  the 
procestics  m  use  are  such  that  amnmnia  is 
rccovere<i,  ordy  a  relatively  small  proportion  of 
the  nitrogen  is  actually  obtainwl  in  the  form  of 
ammonia,  for  reasons  discussed  later  in  con- 
sidering the  different  manufactures  in  which  it 
is  produced. 

(o)  Production  of  ammonia  in  the  manufacture 
of  coal  goM,  and  of  coke  in  by-product  coke  ovens. — 
The  carbonisation  of  coal  in  retorts  for  the  manu- 
facture of  illuminating  gas  for  general  distribu- 
tion at  present  yields  the  largest  contribution  of 
ammonia,  but  the  output  from  this  source  is 
being  rapidly  approached  by  that  obtained  in 
the  aiialo'_'<'Us  procerus  of  rarboriising  the  coal  in 
ovcn^  for  the  manufacture  of  hard  metallurgical 
coke.  Formerly  the  iifreat  bulk  of  such  coke  was 
inanufacturc'<l  in  Ixt  liivo  ovens,  in  which  case 
no  by-pro<lucts  were  recovere<l,  but  these  are 
now  being  rapidly  replaced  by  by- product 
recovery  ovtn.x,  the  ipiantity  of  aininonltini 
sulphate  obtained  from  this  source  in  the  United 
Kingdom  having  incressed  from  about  10,000 
tons  in  1899  to  83,000  tons  in  IfXKI. 

In  both  industries,  however,  oiUy  a  portion 
of  the  nitrog^  of  the  coal  ia  recovered  in 
the  form  of  ammonia,  (ho  renmindcr  Ixing 
distributed  in  the  coke,  an  nitrogenous  com- 
pounds in  the  tar,  as  cyanide  m  the  gas  and 
ammoniacal  liquor,  and  as  free  nitrofr.  ii  in  the 
gag.  ITie  relative  proportion  of  the  nitrogen 
obtained  in  the  different  forms  varies  eonsi(Mr> 
alily,  Ix'ing  dt  jM-ndrnt  lK)th  on  lln-  nnturc  of  the 
coal  and  uii  thu  cuadilioiis  of  carlionisatiou ; 
the  rate  at  which  the  latter  procee<k,  and  es> 
pecially  the  temperature  enijiloycd  have  a 
marked  inHuonce.  At  low  tcinueraturCiS,  such, 
for  example,  as  ar>  (Mn]<loyed  m  the  manufacture 
of '  coalite  '  (al)out  45<i°),  a  ver>'  largo  proportion 
of  the  nitrogen  remains  in  the  coke,  but  with 
higher  temperatures,  although  more  nitrogen 
is  given  off  from  the  coke  primarily  in  the  form 
of  ammonia,  this  is  partly  converted  into  hydro- 
cyanic  acid  by  the  action  of  b>c«w*ef5|g|lfegyii5^oogle 
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nnd  partly  diiwociated  into  it«  clement«,  the 
latter  iK'ing  e«pecially  the*  ease  when  the  volatile 
pro<lucts  a«  well  aH  the  residual  coke  are  strongly 
heated.  The  maximum  yield  of  ammonia, 
when  cArbooiaing  iu  horizontal  retorts  appears 
to  take  place  at  a  temperature  of  about  900*- 
950**,  but  with  vertical  retorts  heated  to  mu<  h 
higher  tempuratures,  a  greater  yield  of  ammonia 
ia  claimed,  owing  to  tne  fact  that  the  volatile 
products  are  not  raised  to  m  high  a  tentpwatim 
before  eecaping  from  the  retort. 

The  foriowine  taMea,  whieh  ffive  figures 
ohtiiiiicd  ovir  a  loii^  jHTiod  of  wnrkiiiix  in  jjiis- 
worlui  and  coke  ovens  respectively,  jprobably 
repteaent  a  fair  average  of  the  dietrimiticm  of  the 
nitrogen  in  llif  <\no  industrirn  undt-r  niDdcrn 
ooDditious,  although  doubtless  iu  different  wurkii 
considerable  variations  from  these  figures  ooenr. 

The  ^;iis- works  flm»re.s  an-  ^'iv<-n  fiy  Mrl^t-  ;! 
(J.  Soc.  Chem.  Ind.  1907,  137)  a«  tho  result  ot 
working  at  the  Proven  Gas  Works,  Glasgow, 
andthf  eok«'-ovrn  figures  hy  Shi  rt  (J.  Soo.  ('hem. 
Ind.  19U7,  581)  for  the  working  of  Olto  Hiigon- 
stodc  Coka  Ovensi  osiiig  NewoasUe  ooaL 

Gas  warka  Coke  uveiis 

Nitrogen  in  coke      .  f)8  -3  .  43  -31  p.c.  of  total 

„       intar        .    3-9  .    2-98  „ 

asammonia   17*1  .  151(i 

asoyanide  .    1*2  .  143 
„  asfreenitro* 

geninthegaa  19'0  .  37 '12  «» 

McLeod  does  not  appear,  however,  to  include  in 
his  cyanide  figures  the  hydrocyanic  acid  removed 
from  the  gas  during  eomknaation,  allowance  for 
which  would  profa*Uy  faiae  tho  oyanide  figure 
to  about  1*6  p.0. 

In  both  gas  and  eofce-oven  vrorks  the  am- 
moniti  is  n-< ovcred  by  cooling  the  gas,  when  lar 
and  aqueou3  vapour  condense,  the  oondooscd 
water  removing  a  large  portion  of  the  ammonia 
hikI  othrr  giiscciUH  ini jiurit  ieH  from  Ihi-  gas,  and 
the  remainder  being  rccovcrtKl  by  washing  tho 
cooled  gas  with  water.  Recently,  also,  in  ooke- 
oven  uorks,  prtK'<*8ses  have  \u'cn  adopted  in 
which  the  ammonia  is  directly  recovered  from 
the  hot  gas  by  washing  witn  sulphurio  aoid 
after  removal  of  thp  tar.  Mif}io<Is  for  manu- 
facturiiig  ammonium  sulphAt^?  liirecl  from  the 
erode  ga«,  in  which  the  sulphuretted  hydrogen 
pre^fiif  is  simultaneouKly  oxidised  to  form  the 
necessary  sulphuric  acid,  have  Ix^en  described  by 
Feld  (Ffng.  Pat.  3001,  1909)  ami  Burkheiser 
(Kri-.  Pat.  20<)20.  1908;  21763.  190S  ;  17359, 
lylo).  l)ut  the  processes  are  still  (l!U(i)  in  the 
ex}K  ri mental  stagew 

The  vtirimis  apparatus  employed  and  nieth(Kls 
of  working  are  descrilied  in  the  articUs  on  (J as 
(Coal)  and  Cou.  The  yidd  of  ammonia  in 
both  gas  works  and  eoke  ovens,  calculated  as 
sulphate,  amounts  Uhuall  v  to  20-2f>  lbs.  per  U>n. 

Many  attempts  have  been  made  to  increase 
the  proportion  of  nitrogen  eonverte<l  into 
amitit'iua.  but  none  applicable  t^t  these  two 
industrioH  has  had  any  succe.HM.  (.'o4>)nt'8  lime 
process  (Kng.  Pat.  r>7i3,  1S82),  in  which  limo 
IS  a<ldetl  to  the  coal  l>efore  carlKmi.<<ation,  was 
tried  in  many  work."*,  and  abandoned,  as,  although 
a  greater  yield  of  ammonia  was  obtained,  the 
cam  in  this  respect  was  more  than  counter* 
balance<l  by  the  loss  due  to  depreciation  in  the 
quality  of  the  resulting  ooke. 


(6)  Production  of  ammonia  in  the  mattnfar. 
lure  of  prudiiffT  gas  from,  coal. — in  the  mauuXac- 
ture  of  producer  gas  from  carbonaceous  fuel  (sf« 
Gas,  Pkoduckr)  by  the  introdudion  uf  limited 
amounts  isl  air  and  steam  into  the  iacaudeeoent 
fuel,  the  whole  of  the  oarbon  of  the  latter  is 
ga«ili<'d  together  with  the  nitrog<-n  it  contains. 
Where  the  quantity  of  steam  added  is  limited, 
so  as  to  ensure  that  the  gas  produced  riiall  otdy 
eontain  Miiall  ix-reetitages  of  carbon  dioxid.-, 
the  temucrature  of  the  producer  is  such  that 
almost  tne  whole  of  the  ammonia  formed  from 
the  nitrogen  is  dissociated  int<.»  its  rl.  tnent.-  as 
fast  as  it  is  produced.  If,  on  tho  other  hand,  a 
large  excess  of  steam  is  employed,  the  tctmpera- 
ture  of  the  producer  is  bu  mueh  luweretl  that  the 
greater  part  of  the  ammonia  escapee  decom posi- 
tion, and  may  then  be  reoovered  from  the  gas 
'Milved.  The  latter  contains  mneh  larger 
IHTceiitages  of  hydrogen  and  carbon  dioxide 
than  that  obtained  by  the  use  of  smaller  qaan« 
titles  of  steam,  but  is  still  ea;iahli-  of  economic 
employment,  especially  in  gat,  engmee.  The 
process  is  tiierefore  now  largely  adopted  for 
producers  using  bituminous  fuel,  esixeiallN  in 
the  Moad  (ias  plant,  in  which  up  to  about  7.~>  p.c. 
of  the  nitrogen  in  the  coal  is  recovered  as  am- 
monia. This  is  usually  obtained  rlir^ct  a? 
sulphate  by  washing  the  crude  gas  with  dduto 
sulphuric  acid,  and  subsequent  e\ a{M>rati«>n  and 
crystallisation  of  the  solution  obtained  ;  the 
sul))hate  thus  produced  has,  however,  generally 
a  yellow  or  brownish  colour,  due  to  the  jptsawiICO 
of  small  amounts  of  tarry  matter. 

Tho  employment  of  steam,  except  in  verj* 
limited  quantitv,  is  impracticable  in  the  carboni- 
sation of  coal  m  gas  works  and  ooke  ovens,  as 
the  chief  products  requtted  in  those  industries 
are  gas  of  relatively  high  illuminating  power 
and  calorific  power,  or  good  coke,  or  botli ;  and 
tito  a^fjon  of  steam  in  swdi  quantity  as 
materially  incn  ases  the  yield  <>f  ammonia,  eflfects 
so  large  a  depreciation  in  tho  quality  of  gas  and 
coke  produced  that  the  loss  in  these  respects  far 
outweighs  any  increa.^tl  !■  rju'  obtained  frOB 
the  additional  quantity  of  auimuuia  formed. 

if)  Fmiuittim  ammomia  from  Aaif. — Tn 
th(  li  t  illation  of  Scotch  bituminous  >ha!f  f  r 
the  production  of  shale  oil  {»tt  Paraffin), 
ammonia  is  also  evcrfved,  and  is  reoovered  in  a 
similar  manner  to  that  employed  in  gas  work> 
In  this  case  also  the  introduction  of  steam  (and 
also  of  limited  quantities  of  air)  during  the 
distillation  has  the  rflFcct  of  largely  inen-asin^ 
the  jMTcentage  of  nitrogen  recovered  as  amutouia. 
The  ol)j<  r  tions  to  the  method  which  hold  in  the 
ciwie  of  tho  gas  intlustry  do  not  apply  in  the 
£ihale<oil  mannfneture,  ^  the  chief  pruduct,  the 
shale  oil,  is  not  materially  affected  by  the  use  of 
steam,  and  the  eoke  formed  is  in  any  case  of 
little  value.  'ITic  ga^i  urudueed,  e\en  when 
steam  is  U8e<l,  is  sufficiently  go©<i  for  the  purpose 
for  which  it  nni^d.  iinmely,  for  heating  thr 
retorts.  The  a<ldition  of  steam  for  iuireasinji 
the  yield  of  ammonia  Was,  in  fact,  first  worked 
out  to  practical  success  in  this  industry,  chiefly 
by  Young  and  Beilby  (Kng.  Pat.  1587,  1881; 
2104,  1881  ;  4284.  1881  ;  1377,  1882 ;  5084, 
1882  ;  see  also  Beilby,  J.  Soc.  Chem.  Ind.  1884. 
21<i),  its  application  in  the  case  of  carbonisation 
of  coal  in  producers  for  the  same  puipoae  being 
of  rather  later  date. 
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{d)  Ammonia  from  blant  JumaceA. — Where 
eosl  U  usMi  a8  fuel  in  bUst  fornaccs  for  cast-irun 
proiuc  tion,  the  waHte  ga«e8  contain  considerable 
quAutitteii  of  ammonia  and  tarry  matters,  which 
aienoir  lai^ly  recovered  from  the  gas,  the  latter, 
after  parihcation,  bein^  employc*d  in  gas  ensinM* 
In  most  English  distnctti,  the  coal  available  in 
not  efficiently  hard  for  u»e  in  the  furnaces,  and 
bard  coke  is  used,  the  employineat  of  coal  being 
eonfined  chiefly  to  the  IVest  of  SooUmd  and  to 
Korth  Staffordahire,  where  («>al  of  .sufficitnt 
hafdneM  ca4i  be  obtained.  The  recovery  of  the 
t«  and  ammonia  ia  efbotod  by  cooling  and  w»di- 
ing  in  a  siirular  inaimt-r  to  that  employed  in  yas 
narks,  the  apparatus  being  suitably  modified  to 
aUow  for  the  fact  that  the  tar  and  ammonia  are 
much  nion-  <lihit«"<l  with  <  tin  r  -  i-'-s,  and  that 
large  quantities  of  dost  are  me«;hai)ioaliy  carried 
alaiif  with  the  ga»  from  the  blast  furnace. 
ProceAHes  for  thi-  wn.shiny  nf  the  pas  w  ith  dilute 
sulphuric  acid  do  not  appear  so  far  to  have  been 
permaiMntiy  sneoeaafaJ,  and  the  same  is  true 
of  the  process  of  Addie  (Eng.  Pat.  4758,  1882  ; 
3244i»  18S3),  in  which  the  gas  was  nuxed  with 
nlphnr  dioxide  and  paMieathrouj^h  a  scrubber 
ff-<l  V,  ith  'vr.t'T,  thf  rf^sulting  solution  of  ntii- 
munium  3uli»tiili-  tK-uig  uxidivil  to  sulphatr  by 
injection  of  air. 

Tht-  yield  of  ammonium  sulpliate  obt«itii  <l 
from  blast  furnaces  is  very  similar  to  iliiit 
obtained  in  gas  works  and  from  coke  ovens, 
namely  from  20  to  25  Ihn.  ])<  r  t<m  <if  i  iml. 

{e)  Ammonia  from  ptut.—^\'ti»\,  dep)sits  of 
peat  exi^t  in  many  places,  especial^  in  In  land 
and  Prussia,  and  as  this  contains  a  good  deal  of 
nitrogen,  amounting  in  some  cases  to  4  p.c.  of 
the  (£y  peat,  many  attraspl*  have  been  made  to 
recover  thiii  nitrocen  as  ammonia.  The  great 
difiicxUty  in  the  way  has  been  the  very  large 
quantity  of  wat«r  contained  in  the  peat,  which 
i«  c<»stly  to  remove,  and  hitherto  very  little 
Ammoma  has  been  put  on  to  the  market  from 
tbk  source  Of  the  earlier  attempts  that  of 
(;roaven  (D.  R.  PP.  2709,  1371^  18051)  is  of 
interest,  inasmuch  as  this  repreaente  one  of  the 
first  attempts  to  incT<'a.sf'  tli*'  yichl  of  ammonia 
bv  injection  of  steam  during  distillation,  but 
a[though  prolonged  experiments  were  made 
with  tht-  j»rt.K'<'s.>i,  it  was  ultimately  ahandoiu-d. 
lisacaochez  suggestixi  the  use  of  peat  in  gas 
IModaoeaca  with  sabseqnent  ammonia  recovery, 
and  jwit^'ntj^  n  lating  to  the  mattvr  were  taken 
oat  by  Rudercr,  Ixk*,  and  Uumb&rt  (D.  R.  P. 
S3M4),  Koitv  (Eng.  Fit.  SOffS,  1801X  and 
Pfcpr  (Enp.  Pat.  28190,  1806). 

More  recently  Woltereck  (Eng.  Pat.  ItkKM. 
1904:  SS063,  1006;  28964, 1906)  has  i^tented 
a  process  for  recovering  animnTiia  and  other 
products  from  peal,  aiul  uttrks  lor  carrying  out 
the  method  have  been  erecte<l  near  C'amlough 
H&r*  'ir.  in  the  North  of  Inland.  In  his 
pruct^s,  tlie  wet  peat  is  placed  in  a  generator, 
and  burned  m  a  cnnent  of  air  aim  steam, 
regulated  so  as  to  k<'<*i>  the  tomprraturc  of  the 
gcoeimtor  very  low  and  at  the  same  time  to 
eSeet  almost  complete  combustion  of  the  i)cat, 
no  attempt  Ix  ing  made  to  obtain  a  comhtjstible 
gas.  The  proUuL-tii,  iu  aiUlition  to  the  waste 
l^ses,  are  chiefly  small  qoantities  of  tarry 
matt«  r  (jf  the  parafTin  serit^.  acetic  acid  and 
ammutiia,  the  hrst  being  removeil  by  treating 

the  hot  gwea  with  high  boiUng  oil^  the  gM 


then  passing  through  hot  milk  of  lime  to  absorb 
the  acetk)  amd,  and  finally  through  sulphuric 
acid  to  recover  the  ammonia  as  Hulphate.  (It 
is  claimed  that  not  only  a  quautitative  yield 
of  ammonia  obtained  from  the  nitrogen  o{  the 
peat,  but  that  some  ammonia  is  also  formed 
sjTithetically  from  the  nitrogen  of  the  air  used.) 
Details  of  the  results  on  the  maoilfaotaring  aoele 
have  not  yet  been  published. 

Frank  and  Caro,  in  conjunction  with  the 
'  Mond  Gas  ( \).  (Zeitsch.  angew.  Cliem.  190t), 
1569)»  find  that  peat  containing  60  p.c.  of  water 
I  may  be  employed  in  plaee  of  coal  m  the  Mond 
(Jas  plants,  with  priKluct ion  of  yas  suitable  for 
I  gas  engines,  and  a  yield  of  al>out  90  lbs.  of  aro> 
I  moninm  sulphate  jx  r  ton  of  dry  pe^at. 
I      (/)  Aitimonia  from  bones,  horn,  leather,  hair, 
i  tfirttM,  and  other  animal  rc/tuK. — In  the  distillation 
,  of  bones  for  the  mannfaotore  of  bone  charcoel 
(animal  rharcoal,  or  '  char  '),  u.-cd  i-.spc-oially  in 
I  sugar  retining,  large  quantities  of  ammonia  are 
i  fonned,  tog^ier  with  tar  lioh  in  pyridines, 
'  known  as  •  Dippc  I's  oil.'    The  <  nrbonisation  is 
frequently  carried  out,  especially  in  France  and 
Germany,  by  heatinj^  the  bones  hi  open  pots 
placed  in  a  funiace,  in  which  ram  the  tar  and 
ammonia  are  so  largely  diluted  with  hot  furnace 
gases  that  their  rec»)very  is  rendered  very  dilB- 
(•(dt.    In  thin  Country  generally,  and  to  an  in- 
creasing extent  elsewhere,  the  carbonisation  is 
effected  in  dosed  retorts,  and  the  tar  and  am- 
monia recovered  in  accordan*^'-  ^vilh  the  u.sual 
gati  works  practice,  the  yield  ol  ammonia  being 
equivalent  to  about  00-40  lbs.  of  sulphate  psr 
ton  of  dry  hon^-^ 

Other  on  in  ml  refuse,  such  as  wool,  hair, 
skin,  waste  leather,  Sec,  is  sometimes  earbonised 
in  a  similar  way,  the  residm-  heinp  employed  as 
manure,  and  the  ammuuia  recovered  from  the 
gases.  Sometimes,  however,  thSM  materials  are 
simply  heated  in  cylinders  in  a  current  of  steam, 
which  renders  them  friable  and  capable  of  ready 
disintegration,  when  they  are  directly  employed 
as  manure.  A  further  proposal  is  to  utilise  the  ' 
nitrogen  by  heating  the  ilried  refuse  with  con- 
centrated sulphuric  acid,  whereby  the  nitrogen 
is  converted  quantitatively  into  ammonium 
sulphate,  as  in  the  well-known  Kjeldahl  method 
of  estimating  nitrot,'(  i\. 

{g)  Anunonia  at  a  by-produU  in  the  beei-not 
augor  tnthulrff. — ^Dormg  the  evaporation  of  beet- 
root  juice,  small  amount*^  of  ammonia  are 
evolved,  which  Vibrans  (D.  R.  P.  15513)  has 
proposed  to  eolleot.  Mueh  laiwer  amowite  can, 
ho\vt-\  i'r,  tie  obtained  by  the  distillation  of  the 
'  viuasse,'  i.e.  the  reeidue  left  after  fermenting 
the  sugar  remaining  in  the  molaases,  and  dis- 
tilling <>fT  tlif  alcohol  pr(Mhicc<l.  Thi.s  contains 
nitrogenous  bases,  e9])ccially  betaiiuc,  and  on 
dry  distillation  yields  ammonia  and  trimethyl- 
amine.  Vincent  (Cliem.  New  ,  M'l,  107^  parried 
out  the  distillation  with  the  onmary  object  of 
obtaining  trimethylamine  ana  from  the  latter 
methyl  chloride,  bnt  the  ammonia  was  simul- 
taneously reeovcTvtl  as  sulphate.  The  residue 
from  the  distillation  is  noh  in  potassium  salts, 
and  is  employefl  as  a  manure  or  ^vorkctl  up  into 
pure  mils.  Other  patent4»  <le(ilin<j  with  the 
'recovery  of  ammonia  bv  distillation  of  vinasse 
are  thos.>  of  Ernst  (I)."  U.  V.  VMll).  Tx'dorer 
I  and  Giiili  ii>.  R.  P.  17874),  an»i  Meyer  (Eng.  Pat. 
i  17847,  1887).   Btteb  (Eng.  Pat,  TAyf^ziS^Qoogle 
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rii.  iii.  10,  009)  utilises  ihv  vina«sc  for  the  pro- 
duction of  both  ammonia  and  cyanides,  the 
latter  being  the  prodncfe  especially  aimed  at. 
Tn  his  process  the  viiian.se  is  rarhoni.s«  <l  h.\  rrl  rls 
in  the  ordinary  manner,  and  the  gases,  which 
oontain  ammonia  and  trimethyiamine,  but  little 
hv<lror\ .mic  acitl.  nrf  tl.  Ti  jviSM'tl  through  a 
hiuldy  heated  brick\\urk  chaiuU;r,  the  ammonia 
bemg  only  slightly  affected,  whiJat  the  triroethyl- 
aiiiinc  is  ronvcrlt  !  i  liictly  into  hyflrocyanic  acid. 
The  resulting  gnsc-^,  contiiiaing  a))out  7  p.c.  of 
ammonia  and  7  p.c.  of  hydrocyanio  aioid,  are 
passed  through  sulphuric  acid  to  recovfr  the 
ammonia  as  sulphate,  and  the  gas  freed  from 
ammonia  employed  for  the  manufaetnie  of 
eyanido. 

IL  Properties  and  Composition  of  Ammoniacal 
Uqpir,  ^Hie  MUmoniacul  liquor  obtftfaied  by 

the  vaahing  and  cooling  of  Ihc  pases  producctl 
by  deetructive  distiilatiou,  is,  after  separation 
from  tar  by  settling,  a  liquid  haying  *  oolour 
from  pnlo  yfllow  to  dark  brown,  ana  smelling 
strongly  of  unirnoiiin,  sul|ihnrctU'd  hydrogen, 
and  also  of  phenols.  Its  s]H>citic  gravity  usually 
varies  from  1  '01  to  1  -OS.  In  the  coal-gas 
manufacture,  the  liquor  is  usually  obtained  in 
three  stages,  viz.  (1)  the  hj-draulic  main  liquor, 
formed  during  the  cooling  of  the  gas  to  ti'mpera- 
tures  of  r)0**-60**,  which  is  usually  weak  (0-5-1  -0 
p.c.  of  Nils),  owing  to  the  lessened  solubility  of 
ammonia  at  that  temperature;  (2)  the  con- 
denser liquor,  produced  in  the  avbeequent 
cooling  of  the  gaH  to  atniosplieric  temperature, 
which  is  more  concentrated  (2-3-6  p.c.  of  NH,) ; 
and  (3)  the  serubber  and  vaaber  liquor,  formed 
by  washin'j;  tlie  cooled  gas  to  effect  complete 
removal  of  the  ammonia,  the  atrength  of  which 
▼ariee  eoneidflirably,  and  depends  largely  on  the 
construction  of  fbe  \\  ashing  plant,  and  the 
supervision  of  the  working.  The  first  two 
prodnote  together  form  the  ^virgin  liquor,'  i.e. 
Kululiuti  jiroilnci  d  from  the  water  formed  by  the 
condensation  of  the  steam  always  present  in  the 
crude  gaa ;  but  the  liquor  from  all  eouroea  is 
UKualK  eolleeteil  (o-jetln  r  with  the  tar  in  a 
common  storage  well  or  wclla.  Frequently  the 
vmak  hydrauUc  main  liquor  is  used,  after  cooling, 
in  the  pri  lirninary  wa.«hers  or  scrublwrs,  tlu  relty 
effecting  a  further  partial  removal  of  the  am- 
monia, and  becoming  simultaneously  coneen* 
trated,  but  for  tlu'  eottiiilete  removal  of  the 
ammonia  the  gas  nuist  l>e  washed  with  fresh 
water  in  the  final  soruhlH-r.  In  cokO'CTen 
works  the  conditions  prevailing  in  lliese  ref*pf»rt« 
are  very  .similar  generallj'  to  those  in  gik»  works. 

The  quaatitatttra  oom])08ition  of  the  ammo- 
niacal liiiiior  varies  considerahlx ,  not  only  in 
that  oblaintni  ut  different  atageti  ot  the  uroctvit*, 
but  also  in  the  average  liquor  obtained,  being 
dependent  on  the  naturt^  of  the  coals  earbonisetl, 
the  conditions  of  carl)onit<ation,  and  the  con- 
struction lunl  working'  of  the  condensing  and 
scrubbing  plant.  Thn  qualitative  composition 
varies  but  little ;  the  primar>'  products  formed 
in  the  liquor  are  amm(mium  chloride,  sul]>hides, 
carbonates,  and  cyanide,  produced  by  the 
action  of  the  ammonia  solution  on  the  add 
ciinstituentd  of  the  cnule  gas,  viz.  hydrochloric 
acid,  sulphuretted  hydrogen,  carl»on  dioxide, 
and  hydroovanie  add.  The  strongly  acid  hydro- 
chlorw  acid  is  absorbed  in  the  earlier  stages  of 


the  cooling,  chloride  bdng  only  presmt  tAany 

»!Xtont  in  the  hydranlie  main  and  coiidenstT 
liquor,  but  the  total  quantity  of  ammonia 
present  is  insufficient  to  remove  the  whole  of 
the  remaining  ncid  ;:ases,  which  are  separate<I 
later  by  sj[xx:;ial  puritication  processes.  Other 
ammonium  salts  are,  however,  produced  in  the 
liquor  by  secondary  reaction?;  ;  thus  the  sulphide 
is  oxi<!i.sed  l)y  the  oxygen  ajwa^'s  present  iu  the 
crude  gas,  and  later  by  the  oxygen  of  the  air  to 
which  it  is  ex)x>sed  during  storage,  yielding 
polysulphides,  thiosulphate,  sulphate,  and 
possibly  sulphite.  The  cyanide  resets  with 
the  polysulphide,  forming  thiocyanat<^,  and 
possibly  also  with  thiosulphate,  forming' 
thiooyanite  and  sulphite,  so  that  polysulphide 
!>-  rarely  if  ever  found  in  the  liquor.  Small 
((uuntities  of  ferrocyanide  are  ako  8ometim«'> 
formed  by  the  action  of  araBOiunm  iqranide 
on  the  ironwork  of  the  apparatu«?.  In 
addition,  the  liquor  always  contains  faiuall 
quantities  of  p^Tidine,  and  considerable  amounts 
of  substanoes  derived  from  the  tar,  especially 
phenols. 

From  the  jxiint  of  view  of  the  subsequent 
working  up  of  the  ammoniacal  liquor,  it  h 
important  to  distingui.<<h  between  the  amount  of 
'  vohitile  '  and  '  fixed  '  ammonia  present.  The 
former  rcpresenta  the  ammonia  present  as  aul- 
phide,  carbonate,  and  cyanide,  and  in  oombinA- 

tion  witli   the   j)henoIs,   the   term    heiiiLT  given 

because  the  ammonia  in  this  form  is  compU'tely 
dissoeiated  and  voUtOised  by  simply  boiling  the 
solution  ;  whereas  that  jirt^sent  a.s  chloride, 
sulphate,  thiosulphate,  and  thiocyanate  is  not 
evdved  to  anv  material  extent  under  these 
Conditions,  an(f  is  therefore  termed  '  fixe<l  ' 
ammonia.  Fur  ita  recovery  it  ia  oeoeesary  to 
add  to  the  liqnor  a  sufficient  amoont  of  a  strtrnger 
alkali  t«i  (MunViino  with  the  whole  (tf  the  above- 
named  acids  present.  The  '  fixed '  ammonia  in 
the  average  liquor  usually  amounts  to  from 
20  to  25  p.c.  of  the  whole,  but  the  proiH^rtion 
much  higher  iu  the  hydratihe  mam  and  con- 
denser liquor. 

The  table  on  p.  14/)  gives  the  results  of 
a  number  of  analysis  of  ammoniacal  liquor 
from  gas-works,  coke-ovens,  shah'-works,  and 
iron-ut.rks.  tna<lo  by  Linder,  on  behalf  <>i  th«* 
tJhief  Alkali  Inspector,  and  publishecl  ni  the 
annual  re|)orts  of  the  latter.  In  addition  an 
analysis  is  also  given  of  the  liquor  obtained  in  li>»  - 
temperature  carbonisation  as  practistyi  lu  the 
ooahte  manufacture,  and  two  anaiyse.t  of  tier  man 
i^as-works  liquor,  by  Mayer  and  Hempel  (J. 
(  la.^lK'l,  1908,  428).  '(For  nu  tlio«ls  of  analysis, 

I.inder  (Alkali  Inspector's  Report^  1909.' 15). 
and  Mayer  and  Hempel  (I.e.).)  In  thet«e  anal,>-ses 
the  whole  of  the  carbim  <iioxi<ie  and  sidphuretted 
hydrogen  jiresent  is  calculated  as  the  normal 
carbonate  and  sulphide  rcspectivdy,  and  in 
Linder's  anah'mj  the  difference  between  the 
total  sulphur  and  that  present  as  Hulphide. 
sulphate,  and  thiocyanate  is  calculated  as 
ammonium  thiosulphate. 

The  existence  of  free  ammonia  (or  its 
hvdroxide)  is  a  point  on  which  oonsidetahie 
dmbrenoe  of  opinion  ensts.  The  above  aaahr* 
tical  results  appear  to  show  that  in  the  ease  of 
average  stored  liquor,  the  quantity  o(  aoids 
present,  mduding  phenol,  is  osuaUy  sufficitiit  to 
combine  with  t&»  whole  efgi^jfe  byeWSgle 
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bol  al  the  same  time  ft  is  Yny  probaMe  that 

■oni<  <.f  tti<-  >jiltH,  (\sjvcially  the  .sulphi<lfs  aiid 
carbuoAteit,  undeigQ  hydrol\-tio  dinociation  into 
add  and  free  >mm«mia  or  its  hydroxide  in  the 
solution.  With  the  hydraulic  main  liquor, 
formed  at  temperatuiea  mostly  above  60^  the 
adds  foond  are  inraffident  to  eomMne  with  the 
wh'ilf  of  the  ammonia,  sonic  of  which  huikI 
therefure  be  present  in  the  free  sttit*;.  Tbo 


amount  may  be  eonrideraMe.   The  presenoe  of 

cyanide  is  objwtionahU',  as  it  in«Tt'ast's  thf 
amount  of  hydrocyanic  acid  in  the  waste  gades 
from  tiw  mannfaotore  of  ammonium  snl;^te 

{.srr  Ik?1ow). 

ILL  ValtuUion  oC  Ammonlaeal  Uqnor.  In 
this  eountiy,  for  teehnioal  purposes,  the  strength 

of  the  ammoniacal  liquor  i.s  mostly  exprosMfcl  in 
terms  of  '  ounce-strength,'  thia  ligure  repre* 


fxiMtenoe  of  free  ammonium  cyanide  in  the  liquor  senting  the  number  of  ounces  aTCwdupois  of 

has  aUo  frequently  }xH-n  (lenietl.  hut  nion-  pun-  sulphuric  acid  required  to  neutrajiso  tho 
pfrfect  methods  of  an&lysiti  tiave  nhowii  that  ammonia  contained  in  1  gallon  of  the  liquor,  and 
this  is  undoQfaiedly  often  preeont  in  small  for  statistioal  porposes  or  sale,  the  volumes  of 
quantity  r  vcn  in  store*!  gas-works  liquor,  and  I  liquor  are  usually  converte*!  into  the  equivalent 
that  in  oukf-uvcu  liquor,  uiiich  is  usually  only  I  volume  of  liquor  of  10-oz.  strength.  In  order  to 
stand  for  a  short  time  before  irarkhig  up,  tin  I  eonverfe  these  flgurss  into  the  mors  generany 
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The  quantity  of  ])henols  prepent  in  gas-worka  liquor  usually  ti 
per  100  c.c.  (Skirrow,  J.  Soc.  Cheni,  Ind.  1908,  68). 


from  0*1  to  0*36 


estimated  by  the  usual  method  of  distilling  a 
knoMTi  volume,  after  addition  of  alkali  to 
deoompoee  the  fixed  salts,  oollectinft  the  dis- 
tillate m  excess  of  standard  acid,  ana  titrating 

the  unused  acid  with  standard  alkali.  The 
liquid  must  not  be  distilled  to  dryness,  as  other* 
wise  the  thioeyanates  may  be  deoomposed  with 

formation  of  ammonia.  L'ivinc;  too  high  nvnults. 

IV.  WwUng  up  of  AmmonlMal  Uqiior. 
In  the  earlier  days  of  the  ntiUaation  of  gas 

li(}uor.  this  was  simply  neutralised  with  sulphuric 
_        or  hydrochloric  acid,  and  the  resulting  solution 
I  *iwiilable  for  puriK>.Hes  -where  fishr  aeoura^  is  I  evaporated,  but  the  produots  obtained  were 
j<l»-Jired,  as  a  liquor  phowing  5**Tw.,  for  example,  '  very    impure,   containing   tarry   matter  nnd 
x^y  rary  in  actual  content  from  &•  to  12-os.  |  thiocyanate,  and  the  escaping  gases,  especially 
•ttoiffth,  as  agaoMt  the  mpposed  IOkis.    ¥ot  this   sulphuretted   hydrogen,    created  great 
lay  but  the  rou^est  purposes  Mni»Mw*ia.     I  nuisanoe.   At  present  the  ammonia  is  almost 


fsmiliar  ones  of  grams  per  100  c.c,  the  '  oz.- 
streogth '  figures  must  be  multiplied  by  0*217, 
ud  conversely,  to  convert  figures  representing 
gmns  per  100  cc.  into  oz. -strength,  tne  former 
BHMt  be  multiplied  by  4-61. 

For  approximate  purposes  the  ammonia 
•ontent  of  the  liquor  is  frequently  estimated 
from  tbe  density,  it  heing  found  that  each  1° 
TTsddeU  cotra^onds  roughly  to  2<oa.  strength. 
Tbia  approxinumon  is  smBclent  for  such  pur- 
pjsea  as  the  control  of  the  daily  working  of  the 
.»inhw  and  scrub^Mm  on  the  works,  but  quite 
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invariably  rccovrml  from  the  liquor  in  the  first 
instanc-o  by  (Hstillatioii.  Foru»erly,  also,  in 
many  cases,  only  the  volatile  ammonia  waa 
recovered,  as  this  could  Ihj  obtained  without 
addition  of  alkali,  the  tixcil  ammonia  being  run 
off  with  Iht;  waato  liquor ;  but  this  procedure  is 
now  becoming  exceptional,  the  fixed  ammonia, 
except  in  the  case  of  some  small  plants,  l>eing 
also  mostly  recovered  by  addition  of  the 
necessary  alkali.  On  accoimt  of  its  cheapness, 
lime  is  almost  always  employed  for  this  purpose, 
but  in  some  small  plants,  caustic  80<la  is  used, 
for  although  the  cost  of  the  latter  is  much 
great<'r,  this  is  held  by  some  makers  to  be 
compensated  for  in  such  plants  by  the  fact  that 
the  stills  run  much  longer  without  cleaning. 

The  plant  employed  in  the  distillation  has 
been  of  various  types ;  at  first  an  intermittent 
process  of  distilling  the  liquor  in  externally  lired 
boilers  wa.s  adopted,  the  distillation  being  con- 
tinued until  the  whole  of  the  volatile  ammonia 


was  expelled  with  the  steam.  Addition  of  lime 
to  drive  off  the  lixed  ammonia  was  rarely 
practised  with  such  plants,  owing  to  thi'  forma- 
tion of  thick  deposits  of  lime  salt«  on  the  health 
boiler  plates.  These  plants  have  now  been 
almost  entirely  supersedeii  by  continuous 
column  stills,  coiistnicted  on  the  general 
principle  of  the  Coffey  still,  the  intermittent 
system  being  now  employed  only  in  very  small 
works  or  in  special  cases,  such  as  the  distillation 
of  liquors  containing  very  large  quantities  of 
fixed  ammonia,  in  which  case  the  addition  of 
the  necessary  amount  of  lime  renders  the  liquid 
so  thick  that  these  must  be  stirred  by  mechanical 
agitators  to  effect  complete  recovery  of  thf 
ammonia.  The  annual  report  of  the  Chief 
Alkali  Inspector  for  1909  shows  that  in  the 
various  districts  into  which  the  United  Kingdom 
is  divided  for  administration  purposes  under  the 
.\lkali  Act,  the  proportion  of  liquor  distilled  by 
intermittent  stills  varies  from  about  7  p.c.  to  ni/, 


Fio.  1. 


and  probably  averages  over  the  whole  country 
from  1  to  2  p.c. 

For  the  purpose  of  heating  the  stills,  three 
methods  have  been  employed:  (1)  external 
firing ;  (2)  by  means  of  internal  coils  through 
which  steam  is  passed  ;  and  (3)  by  blowing  live 
steam  through  the  stills.  The  first  plan  gives 
a  high  fuel  consumption,  as  well  as  trouble  from 
lime  deposits  on  the  heated  portions  of  the  still ; 
and  of  the  other  two  methods  the  use  of  live 
steam  is  the  most  economical  in  fuel  consumption, 
and  is  therefore  now  almost  invariably  adopted. 

The  ammonia  evolved  on  distillation  is 
converte<l  at  once  either  into  animoiuum  sul- 
phate, concentrated  gas  liquor,  pure  aqueous 
ammonia,  or  liquefied  ammonia.  The  remaining 
salts  of  commercial  importan^-e,  namely,  am- 
monium chloride,  carbonate,  and  nitrate,  are  now 
rarely  manufactured  directly  from  the  ammonia 
as  evolvfd  from  the  hIIIIs,  Imt  are  ohtainetl 
either  from  ammonium  sulphate  or  aqueous 


ammonia  previou.sly  prepared  from  the  gas 
liquor.  Much  the  largest  proportion  of  the 
liquor  is  converted  into  sulphate,  the  demand 
for  this  salt  being  greatest,  owing  to  its  employ- 
ment as  a  nitrogenous  manure.  The  method  of 
manufacture  of  this  salt  will  therefore  be  de- 
scribed first,  followed  by  that  of  the  other 
commercially  important  ammonia  derivatives. 

Ammonium  sulphate. — A  desorintion  of  the 
different  forms  of  intermittent  stul  formerly 
adopted  for  obtaining  the  ammonia  in  the 
liquor,  but  now  seldom  used,  may  bo  found 
in  Lunge's  Coal  Tar  and  Ammonia  4th 
(d.  Of  the  continuous  stills,  those  of 
Grflneberg  and  Blum  (D.  R.  P.  33320)  and  of 
Feldmann  (Eng.  Pat.  .'?643,  1882)  will  f*  de- 
scribed, more  recent  forms  differing  from  thof« 
only  in  detail  and  not  in  general  principlea.  In 
the  manufacture  of  sulphate,  the  volatile- 
ammonia  is  first  driven  off.  lime  being  then 
added  to  the  liquor  to  liberate  the  fixed  ammooia^ 
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tbe  eombincd  guwn  evolved  bping  pMned  throufrh 

fllllphurir  arid. 

Th*^  apparatus  of  (jrunclterff  and  Blum  in 
show  n  in  Fig.  1,  as  arranged  for  the  manufacture 
of  sulphate.  A  is  tlu-  still,  B  the  ga8-liquor 
ht-«t<-r  or  ecoaumiM  r.  r  the  lime  pump,  and  o 
the  satonlor  cliarg(  <i  with  acid  for  absorption 
of  the  ammonia.  The  gas  liquor  cnt<  rs  tlio 
eoonomiaer  b  by  nioaiii^  of  pipe  a,  and  in  heated 
bj  tlM  hot  waste  gtu^s  from  the  saturator,  and 
pawes  thence  by  the  pipe  b  to  the  top  of  the 
column  K  of  tho  still.  Tim  column  u  divided 
into  a  nnmber  of  compartments  by  horizontal 
division  plateri,  the  liquor  flowing'  (lownwarda 
from  compartment  to  coninartinent  by  the 
Ofvirflow  pipes,  tiM  Mlmitted  8t«am  travelling 
opwardii  in  the  reverse  direction  thniugh  the 
central  pipes  o,  coveretl  by  hooils  having 
f^-rrated  edgci*,  which  compel  the  steam  to  bubble 
through  the  liquor  in  each  compartment,  thus 
driving  of!  the  *  volatile  '  ammonia  and  abo  the 
volatile  acids  present,  viz.  carbon  dioxide, 
solfdiaxetted  hydrogen,  and  hydrocyanic  acid. 

Tike  lime  vessel  r,  into  which  milk  of  lime  is 
pumpeti  by  means  of  punij>  c  antl  pii>«^  r,  s«  rvea 
to  e^pel  the  fixed  ammonia,  and  the  boiler  o, 
vHli  its  stepped  eovie,  serves  to  boil  the  liquor  in 
thin  Bhe«  t-s.  by  means  of  the  steam  coil  d,  and 
thna  to  set  free  the  last  portions  of  ammonia. 
In  B  tiiB  first  heating  of  tiie  liquor  takes  place  by 
■Mae  of  the  hot  vapoun«  from  the  Katurator  D, 
vfaadi  ascend  through  the  bell  9,  the  pipe  s,  and 


gas  liouor.  The  cconomiser  j,  and  the  saturate >r 
!t.  with  the  gas- bell    require  no  speoial  «raiaiia> 

tion. 


In  more  recent  tyjHs  of  still,  only  a  single 

column  is  ti-vialiy  emploNcd.  the  liW  In-iiix 
introduced  into  one  of  the  compartments  uf 
the  lower  portion  of  the  still,  whioh  may  bo 

made  of  larger  si/e  for  this  inirtjose.  tlu-  hood 


«T  lariier  si/e  for  this  pur]>oM-,  tl» 
being  ahw  more  deeply'  sealed  to  effect  more 
the  inner  pipce  of  B,  while  the'liquor,'^ arriving  vigorous  agitation.  The  mixture  of  liqnor  and 


»r  a.  riws  up  in  B.    It  then  enters  through  b  into    'i*"^  *hen  passes  fhrouLrh  tlu-  lower OOmpartments 
the  dephleamatin|;  column  s,  and  finds  its  way       the  still,  const  rut  ted  in  u  similar  manner  to 
dowawnwlnom  ooamber  to  diamber,  till  it  gets   those  above.   A  still  of  this  type,  nuurafaotuied 
into  the  lime  vessel  r.    From  here  it  overflows    by  tho  Berlin  Anhaltisehe  Masohinen  Aotlen- 
bj  pipe  f  into  tho  sludge-catcher  g,  overflows   Cieselischaft,  is  shown  in  Fig.  3. 
hoe  agam  all  round  at  m,  aod  runs  over  the 
cone  I  downwards  from  step  to  step ;  from  the 
pipe  lb  it  is  discharged  continuously  and  ouite 

rl  to  the  overflow  t.  The  steam  travcii  in 
opp^>site  way— namely,  alone  the  steps  of 
eone  1,  upwards  in  pipe  m,  and  tnrough  n  into 
tbe  lime  vend  f.  from  here  the  mixefl  steam 
and  ammonia  vapours  ascend  into  the  column 
B,  and  traverse  this  from  chamber  to  chanil)er, 
and  ultimately  leave  it  by  tho  pipe  p.  This  pipe 
Miters  the  saturator  D,  charge<i  with  sulj)huric 
scid.  The  sulphuretted  hydrogen,  carbon 
dioxide,  &c.,  collecting  in  the  bdl  9,  are  led 
through  the  flue  s  into  the  economiser  b,  where 
they  give  up  their  heat  to  tho  gas  liquor,  and 
kr-f  their  ^team  in  the  ilinpe  of  eondeneed  water, 
ritimately  they  are  conveyed  away  by  a  pipe 
not  shown  in  the  diagram  for  treatment  to 
pcvent  nuisance,  the  methods  ad<^ited  for  the 
porpose  being  described  below. 

In  the  apparatus  of  Feldmann(D.  R.P.  21708), 
F^g.  2,  the  gajg  liquor,  after  having  passe<l  through 
tbe  ordinary  reotif]r>og,  <iolumn  a,  tto\M<  into  a 
twed  B,  into  which  nmk  of  lime  is  ])uiiijx  d  by 
O  in  regular  intervals,  \\hil^t  thi'  whole  is  kept 

Hitsted  by  steam  injected  into  tho  mixture. 

The  r  -     ^    -     -      -   -  -  - 


Fto.  3. 


Other  modifications  relate  (hiifly  to  im- 
provements in  mechanical  details,  and  in  making 
liquor^  after  having  deposited  moat  of  the  <  the  parte  more  aeoessible  for  cleaning,  especially 
lime,  flows  into  a  second  column  c,  where  tho  in  the  portion^  of  the  still  where  lime  is  ])ri  si'nt. 
ammonia  set  free  by  the  lime  is  distilled  off:  Thus  Wilton  (Kng.  Pat.  24832,  1901)  replucen 
the  spent  liquor  mna  away  oontinnoosly  through  the  central  pipe  for  tbe  steam  aira  cirenlar  hood, 
7,  and  the  ga-^<  >  and  vaiKiurs  p;iss  over  1)\  by  a  narrow  o|M'ning  extending  ovi-r  iH-arly  the 

A  into  the  first  oolunm  ba,  which  serves  both  fur  full  diameter  of  the  still,  ami  covers  this  with 
Rtaining  the  WBlsr  and  for  driving  off  the  voIb>  ,  en  inverted  trough  having  H-rrated  edgea, 
tie  ■Tnwrminm  seltB  ffnnteiniid  In  the  omde  *  whidi  can  readily  be  removed  for  de^ioj^  m^t^ 
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a  small  manhulo  at  the  side.  Scott  (Eng.  Pat. 
3987,1900;  11082. 1901)  hM  patented  a  prooe«s 
in  wiiioh  the  whole  of  the  plant  is  kept  under 

varuum,  whereby  rtmsiiitTable  ecoiiomv  of  fui-l 
isolaimed.  Theplaut  and  method  of  working  are 
deecnbed      BaUantyne  (J.  (ias  Li^ht.  82, 869). 

Ah'ioTptitm  i>f  tltc  <nr> iniDiitt  in  sulphvric  (u  id. 
— ^The  gases  from  the  stUi,  cousuting  chiefly  of 
annnoi&  ateam,  oarbon  dioxide,  solphiuetted 
hyflrof!;pn,  and  .snmll  ([uaiititics  of  hydroeyanio 
acid,  are  conveyed  to  the  naturator  (D  in  Fig.  1, 
B  in  FSg.  2 )  charged  with  sulphnrio  acM.  Thia  i« 
OOOBbructed  rith* T  of  solid  lead  throughout,  or  of 
wood  or  iron  lined  with  lead,  the  gases  being  eon> 
ducted  in  bv  means  of  a  perforaied  leaden  pipe 
which  dlHtrinulcR  them  over  a  larpe  an-a  in  tne 
saturator  and  keepti  the  liquid  thoroughly 
agitated.  In  nome  cases,  dilute  aulphurio  acid 
18  used,  this  being  remove*!  and  replaced  by 
freeh  acid  when  nearly  neutralised.  The  solu- 
tion, after  settling,  is  concentrated  and  crystal* 
li-*od,  the  mother  liquor  being  returni'<l  to  the 
saturator.  The  dilute  solution  of  ammonium 
sulphate  obtained  by  direct  washing  of  tiie 
cnifle  pas  with  acid,  as  in  the  Mond  Gas  process, 
is  evaporated  and  crystalliae<l  in  a  similar  way. 
In  mostcaseSthOWever,  when  <  I  ist  illing  gas  liquor, 
a  much  stronger  aeid  (of  about  I40°Tw.)  is  used 
which  soon  Uk;ome8  saturated,  after  which  the 
ammonium  sulphate  crj'stallises  out  as  formed, 
and  is  removed  by  various  means,  fresh  acid 
being  run  in  to  replace  that  removed  as  sulphate. 
Two  types  of  saturator  are  employed,  («)  partly 
open,  (fr)  closed.  A  common  construction  of 
the  former  type  is  shown  in  Fig.  4,  the  gases 


When  snfBciently  dry,  the  prmluct  is  placed  into 
stock,  or  it  may  be  at  onoe  dried  by  a  centrifugal 
maohinei 

In  place  of  '  fishing,'  the  sulphate  nuiy  l>o 
periodicallv  or  oontiQuonsly  removed  from  the 
saturator  oy  moans  of  a  steam'ejeotor,  which 
fftn-rs  it  together  with  much  liquor  on  to  the 
drainer,  thence  into  a  centrifugal  machine,  the 
mother  liquor  in  either  ease  retoming  to  the 
saturattir. 

With  a  closed  saturator  other  means  of 
removing  the  sal]diAte  are  adopted,  a  repreaen* 
tative  of  tiiis  type  being  tiiq  Colson  saturator. 


I 


Fig.  4. 

cnt<'ring  hy  the  pipe  h  perforated  as  shown,  and 
bubbling  through  the  acid,  the  waste  gases 
Iwing  led  off  by  the  piix*  c  ;  the  8ul])hate  accumu- 
lftte8  on  the  floor  of  the  saturator.  Ilie  front 
of  the  saturate  is  open,  and  separated  from  the 
closed  portion  by  tne  sealing  curtain  a,  which 
jloes  not  reach  to  the  l>ottom,  and  enables  the 
attendant  to  remove  the  sulphate  periodically 
by  fishing  with  a  perforated  ladle,  the  crystals 
In'ing  placed  on  a  lead-limd  drainer  fixed  sn  that 
the  mother  liquid  flows  back  to  the  saturator. 


Ficfib 

the  bottom  of  which  consists  of  an  inverted  eone, 

to  the  apex  of  which  is  fixed  a  right-nnclo*!  bend, 
dosed  by  a  simple  valve,  consistius  of  a  copper 
diso  pfesBsd  against  the  flange  of  tne  outlet  pipe 
by  a  screw  clamp.  During  working  this  m 
opened  to  a  sulticicut  extent  to  allow  the  sidphate 
to  taXL  out  almost  as  soon  as  it  is  formed. 

The  ammonium  sulphate  thus  obtain'  ! 
usually  contains  from  24  to  25  p.c.  of  ammonia, 
equivalent  to  about  93-99  p.o.  of  pure  ammonium 
Kulphate.  It  usually  contains  from  (»-l  tod-fip-c. 
of  free  sulphuric  aeid,  the  remainder  consisting 
of  moisture  and  small  quantities  of  insoluble 
matter.  Tbf  salt  pnKluced  with  mixlem  plant 
has  mostly  a  white  or  greyi.>)h-uhite  colour, 
disoolonratkm  by  tarr^  matter  bein^  now  of  me 
occurrence  with  contmuous  stills,  if  the  liquor 
is  propi-rly  se|)arated  from  tar  by  settling 
previous  to  distillation.  When  pyrites  sulphnrio 
acid  is  employed,  the  resulting  sulphate  may 
coloured  yellow  or  brown,  by  arsenic  sulphide, 
which  depreciates  its  value,  and  makers  therefore 
prefer  to  use  acid  obtained  from  brimstone  vk 
8[ient  oxide.  In  many  cases,  however,  pyrites 
acid  is  used,  ami  the  arsenic  sulphide  wliich 
rises  as  a  scum  to  the  surface  of  the  liquid  in  the 
saturator  removed  as  it  forms,  or  preferably  the 
acid  is  j»re\  ii  u-l}  treated  with  a  jxirtion  of  the 
waste  gases  from  the  saturator,  the  sulphoxetted 
hydrogen  in  which  predpitatea  the  arNoio  as 
sulphide,  the  latter  being  remored  hefon  the 
acid  eaten  the  saturator. 
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In  sotoe  cases  thn  Kulphiitc-  us.<4uin<'»  a  blue 
ixilour  on  Rtandii^^  m  thi*  air,  owitij;  to  tht- 
formation  uf  t  raters  uf  I'rus?^iau  hlue.  Kmra  the 
researches  uf  Furbcii  Carpenter  aud  Lindcr 
(Chief  Alkiili  Inspector's  Report.  1905,  51),  it 
Appears  tliftt  this  js  mostly  <hif  to  local  alkalinity 
occuTTuij;  ia  some  portit»u  of  the  liquid  in  thu 
saturator,  in  which  ca^(■  hydrocyanic  acid  is  ab- 
sorbed at  that  ]:>oint,  and,  u  ith  tht-  tract-f*  of  iron 
always  prc«*ent,  forms  aiumouium  fLTrucyaniiU- ; 
the  latter,  on  ex]>o.suro  to  the  air,  oxidiBCs,  fonn- 
mg  Prussian  blue.  Priming;  of  the  still,  resvdting 
in  the  introduction  of  ferroeyanideH  and  thio* 
cyanatea  into  the  saturator,  has  a  similar  effect, 
bn%  tlw  production  of  the  blue  salt  often  occurs 
■I  uhttoem  of  priming.  Its  formation  va  best 
avoided  by  maiutainin;^  the  licjuid  hot  and  of 
•ofiicient  acidit)r,aad  arrangintg  that  the  paawge 
of  the  lias  sliaD  effect  a  thorcmgh  n>?W*f«g  of  tSe 
li<iuii)  III  thi-  saturator.  so  a.s  to  prevcat  the 
occurrrnee  uf  local  alkaiinity. 

Wutie  prodmeU  in  the  mammfaieiHrt  of  Am' 

nitjiiiiim  Suljth'itf .  Tlirvr  \\j\s{v  products  ntv 
foriDcd  in  the  procena :  (a)  the  effluent  liquor ;  (6) 
the  aqoBone  oondenaate  from  l^e  oooUng  of  the 

wa.»t"  yarif- ;  (r)  the  ^^a^t<•  jiasis.  Tlic  i Tflm  nt 
Lic^uor  in  mo  into  settling  tanks,  where  it  ile|XMito 
■uspcDded  Ume  iwite,  and  beoomes  eookd.  The 
clantie^l  liq-i  tr  i-^  .Honu'tinu-.H  nm  into  the  sewers, 
but  as  it  coataiits  large  quantities  of  lime  salts 
(espeeiaUjr  thiooyHiftta  and  phenols),  this  is 
frequcntlv  not  pcrmitt*'!.  an«i  it.s  (Hsjio^rl  is 
o^ten  a  matter  of  great  diihculty.  in  go^s  works 
it  is  sometimes  got  rid  of  by  employing  it  to 
quench  the  hot  coke  frnm  thf  r'f<irt3,  and  in 
e4>me  ca<M^  it  is  even  evaj)onitf<i  to  tlr^TJCrts. 
Fowter  (Alkali  Inspector's  Report,  1907,  01) 
allous  th«'  liquor,  after  cor-^idi mM*-  dilution,  to 
jyt.-4»  ikiough  coke  filtero  ino«  uiatf<i  with  sewajie 
Ijacteria,  which,  if  gradually  accustomed  t<;  the 
liquor,  oxidw  the  thiooyanates  and  ]  !Lf  iiol-, 
yif-lding  a  faulv  pure  effluent,  and  thw  niny  he 
employed  for  dilution  i<f  the  fresh  liquor  going 
on  to  the  filter.  Kadc  lif!<^  (Eti^'.  Pat.  Umn, 
1905)  removes  the  thiocyanalcji  by  prutipit^it- 
iog  M  ettprous  thiocyaiMte  vith  copper  sulphate 
in  presence  of  sulphurous  nv'v\,  th'-  latter  ixing 
obtaine<l  bv  bumiui;  a  p<»rtiou  of  the  waste 
2a4«e«.  GrtNwmann  (Eng.  Pat.  20387,  1005; 
7932.  1907  ;  J.  Soc.  Chem.  Ind.  1906,  411)  has 
al>io  de»cribed  a  process  for  avoiding  the  produc- 
tioti  of  wattte  liquor  and  recovery  of  the  leno- 
cyanide  and  thiocyanates  present  in  it. 

The  avoidance  of  the  production  of  waste 
hquor  altogether  is  an  especial  object  in  the 
inx)cc«8  ol  the  Otto-Biigeiutock  Coke  Oven  Co. 
tBog.  FM.  12809,  1906)  now  befaig  adopted  in 
Bome  coke-oven  works.  In  (hi.s  the  fn)ni  the  [ 
ovem  i»  treated  iot  the  removal  of  tar  at  tem- 
j  raturee  aboT«>  that  at  whieh  water  oondenses, 
8jm!  tht  n  i>a-<-»ed  directly  through  sulphuric  acid  ; 
the  aqueous  condensate  obtained  in  the  suliee- 
qaent  cooUnf^  of  the  gas  is  free  from  ammmiia, 
find  only  <  oiitains  Hiiiall  arnount.s  of  ini|)urity, 
and  It  is  claimed  that  no  ditticulty  is  experienced 
in  diirponng  of  H.  Wikoa  (Eng.  Fkt.  10306, 
1900  h  .  jtatented  a  aooiewiuit  similar  piOQess 
with  the  fiame  object. 

The  aqoeoiw  eondeosate  obtained  by  cooling 
til*  (\;i.-t*-  ^aj*^T*  i.'i  J*  very  noxious-smelling  liqui(l, 
md  IS  hence  termed  *  devil-liuuor.'  it  contains 
stt^harBtted  hydrogen,  pyriaiiics»  and  similar 


Huhgtances,  and  hydrocvanio  acid,  and  is  also 
difticult  to  dispose  of.  "tke  hot  condensate  from 
the  liquor-heater  or  cconomiser  is  leas  obj  '  i  li- 
able than  that  obtained  in  the  further  cooimg 
of  the  waste  gases,  whieh  contains  much  more 
sulphunttcd  hydrogen;  but  if  the  latter  is 
returned  tu  the  pipe  conveying  the  hot  con- 
densate and  the  waste  gases  from  the  economiser, 
nioHt  (if  the  huljihurette*!  hydrogen  in  driven  off 
a^nin  uiio  the  waeitc  ga#es,  and  the  combined 
liipior,  after  cooling,  may  be  mixed  with  the 
effluent  from  the  stills  uithout  inen'nfsinfj  the 
difficulty  of  dcftling  with  the  latter  (Broadburry, 
J.  Gas  Light.  09,  345). 

The  waste  gases,  after  cooling,  consist 
chiefly  of  carbon  dioxide,  sulphuretted  hydrogen, 
and  smaller  quantities  of  hydrocyanic  acid,  as 
well  as  strongly  smelling  empyrcumatic  vaixiurs 
derived  from  the  tar.  With  coke-oven  li(|uors, 
\vhieh  oft<  ii  contain  considerable  quantities  of 
cyanide,  the  amount  of  h^diomranio  aoid  may 
be  oomriderablB,  neoessitatmg  additkHial  oun  in 
•  h  alinu;  w  ith  it  ow  in;;  to  the  |Kii-ionous  nature  of 
the  jjjm*  In  many  caww  the  gases  ate  burned 
undo-  the  boiler  or  other  fumaees,  and  diso1iBT]ged 

with  the  products  of  corahustion  from  the 
chimney ;  or  the  gases  may  be  burned  suparatfly 
and  the  resulting  sulphur  dioxide  absorbed  by 
passing  the  products  throu>_'h  a  Hnic.>dono  tower 
down  wliioh  water  is  passing,  yielding  a  solution 
of  oaleium  bisulphite,  or  fnrouith  serap-iron 
tnvLTrt,  when  a  solution  of  ferrous  sulphate  is 
formed  (Wilton,  En^.  Pat.  l.WtJH,  1901).  With 
small  and  medium-sized  planti,  the  «iulphuretted 
hydrogen  and  hydrocynnir  ^id  arc  mostly 
remove<i  by  oxide  of  iron,  in  u  snuilar  nmiuier  to 
that  employed  for  purifying  coal  gas.  In  place 
of  purify int;  hoxcs.  conical  heapet  of  oxide  of 
iron  on  a  concrete  tiotir  are  now  much  uscfl,  the 
gas  being  introduced  from  the  bottom  at  the^ 
centre  of  the  heap  ;  the  M|)ent  oxide  obtained  its 
saleable  for  its  sidpliur  content.  The  sulphur- 
etted hydriiL  i  i>  rnay  also  Ij<}  precipitated  with 
metallic  .sall.^i,  and  where  sulpluirie  acid  is  also 
made,  the  giuscs  ure  burned  and  passe<l  into  the 
chambers,  thus  recovering  the  sulphur  a^i  ."ul- 
phuric  add.  .\  c(jnsidcrad)lo  proportion  of  the 
waste  gas  is  convcrtc<i  into  sulphur  bv  the 
(  iaus  process  (Eng.  Pat.  3606,  1882;  5070, 
1883  ;  6958,  1883),  also  ummI  on  the  larue  scale 
in  the  Chance  .sulphur-recovery  process.  By  this 
method,  sufhcient  air  is  mixm  with  the  gas  to 
react  with  the  sulphuretted  hvclrogen  in  accord- 
ance with  the  equation  2HjS  +  (),=:2H20-|-2«, 
and  the  mixture  passe<t  through  a  kiln  containing 
heated  ferric  oxide,  the  sulphur  formed  lieing 
deposited  in  cooling  chambers,  and  the  residual 
L'HstT}  ])assed  through  a  small  liine-tDiie  t<iw(  r 
and  ozide>of-iron  purifier  to  remove  any  sulphur 
dioxide  or  sulphuretted  hydrogen  remaining. 
The  siilphnr  obtained  is  not  ver\  pure,  owing  to 
tar^  matters,  &c,  present  in  tiie  gases  treated. 

■aoiiliwtura  of  Canstle  Ammonift  (Uqvor 
Ammonlae)  and  of  Liquefied  Ammonia.— The 
pure  aqueous  tsoiution  of  ammonia  was  formerly 
manufactured  by  distilling  ammonium  sulphate 
w  ith  lime  in  interinitli  iit  vlills  provided  with 
mechanical  arrangements  for  stirriim  the  some- 
what thick  cream,  but  it  h  now  usnaVly  made  by 
the  direct  distil  In  t  ion  nf  j;ns  liquor,  with  suitable 
purification  of  the  ^'ah  evolve<i  fruui  the  stills, 
whksh  is  then  diaMOved  in  water.  l9fc/fli^i9K^oogIe 
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containing  sulphide,  and  boiiuftimes  carbonate, 
is  also  laxsoly  manufactured,  this  being 
cheaper   and    equally   applioabte    to  many 

tmrpost's,  cspeciuUy  hi  the  iimiuifuclurp  of  soda 
)y  the  ammonia-soda  procctn,  and  for  the 
preparation  of  other  ammonium  salts.  This 
erude  product  is  termed  f  concentrated  gas 
liquor,'  two  iunds  being  mannftMtured,  the  one 
containing  from  16  to  18  p.e.  of  ammonia,  ttith 
lx)th  fsiiljMiido  and  carlwnat^'  prrsx-nt.  and  the 
other  from  18  to  2G  p.c.  of  aiiuuunia,  with  some 
sulphide  Init  littie  or  no  cuibonatc. 

In  the  manufnrtiire  of  the  fir  l  'nmcd  liquor, 
the  gaseti  from  tbe  still<i,  vuri^ed  in  the 
manmaoture  of  the  mlphatep  pass  through  a 
reflux  condenser,  to  remove  some  of  the  steam 
present,  and  then  through  a  direct  condenser, 
lilt*  gases  from  which  are  washed  with  w'at«>r. 
VN'orkiiiLT  in  tliis  manner,  it  is  not  nru  ticaMe  to 
obtaui  u  grculcT  8trei)gth  of  ammonin  tiinu  10—18 
piC,  as  with  higher  concentrations  stoppages 
occur  in  the  condenser  from  crystalli.^tion  of 
ammonium  carbonate.  For  the  prtipuration  of 
the  more  concentrated  gas  liquor,  the  Vapours 
from  the  still,  after  passing  the  reflux  rondenser, 
are  led  through  a  washer  containing  milk  of 
limo,  which  removes  practically  the  whole  of 
the  carbon  dioxide  and  some  of  the  sulphuretted 
hydrogen,  a  liquor  being  then  obtained  by 
condensation  usually  containing  22-26  p.c.  of 
ammonia,  and  a  little  sulphide,  out  usuaUj  free 
from  carbonate. 

Pure  Cautlic  Ammonia.- — In  the  manufacturi: 
of  pure  aqueous  ammonia  from  gas  liquor,  a 
sufficient  quantity  of  lime  must  be  employed  to 
n  iiun  e  the  whole  of  thtr  iu^id  constituents  of  tlie 
iiquor,  including  the  carbon  dioxide  and  sul* 
ph  uretted  hydrogen.  For  the  complete  lemoval 
of  the  latter  (he  nse  of  a  <l<  <ided  cm  e^s  of  limi* 
is  necessary,  and  owing  to  the  hydrolysis  of 
calcium  sufphide  even  ezcees  of  lime  does  not 
reini i\ I- the  l;v>t  traet  ^  «>f  sulphuretted  hydrogen, 
wliich  is  eliminated  by  other  reagents.  The 
addition  of  the  large  amount  of  lime  required  in 
theHtill.stht'Miselves  duritip  iV  lisfillation  of  the 
liquor,  k>vcs  rise  to  much  tiuuUo  from  blockage 
in  the  utter,  and  it  is  therefore  mostly  found 
prefrraf>le  to  effect  the  removal  of  those  two 
gaseii  b>  imsisiiig  the  still  vapours  through  lime 
washers.  Much  economy  in  the  whp  of  lime 
rcs-nlls  if  (lie  li<jUor,  previous  to  di.xt  Illation,  is 
subjected  to  a  pnliuiiimry  heating  to  7li"-.*50° 
(Hills*  procei*«),  at  which  t<«m|)eralurc  a  large 
j)roportioii  of  tile  carbon  dioxide  and  sulphur- 
etted hydrogen  are  evohtnl,  accoinpomed  l)y 
only  small  amounts  of  ammonia,  the  latter  being 
recovered  hv  wa-liing  the  evuUed  pn<»f9  with 
water  or  wenk  ainmonincal  litjuor,  or,  where  the 
manufacture  of  sulphate  is  carried  on  simulta- 
neously, (he  ^^ascs  evolved  may  bo  pn!<«c<l  dircet 
to  the  fculjjhuric-ucid  satuiator,  aloiiL'  \vith  tin- 
gases  from  the  .xtill."  used  in  that  pioeess. 

The  j)rchea(«'<l  liiiuor  is  di^^tilk>(i  as  in  the 
ca0o  of  tliL-  siilphati;  proecss,  and  th«!  gases 
evolved,  after  traversing  a  relhix  eoujleuhcr,  pass 
through  a  st:t  of  two  or  three  wa^shers,  containing 
cream  of  lime,  to  remove  curhun  dioxitle  and 
sulphurettetl  hydrogen,  the  pftrtly  used  lime 
being  run  back  into  the  stills  to  effect  the  de- 
composiUoa  of  Uw  fixed  ammonium  salts,  and 
recovery  of  ftmmoaia  from  the  cream.  To 


ensure  the  removal  of  the  last  trseee  of  sniphor* 

etted  hydrogen,  ferrous  Miljiluite  .-olution  t' 
sometimes  added  to  tbe  last  lime  washer,  the 
ferrous  h^r^zide  formed  by  the  action  irf  the 
lime  retaming  the  gas  as  ferrous  sulphide,  or. 
according  to  Pfeiffer  (J.  GasbeL  IdUO,  89),  a 
small  final  washer  containing  caustio  soda 
s«)lution  i.-i  addeil.  Solutions  of  sodium  \h.'T- 
manganate  or  ammonium  persulphate  may  ai»o  be 
used  (Foucar).  The  gases  then  pass  through  a 
«c"rip'5  of  penihlicrs  charge*!  with  wtuxi  ehfireoLil, 
which  remove  the  strongly  smelluig  empyrcu- 
matio  sabetancos  derived  from  the  tar,  and  in 
some  cases  additional  purification  in  this  respect 
is  eflectixl  by  jiasiiiug  the  gas  through  a  fatt^'  or 
high-boiling  mineral  oil.  The  resulting  pnnlied 
gas  is  then  ic<l  into  d-  tH'ed  water,  and  thus  eon- 
verted  into  solution  ol  uny  desired  strength  up  to 
about  36  pi.0.  The  ohiircoal  scrubtters  mvst  ba 
renewetl  as  soon  as  their  activity  becomes 
lessened,  the  spent  iiiatA-rial  being  revivitiefl  by 
heating  in  closetl  retorts. 

Technical  caustic  nmmonia  is  usually  clear 
and  colourless,  and  cuul^iins  only  small  quantities 
of  pyridineand  empyreumatk:  substances.  When 
these  are  present  in  larger  quantity,  owing  to 
dcfet'tive  action  of  the  charcoal  filters,  the  liquid 
assiime^i  a  yellowish  colour  on  keeping.  Its 
strength  is  ascertained  from  its  specific  gravity. 
A  table  showing  the  specific  gravity  of  diflFtTent 
concentrations  is  given  on  p.  139. 

Liquefied  Ammonia, — ^The  liquefied  gas, 
stored  in  steel  cylinders,  is  now  largely  produced 
and  employed  for  refrigeration  purposes.  It  is 
manufactured  from  the  gas  ofa^ned  and 
purified  as  described  for  the  mannfaotuiv  of  the 
pure  aqueous  solution,  but  instead  i»f  jiAvsing 
it  into  water,  it  is  well  dricnl,  and  then  com* 
pTMsed  by  suTtaUe  pumping  machinery.  The 
1  iMnmerciiil  liquid  usually  contain.>^  small 
amounts  of  water,  pyridine,  and  lubricating  oil, 
and  traces  of  other  «ub«taiioes»  but  is  now 
wid,  in  many  cases,  aa  of  jpianmteed  98^  pic. 
purity. 

Ammooliini  CUoridt  (Miirlito  of  AnoMBla 

or  Sal-ammonlae).  This  ?^]t  has  hem  man 
factured  in  a  similar  niauner  to  that  employcit 
for  the  sulphate,  by  passing  the  gasee  from 
the  stills  into  hydrochloric  acio.  but 
lead  is  attacked  under  these  conditions,  the 
saturntor  must  be  constructed  of  stoneware  or 
similar  material,  which  has  many  disadvanta^r*^ 
It  is  now  usually  made  by  neutralising  hytlto- 
chlorie  acid  with  ooneentrated  gas  liquor,  and 
cvaiiorating  and  crystallising  the  resuUli^g 
solution,  or  by  evaporating  a  solution  uf  amuiu- 
nium  sulphate  and  sodium  chloride  in  equivalent 
proportions;  the  -fMlium  sulphate  formM 
^^eparatos  out  liurmg  concentration  a»  the 
monohydrato,  whidi  i*  removed  by  '  fishing,* 
leaving:  finally  a  concentrated  s.ilution  of  ammo* 
inn  III  I  hluride,  w  hich  is  purified  by  crystalUsa* 


\  ion. 


It  is  also  manufactured  by  neutraKiiitf 
"  galvani.sers'  jiifkle  "  (which  consists  chiefly  « 
ferrous  chloride)  with  ammonia,  and  fay  the 
action  of  ammonium  carbonate  (or  of  ammonia 
and  carlxjn  dioxide)  on  calcium  chloride  solution, 
the  latter  U'ing  obtained  in  large  quantity  as  • 
by-product  in  the  ammonia-soda  manufacture, 
and  in  that  of  potassium  chlorate  ;  tiie  solutkms 
of  aramooiom  chloride  obtai^^jig^^i^j^li^^ 
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AiB  •ypDirted  and  crystallised  after  removal  of 
tbe  precipitated  Bubstanct-s. 

AnuDonium  ohlohdo  ia  fceauenUv  further 
patified  by  rablimstion,  the  anUined  produot 

K  ing  kiiuwn  9M  sal-ammotiiar.  In  tliis  country 
operation  ia  carried  out  in  lanco  iron  pots 
•xMnuJty  heated  and  covered  wiui  a  aimilar 
foiK-AVf  ir'>n  plate  on  which  the  subliinato 
(.sai-ammomac)  forms.  Thia  is  detached  at  the 
cfid  of  tlic  operation,  the  surteoe  adhflring  to  the 
iron,  whi'  li  is  al«Hys  ili.-coloiired,  \mng  removed 
previous  to  aalo.  In  France  the  discolouration 
vitli  iron  is  avoided  by  nsii^  eartheniRnue  pots, 
but  the  product  is  mnri'  expensive,  owing  tu 
ihe  fact  that  the  pots  are  doitroyed  at  each 


Thr>  commrn  Lil  rr\-strtl]ij»pd  salt  is  white  or 
only  slightly  didcoloured,  whilst  the  sublimed 
aaaienu  has'  a  fifaoona  etmotnie,  and  frequently 
contains  small  amounts  of  iron.  It  is  oni[iloyed 
tn  pharmacy-,  soldering,  galvanising,  dyeing,  and 
calioo-printnig,  and  in  amall  qnaatitieB  for  many 
other  pnrpose?. 

Ammoniiun  Carbonate  (&ai- Volatile).— The 
CNMneveial  pcodnei  aold  under  this  name 
consists  of  a   mixture  <.f  HT^nnonium  bicHr- 
bonate    NH^'llCUj    with    auimonium  car 
baaiate  NH,<X>-ONU«.  and  coataiDs  akjut  :n 

1>.c.  of  ammonia  and  ."0  )>.c.  of  carbon  dioxide, 
t  is  usually  prt  }«ire<i  by  subiuuing  a  mixlure 
of  about  I  part  of  ammonium  sulphate  w  ith  1-5 
to  2  parts  of  chalk  in  retorts,  the  evolved  gases 
being  passed  into  leaden  chambers,  where  tlie 
carbonate  is  deposited  as  crusts  on  the  walls, 
the  exit  gases  being  washed  with  M'ater  or  | 
su]|4raric  acid  to  recover  the  uncondensed  I 
Hmmonia.    Lunt:o  rccomitu-iids  the  i)a.s.«;inn  of 
an  additional  quantity  of  carUm  dioxide  through  1 
the  chanhetB  to  effect  a  more  oomiilete  reoov*^ 
of  the  ammonia.    As  »<>(>ti  a.s  the  eru.st  has  \ 
attained  a  sufficient  thiokncas  it  is  detached,  and  I 
ii  naoally  purified  by  resnMlmation.   In  KQn>  | 
hfim's  |)roec>.«,  the  carbonate  is  prepared  by  ; 
passing  ammonia  obtained  by  the  distillation 
of  gas  liquor  direct  into  dwmben,  where  it 
mixer;   with  carlxm   dioxide  and  dejK>sits  th(" 
carbonate  as  a  crust.    iSce  also  Bueb,  Eng. 
IM.  9177,  1910.) 

The  comnKrci  il  jjrodnrt  form.s  cryi^tallino 
ctosta,  smelling  strongly  of  ammonia,  which  is 
partially  cTolved  on  exposure  to  the  air,  the 
mass  efHorr;-!Ctncj  and  h-aving  a  powder  consisting 
oi  ammonium  bioarbonate.  It  is  employed  in 
«ool-9conring,  dyeing,  and  aa  ft  oooslitiient  of 
baking  |toT\*r{frs. 

Ammonium  Nitrate.-  Thla  t^dt  is  produced 
to  a  considerable  extent  for  use  in  the 
explo<i\e  indii-stry  ai.d  in  th*-  preparation 
of  mtrcms  oxide.  It  may  Ix-  obtained  by  neu- 
«*^%ilTig  Cftoatio  aanmonia  with  nitric  aeid,  and 
evaporating  and  crystallising  the  solution  if 
nevt%ssAty,  or  by  heatmg  a  mixture  of  amuionium 
sulphate  and  sodium  nitrate  in  equivalent  pro- 
portion?, either  alone  or  in  .solution.  When  the 
solution  is  concentrates  i,  HCKlium  ^<l)lphute 
■mm liB  out  fint  for  the  most  iKirt,  but  the 
ammonium  nitrate  obtained  simply  by  further 
evaporation  is  far  from  pure.  According  to 
Wedekind  and  Co.  (Eng.  Pat.  19466,  1906); 
a  pure  salt  may  be  produced  by  a  modified 
system  of  evaporation,  of  vfaich  the  foUow- 
MK  esunpie  m  mrmu    A  miztoie  of  400 


parts  of  ammonium  sulphate  and  720  parts  of 

BO<lium  nitrate  (Kl  p.e.  exeess)  is  dissolved  in 
i>00  parts  of  water,  and  the  bulk  of  the  aodium 
sulphate  formed  separated  by  e^aporatfon.  The 
filtered  liquor  i.s  further  comentriitefl  I  ill  a 
sample  on  cooling  to  70**  deposits  ammonium 
nitrate ;  the  whole  sohition  is  then  cooled  to 
dightly  above  70*  and  after  removal  of  the 
copious  deposit  of  crystals  of  sodium  nitrate  and 
sulphate,  the  mother  liquor  la  mixed  with 
sufficient  wfiter  to  jirevent  the  scpar.i'i  ti  t  f 
sodium  salts  at  15°,  14  parts  of  water  |H;r  iOO 
of  mother  liquor  being  snffioient  with  the  above 
quantities.  On  then  cooling  to  15',  ahntit  40 
p.c.  of  the  amraouium  nitrat^j  separates  in  the 
pure  state.  The  mother  liquor  from  those 
crv.-itals,  and  the  swHurn  nitrate  pnviou-ly 
separatetl,  aie  employed  in  working  up  a  f  urth<^ 
amount  of  ammonium  ndphate. 

The  nitrate  i.*  al.an  mannfnrtuml  from  the 
calcium  nitrate  now  comnuTcially  prcjMirtHl  from 
the  oxides  of  nitrogen  obtaine<l  by  the  oxidation 
of  atmospheric  nitrogen,  liy  heating  it  with  a 
solution  of  rather  1cm  limn  an  equivalent 
quantity  of  ammonium  sulphate.  Under  proper 
conditionK  the  reaction  is  said  to  be  almof^t 
quantitati\e,  the  culcium  sulphate  sejjiirating 
in  a  readily  reirmvablo  form  (Wedekind  &  Co. 
Enir.  Pat.  '2<)!H)7,  1909).  Attempts  to  obtain 
the  nitrate  from  the  calcium  salt  by  thu  action 
of  ammonift  end  carbon  dioxide  have  not 
hitherto  proved  snoccsaful,  owing  to  the  forma- 
tion of  double  salts. 

Ammoniam phosphate.  Monammonium  phos- 
phate (NIT,)HjP04,  diammonium  phoa- 
jihiite  (NH^jjHPO*  have  become  commercial 
products  by  the  jirocoss  of  l>{igrange,  \\hich 
starts  ^m  commercial  calcium  superphosphate. 
This  is  lixiviat«d  by  water  and  steam,  and  a 
solution  of  42*Tvs-.  i.-i  obtaim«l,  t  iln  i  \vith  a 
neiduo  of  calcium  sulphate.  Some  of  the 
latter  remains  in  the  solution,  and  is  re- 
movc«l  bv  carefully  adding  barium  carbonate. 
The  filtrate  is  neutralised  by  ammonia  iu  slight 
exoees,  whereby  all  the  Ume  is  precipitated  as 
basic  phos])]  ntr,  which  is  washed  ami  used  over 
^ain  for  the  manufacture  of  miperphosphnte. 
Tm  flltoed  solution,  marking  dSTtw.,  contains 
iritinnrnmonium  phosphate,  and  can  be  workwl 
for  thid  or  for  diammonium  phosphato.  Thu 
latter  is  obtained  by  gradually  mixing  the  above 
solutif  :i  ^vith  liquor  amtnonicB  of  sp.gr.  0-92,  in 
the  proportion  of  1^  equivalent«  of  XU,  to  1  of 
(NH«)Hg(PO«).  The  diam  monium  phosphato  at 
once  separates  out  ns  a  crystalline  mass,  which, 
after  cooling,  is  submittetl  to  hydraulic  pressure. 
'rho  operation  is  e«rried  ont  in  a  closed  vcasel, 
to  prevent  the  escape  of  ammonia.  The  mother 
liquor  is  employed  fur  the  uiauufacLure  of 
ammonia.  The  diammonium  phosphate  ie  prin- 
cipidly  used  in  T.Tjr;M)L;n'.'»  snqar-refining  process. 

Ammonium  thiocyanate  is  manufactured  in 
considerable  quantity  in  the  crude  state,  but 
the  product  is  for  the  most  part,  simply  employed 
iin  an  interim^liate  product  in  the  manufacture  of 
cyanides.  It  occurs,  as  has  been  nientioned,  in 
cotisidcrablo  amount  in  ^as«liquor,  and  also  in 
spent  oxide,  from  which  it  may  he  extracted  by 
water,  but  in  both  CH>e>  it  is  mixed  with  so 
many  other  impurities  that  its  recovery  is  not 
remunerative ;  it  may,  however,  be  easily  iso- 
lated as  cnprous  thiocyanate  by  PB|^|a*j«toogle 
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vdih  copt>er  sulphate  aud  auipbucoiu  ookL  It  ia 
prepared  synthetically  isom  cftrbon  disulphide 
»y  absorbinc;  thi*  latttT  in  ammonia  in  prt'sfnci- 
of  bMes  sum  aa  lime  (Albright  and  Uood,  Eaa. 
VaI.  141 54,  1804),  the  ftnunonium  thiooarbonato 
tir.il  pnxluced  undergoing  conversion  into  thio- 
cvantite.  A  ooaos&trated  Holutioa  of  ammooium 
tdiucyanate  18  HOW  prepared  in  a  nnmbor  of 
gas  vt  rl -,  riccordin;^  to  the  Brilisli  Cyanide  Co.'a 
prooes»  (Eng.  Fat.  13653,  1901),  by  paseing  the 
ornde  am  eontaining  aaraionla  ana  hydrooyanic 
aoid  through  a  washer  containing'  wutor  am! 
fed  with  powdered  auiphur,  the  anuuonium 
polysuli^Kle  first  formed  oonbining  with  the 
nyarocyanic  acid  to  form  thiocyanatc,  solutions 
of  30-50  p.c.  strength  being  readUv  obtained, 
whbh  oniy  eontain  small  amounts  of  other  noa- 
volatile  ammonium  <:alt.ct. 

The  pure  salt  is  used  in  dyeing  ftud  calicu- 
printing,  and  may  be  obtained  from  the  crude 
product  bv  first  convertinj^  it  int<>  the  barium 
salt  vnth  baryta-water ;  or  the  barium  bait  may 
he  pioduoed  by  the  aotioii  of  barium  sulphide 
on  cuprous  thiocyanate.  .After  purification  by 
rccrviitftllisatiou,  the  barium  .salt  is  exactly 
precipitated  with  ammonium  Hulphaie.  and  the 
solution  ev  Hp^nited  and  crv-stallinxl.  The  white 
deliqneHccnt  salt  iian  frequently  a  reddiah  colour, 
doe  to  the  formation  ot  the  red  forrio  thkioyanato, 
from  traccH  of  iron  pro»<»nt^ 

Ammonium  persulphate.  This  salt  is  uuw 
])roduoo<l  on  the  commercial  scale  by  the 
electrolysis  of  ammonium  sulphate,  and  is 
employed  for  photographic  purposes  and  as  an 
oxidiamg  agent.  The  oommercial  product  usually 
oontaioB  email  quantities  of  lead  derived  from 
the  electrodee  need  in  its  manufacture. 

H   ( • 

AMMONIACUM,  AFRICAN,  v.  iivu  assiiis. 
AMHOlflAOUH,  GUM,  v.  Gum  tamm. 
AMMONIACUM,  PERSIAN,  v.  OuM  BBSiKe. 
AMMONITE  V.  £xriX)SivBs. 
AMMONIUM  MBLBQUBTA  «.  Cooctii.v8 

AMfiAD-GUM.  This  gum  forma  white,  vcUow, 
and  brown  lumiM  of  a  eweetiah  taste  and  reshi- 

ous  BmolL  An  aqueous  solution  (1  :  2)  is  viscid 
and  str(mgly  adhesive.  It  also  gives  with  oil 
exoeileot  emnUons,  whidi  keep  very  welL  The 
dry  substance  contains  6  61  p.c.  of  asb,  consist- 
ing of  carbonic  acid,  lime,  iron,  magnesia,  traces 
of  phosphoric  acid  and  siliea.  Has  been  wx>m- 
men<led  as  a  substitute  for  gum  arabic.  It  was 
brouutit  into  the  market  some  years  ago,  an<l 
conu-s  from  the  Abyssinian  highlands ;  i»  pro- 
bably obtained  from  Acacia  eibaica  (iSchweiti- 
furth).  (II.  L'ngcrand  Kempf.  Pharra.  Ziit,  'Si, 
218  ;  J,  Soc.  Chem.  Ind.  vii  4  i'  i 

AMYGDALA8K»  AMYGDALIN  v.  Qluoo- 

AMYenOllITRILB  OLUC06IDB  v.  Glvoo. 

AMYQDOPHENIN  r.  S\  nthetic  decos. 

AMYL  ACETATE       u  ktic  acid. 

AMYL  ALCOHOL  C-.H,,().  The  onlinary 
uniyi  alcohol  (fusel  oil,  ferment  at  ion  anivl 
alcohol,  or  iwamyl  alcohol  Cl-hydroxy-3-methyl 
butane)  is  one  of  the  eight  alcohols  of  the  formula 
CjHjjO  theoretically  possible,  and  is  the  chief 
constituent  of  the  fusel  oil  or  '  last  runnings  ' 
obtained  in  the  rectifioation  of  alcohol,  particu- 
larly of  the  akohol  made  by  the  fermentation 


of  potatoes.  Amyl  alcohol  is  a  oonstitQeDt  ol 
the  product  obtained  idien  ordinary  atoohol  ie 

formc>d  by  fermentation.  Tlie  aleohol  is  got 
from  the  *  last  runnings '  by  shaking  the  ondc 
produel  wiHi  hot  miUc  of  time,  deeantjng,  drying ' 
oser  caleium  chloride,  and  reetifyin^'  at  a  t<'ni- 
perature  of  132**.  Pure  amyl  alcohol  ia  ob« 
tained  by  preparing  {lotassiam  amyl  milfiha4«, 
]nirifying  this  hy  solution  in  alcohol  and  pr*^- 
cii)itation  with  ether,  and  subsequently  decom- 
])o"ing  by  heating  for  five  honn  with  10  p.c. 
sulphuric  acid. 

Properiita. — Amyl  alcohol  is  a  colourlejM 
liquid  with  a  peculiar  cougfa-excitinfr  odour  atod 
a  Ijuming  taste;  it  bums  with  a  white  smoky 
liame ;  b.p.  131-6°  (corr.)  and  Bp.gr.  U-ii24H 
at<r:  0-8113  at  IS-?*"  (Kopp,  AnnaIeii,M,  289); 
h  p.  128-9*-129-2''  at  740 in!ii.,  and  pp.gr. 
0-8104  at  20*/4''(Briihl,  Annale,,,  203,  23)  ;  Up. 
130-5*'-131*  at  7r.!»  2  mm.  (SchifT,  Annalen.  t»K 
102).  It  is  soluble  in  ethyl  alcohol  or  ethrr, 
but  ii>  siUuble  in  wat'Cr  only  to  the  extent  ot  I  m 
39  at  16-5'  (\Vitt*tcin,  J.  18fi2,  408),  and 
I  in  r>0  at  IS^-N",  and  the  solution  l>cromcs 
milky  at  aO'*  (Balbiano,  Ber.  I87ii,  1437).  .Amyl 
alcohol  dissolves  in  all  ptoportions  in  acetic  acitt 
diluted  with  an  eqxin]  milk  of  water  fP<  r1  helot 
and  St.  (JUles  J.  J8(»2,  40S).  W  hen  oxidised 
with  platinum  black,  ordinary  valeric  (*.so\  alerii  ) 
f\ei'!  is  formed,  whilst  distillation  uith  either 
niiiiigaucsc  dioxide  or  pota»»,'^ium  dichromate 
and  sulphuric  acid  converts  it  into  i«ovaler- 
aldehyde  and  Movalerie  acid.  Sulphuric  acid 
dissolves  it  in  the  cold,  forming  amyl-sulphuric 
acid,  which,  on  heating,  decomposes  into 
amylene  and  its  polymerides  diamylene  and 
tetnmylene  ;  these  hydrocarbons,  together  » ith 
hexylene  and  the  corresponding  paraf^in>.  are 
also  obtained  when  amyl  alcohol  is  distdled  with 
zinc  chloride  (Wortz,  Annalen,  128.  316):  it  is 
probable,  however,  that  the  latter  oue  tlieir 
formation  to  impurities  in  the  alcohol.  The 
actum  of  chlorine  Ium  been  studied  bv  Berth 
(.\nnalen,  119,  216).  and  that  of  bleaching 
powder  by  Goldberg  («1.  pr.  Chem.  [2J  24,  116). 
The  bromide  (Cslionxs,  Annalen,  30,  298; 
Balbiano,  J.  1876,  348),  chloride  trahours. 
Annalen,  37,  164  ;  Balard,  Annalen,  62. 
312;  BalbisAo,  /.&),  and  iodide  (Oshoars. 
Annalen,  30,  297)  have  been  prepared  hy  the 
action  of  the  corresponding  ph<^jphoni8  com- 
pounds. Cbmmeroial  amyl  alcdioris  senecmlly 

Ijpvorotatorv  ;  ihr  t!i  jree  of  rotation,  however, 
is  nut  cuustant,  but  varies  m  ditierent  specimens, 
and  the  variation  has  been  shoM-n  by  Pastour 
(Annalen,  06,  255)  to  be  due  to  the  fact  that 
ordinary  amyl  alcohol  is  a  mixture,  in  varying 
proportiouB,  of  two  isomerides,  one  of  which  is 
optically  ina<  tive.  and  the  other  lapvorntator^-. 
When  ordinary  amyl  alcohol  in  txeittetl  ^tth 
BUlphurio  acid  and  the  resulting  amyl  Bul|>huric 
acids  convert <  fl  into  barium  salts  by  ncutralt^a- 
tion  with  l>aiium  carbonate,  a  separation  of  the 
two  Liomerie  alcohols  can  be  edected,  inasmuch 
an  the  barium  s^ilt  of  the  optically  activt  .il- 
iji  2^  lime«  niort*  soluble  in  water  than  liie  corre- 
sponding salt  of  the  optically  inactive  modi6ea> 
tion.  (For  an  examination  of  the  properties 
an<l  physical  constants  of  commercial  amyl 
alcohol,  see  Richmond  and  0'Shau«hncf-<\ ,  J. 
hoc.  Chem.  Ind.  1899,  107.)  BlarckwaM  and 
McKenrie  have  reviewed  the  previous  \iork  of 
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Ley,  Jje  Bel,  Bakhuren,  and  (Jhapniua.  Tliey 
have  eucceedod  in  dividing  the  oommorcial 
alcohol  into  its  constituents  by  fraotioaal 
cryn-taJlisatton  <A  their  uitruphthalic  esters,  and 
And  thnt  active  fkmyl  akmlioi  hax  [a)|>  —5*00*  at 
20*.  The  other  con«ttit«cnt  is  Mobutyl  cwbinol 
(Ber.  1901.         479;  190U,  l5Hli). 

Amyl  alcohol  Km  heen  uaed  &a  a  solvent  for 
nitroffflulivse  in  th^  tnanufacturi!  of  (N-lluloid,  as 
liavr  aLs4)  its  chloruiation  products  Licbcrt  has 
utilised  amyl  nitrate  (IX  B.  P.  51022)  l>y  adding 
it  to  Tiitroglyoerino  in  onior  to  dinuiiidi  its 
imiaitiveaem  to  cold  aud  cuiicus^ion. 

Id  addition  to  the  optically  active  and  in- 
active mnditication«  obtained  from  ordinary 
amyl  alcohol,  the  following  isomeric  alcohols 
have  been  prepared : — Normal  nmyl  akohol 
(Ltebea  »ad  Rossi,  Annalen,  159.  70 ;  Schor- 
lemmer,  Annalen,  161,  2flH);  mfthyipropyl  car- 
Itnfil  (S'  hoHemmer,  l.r.  ;  Savtz,«  M  and  Wagner, 
Anoaien,  175,  351;  179,  lil'S;  MarkoM-nuiow, 
J.  Ift83,  861 ) ;  mtthiflisopropyl  carbinci  (Wysch- 
r\<  ;:n<«l>ky,  l.r.;  Munch,  Annahn,  18<),  'Xid  i 
Wmagradow,  Annalen,  101,  125);  dieihjfl 
carbiimiol  (Saytaew  wad  Wagner,  I.e. ) ;  di- 
mHhut^ihyi  carfjiiKjl  fWurtz.  Annakn,  12.'"),  114  ; 
li7, 236 ;  129, 365 ;  Berthelut,  Annalen,  127. 69 ; 
nftvilaky,  Aimalen.  179, 348 ;  Wyfwhnegradsky, 
Ic;  OsipoP  Brr  IS75.  1240). 

AMYL  MITBITES  C^H.^NO..  CoBinereUl 
•■91  BlIiilviBAiBiztanof  tkenHfiteeof  wobutyl 
et^inol  mod  Mtive  smyl  alooiiol 

I'  nia\  rtlso  contain  Mohutyl  nitrit*',  an<l  always 
containft  some  unaltered  amyl  aieohot.  (  urt- 
raenn  (J.  Soe.  diem.  Ind.  1893,  372)  given 
rxjiniphs  of  sfjociniens  containing  from  33  [),c. 
to  93  p.c.  of  amyl  nitrite.  It  is  prepered  by 
passing  nitnnw  fonies  into  aoiTl  aIo(rti<d  (Salafd, 
\T)n.  (-htm.  Phyg.  ^3]  12,  Sfs  :  Williams  and 
Smith,  Pharm.  J.  L6m,  499);  by  distilling 
together  the  tfaQoretioal  qnantities  of  Bmy\ 
alcohol  and  potasMium  nitrite  with  cxc«^,^  of 
dilute  jiulphurio  acid ;  or  by  p^ttfting  niiro^yl 
cbloride  into  a  mixture  of  cqnimoleeiilar  pro)>ur- 
r  i. in  -  of  dr\- pyridine  and  amyl  alcohol  (Bouvcault 
«nd  Wakl,  Compt.  rend.  136,  1663).  The  last 
ie  «  general  metbod  for  the  preparation  of  nitrons 
e»ter5,  and  gives  a  yield  of  80  p.c.  in  the  esse 
of  amyl  nitrite.  The  commercial  article  is  a 
yellow  liquid  with  characteristic  odour,  which 
f^hoaVd  boil  Ixtween  97*  and  99°,  and  h:\y<^  ri 
*P-ZT.  0-870  to  0-HHO.  It  is  of  vahjc  a  utmiu- 
luit  Hi  anffina  jK  i  torLs  and  .similar  affections. 

Momul  amyl  nitrite  ("H3-(CH,),<:HjNO.  \h 
a  pale-yellow  liquid,  boiliri>;  at  104*  ;  sp.gr.  U-4i628 
at  20*".  The  nitrite  group  id  readi^  removed 
by  dilute  potaah  (Maiuel  PeutMB,  Chem.  Zeatr. 
1907,  i.  1398).  ^^ 

f^>^CHCH,-CH,NO, 

iiuQi  pure  Mobntyl  carbiuol,  boils  at  97*,  and  haH 
«p.gr.  0-880  (DmulM  and  Winiama,  Fhann.  J. 

1S89.  487). 

Tertiary  amy!  nUrue  (tH,),(C,H,)C-N(). 
{B«toni*e  Mnylonitrooe  ethw)  has  been  used  as 
a  substitute  for  ordinary  amyl  nitrite,  its  action 
being  stronger  in  degree  and  more  lasting.  It  m 
a  yefiour  liqjoid  with  weak  eaiophonaeoiM  odour* 


tasting  like  p<-pp<Tiuint.  It  bods  at  03* 
(J.  Soc.  '  li  111.  Inil.  1889,  1003). 

AHYLACSTIO  ACID  (Active)  v,  Usmic 
Acura.     

•mhAHTLACETIC  ACID  e;.  Hkptoic  AOID8. 

a-  and  3-AMYLANS  »(<^'.H,o04)  ? 

After  first  e.xircictuig  oeresJs  with  strong 
alcohol,  the  aqueous  extract  contains  gummv 
Ia'vorotator\'  colloidal  carbohyilratcs.  which 
art'  jiri-cipitalcd  bv  strong  alcohol.  The  product 
so  obtained  from  barley  is  a  mixture,  part  being 
soluble  in  cold  water.  The  in.Holuble  crumbly 
residue,  amounting  to  2  p.c  of  the  barley,  is 
a-amylan.  It  has  [ajit— 21*6,  and  does  not 
reduce  Fehling's  solution ;  it  is  gelatinised  in 
hot  water,  ana  yields  viscous  solutions  even  at 
1-2  p.c.  conccntrati(»tt.  O'SulHvan  (Chem.  Soc. 
Trans.  1882,  41,  24)  found  it  to  bo  nreaent  in 
barley,  oats,  wheat,  and  rye,  especially  in  the 
two  first  named.  The  .-olulilc  product  fi» 
amylan  haa  [ajn— it  amount .<  to  0*3  p.c., 
and  is  very  ninOar  to  ••enylao  in  pro|>ertieii. 

O'SuUivan  obtained  from  /3ani\lati,  l»y 
fractional  precipitation  with  alcohol  or  on  boiluiq 
with  milk  of  lime,  a  mmilar  substance  [a)u 
—  129-7*.    This  he  rcL'tirilcd  a^  a  ilrcoinpositioli 

Sroduct,  but  this  is  probably  not  the  case. 
»'8uUivaa  afeatee  that  tlie  amylans  yield  glneose 
alone  on  h3rdroly8i8.  Lintner  an(f  Diiir(Ziut. 
angew.  Chem.  1891,  638)  obtained  galactose 
and  zyloae  from  barlev  gum.  Wroblewsid 
(Ber.  1893, 30,  2':«0l  n},t,vlnrd  AmV.jnos.-.  Liudet 
(Berlin  Congress,  1903,  3,  498)  itiolated  a  dextro* 
rotatory  gum  from  barley,  in  addition  to  a 
lacvo-rotntory  gum. 

Contrary  to  O'SuUivan's  statement  that 
diastase  is  without  action  on  amylan,  Horaee 
Brown  (Trans.  Guinness  Research  Labnrnt'irv. 
19U6, 317,  where  there  is  a  full  accuuut  of  amy  ian ) 
finds  tliat  when  barley  gum  is  steeped  in  malt 
extract  it  smcU-*  up  and  unrlcrgoes  gradual 
liquefaction  atui  .solution,  and  in  a  few  days 
its  colloidal  nature  is  lost.  This  is  one  of  the 
mo.'^t  Hignificant  ohank""'  '^^  hioh  mark  the  eon« 
vcrsiion  of  barley  inU)  malt. 

To  prepare  '  amylans '  in  quantity.  Brown 
hoils  the  finely  dividctl  urain  with  water,  treats 
with  malt  extract  at  50*-55*  for  an  hour  to 
liquefy  the  starch,  boils  again,  and  filters.  The 
filtrate  is  concentrated  in  vacuum  tosp.gr.  1-060, 
and  three  volumes  80  p.c.  alcohol  (by  volume) 
added  gradually.  Ilie  crude  amylans  arc 
preci]^itated  in  large  white  flocks  free  from 
dextnn  wid  have  no  cuprie  reducing  power.  Cor- 
rected for  a.'^h  ami  nitrogen  they  amount  on  a 
number  of  dry  barleys  to  about  0-6  p.c.,  and 
have  [o]o+62*  Ut  +73*.  This  amount  practi- 
cally account.s  for  the  whole  of  the  mi>.-ing 
constituents  of  the  soluble  portion  of  barley 
alter  hydrolysie  with  malt  eirtraot. 

On  hydrolysis  about   (JO   p.c   of  glucose  is 

formed,  together  with  arabinose,  xylose,  and 
an  unknown  substanoe  of  low  angle  and  reducing 
power. 

I  The  above  dextrorotaton*  amylan  repre- 
aente  everything  inaoluble  in  62  p.c.  aloohol.  By 

la  viiri'itiMii  of  the  nicthitd  of  preparation  a 
carbohydrate  |a|i»— 10()-34'',  corridjHJiiding  to 
Wroblewski's  araban,  was  obtained. 

It  obvious  that  the  *  amylan.-  '  require 
further  investigation.  According  to  U  .Sullivan, 
it  is  probably  owing  to  the  pie«wie^itft!«y|j^oogle 
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that  unmalted  barlfty  cannot  be  satisfactorily 
cra^iloyed  in  the  proparatiou  of  Ihht.  Malted 
gram  doea  not  oootaia  it.  JDistillers  luing  rftw 
grain  (oats  and  bariey)  have  at  times  nraeh 
aifTiculty  ili  r|  arat  iiij^  the  wort  (solution  of 
Bugara.  &c,)  from  the  grstna  (undissolved 
pOTtion  of  the  gndn  employed)  in  eolifeqvflOM 
<if  the  prC'sriH.o  of  ainyliiti  in  quantity,  the 
barleys  and  oats  of  some  seasons  ooutaining 
nraeh        of  it  than  at  otiier  times.  E.  F.  A. 

AMYLASE  f.  Diastase;  rJw  Ekzymks. 

AMYLfiNE  C^Ujg.  Eight  isomeric  amjlenes 
are  theoretioallv  possible,  and  all  have  been  jpire- 
parcfl.  These  In  drocarbons  havn  hoon  chiefly 
studied  by  JbUaTitziiy  (Annaleo,  179, 340),Wy8ch- 
ncgradsky  (Annalen,  190, 336),  and  by  Kondakoff 
(J.  KuHs.  Phy.".  Chem.  Soc.  24,  381),  ni- 1  r  m  ho 
obtaiueil  by  the  action  of  alcoholio  2>ot<i^h  on 
the  variouH  Amyl  iodides ;  or  by  the  action  of 
dehydral  iiiT  ngents  ?nrh  as  sulphuric  aiitl  or 
ziuu  uhluridu  on  aiuyi  alcohol.  They  can  often 
be  converted  into  one  another  by  the  action  of 
hydriodic  acid  and  the  sabaeqneoft  removal  of 
tho  latter,  thus : 

M«ji:HCH:CHaKHI 

•>XetCH'CHDIe  MC]G:€HXe. 
+atooliol 

'Pile  amylene  ordinarily  met  with  i^  tri- 
mcthylethylene,  and  is  chiefly  obtained  by  the 
dehydrating  action  of  lino  ehfozide  on  fermenta<> 
tion  amyl  lacohoL 

Preparation. — ^To  prepare  amylene,  fermenta- 
tion HMiyl  alcohol  1 1  part)  is  shaken  with  coarsely 
powdered  ziuo  chloride  (1|  ports),  allowed  to 
remain  for  twenfy-four  hours,  and  then  distilled. 
The  product  oonsiste  of  a  coni})!'  x  mixture  of 

JNuaflins  from  C,H,.  to  C,qH,,  with  olefines 
torn  C.H,o  to  (-,o"jo  (Wurtz,  J.  1863, 
fi07).  These  can  bo  isi)latr<i  |>y  fractional  dis- 
tillation (Wurtz),  but  according  to  Eltekow  (J. 
Russ.  Chen.  Soio.  14,  379),  amylene  is  most 
rca<lily  obtained  if  thr  j)r  1  i  t  is  well  cooled, 
and  shaken  with  dilute  sulx>huriu  acid  (2  voIm.  of 
acid  to  1  voL  of  water),  the  ooid  layer  separated, 
diluted  with  water,  and  distilled  ;  the  distillate 
cunsisUi  oL  auivlene  (thmethylethyleno)  and 
t*-rtiary  amyl  alcohol,  and  the  latter,  on  dis* 
tillation  with  j-uli>hnnc  acid  (1  :  1),  jiclds  piirr 
trimethylethyleiif.  Pur©  trimcthylethylcne  can 
\)0  prepared  by  heating  tertiary  amyl  iodide 
MojCIEt  with  alcoholic  j)ota«h  (J.  Fuss.  Phys. 
('hem.  Soc.  17,  294).  It  can  also  be  formed  by 
dropping  tertiary  amyl  aloohol  on  to  osolio  ooid 
(J>.  R.  P.  GG866). 

Other  method!*  for  obtaining  ordinary  aujyl- 
cue  have  been  described  by  Balard  (Ann. 
Chim.  Phys,  [3]  12,  320)  ;  Bauer  (J.  18til,  659), 
and  Linncmaiiu  (^Viiuait-n,  113,  350);  Kondakoff 
ilx.)i  Ipaticfl  (J.  Rusg.  Phv8.  Chem.  Soc.  30,  292); 
Tomoo  ( Bcr.  2 1 ,  1 282) ;  Blaise  and  Courlot  (BulL 
Soc.  chira.  35,  .582). 

Propcrtieji, — .Aiiijlene  ia  a  colourless  liquid, 
b.p.  36°-38'>  and  Kp.i:r.  U-6783  at  0"  (U-  Ikl. 
Bull.  Soc.  chim.  25,  547) ;  b.p.  36-8°  at  752-7  mm. 
(SohifT,  AunaK-n,  223,  t!5).  It  combines  din-ctly 
with  a  large  number  uf  substances  :  with  nitric-  j 
peroxide  ((iuthrio,  fhem.  Soc.  Trans.  13.  129; 
WallAch,  Annalcn,  241,  291  ;  248,  Uil  ;  Miller. 
(Jhem.  boo.  Proc.  3,  J  08;  Demganofl,  Chem. 
Zentr.  1899,  i  10ti4)  ;  tiulphur  chloride  and 
chlorine  (Guthrie,  Chem*  Soc  Trans.  12,  112;  | 


13,  45,  129;   14,  136;  Kondakoff,  J.  Russ. 

Phvs.  (  hem.  Soc.  20,  141;  24.  3^1;  Bt-r. 
24,  929;  Uelland  Wildennann,  Aid,  216);  with 
bromine  (Wnrto,  Ann.  Chim.  Phys.  [3]  55,  408 : 
Iltll  and  Wildermann.  /.c. ;  Kondakotf,  ,  rid, 
when  cautiously  mixed  %irith  well-cooled  sulphuric 
ooid,  sp.gT.  1-67  (2  vols.  IitSO«  to  1  xvL  water), 
in  a  freezing  mixture,  is  converted  into  dimethyl* 
ethvl  oarbinol,  b.p.  101 -e**- 1027762-2  mm., 
wfaioh  hoe  voloatde  hypnotic  properties  (J.  8oe. 
Chem.  Ind.  8,  1002;  tt,  650.  889),  and  can  U 
obtained,  after  neutralisation  with  sodium 
hydroxide ;  on  dktillatioa  (Vlavitiky,  176^  1S7) 
with  sulphuric  acid,  sp.gr.  1-546  (2pta.  by  weight 
UjSOa  to  1  pt.  M'aterj,  methvluropropyloarbinot 
is  obtained  (Oeipoff.  Ber.  8,'542,  1240).  Amy- 
lt»ne  forin>'  compounds  witli  iintallic  t^-alL-v 
(Denigi-s  Utnijit^  rend.  126,  1146;  Kondakuf}, 
J.  Rusij.  Phys.  Ghero.  800.  S6,  35).  When 
heated  to  high  temperatures,  l»en7.<*no.  naphtha- 
Icue,  acetylene,  methane,  carbon,  and  hydrogen 
are  produced,  the  products  depending  on  the 
temperature  (Halnr  and  Oechclhauser  (Chem. 
Zentr.  1897,  i.  225).  The  action  of  nitruavi 
chloride  on  amylene  has  been  studied  bv  Tilden 
and  SudboroM-h  (Chem.  Soj    I  run    IS'iX  482). 

In  addition  to  orduxary  aui  vicuc,  iho  following 
isomerides  have  been  obtained  : — Nunnal  amyl- 
ene, b.p.  39**-10"  (Wurtz,  Annalcn.  123,  205  ;  127, 
55;  148.  131;  Zeidler,  Annalcn,  197,  253; 
Kondakoff.  J.  Russ.  Phys.  Clu  nt.  Soc.  24,  113  ; 
FUvitzky  and  Wyschnegradsky ,  l.c. ) ;  ittapropyl^ 
ethylene,  b.p.  21-l**-21-3*  (Fkvitzky  and  Wys- 
clmegmdsky,  {.c  ;  Kondakoff, /.c. ;  Ipatieff,  Lc)  ; 
Bymmetrical  inethyUthylcthylrnr,  b.p.  36^  at 
740-8  mm.  (Wagner  and  Saytzew,  Annalen,  175, 
373;  179,  3U2  ;  Kondakoff,  I.e.;  Lispier,  Bull. 
Soc.  chim.  9,  (3)  100);  and  WMjfmmftrical 
metkyleikylelhylene,  b.p.  31*-32**,  Bp.gr.  O-VJ  at 
0*  (Wyschnegradsky,  U. ;  Le  Bel.  Bull.  Soc 
^m.  25, 546 ;  Kondakoff,  Le,  25, 364) ;  M«tAU> 
tOranuthyknf,  b.p.  39*-42*  (Coleman  and  Perkm, 
Chem.  Soo.  Trans.  1888,  201):  piitlnir.'  tftuir  nt^ 
b.p.  35"  (Gustavson  and  Demganofi,  J.  Buoa. 
Phys.  Chem.  8oe.  21,  344;  Harkownikoll,  Bcr. 
30,  976;  Youn^'.  Clu  m.  Soc.  Tran.-.  1898,  906; 
Wislio«ius  and  Maubchcl,  Annoleo,  275,  327); 
anddii«wljl^Mn'iNe(AyIcn€(Ga8taTSonand  Popper. 
J.  pr.  ("hLiii.  166,  468). 

The  action  of  hydrogen  iodide  on  the  amyl- 
cn«s  has  been  investnated  by  Saytzew  ( AnnoJen* 
179,  126) ;  whilst  Zcidlfr  f  Annakn,  18»'.  2?-)  ha^* 
exauiined  the  products  obtained  whuu  various 
amylenes  are  oxidised  with  potas<tiura  perrpoa* 
j.janate  in  acid,  neutral  and  alkaline  .«^olution, 
With  cliromio  acid,  and  v  ith  ixjta&iium  dickrom- 
ato  and  sulphuric  acid.  The  halogen  deriTativee 
of  the  various  amylenes  have  been  investi(r.itc^i 
(Lipp,  Bar.  22,2672;  Hell  and  Wildernmim. 
23,  3210  ;  Ijjatieff,  J.  ur.  Chem.  161,  257  ;  Chem. 
Zentr.  1898,  ii.  472  ;  Bn-rhet,  Ann.  Chim.  Phyn. 
1897,  10,  381  ;  Wassdrcf,  Chcni.  Zcutr.  li>»9*  i, 
775 ;  Froebe  and  Hochstetter,  Monat«h.  23, 
1075  ;  Knkurifschkin.  J.  Rus.s.  Phys.  Chen?, 
Soc.  35,  873 ;  Schmidt  and  Leiupranci,  Bt^r.  37. 
532  ;  Hamonet,  Compt.  rend.  1^,  1609).  Also 
the  aetion  of  oxalic  acid  on  varions  aroylem> 
(Miklosheffsky,  J.  Kuss.  Ph^-s.  Chciu.  So*-.  22. 
495),  the  nitrolaniini-s  (Wallach  and  Wohl. 
Annalen,  262,  324),  and  the  uitrosites  and 
nitrosates  (ipatieff,  Chem.  Zenti.  1899,  iL  178; 
Schmidt,  Ber.  35,  2323.  2336^  SPz^d<>Af^M^[e 
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2978.  4120  ;  Sihnn.it  and  Austin,  Ber.  36, 
1768). 

Thf  foll'i'Anij  j)ol\ uKTidrs  of  amyl<  TV'  li  n'e 
sliso  bc*C"i»  obtametl,  aiul  chu  J)C  prcimreii  Ijv 
heating  ordinary  amyl  a]cohol  or  amx'leno  with 
zinc  chloride: — Diamyhw^  ^'i  Hj^.  157*- 
157-6*/769  mm.  (Baiard,  Annaiea,  ;}2,  310; 
Schneider,  Annalcn,  167,  207  ;  Bauer,  Jahres- 
bericht  IsGT.  660;  Kondakoff,  J.  pr.  Chem. 
162,  442  ;  (jju-selin,  Ann.  CTiim.  Vh\s.  1894,  3, 
5);  triamylent  C,gH,o  (Bauer,  ^.c. :  Unssclin, 
f.-r.) ;  und  ktrnmijlene  C^^li^^  (Bauer,  I.e.).  Also 
dcrivatireA  of  tliamylene  (Schindclmeister,  Chom. 
ZmtT.  1896.  ii.  354). 

AHYLOCARBOL.  Trade  name  for  a  dis- 
infectant,  said  to  consist  of  carbolic  act<l  0  ptM., 
amvl  alcohol  190  pt8.»  green  aoftp  160  pts., 
iKMiet  690  ptH. 

AMYLOCOGDLASE  r.  Enzymes,  art.  Fkr- 

AMYLOFORM.  An  antiseptic  fmpared  bv 
the  Mftaon  of  formio  ildehyidie  upon  sterch 
(( laai»<eo,  Fhum.  Zeit.  4X,  685)  <v.  SiniTBsnc 

PBCQS). 

AmtrIH  r.  OLSO-Bnnni. 

ANACAHUITA.  A  « luxl  of  unknown  botani- 
cal origin  imported  from  Mexico ;  its  |>repara- 
tioiw  are  nid  to  be  useful  in  polmoauy  diBoraen. 

Tru  \i<)<»il  contains  a  volatile  oil,  an  iron-greening 
tannin,  ^llio  acid,  a  yellowish  resin,  sugar,  a 
tMldeae  vobtife  body  crystallisiiig  m  mity 
IT;  and  a  bitter  substaooe  oyftaUaing  in 
aiute  needles  (J.  1861,  771). 

AMAOASDIUM  IfUT  (Casheir  Nut.  Kajoo) 
U  th*'  frnit  of  Anarardium  occidcnlalc  (IJnn.l,  a 
tree  indigenous  to  Brazil,  Central  America,  and 
the  West  Lidiei.  It  has  been  transplanted  to, 
and  bect^ino  nntiiraliaed  in,  many  parts  of  India. 
The  frnit  n  stn  on  a  fleshy  edible  peduncle,  from 
vhi^  a  Miirit  in  distilled  in  Mozambique  and  in 
Westtem  India.  The  nut  i«  edible  .in«  r  if  has 
becoi  roasted  to  exi>el  the  caxdol  which  it  con- 
toins :  the  cardol  thos  obt«ined  is  used  at  Goa 
for  tarrrng  boats,  and  as  a  proservativi-  of  wowU 
work  (L^mock,  Pharm.  J.  [3]  7,  730}.  In 
•dditkm  to  carflol,  the  nuts  contain  Mmoardic 
acid,  and  an  oilv  inatl<T  which,  by  exposure  to 
the  air.  a^uiiic^  a  line  black  colour,  permanent 
a£rain.st  acids,  alkalis,  dtlotine,  and  hjPlfaDej'aiiic 
-\cid.  It  has  been  rfromTnemled  as  a  marking 
ink,  and  is  used  for  giving  a  black  colour  to 
candles  (BoMger,  Dingl.  poly.  J.  206,  490). 
From  tiie  stem  of  the  plant  a  gum  exudes  which 
is  muA  to  be  used  by  book- binders  in  South 
America. 

The  Vera^  ooatain  47*2  pc.  of  a  fatty  oil, 
baring  the  following  characteristics  : — Saponifi- 
cation   value,    187;    iodine   value,   77  83  0; 
refraction  in  Z«-im'  butyro>refnotometer  at  25°, 
(Theojxdd,  Pharm.  ^it.  1900,  1067). 

.1.  L. 

AlliBSTU£TlCS.  There  are  three  principal 
types  of  anMChesia,  or  loss  of  sensation  snfficient 

t.p  allou  fif  siiri:i<^  'il  oiwrations  without  pain.  Tn 
ktcal  aaa»thcsia  the  actual  tissues  to  be  lacerated 
are  mlQtnited  with  some  snbstanoe  which 

pi»ralv-««.v?  the  endings  of  th<?  nerves  that  convey 
painful  sensations,  in  general  anaesthesia,  total 
insauribility  and  loss  of  mnscoiar  power  are 
pr^lue<<l  f.\'  the  action  of  drugs  on  the  hrain. 
coined  there  in  the  circulation ;  extensive 
opeimtionf  on  any  x»rt  of  tlio  body  can  then  be 


done.  In  sptml  anaesthesia,  the  whole  of  tho 
nerves  supplying  largo  sections  of  tho  body  are 
paralysed  at  their  exit  from  the  spinal  cord  by 
applying  tu  tho  latter  a  drug  which  is  injected 
into  the  vertebral  canal.  Thus  spinal  anaeetheBr'ft 
roscmblcs  general  antcsthesia.  inn^much  as  it 
causes  loss  of  sensation  and  luuticular  power 
together  over  a  wide  region,  and  local  anesthesia 
in  that  con?piou«ip«!»  i<*  not  lofjt  and  theanasUie* 
tic  is  noL  ditluswi  ill  the  cireula(i<iii. 

Local  anSBSthetlcs.  Very  little  is  known  of 
tho  action  of  these  on  the  tiiisues  Mith  uhieh 
they  come  in  contact.  They  are  all  prutoplasniic 
poisons  which  have  a  special  preferential  aiOtion 
upon  nervous  structures.  Those  in  common  use 
are :  cocaine,  stovaine,  novocain,  tropacocainc, 
/9-eucaine,  alypin,  iS-oucaine  lactate,  I'irvanine, 
holooaine  hydrochloride,  acoine,  orthoform, 
ansBBthesineu  Bnran  has  formulated  postulates 
for  appraising  local  anaesthetics.  Omitting  one 
w  hich  has  not  secured  general  asMont,  thoy  are ; 

(1)  Low  toxicity  in  proportion  to  local 
anaesthetising  ])o\\  i  . 

(2)  Solubility  in  water  to  2  pwo.  at  least;  and 
stability  of  tlie  sdntion,  "wnkik  dioidd  keep 
without  deteriorating  and  be  capable  of  sterilisa* 
tion  by  boiling. 

(S)  Non.iiritAbiaty  to  the  tissuea,  and 
free'loin  from  aftor-offeota  when  absorbed  into 
the  circulation. 

(4)  Compatibility  with  adrenalin. 

Acoine, holocnine  h\  (lroeldoride,aii:esthe?«ine, 
and  orthoform  arc  more  or  less  insoluble. 
0-euoaine  is  about  on  the  2  p.c.  Ixirder  line.  The 
othon;  are  freely  soluble  and  will  keep  without 
dctcrii^ting.  Cocaine  solutions  cannot  be 
boiled,  but  stovaine,  novocain,  /EI>enoaine  lactate, 
tropacocainc,  alvpin,  and  nirvanime  oan  be  thus 
sterilised,  at  lli>^  if  necessary. 

The  most  powerful  anasthetie  action  is  that 
of  stovaine.  Next  are  cocaine,  novocain, 
tropacocainc,  alvpin,  and  /3-eucainc  lactate, 
which  are  all  about  equal.  The  others  have 
inferior  actions  in  this  respect.  Ex{)eriments 
on  mice  and  rabbits  have  resulted  in  tho  following 
table  of  relative  toxieity,  cocaine  being  takra 
as  the  miit ' 

Alypin,  1-25  Stovaine,  0-626 

Cocaine,  1-00  Novocain.  0490 

Nirvaninc,  0*714        /3-eucaine  lactate,  0'414 

The  irritant  action  of  .'^lovaine,  (ropaeocaine, 
and  /3-tuuaiiie  lHct^Ue  is  ^-reater  tiuiu  that  of 
cocaiiM :  that  of  novocain  is  less.  All  the^4e  five 
are  compatible  with  adrenalin  if  the  solutions  are 
frcflh  mixed  for  each  case  They  arc  extensively 
employed ;  but  novocain  is  evidently  tbo  best 
yet  discovered  for  routine  use. 

Jx>cal  ansesthetios  are  u^ed  dissolved  in 
water  or  in  normal  saline  solution.  It  is  not 
easontial  tliat  they  should  be  injected  suheutanc 
ously  ;  where  the  surfisoe  tissues  are  delicate,  as 
on  the  eye,  larynx,  tongue,  tt>n.sil8,  simple 
cotitac  t  with  a  1o<m1  amesthetio  in  solution  or  in 
fine  iKjwcler  will  destroy  sensation  BUfficiently 

lor  iiiaiiv  MiiL'ical  proceilure.H.  Jivit  elsewhere 
the  Hjlutiuu  is  injected  with  a  hypodermic 
riyringe  into  the  tissues  which  are  to  tie  rendered 
anrestlietic.  If  adrenalin  be  mixed  uitli  flic 
autesthctic  solution,  contraction  of  all  tho 
minute  blood-vesseb  in  the  locality  takes  place. 
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Thus  tbo  drug  k  retained  lon^  in  the  iiamies 

fihout  the  bil-o  of  injection,  in  stead  of  being 
rapidlv  di^hi^lcd  in  the  blopd-atream.  Conao- 
quentiy  a  more  inUmaerad  lasting,  beoauae  more 
strictly  local,  action  occurs. 

Local  ansesthesia  can  aLiu  Ijo  obtained  by 
freesing  the  Hupprficinl  tissues.  A  fine  jet  of 
ether  or  ethyl  chloride  (\]nct<^  on  to  the 
ilesirod  portion  of  tiie  skin,  and  when  the  latter 
is  frozen  a  out  can  be  made,  ae  for  a  whitlow, 
boil,  or  other  small  abeom*  without  oaoeing 
pain. 

Spinal  ansiithetki.  Some  of  the  same  drugn 

which  cause  looal  anjrsthesia  are  available  for 
injection  into  the  curebro-Kpinai  lluid  with  which 
the  spinal  cord  is  snnounded  in  the  vertebral 
canal.  Stovaine  and  novocain  are  most  used  in 
Britain,  but  tropacocaine  aleo  m  popular  in 
Earopo.  The  method  was  introduced  by  Bier 
in  Germany  in  1890,  and  since  1007  has  been 
very  extensively  trietl  all  over  the  world.  The 
bHiance  of  opinion  is  that  for  ordinary  cases 
s[iinal  anaesthesia  is  too  dangerous  to  replace 
general  anassthesia ;  but  that  for  certain  cases 
where  the  latter  entails  esjifcial  risks,  it  is  of 
undoubted  utility.  Barker '  and  McCiavin,''  who 
are  the  most  lirominent  advocates  of  spinal 
auii'Mtlic-ia  in  England,  use  a  solntion  of  stovaine 
in  5  p.c.  glucose;  4  to  7  centigrammes  of 
Btovaine  is  uie  dose  for  an  adnlt.  Kyuli,  follow- 
ing Jonnesco  of  Bucharest,  adds  half  to  one 
milligramme  of  strychnine  to  4  to  10  centi- 
graramefi  of  novoeam.*  Stryehnine  is  also  used 
wdth  st  : n inf,  and  with  tropatucalnc  ;  the  objrct 
IB  to  prevent  ihu  aneesthetic  from  causuig  death  if 
it  shoukl  by  anv  chance  reach  the  respiratory 
centrt'  riMn-  (In'  ij|i]''t  end  of  \h<  .-jiirml  conl. 
Bier  1x^6  u^ied  morphia  with  scop<^*Uuune  (hyo* 
seine)  as  *  preliminary,  injected  hypodermic 
cally  ;  bnt  he  seeinn  now  to  be  convinced  that 
the  method  which  he  originated  in  too  ri^iky  to 
replace  general  anflesthesia.* 

General  ansBStheties.  There  are  many  sub- 
stances which  diminish  or  abolish  the  perception 
of  pain  ;  but  only  a  few  of  these  are  mely  used 

as  getHTul  ariit'sf h»  t ies,  Tha  conditions  vhich 
must  be  fulhllod  to  obtain  admiasiou  to  the  liat 
««••: 

(1)  To  [iroiluee  abi'ohite  insensibilit  r  to  pain 
without  causing  any  great  discomfort  during 
induction. 

(2)  To  pn  >diu  c  loss  of  all  voluntary  and  many 

retlex  wovcment.s. 

<3)  To  be  callable  of  being  roadiiv  introduced 

iatx)  the  systtiii,  and  rapidly  elimmated,  after 
tlie  coiuplt^tion  of  the  operation,  without  injury 
to  the  patient. 

(4)  To  at  t  in  a  regular  and  constant  way,  so 
that  the  eili  clft  can  be  cimtroiied  by  the  adminis- 
trator. 

The  general  an:i  >t  lie!  ic-  in  use  in  C  Jreat  Britain 
are  four  in  number  :  iiitrouM  oxide,  ethyl  chloritle, 
other,  chloroform.  Kthyl  bromide,  etiiidene  di- 

fhloride  (dji  lilnrrfhane),  birMnri<le  of  methy- 
lene, and  auivlinr'  (jK-ntiil)  are  uWikle.  In 

•  Hritiuli  Medital  JuiHUiU,  1908,  H.  453  (and  other 
paper*). 

*  Pruetitiuner,  August,  lltOU;  Hritish  Medic»)Juurual, 
Sept.  17,  I'.iif). 
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and  on  the  Continent  annrfliol.  sonmo- 
form^aiid  iiareotile  are  also  employed.  Anassthol 
is  a  miztuxe  of  chloroform,  ether,  and  ethyl 
chloride,  fat  mdeoular  proportions ;  ftomnoform 
is  ethyl  chloride  fiO  parts,  meth\l  ehloridc 
35  parts,  ethyl  bromido  5  parta ;  uaruoiilo  haa 
been  stated  to  be  »  compound,  but  analysis  haa 
shown  it  to  l»e  a  mixture  of  methyl  chloride, 
ethvl  ohlwide,  and  ether.  Mixturoe  of  ether 
and  ddorofonn  in  varioas  proportions  aro  in 
ootntnon  use  ever}  ->^  ^'t'-  >r|)hine,  chlorHl, 
cannabis  indica,  and  many  other  drugs  have 
analgesic  and  aasMthetic  properties ;  sone  of 
them,  morphine  especially,  aro  used  to  ansist 
the  action  of  the  volatile  anesthetics. 

The  effects  of  a  general  aniesthetic  are  pro- 
(Iuc'hI  by  the  circulation  in  the  bloo<l  of  the 
dru^i  «  inployod.  W  hen  it  reaches  the  braui  the 
phenomena  of  ansesthesia  are  exhibited :  at  felt 
sli;;litly.  then  with  inereasiu;r  t\o<^  more  and 
more  intensely,  until  with  a  suflicicnt  quantity 
death  results.  The  phenomena  of  general 
anesthesia  are  the  same  whether  absorption 
takp«  flaco  through  th(  lungs,  rectum,  skin,  or 
^.Mstro- intestinal  tract.  Tlius  alcohol  haa  Sr 
marked  anrslhetic  effect,  familiar  in  the  m- 
diSerenee  of  a  iLrunken  man  to  injury. 

The  easiest  way  of  introducing  into  the  blood 
any  snb<^tance  which  is  a  gas  •  volatile  lifiaid 
is  by  means  of  the  lungs.  The  Mood  tlias 
charaed  with  an  anKstheti*^  is  rapi  lly  deliverr-^l 
to  the  nervous  centres,  in  which  the  essential 
changes  of  general  anffistheeia  take  plaoe.  The 
absorption  <»f  \a|K)urs  in  the  lungs  varies  \»ith 
numerous  factors :  baromotrio  pressure,  t«m-> 
perature  of  the  vapour  and  of  the  blood,  rate  of 
respiration,  and  rate  of  l>lood  flow  thrtnijrh  th- 
pulmonary  system.  But  the  process  is  ah^o 
something  more  than  simple  sdutjon  by  diSnaion 
of  gases  throUL'li  <  t)  in  tnembrHne  :  there  i-  i' 
least  an  element  which  depends  on  the  fact  tliai. 
the  thwiies  ooneconed  are  living. 

The  Inniis  are  al.<o  the  chief,  l>ut  not  the 
only,  medium  for  the  elimination  of  inhaled 
anaesthetioa  Tliese  are  but  little  deoompoaed 
durin;^  their  tour  of  the  eircul.^tion.  and  the 
greater  part  is  discharge*!  unchanged  after  the 
adrohiistration  is  snspende*!.  What  nliangv 
the\  undergo  in  th<-  1>Lmk1  is  very  uncertain, 
(.'hloroform,  which  lia.^  lutherto  received  mure 
attention  in  this  res|)ect  than  the  othen,  is 
recovrrahle  from  the  blood  in  fatal  cases  of 
chloroform  anteatlabia,  but  it  is  lH>lievod  that 
roost  of  it  circulates  in  the  raX  corpuscles  of  the 
blood  in  rombination  with  the  lecithin  and 
choleslerin  which  they  contain.'  (ilveuronie 
acid  not  uncommonly  ap]>ear8  in  the  urine  after 
chloroform  anfrsthesia.  Nitrojren  and  sulphur 
an*  also  excreted  in  the  urine  in  ^-n  ater  quautil  v . 
indicating  a  greater  destrui  tiou  of  j>roteid  ;  and 
th»5  increase  of  ehlorides  is  held  to  show  t-hat 
some  chlorotorin  l-i  decomposed  in  the  bo«ly. 
The  affinity  etf  cholesterhi  and  lecithin  for  chloro- 
form, chloral.  <  thi  r.  sulphonal,  tetronal,  triooal, 
ujhI  chloralanudc  has  been  suggested  as  the 
explanation  for  the  selective  action  of  these 
naicoiirs  on  the  centra  I  nervous  system,  wiiieh 
contains  a  larger  proportion  of  cholestwin  and 
lecithin  than  do  the  other  organs.  With  reganl 
to  ether,  TumbuU  states  that  etherisation 
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pradnoM A markfMl diminution  of  thehsBMiglobin 
of  the  bkxxl  '  ;  ami  Reichcr  fintlB  three  timcH 
the  normal  quantity  of  fat  present  in  the  blood, 
together  with  an  increased  amount  of  acetone, 
due  to  the  disintegration  of  fat  and  albuminoid 
bodies.'  The  chemical  composition  of  the  blood 
is  often  much  modified  during  ansstbcsia,  be- 
cause the  air  supply  to  the  lungs  is  frequently 
eurtailed  to  a  ere*t«r  or  leas  extent.  Atid  the 
elimination  of  ('0_,  hin<K'n'<l.  'Hie  prujH>rtioii.s 
of  O  and.  CO,  in  the  circulating  blood  may  thua 
be  altered  at  tile  expense  of  the  fonner,  and  an 
«!»phvxial  cli>m(Tit  a<l<lifl  to  the  narcotic  effect 
<rf  the  >nttsthetic  Some  authorities  believe 
that  deprivatkm  of  oxygen  b  tihe  nelhod  by 
which  all  iin.T-t<th<'ti(»  pifoduee  their  action  on 
the  nerTous  tissues.' 

ne«iheinie«lehaii|(f«  %iiiieh  may  be  aaramed 

to  take  place  in  thi  firain  (liirii:^'  an;».-sth»"sirt  arc 
uoibiown,  as  indeed  are  thimi  of  natural  sleep. 
It  has  baen  mffgnttd  that  nnataUe  compounds 
an*  forme<l  h«^tween  thf*  an.ie.HtlKtic  and  the 
prutopU^m  of  the  ncrvo  cells,  and  some  ob- 
imna  deseribe  changea  reoosnlaabie  micro- 
.■;-nT'ii-:^ll  V  in  th'>-^>  ei'lls  as  n  n^-^ult  of  ann'«t  ln'-^ia. 
}*Tiiic&iui  Haua  Meyer  holds  that  there  i«  a  loose 
phf^ico^emiea]  oomhination  with  the  lipoidtof 
Th«'  r  11  This  cau.seB<  inhibition  of  the  normal 
meuixjlLsju  until  the  loose  reversible  combina- 
taoo  breaks  up.  A  nio  sequel  of  chloroform 
•oiesthtv^ia  knoim  as  deUyt-d  chloroform 
pnismiiiig  The  symptoms  of  tlm  condition, 
viuoh  is  sometimes  fatal,  arise  aliout  eighteen 
t  ..  -<»v<^nt  v-two  hours  after  the  anicsthcrtia.  Tho}* 
)Ltc  attributed  to  *  acidosis,'  that  isi  to  dimini^h^ 
allodfaiity  of  the  blood  due  to  the  presence  of 
acetone  and  n<^f fo  Aretio  acid,  which  can  1m? 
detectod  ta  thr;  unne  and  the  brcAth.  For  the 
dafT«loi|ied  ooodition  sodtnm  bicarbonate  in  large 
doncas  ts  employwl  ;  as  a  preventive  meaHure 
l>«diii|{  on  glucose  for  a  day  or  two  before 
operation  is  found  to  answer  best.'  Very  rarelj' 
indeed  tht<;  aoidoaia  liaa  followed  the  aidminii- 
tration  of  ether. 

Nitrmu  oxide  (Laughing  gas). — The  initia- 
tion of  from  three  or  four  to  twenty-  or  thirty 
$;aUons  of  thin  gan  without  any  air  producer 
ansMtheaia.  If  Uic  ml  ministration  U  t  hen  suh- 
pended,  inMnaibUitj  lasta  on  an  average  about 
thiity  tA  forty^fiTO  seoonds,  during  whioh  time 
minor  oj-KTatioiH  Huch  as  the  extraction  of  tooth 
caa  be  uadertakea.  A  marked  asphyxial  ole- 
raent  is  neaify  always  jireeent,  owing  to  the 
r*  plac'-nient  of  oxygen  !>>  NiO.  If  air  be 
tt^mi^t^  for  brief  periods  between  suooessive 
done  of  gas,  antesthesia  eta  be  miiintained 
without  LI-  t  difficult V  frr  cvoral  minutes.  By 
delivering  mtcous  oxide  mixed  with  pure  oxygen 
for  iahafaition,  aaastheeia  can  be  pioIonMd  for 
r.nv  de.^ir'-fl  fx  riod.  The  proportions  of  the  two 
gases  are  varied  to  meet  the  requirements  of 
Bidifktual  oases,  bot  roughly  the  mixture  must 
M.ntain  alxmt  80  p.c.  by  volume  of  N  O  The 
pftirious  injection  of  narcotics  snuch  an  niorphuic. 
witih  atropine,  facilitates  the  induction  of 
anaesthesia.  This  method  is  well  suit<-<I  for 
opeeations  on  the  limbs,  but  for  abdominal 
opmtioM  it  »  dilBoiilt  to  get  the  oompfete 
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miuoular  relaxation  neoesmiy.  Nitrous  oxi<lc 
gas  is  the  safest  known  genera]  anipwthef  in,  and 
recovery  takes  place  very  rapidly  (two  or  three 
minutes)  without  unploaasilt  sfter-offeots. 

Kthk  chioridf.—'tho  vapour  of  3  to  5  c.c.  of 
this  HUDHtnncc  allowed  to  volatilise  in  a  closed 
chamber,  such  as  a  niblier  bag.  into  which  aa 
mlult  paticntcxMpircsaml  from  which  he  inspires, 
jinxluoes  antestheMia  very  rapidly.  If  adiuitiis- 
tration  is  then  HUHpi>nded,  insensibility  lasts 
from  one  to  two  minutes.  By  administering  a 
furttier  dose  before  recovery  takes  place  from 
the  first  one,  anaesthesia  can  he  prolonged  ;  it 
is  prefemble,  however,  to  give  ether  or  chloro- 
form or  nitnras  oxide  ana  oxygen  if  a  longer 
anu'stht-'sia  is  n-fiuired.  The  after-effects  of  ethyl 
chloride  are  intermediate  between  those  of 
nitrons  oxide  and  those  of  ether  and  eUotoform. 

Kthyl  chlori  lr  ;iven  l;y  an  ex|>ert  is  safer  than 
either  of  the  latter,  but  not  so  safe  as  nitrous 
oxide. 

^/A«r.— About  30  p  ~.  of  air  and  70  jj.e.  of 
ethereal  vapour  will  produce  and  maintain 
genetal  anasthesia.   The  vsponr  is  so  intensely 

irritating  to  the  niur  u«  nieniljrane  which  lines 
the  mouth,  nose,  and  air-passages,  that  it  must 
first  be  offered  very  dilnta^  and  then  in  a 
gradiiall}'  increasing  percentage.  Limitation  of 
a  irnupply  renders  it  possible  to  procure  anesthesia 
with  a  much  smaller  quantity  of  ether  than  when 
fresh  air  is  freely  admitted,  for  a  slicht  con- 
current a^ph^xia  helps  the  action  of  the  ether. 
Such  asphysiatioii  has  dissdvs&tages  of  its  own 
if  allowed  to  exceed  a  very  moderate  degree  ; 
it  is  usually  present  during  antesthosia  under 
ether  bv  the  *  closed  '  methods.  There  is  slightly 
more  ciifficulty  in  pro<lucinif  an;i>sthesia  by  the 
'  open  *  method,  in  which  air  eutt:rs  freely  ;  the 
preliminary  injection  of  small  doses  of  OMMrphine 
(«  1  gr**'")  atropine  (  .J,,  to  grain)  ia  of 
advantage.  Ether  is  much  less  ifangerous  to 
life  than  chloroform  in  the  operating  room  :  but 
part  of  this  advantage  is  counterbalanced  by 
the  ocoasioual  development  of  bronchitis  and 
broneho-pneumonia  afterwards. 

Chloroform. — Much  research  has  been  carrie<l 
out  to  determine  the  percentage  of  chloroform 
necessary  to  produce  ansestheeia  by  inhalation. 
Vernon  Haroourt  introduced  early  this  century 
a  chloroform  inhaler  capable  of  regulating  this 
proportion  up  to  2  p.c.  Exp-riener'  showed  that 
in.  oooaaioiial  oases  it  is  very  difficult  or  impos- 
slbk  to  indnee  anastheda  with  this  amount,  and 
a  mo<UfieHtion  of  the  iiiHtrument  allows  air  to  be 
inspired  containing  3  p.c.  lu  practically  every 
ease  Miawtheria,  when  fully  estaUiBhed,  ean  m 
uiaint^iirjud  with  a  2  p.c.  vapour.  .M  m<  K,  who 
has  iuvest^atod  the  dosage  of  ohlorolurm  ver^ 
oarefully,  mids  *  that  for  an  ordinary  adult  it 
suffices  to  nffi  r  ,'i  percent.iiire  rif<inj^  ^rarlually 
to  24  iu  threi'  uuuutes ;  this  as  a  rule  produces 
complete  surgical  aniestJtesia  in  ei^t  to  ten 
minutes.  If  a  higher  proportion  is  necessary, 
3p.o.  may  be  allowed  at  the  end  of  five  minutes. 
He  finds  that  within  a  few  minutes  .ift<'r  in- 
duction is  complete  1*5  p.c,  and  after  half  an 
hour  1  p.c,  will  usually  be  enough.  Several 
phvsiologists  have  estimated  the  amount  of 
chloroform  in  the  oirculating  blood  during 


>  y.  H.  Alcock,  Brttlab  Msdical  Jovrasl.  Feb.  6. 
^  1909.  9iS, 

•  Digitized  by  Google 


ANifiSTFiE'l'ICS. 


annfifliosia  :  their  rcatilts  vnrv  from  O  O^fi  to 
0-U7  p.c.  Chloroform  ia  the  most  daimuruuij  uf 
theoe  four  anrasllietkNS  espeoially  in  tho  hands 
of  those  wboflo  ezperienoe  as  wvBthetists  is 
biimIL  H.  It>. 

ANALQB8I1IB.  IdmtiMd  with  antipyritie 

(q.v.). 

ANALYSIS.  Chemical  ii  nal\  si»  ia  the  separa- 
tion of  a  oomplex  materi  il  into  ritnf^  ton- 
Ptit  u'^iit.''.  It  is  ultimate  when  th»'so  component 
purls  are  elementary  forms  of  uiatter,  and 
proxinuUe  when  the  sttbdiTisian  consists  only 
in  the  separation  of  the  original  substance 
into  less  coinplicutod  compoumTs.  The  aim  of 
chemie*!  »naij8ii*  is  twofold :  the  first  object 
is  to  ascertain  tho  nature  of  tho  OompO' 
nents  of  a  niixturo  or  complex  substance; 
the  second  is  to  determine  the  proportions  in 
which  these  constituents  axe  pieaenth  ^  Ail 
analytical  operations  may  therefore  be  ehwified 
under  the  two  main  categories  of  qualitattvr  und 
quantii<Uive  MU^yais,  aooording  as  to  whether 
these  prooeiweB  lea^l  to  the  fdentifleation  of  the 
proxinia'!  r  uli  inmto  constituents  of  a  cuniplcx 
substance,  or  to  tho  determination  of  the  relative 
I)roportiom  m  which  these  oonstitiieDts  are 
prwicnt. 

This  article  is  written  primarily  from  the 
technical  pohit  of  view,  and  aocordingly  the 
description-^  yivcn  in  tho  qualitative  section  art» 
restricted  mainly  to  those  elements  which  Hnd 
application  hi  toe  arts  and  industries.  Simi- 
larly, thi  estimations  and  !<eparations  outlined 
in  the  quantitative  section  are  chiefly  those 
required  m  the  analyms  of  teohnieall j  impoftant 
materials. 

The  systematic  investigation  of  the  individual 
elements  and  their  typioid  oompoands  has 

revealed  the  existence  of  many  cnaractcrbtic 
reaction!*  which  are  exhibited  by  certain  elements 
and  compounds  under  widely  ▼axying  oonditums 
of  combination  or  assotirtti-Mi.  This  oircum* 
stance  leailn  to  a  simplifical  iciii  which  is  utilised 
oxtoiiHivt-ly  in  both  qualitative  and  quantitative 
analysis.  In  qualitative  work,  furh  charac- 
teristic reactions  as  an:  nut  gtut  rdlly  nitcrferwl 
w  ith  by  other  snbstinces  enable  tho  analyst  to 
detect  the  presence  of  certain  elementary  or 
compound  substances  without  undertaking  the 
more  laborio\iH  processes  involved  in  isolating 
the^c  rf)nstituents  from  the  other  ingredients  of 
a  utixture. 

In  quantitative  analysis  two  essentially 
different  methods  of  procedure  are  em- 
ployed, the  more  fundamental  one  being  gravi- 
metric analysis,  in  which  the  rlcinentary  or 
oomplex  constituent  uf  a  mixture  is  isohited 
and  weighed  in  the  form  of  a  definite  compound. 
By  utilising  quantitatively  the  above-meutioned 
distinotire  reactions  it  is  frequently  possible  to 
adoot  the  second  procedure  known  a*  vdunutric 
analy>is,  in  which  the  rt  lat  ivc  anmunt  of  a  certain 
oonsittuent  is  estimated  in  the  presence  of  other 
elements  and  oompoands  associated  with  this 
eonstifurnt  in  tho  mixture  under  examination. 

For  the  purposes  of  scientiiio  investiuatiuu 
the  most  accniate  methods  are  essential,  and 
ihi'-e  are,  in  the  main,  '.Tr.i vinietric  in  cha- 
racter ;  but  for  t^-chnical  requirements  extreme 
aeonracy  is  rarely  required,  and  rapid  methods 

iji-  approxinrntt'ly  correct  rr  nil  -  arc  pre- 
ferred to  more  exact  processes  involvmg  a 


longer  tiin<>  for  their  execution.  It  is  in  this 
din^tion  that  volumetric  analyai^  has  been  mort 
extensively  developed,  the  general  tendency  in 
industrial  laboratories  being  to  replace  gravi- 
metric methods  by  quicker  volumetric  prooesscs 
with  very  littlo  loss  in  accuracy,  provid»il 
that  certain  essential  conditions  be  fulfilled. 

General  Operations. 

Sampling,  -  li  h  of  the  hi^hc^t  imixjrt^inre 
that  the  sample  under  examination  should  be 
truly  representative  of  the  bulk  of  the  substane. . 
Discrepancies  between  the  results  of  diflereiit 
analysts  arc  Ui^ually  attributtni  to  faulty 
methods  or  inaccurate  work,  but  in  many  caaes 
they  are  really  due  to  imjH'rfect  sampling.  If 
the  substance  is  a  liquid,  the  contcnta  of  the 
vessel  should  l>c  thoroughly  mixed  before  the 
sample  is  Mithdrau-n.  I?  the  substanoe  is  con- 
tained in  several  vessels,  a  proportional  quantity 
should  he  taken  from  each,  the  different  portions 
mixed  togethw,  and  the  final  sample  Ukea.  from 
the  mixture. 

In  the  ca^ie  of  solid  products  care  must  be 
taken  to  secure  a  proper  proportion  of  laiige  and 
small,  hard  and  soft  fmgments.  If  *  Mff*» 
cargo  is  to  be  sai[i[il'  d,  portions  shouM  b-^ 
taken  from  dificrcnt  parts  of  ^  bnlk ;  if  the 
snbstanee  is  contahied  in  raflway  traeks,  -pot' 
tions  should  l>e  tak<^  ri  tr,  >iQ  the  ends  and  tniddlc 
of  each  truck.  When  the  substance  is  in  bi^ 
or  barrels,  a  kmg  hollow  auger  is  thmat  to  the 
bottom  of  each  and  then  withdrawn,  brinsring 
:  with  it  a  long  core  of  the  substance.  If  the 
I  material  loees  or  gains  moisture,  or  undeeigoes 
any  other  rhango  on  exposure  to  air,  a.s  in  the 
cas*,'  of  soap  or  caustic  soda,  a  proper  proportion 
of  the  internal  and  external  portions  must  iie 
taken.  In  all  cases  the  firbt  samples  arc  l>rokon 
into  smaU  pieces,  thoroughly  mixed,  and  one- 
fourth  taken  for  farther  treatment.  This  is 
groun  1  to  powder,  aMin  thormi^rhly  mixe<1,  am! 
one-fourtli  taken.  The  subdivuaon  is  repmtcd. 
if  nece.ssary,  and  the  final  sample  Iwpt  m  well- 
closed  bottles.  Thi.s  process  of  'quartering' 
may  al:iu  l)e  effecte<l  by  sprcatiiug  out  the  fiaMy 
powdcreil  material  in  the  form  of  a  flattened 
eslinder  dividinir  this  radially  into  four  part^., 
taking  out  the  opjKiHiUj  sectors,  luixaix  thc^ 
thoroughly,  and  repeating  the  gub<li vision. 

If  the  mixture  !<?  soft  and  friable,  pulverisa- 
tion i.^  readily  cfiectod  in  a  jioroelain  or  earthen- 
ware mortar,  bat  harder  sobfttanoes  should  be 
powdered  in  a  cast-iron  or  «*teel 
mortar.  \Vlien  the  substance  is 
hard,  and  a  very  fine  powder  is 
required,  an  agate  mortar  should 
be  uswl  for  the  final  operation,  so 
that  the  powder  may  be  completely 
sifted  through  fine  muslin.  Very 
hard  substances,  such  as  minerals, 
are  lir-t  broken  into  small  jiieces 
by  wrapping  them  in  paper  and  _  ^> 
strikin^:^  wiui  a  hammer,  and  are  |  | 
then  fiirtlur  crushed  in  a  steel 
mortar  ( Fig.  I }  consisting  oC  a  strong 
baee  with  a  etrenlar  rcoess  into  which 

lit^  II  movable  ^teel  ring  or  cuani, 
and  inside  this  is  a  solid  steel 
plHon  which  acts  as  a  pestle.  A 
small  tpianflty  of  the  mineral  is  place<l  or.  tbr 
base  of  the  mortar  inside  the  guani-riog,  the 
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Utter  it  held  firnily  down,  and  the  piston  i>* 
l>lac«i  in.side  and  Htruck  Hinartl}'  w  ith  a  hammrr, 
which  driven  it  down  upon  the  mineral.  The 
tinal  crushing  in  done  in  an  agate  mortar. 

The  mechanical  ore-grinder  tlescriljetl  in 
HiUebrand's  Analysis  of  Silicate  and  Carl>onatc 
Rockfi,  may  likewiao  bo  employerl  in  nnlucing 
hard  minerals  to  a  fine  powder. 

Dryituj. — Many  8ubstance«  absorb  more  or 
leas  moUture  when  exposed  to  the  air,  and  in 
order  to  bring  them  into  a  definite  condition  for 
analysis,  it  is  desirable  that  thev  should  bo  dried, 
this  operation  being  conducted  at  the  ordinary 
or  at  a  higher  tcmi)erature  according  to  circum- 
stances. Substances  which  contain  water  in 
combination  are  usually  dri«xi  by  ex{)osuro  to  air 
or  by  pressure  between  folds  of  filter  paper.  In 
other  cases  where  a  higher  temi^eraturo  would 
be  injnriouii  the  substance  may  be  placed  under 
a  bell- jar  which  also  incloses  a  dish  containing 
sulphuric  acid.  The  operation  ]>roceed3  more 
quickly  if  the  bell-jar  is  connected  with  an  air- 
pump  and  thus  rendered  vacuous. 

Sube^tanoes  which  do  not  decompose  at  100" 
are  besrt  dried  in  a  copper  oven  provided  with  a 
jacket  containing  water  which  is  heated  to 
boiling,  the  water-level  being  kept  constant  by 
means  of  an  overflow  a  and  fmling  arrangement 


Fio.  2. 

at  the  side.  The  inside  of  the  oven  is  fitted 
»ith  a  perforated  shelf  which  supports  dishes, 
fonneb,  4c.  (Fig.  2). 

When  the  substance  is  sufficiently  stable  it 
is*  advisable  to  dry  at  1 15'*-120'',  since  an  increji.sc 
of  10*  or  20**  often  greatly  reduces  the  time  re- 
qoired.  For  thw  purpose  we  use  a  copper  oven 
without  a  jarket,  heated  by  a  lamp  underneath  : 
or  toluene,  boiling  at  110*,  may  be  used  instead 
of  water  in  the  oven  with  a  jacket;  crude 
xylene  will  give  a  higher  temperature  (120*). 
laside  the  oven  at  a  little  distance  from  the 
bottom  »  a  shelf  which  supports  the  vessel 
oootainiiig  the  substance.  At  the  top  of  the 
oven  are  two  apertures,  one  of  whicn  servas 
to  promote  a  current  of  air  through  the  oven, 
whilb-t  the  other  carries  a  thermometer  the  bulb 


of  which  is  dose  bo5ii«le  the  veAiel  which  is  being 
heated. 

If  it  is  desired  to  keep  the  temperature  con- 
stant for  a  long  time,  the  oven  must  be  provided 
with  a  thermoregulator  (e.  Thekmoreoulators). 

Wfvjhing. — The  baliineo  and  the  precautious 
to  be  observed  in  weighing  form  the  subject  of  a 
special  article  (v.  Bala.nce).  As  a  rule,  sub- 
stances taken  for  analv.sis  should  bo  weighed 
from  tul>es  providwl  with  well-fitting  stoppers  or 
corks,  or  from  weighing  bottles  fitt^  with  glass 
capsule  stoppers,  the  difference  between  the 
weight  of  tne  tube  or  bottle  before  and  aft<.>r 
the  removal  of  the  substance  giving  the  weight 
taken  for  analysif^.  The  quantity  required  for 
an  analysis  will  depend  upon  circumstances. 
When  constituents  present  in  minute  quantity 
have  to  bo  estimate<I,  a  relatively  large  amount 
of  the  substance  is  required,  but  for  the  estima- 
tion of  one  or  two  constituents  from  1  to  2  grams 
of  the  substance  is  usually  sufficient.  The 
smaller  the  quantity  of  matter  ojierated  upon, 
the  shorter  the  time  required  for  filtration, 
washing,  &c,  but  also  the  greater  the  demands 
on  the  skill  and  accuracy  of  the  operator. 

Hygroscopic  substances  and  precipitates  mupt 
be  kept  under  a  dfsiccaior  {q,v.),  i.e.  a  glass  dish 
containing  sulphuric  acid  or  calcium  chloride, 
fitted  with  a  tray  to  support  a  crucible,  &c.,  an(l 

()rovided  with  an  air-tight  glass  cover,  preferably 
>ell-8haped-  Crucibles  containing  iion-hygro- 
scopio  precipitates  may  bo  allowed  to  cool  with 
exposure  to  air,  provided  that  the  empty  crucibles 
were  allowed  to  cool  under  the  same  conditions 
before  weighing. 

SoltUion. — The  solution  of  a  substance  is 
most  conveniently  effected  in  flasks  or  in  some- 
what deep  beakers  which  are  inclined  at  an 
angle  in  order  to  prevent  possible  loss  by  spurt- 
ing. The  operation  may  be  accelerated  oy  neat, 
and  the  reagent  should  bo  used  in  the  most 
concentrated  form  possible  and  in  the  least  pos- 
sible excess,  in  order  to  avoid  loss  of  time  in 
evaporation,  &c.  Evaporation  to  exjH'l  excess 
of  solvent  should,  where  possible,  bo  conducted 
in  the  same  vessel. 

Emporatioit.~Tho  evajx>ration  of  a  liquid 
may  be  cffecte<l  over  an  onlinary  bunscn  flame, 
or  over  a  rose  burner,  care  being  taken  that  the 
liquid  docs  not  boil.  If  the  operation  is  con- 
ducted in  a  flask  or  crucible,  the  latter  should  bo 
inclined  in  order  to  prevent  loss  by  ebullition, 
and  the  operation  is  accelerated  in  the  first  ease 
by  drawing  a  current  of  air  through  the  flask,  in 
the  soconn  by  inclining  the  lid  of  the  cnicible 
(Fig.  3)  across  the  mouth  of  the  vessel  and  thus 
producing  a  circulation.  The  rate  of  evapora- 
tion, cffterU  paribus,  depends  on  the  an^a  of 
surface  exposed,  and  hence  the  operation  is 
effected  most  quickly  in  shallow  dishes,  especially 
if  a  current  of  air  removes  the  vapour  as  fast 
as  it  is  given  off.  During  the  provess  the 
contents  of  the  dish  should  lie  protect^nl  from 
dust,  &c..  and  this  is  really  done  by  supj)orting 
at  a  distance  of  about  six  inches  above  the 
surface  of  the  tlish  a  triangle  of  glass  nxl  or 
tubing  on  which  is  stretcluxl  a  nheet  of  tiltcr 
paper  freetl  from  soluble  compounds  by  treats 
ment  with  acid.  VV^lcn  evajxiration  «)ver  a 
direct  flame  is  impracticable,  the  dishes,  &c., 
should  be  place<l  on  a  water-bath,  that  is,  a 
vessel  containing  Ixjiling  water,  in  such  a  way 
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that  they  are  heatoil  by  the  sU^am.  The  top  of 
the  wat4T  dr^Dg-oven  already  described  (Fi^.  2) 
may  be  ficovidea  with  »  «ariM  of  rings  of  T»nou8 


f^irA'H  arul  ihm'  t'.  f  t  wo  purpoHCs.  Otxlinary 
tin  oana  or  copper  vesaela  of  similar  abapo  will 
muwer,  bat  in  all  omm  it  is  dodmliltt  to  have 
an  arrangement  for  keeping  tlie  nmter  at  a  con- 
Ktant  leveL 

FrecipUttHtm  is  eoadaoted  in  beakera,  dishes, 

or  conical  flasks,  but  not  in  ordinary  round 
flasks  bocauae  of  the  difiioulty  of  removing  the 
l^recipitate.    Glass  vesBcls,  eBpedially  when  new, 

are  appreciably  attacked  and  aissolved  by  water, 
and  atiil  more  strongly  by  alkaline  solutions, 
tiw  notion  inoreadng  with  the  ennoenlration  of 
the  aolutioii  aivl  th"  iliiration  of  pontni^t.  For 
quantitative  work  Jcua  glatw  veiietelri  i>houid  be 
need,  as  these  are  least  affsofeed  bv  elhelift 
Acid  liquids,  with  the  rxcf^ption  of  dilute  ral- 
phurio  acid,  have  leia  solvent  action.  Porcelain 
▼easds,  enpecially  after  they  have  been  used  for 
a  short  time,  are  not  appreciably  atta<.<k<.<<I 
(Fn-seniuit'ii  Quant.  AnaL).  All  pre<:ipitatious 
involving  long  heating  with  alkaline  liquids 
should  Iw  conducted  in  porcelain  vchsc!^  or  in 
platinum,  silver,  or  nickel  diiihps.  Silica- u are 
vfTKScla  can  be  u^ed  with  all  acid  liquids  except- 
ing thone  evolvinu:  hvflrogca  floonde  (Zeitaoh. 
anore.  Chvm.  11)05,  U,  221). 

Udees  circumstances,  for  bid,  the  liquid  and 
the  reai^ent  should  bn  heated  to  boiliiv^'  and 
9  mixed  gradually  with  continual  agitation,  since 
nnder  weee  conditions  precipitation  as  a  rule  ia 
more  rapid  and  complot*.  and  the  precipitate 
is  obtained  in  a  dense  and  granular  form  and 
is  readil}'  separated  and  washed.  Usually  tiltra- 
tion  may  be  commenccil  as  soon  as  the  super- 
natant liquid  is  clear,  or  at  any  rate  after  two 
or  thnt*  hours.  An  unnecessary  excess  of  reagent 
should  always  be  avoided,  but  m  all  oases  com- 
plete precipitation  should  be  proved  by  adding 
R  Ml) all  quantity  of  the  reagmt  to  the  dear 
liquid. 


Fillrallou. — The  Mcparation  of  a  precipitate 
from  a  liquid  is  usually  eflet^ed  by  mean^  of  a 
specially  prepared  variety  of  hlottinp  pai^cr, 
known  as  filter  paper.  The  Swe<li>h  papt^r 
made  by  J.  Munktell  haa  the  oldest  reputation, 
but  that  made  by  Sohlefeher  end  Schojl,  of 
Diiren,  is  uf  excellent  quality,  and  for  many  pur- 
potter  answers  better.  The  latter  iirm  supply 
pap«  r  which  has  been  treated  with  hydrochlone 
and  hydrofluoric  acids,  and  thus  freed  from 
almost  all  inorganic  matter.  Filter  papera  of 
similar  quality  are  also  supplied  by  Max  DrBver- 
hoff,  and  by  Raker  and  Adamson.  It  is  de- 
sirable that  all  paper  used  in  quantitative  work 
should  be  firee  from  soluble  compounds,  and  this 
(  Ti'!  1-  «?<>eiired  by  s«»akinit  the  ordinary  filt*T 
pajxr  ior  three  or  four  hours  in  pure  hydro- 
chloric acid  diluted  with  15-20  times  its  volnme 
of  \\  al<T,  and  then  washing  thoroughly  to  remove 
all  traces  of  acid  and  soluble  salts.  The  paper 
is  conveniently  kept  in  circular  piec.-.s  of  known 
radii  (2,  4,  6,  0,  8  cm.),  and  the  imh  left  by  each 
size  should  l)e  determined  oucu  for  ail  by  in- 
cinerating six  filters  of  one  of  the  medium  size^ 
in  the  nuumer  desr  ribe<I  imdcr  the  treatment  of 
precipitates,  and  %\eiglung  the  ash  which  is  left, 
rhis  quantity  divi<l«id  by  six  give8  the  ttxen^ 
amount  of  ash  left  by  one  filter  of  that  size,  and 
the  amount  left  by  the  other  sizee  is  readily 
calculated,  the  quantity  of  ash  being  ppopor- 
tional  to  the  area  of  tlie  \m]H-r. 

Usually  the  Alter  j^jxr  is  .supported  in  a 
jilass  funnel  which  should  have  smooth  evri: 
sides  and  an  angle  of  60*.  The  stem  should  be 
somewhat  long  and  not  too  wide,  with  tho  lower 
end  cut  obliqn*  I\  A  circular  fdt^-r  is  folde<l  in 
half,  then  in  a  quadrant,  and  when  the  qoadiant 
is  opened  at  one  ride  it  forms  a  hooow  oone 
which  should  fit  arcurai^dy  into  the  funnel. 
The  edge  of  the  filter  paper  should  be  about 
10  mm.  hdow  the  edae  of  ih»  fnnnel,  and  the 

size  of  the  filter  should  be  such  that  it  is  i>..- 
more  than  three  quarters  filled  by  the  ^eci 
pitata.  After  pUoing  the  filter  in  position  it  » 
moistenod  with  water,  and  fitted  acouratelv  !  > 
the  glass,  care  being  taken  to  remove  all  axr 
bubUes  from  between  the  gUss  and  the  paper. 
Attention  to  thf*;^  points  greatly  facilitates  the 
subsequent  filtration.  The  edge  of  the  vessel 
containing  the  liquid  to  be  filtered  is  slight  ly 
^reased  oiithide,  and  tho  li<juid  in  dircct^'^i  int.. 
the  tilter  by  means  of  a  gla^  rod,  cure  beittg 
takeu  not  to  disturb  the  precipitate  until  mo«t 
of  the  clear  liquid  has  paesea  through.  It 
advisable  to  keep  the  filter  well  filled  «ith  the 
liquid,  but  the  latter  must  not  fUO  higber  than 
10  mm.  below  the  top  of  thf*  jtwyx-r. 

In  order  to  accelerate  tiitruiioa  a  glaas  tube 
about  5-4  ram.  in  diameter  and  not  lesi  than 
20  cm.  lon^r.  U-nt  into  a  loop  near  it^  upper  end. 
may  l>e  attiichetl  to  the  stem  of  the  funnel  by 
means  of  indiarubber  tube. 

Greater  rapidity  of  filtration  is  obtained  by 
using  one  of  the  numerous  water  pumps  (r. 
FiLTRR  pump).  In  this  case  the  liquid  is  fUteivd 
into  a  flask  with  stout  walls,  preferably  of  the 
couical  form.  The  stem  of  the  funnel  pasee^ 
through  a  cork  which  fits  in  the  neck  of  tho 
fla.'Hk  and  also  carries  a  tube  ooonef^ed  with  the 
punij),  or  the  flask  may  be  provided  with  a  ndv 
tube  for  this  latter  purpo.ne.  When  it  is  required 
to  filter  into  a  dish  or  beaker,  the  latter  is^iseed 
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OTxiar  «  tubnUted  bell-jar  standms  on  »  gli 

plat«,  thf  CI  irk  rarrying  the  funtii-l,  &c.,  Ix-in^j 
htted  into  the  tubuiua      the  bell- jar.   If  the 

is  oomklOTfible,  it  beoomos 
i-cc&san-  to  biipiHjrt  thf  a{M.'x  tho  filtor.  In 
tbe  case  of  fiitcra  of  medium  «ixo  the  neoeasary 
touzhneM  is  obteined  by  dropping  into  t]ieA))ex 
uf  the  dry  filter,  after  it  has  Ix-oii  fitted  into  the 
funnel,  two  or  three  drope  of  the  strongest 
nitrio  auid.  After  »  minute  or  two  the  paper  is 
^■a?hed  and  ia  ready  for  use.  Bun-^^n's  original 
method  is  to  Buppo«i  tho  apex  of  the  filter  by 

means (K  aooneof  phittnum 
foU«  which  i«  made  in  the 
following  way.  A  circular 
piece  of  thin  pUtinam  foil 
M  4  f-ni  ill  diameter  is  cut 
in  thf  manner  shown  in  tho 
diagram  (Fig.  1),  softened 
by  neatuig  in  a  flame,  and 
then  plaowl  against  a  small 
metal  cone  of  60**,  so  that 
the  |xiint  a  coincides  with  the  apex  of  the  cone. 
The  foil  in  then  fukleil  round  the  metal  so  that  it 
sbo  forms  a  small  cone,  which  is  linished  by  being 
pressed  iti  a  hollow  conical  mould  into  which 
the  metal  cuue  tits.  It  is  then  dropped  into 
the  itmoA  md  the  papc'r  fitted  in.  The  metal 
eones  and  monlds  required  can  be  purchased; 
BuoFen's  method  of  making  a  cone  and  mould 
<tf  plaster  in  deaeribed  in  Tfioipe*s  QttnntitatiTe 
Analysis. 

Carmichael  has  described  a  method  of  reverse 
filtration  (Zcitsch.  anal  Chcm.  10,  83). 

llie  Uooch  crucible  (Chem.  News.  37,  181), 
which  has  »  psffofsted  bottom  Imed  with  a 
thin  a>lM  stos  mat,  has  now  become  a  recognised 
means  of  coUeoting  precipitates.  The  asbestos 
makes  mi  exoellmt  filter,  is  not  affeeted  by 
orriinarv  a«  i(l  and  alkaline  Ii(|ui<ls.  is  readily 


dried,  and  docs  not  alter  in  weight  when  ignited. 

The  qualitj  of  the  aebeetoa  is  of  prime  import-  |  collects  round  the  top  edge  of  the  filter  paper 


oaie  being  talcMi  that  the  pump  is  set  hi  aetion 

Ix'fore  any  liquid  i.s  |>f)vired  into  the  crucihli-. 
Drying  and  igniting  tho  ^Mreoipitate  ocoupies  but 
little  time.  For  gelatmouR  pn^cipitates  the 
crucible  may  be  rej>laee<I  by  i  > oin-,  tho  lower 
part  of  which  is  made  of  platinum  gauze  and 
the  upper  part  of  platinum  roiL 

Gooch  h.is  proposed  (P.  Am.  A.  1885,  390; 
Zeiteolk  anal.  Chem.  24,  583)  in  sp<K;ial  cases  to 
replaoe  the  asbestos  by  anthnflene,  whitA  after 
filtration  can  be  di.s.solve<l  in  benzene  or  oihr  r 
suitable  solvent,  leaving  the  precipitate  undis- 
solved. 

Not  unfrcqucntly  it  is  necessary  to  keep  tho 
contents  of  a  funnel  hot  during  filtration.  This 
is  elTect«l  by  ^}lacing  the  funnel  inside  a  copper 
jacket  tilled  with  water  which  is  ht-ated  to  hoi!- 
ing  by  means  of  a  side  tube.  A  simpler  plan  is 
to  coil  lead  piiK;  round  the  funnel  and  blow 
steam  thraofp  the  pipe  (BichteTf  J.  pr.  Chem.  (iL ) 
28,  .309). 

Sometimes  it  in  diisirable  to  avoid  contavt 
with  air  during  Hltration.  A  convenient  ap- 
i>aratu»  for  tliin  purpose  has  been  describe  by 
Klobukow-  (Zeit Hch.  anaL  Chem.  24, 305 ;  J.  Soo. 
Chem.  Ind.  4,  7.'>n). 

.•Ml  protipitates  require  to  be  w  ashetl  iu  order 
to  remove  soluble  impurities,  the  liquid  em- 
ployed being  water,  dilute  acid,  diJute  ammonia, 
alcohol,  Ac,  as  the  case  may  retiuire.  The 
object  in  all  cases  is  to  n>l  irt  tho  impurity  to 
the  desired  minimum  in  the  shortest  possible 
time  with  the  least  expenditure  of  liquid,  and  it 
can  readilv  be  shown  that  successive  treatments 
witli  small  quantities  of  tho  liquid  are  far  more 
effectual  than  the  same  volume  of  liquid  njiplied 
all  at  once  (Bunsen,  Annalen.  148,  269).  When- 
ever passible  hot  liquids  should  be  used,  and  the 

Erecipitate  should  oe  washed  so  for  as  possible 
y  decantation,  only  the  washing  liquid  Ik  !:il' 
poured  on  iho  filter.    The  soluble  impurity 


ance,  a  non-ferruginous  amphibole  bein;,'  i)re- 
fecsUe  to  the  cheaper  hytimted  varieties  of 
serpentine  whidi  are  appreciably  sdnble  in 
«•  !«ls.  Silky  asbestos  is  scrnpwl  into  a  Khort 
tine  down,  boiied  with  hydrochloric  acid,  well 
washed,  and  kept  in  water.  A  platinum  or  mlica 
ini-nMc,  preferably  of  the  low  wide  form,  with 
itw  fnittom  perforated  with  a  large  number  of 
minute  holes,  is  fitted  air-tight  into  an  onlinary 
funnel  by  means  of  an  indiarubber  rin^'  placed 
b^«-oen  the  crucible  and  the  wall  of  the  funnel, 
wfaidi  is  fitted  into  a  flitting  flask.  The  pump 
in  eet  in  action  and  water  containing  the  asbestos 
in  suspension  L>  poured  into  the  crucible.  A  layer 
of  asbestos  felt  is  quickly  formeii.  and  when  this 
i*  of  sufficient  thff  I.tv  it  i-  drained,  dried,  and 
ignited  over  a  iarr»[i,  and  the  crucible  is  then 
weighed.  It  is  desirable  to  have  a  non-pcr- 
forat<-d  bottom  to  fit  on  the  crucible  during 
Ignition,  m  order  to  protect  the  conteutt>  of  the 
Cnidble  from  the  flame  gases.  A  Soxhlet  tube, 
baring  a  perforated  porcelain  or  platinum  disc 
covered  with  an  asbestos  layer  and  supported 
at  the  x^onstncted  part  of  the  tube,  i?  frequently 
at<ed  to  collect  procipitates.  Neubauer  recom- 
mends a  perfotmted  platinum  cmeible  with  a 
felted  platinum  mat  (Zeitsch,  anorg  f'hi  ia. 
1901,  922;  <J.  Amer.  diem.  J.  1909,  31,  4dbl.  | 
The  w^lwd  oncflda  is  leplMsd  hi  wo  fiiaii»]» 

and  filtration  is  oondttotsd  in  tiia  ofdinaiy  way,  I  dried  at  the  same  tempicatuie  as  before 


ny  rea.soii  of  capillary  action  and  e\ ajKiration, 
and  hence,  when  washing  is  effected  with  tho 
aid  of  an  ordinaiy  wash-bottle  with  a  movable 
jet,  it  is  important  that  the  liquid  should  bo 
directed  on  to  the  top  edge  of  the  filter.  It  is 
also  important  that  each  quantity  of  wash- 
water  ."nouhl  he  drainerl  away  a^  (  ir]>lftrly 
as  possible  before  adding  a  frei^h  quantity,  and 
it  is  obvious  that  this  takes  place  most  readily 
when  a  pump  is  used.  In  this  ca.'W  the  liquid 
is  |xjured  into  the  funnel  from  an  open  ve«>sel 
to  a  height  of  about  10  mm.  above  the  edges 
of  the  paper.  Tare  must  be  taken  that  the 
precipitate  iiut  drained  i>o  far  that  channels 
are  formed.  It  is  always  advisable  to  ascertain 
whether  the  uashintj  is  complete  by  testing  a 
few  (Iro^iB  of  the  last  wai>h- water. 

Drytng  and  tvtighing  precipiiaits. — Ocoa> 
sionally  a  precipitate  must  be  dried  without  tho 
application  of  heat,  and  this  is  accomplished  in 
a  oesiocator  over  sulphuric  a<  id,  preferably  in  a 
%'acuum.  In  other  instances  tho  substance  is 
not  injured  by  a  temperature  of  say  120",  but 
cannot  be  ignited.  In  these  oases  the  filter  is 
carefully  dned  at  the  particular  temperature, 
enclosed  between  a  pair  of  watch-glasses,  and 
weiiihed.  It  is  then  placed  in  the  funnel  and 
the  operation  proceeded  with.  After  filtration 
the  filter  and  the  pfadpitate  ate  thoroughly 
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again  weighed,  the  increase  being  the  weight  of 
the  pxeeipitato.  Tared  filters  oao,  however,  be 
gonetidly  lepbtoed  by  Ooooh  enMnbha,  So^ilet 

tubcH,  &c.  The  inajoritv  of  the  precipitates 
usiaaUy  inet  with  can,  murcover,  be  dried  by 
heating  them  in  a  omeible  over  »  lamp.  In 
most  cases  it  is  not  necc.si>ary  that  the  procipi- 
tatea  should  previously  be  dried.  The  greater 
part  of  the  wUac  ia  removed  by  draining  in  the 
funnel  by  nienns  of  the  pump  or  by  placing  thi; 
lilter  and  its  contents  on  a  noious  tile  or  on  a 
pad  of  filter  paper.  The  filter  is  then  intro- 
dnct>d  into  a  crucible,  heated  caiitiuutly  until 
uuitu  dry  and  then  heated  more  tstrungly  until 
the  weigbt  is  oonsta'ht. 

When  the  precipitate  is  not  easily  reducible 
it  is  not  ncceiisary  to  remove  the  paper  before 
ignition.  The  wet  paper  andoaip^  tm  precipi* 
tate  is  placed  in  a  piatinum  crucible,  and  the 
latter  heated  with  a  luH  flame ;  the  water 
pveseni  •HmmeB  the  cpberoidal  state  and  the 
jjaper  smoulders  away  without  spurting.  If 
any  nlight  reduction  lakes  place,  for  example, 
with  b^um  sulphate,  it  is  easily  remedie<l  by 
adding  a  few  (lrr)])S  of  dilute  sulphuric  acid  and 
Acain  neating.  In  the  case  of  magnesium  pyro- 
phosphate  strong  nitric  acid  serves  a  similar 
purpose.  If,  however,  the  precipitate  is  readily 
reduced  in  contact  with  organic  matter,  it  must 
bo  rernove^i  from  the  pajier  as  completely  as 
poMible  by  gentle  irtotioa*  and  trenkerred  to 
the  eraciblo,  which  should  stand  on  a  sheet  of 
^:la/.e<l  ])a]K'r.  A  carefully  trimnnd  frather  or 
A  oamci's-hair  brush  is  usef  ul  to  transfer  scatteired 
partleles  from  the  peper  to  the  erndble.  The 
Hlter  paper  in  then  folded  with  th<'  jjortion  to 
which  tne  precipitate  liad  adhered  inside, 
wra]))H(l  in  pUtlnum  wire  which  forms  a  sort 
of  cayc,  and  sot  on  fire.  ^^■hiLst  burning  it  is 
held  over  the  oruciUe,  and  token  ctmplddy 
burnt  onI,  the  ash  is  heated  with  the  tip  -ol  a 
Bunsen  tlnmc  for  a  few  miDutee  and  then  shaken 
into  the  crucible. 

Precipitates  wluoh  contain  oomponnds  of 
silver,  lead,  zinc,  tin,  and  other  easily  reducible 
metab,  should  bo  heated  in  porcelain  oruoibles, 
since  platinum  vessels  are  liable  to  be  attad^ed. 
Care  shouM  also  be  taken  that  platinum  vessels 
are  not  hi-atcti  Huiuky  or  '  ruiu'ing  '  flames, 
and  do  not  ronie  in  contact  with  brass  crucible 
tongK  or  easily  fusible  metals  whilst  hot.  After 
no  mo  time  the  surface  of  the  metal  nmy  become 
dull,  owing  to  the  partial  disaggregation  of  the 
platinum,  but  this  dcftct  can  Tie  remedied  by 
poU^hinj^  the  metal  witli  soa-s^ind  ur  a  buroi^er. 

MeaUng-  tifiplkmetg, — ^The  ordinary  bunsen 
burner  serves  for  most  operations,  but  the  arc;anfl 
buiuicns  introduootl  by  Flet-chfr  an*  more  eliicicut, 
and  the  radial  slit  burner  of  th«<  name  inventor 
i»  perhaps  the  most  efficient  pas-burner  for  heat- 
ing  purposes  that  has  yit  been  made.  Glass 
veHi^els  are  more  safely  hcateil  on  a  sheet  of  wire 
gauze  or  on  a  layer  of  sand  in  a  metal  tray.  A 
most  useful  piece  of  apparatus  in  a  technical 
laboratory  is  a  larj^e  iron  j)latv  supported  on  iron 
legs*  and  heated  by  a  burner  underneath  the 
mMdle.   Vessels  ptaeed  on  the  plate  near  its 

'•dqe.s  arc  .-ul>jt„(  tt'il  to  a  very  y'  litle  lirat,  but 
may  be  raised  to  a  much  higher  temperature  by 
being  moved  nearer  to  the  middle. 

A  wnti'f-yiath  provided  with  a  cunstant  feed- 
ing arrangement  i»  the  most  useful  way  of  heat- 


'  ing  vessels  at  100*.    If  higher  temperatures  are 
i  needed^  a  saturated  solution  of  calcium  cMuride* 
melted  paraffin,  or  oil  may  be  used.  Mavmeoe 

(Compt.  rend.  1883,  07, 45,  and  215)  h<w^  projKv^cd 
to  use  fused  mixtures  of  alkaline  nitratctf  for 
temperatures  between  140*  and  SiSO^.  BrMtner 

(Chem.  Soe.  Tran.s.  1885,  47,  8S7)  his  .U-rrilj«l 
a  simple  arrangement  for  heating  subt»taQcea  in 
sulphur  vapour. 

Beagcnts. — ^The  ordinan,-  ncids  and  ammonia 
j  are  required  in  a  dilute  as  well  as  in  a  conoeo- 
I  trated  form.   Whenever  possible  the  resMnte 
.  whould  be  I  undo  in  solutions  the  strengtos  of 
I  which  are  multiples  or  submiUtiples  of  normal 
solutions.    A  convenient  strength  for  the  dilute 
mineral  acids  is  twico  iiurniaJ,  and  the  alkaline 
solutions  should  be  f>f  •Mjuivalent  strength. 

t^i  ALiTATivE  Analysis. 
The  detection  of  tlie  eoustitueut<3  of  a 
mixture  or  chemical  sul>.st.ince  is  based  on  the 
fact  that  almost  every  metallio  or  acidic  radicle 
will  under  suitable  conditions  give  rise  to  a 
reaction  which,  under  these  conditioius,  in 
characteristic  and  thus  enables  one  to  distin^i^h 
this  radicle  from  all  others.  These  testa  may  be 
applied  directly  to  the  solid  substance,  usually 
at  high  temperatures,  when  they  are  loiow^  as 
dry  reactions  ;  or  they  may  be  employed  in  solu- 
tion,  in  which  case  they  are  described  as  tcet 
reaction*.  The  wet  and  dry  reactions  of  metallio 
and  aoidio  mdides  aire  generally,  but  by  no 
niean.s  invariably,  independent  of  the  u<.  idic  and 
metallic  radicles  with  which  they  arc  roapec- 
tively  combined. 

KiamlnaUon  in  the  0ry  Way. 
The  indioationB  obt^ned  from  the  dry  re- 

actions  of  a  tjub.stnnce  frequently  aflFord  very 
suggestive  clues  tor  its  composition,  but  att  thcwio 
tests  rarely,  if  ever,  indicate  the  rdatjve  pco- 
portions  in  ^ihich  the  constituents  exist  in  the 
mixture  uiider  exauiiuation,  they  must  be 
garded  as  being  preliminary  to  the  more  8yete« 
matio  examination  of  the  .Kul<stance  in  jsolution. 
Moreover,  negative  results  obtained  from  dry 
tests  must  not  be  aooepted  as  final  evidoDOe. 

In  all  cases,  however,  a  preliuiinan,'  examina- 
tion of  the  substance  should  be  made  in  the  dry 
way,  and  if  the  substance  is  in  sohitaoii  *  potteon 
should  be  evaporated  to  dr>-ness.  The  rrHMJtioni; 
of  several  substances  in  the  dry  wa^-  arc  inter* 
fered  with  and  rendered  int^nohisive  by  the 
presence  of  cert  riiTi  other  sub.Htance^  ;  but  never- 
theless au  examination  of  this  kiud  often  givcit 
much  information  in  a  short  time. 

Tlie  most  convenient  source  of  heat  for  thif* 
purpose  is  the  ordinary  buni»en  burner.  Xhi# 
consists  of  a  metal  tube  at  the  base  of  whkda 
coal  gas  enters  by  means  of  a  jet,  the  lower  part 
of  the  tube  being  pierced  with  holes  through 
which  air  is  drawn  and  mixed  with  the  coal  gms. 
The  mixture  of  1  volume  of  coal  gas  uith  about 
2^  volumes  of  air,  which  is  thus  produced,  bumjs 
at  the  top  of  the  tube  with  a  non -luminous  flame;. 
When  the  supply  of  gas  is  turned  low.  it  i* 
necessary  also  to  retraoe  the  air  supply  by 
partially  closing  the  inlet  lioles  by  rntiana*  of  a 
regulator.  The  upper  part  of  the  burner  is 
generally  fitted  with  a  support  carrying  a  cone 
to  protect  the  flame  from  draught«. 

Ilie  flame  consists  ossentis^y  of  an  jaatt 
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dark  zone  containing  un burnt  gu  mixed  with 
air,  and  an  outer  tone  or  flame  mantle  in  whkh 

combustion  becomes  co-n 
plete.  If  the  air  holc^  arc 
fMUtialljr  cloMd,  a  luminous 
cone  ap|icars  at  the  top  of 
tho  inner  zone.  JBnnaen  has 
shown,  however,  thftt  wvcral 
ili.stinct  Ttonos  exist,  each  of 
which  can  be  utilised  forpro- 
dueing  pertknlar  reaotiODs. 
The  most  useful  of  those  are 
a,  a  comparativcU'  cold  zone 
ntilie  base  of  the  name,  which 
WTves  for  the  volatillsntion 
of  ealts  in  order  to  obtain 
flnine eolou rations ;  thelower 
redwing  fiamc  $  about  ono 
quarter  of  the  wov  up  and 
close  to  the  edge  oi  the 
zone  ;  if,  the  upper  and  more 
powerful  reducing  flatne  at 
the  top  of  the  dark  zone, 
obtained  bv  closing  the  air 
holes  until  the  tip  of  the 
inut-r  zon''  ju^i  becomes  lu- 
minous ;  3,  the  zone  of  fwion 
or  highest  temperature,  at 
about  one-thini  tho  height  of 
the  flame  and  half-way  be- 
the  inner  sooe  and  tbe  Imbm  mantle ; 
the  hni*r  aud  hotter  omditifia  Ikme  at  tho 


Fio.  ft. 


i^ge  just  below  the  sone  of  bmkm ;  and  c,  the 
mpptr  eandunmg  jbme  at  the  extreme  tip  of 

the  flanv  . 

_  Instead  ui  the  bunscn  bunitr,  tlie  tlauie  ob- 
tained by  means  of  »  Uowpi}H>  nmy  be  used ;  a 
mnuth  blowpipe  eonsist^  of  a  metal  tube  pro- 
vided at  one  end  with  a  mouthpiece,  the  other  end 
fitting  into  a  aniaU  metal  box  which  wrves  to 
conHen/ee  and  retain  the  niousture  of  the  breath, 
i-rom  the  side  of  this  box  a  second  shorter 
and  narrower  tube  projects  at  right  angles  to 
the  finrt,  and  is  provided  with  a  nozzle  or  ♦  of 
brass  or,  better,  of  platinum.  For  general  \^oik 
the  dianetet  of  the  bore  of  the  jet  ahooU  be 
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0  4  mm.  In  Black^s  blowpipe  tho  Inrgi  r  tube  m 
looical,  the  lower  and  wider  end  serving  the 
fiame  purpotto  as  the  box  in  the  form  just  de> 
icribedL  The  art  of  keeping  up  a  continuous 
blast  (rf  air  through  the  nloMrpipe  can  only  be 
acquired  by  practice.  The  necessary  pressure  is 
Ptoduoed  by  distending  the  cheeks,  breathing 
y»emg  carried  on  through  the  nostrils,  whilst 
c  >nuiHiriicatioii  h<  tween  the  nostrils  and  the 
mouth  is  cut  o&  by  the  pceanue  of  the  tongue 
acalnet  the  palate.  A  eonvenient  form  of  hand- 
hi.  >wer  for  olowpipe  wofk  haa  been  dovimd  by 
iJetcher. 

A  geed  flame  for  blow7>ipe  work  is  obtdned 
by  dropping  into  the  tube  of  an  onlinary  bunscn 
hmaux  a  braaa  tube,  the  lower  end  of  which 
ilewnada  to  the  bottom  of  the  burner  and  cnts 
cB  Iho  Mtlipfy  of  air,  whflat  the  opper  end  is 


flattened  and  cut  ofl  obliquely.  The  llamc 
should  be  much  smaller  than  when  the  bmmer 

r ;  iiHiil  in  ihr>  ordinary  way.  Coal  gas  utsuallv 
coiitaina  more  orlefw  sulphur,  and  consequently 
c&nnot  be  used  when  testing  for  this  efement. 

A  thick  stearin  oandl<:  an=!UTr:s  well  ;  but 
nothmg  is  better  than  a  lamp  conhibting  of  a  low 
and  rather  \vide  oylindnoai  metal  vessel,  open 
at  the  U)p,  with  a  jsomcwhat  broad  and  flat  w  ii  1: 
holder  attached  tu  the  side  Tlku  fuel  used  im 
solid  paraffin,  which  is  kept  in  a  melted  oondi<- 
tion  by  the  heat  of  tlio  blowpi]H>  flu  me,  the  w  ick 
being  so  arranged  thnt  the  flame  pas.s(>s  over  the 
top  of  the  paraffin.  A  metal  cover  proteeta  the 
lamp  from  duat  when  not  in  u«e. 

The  nozzle  of  the  Uowpipt  i^j  iutrixiuced  a 
short  distance  into  the  lamp  fiame  at  a  short 
distance  above  the  wick,  and  whin  flu-  l.lart  is 
produced  the  flame  is  dcflecteci  liori/Ainlally, 
oecomcs  long  and  narrow,  and  is  s^hmi  to  consist 
of  two  parts,  viz.  an  otUcr  or  oxidising  flame,  at 
tho  tip  of  M'hich  there  is  an  excess  of  oxygon 
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heated  to  a  hiffh  t«  tnpernture.  and  an  i»l«»r  or 
reducing  ilanie,  which  loulams  t;arl>onic  iixiue 
and  hydrooarbons  heated  to  a  high  U  luprriit  ure. 
If  the  blow7)ipo  is  held  just  at  the  edge  of  the 
flame  and  a  moderate  blast  is  used,  a  broader 
reducing  flame  can  be  obtained.  whi<^h  has  a 
luminous  tip  contain itif  solid  particles  of  carbon. 

Tho  following  applianeee  are  required  :  a 
small  pair  of  forceps  with  platinum  points  ;  short 
pieces  of  thin  platinum  wire  ;  charcoal  from  some 
line-grained  oompact  wood  ;  glass  tubes  about 
3  tnm.  inte  rnal  diameter,  and  GO-80  mm.  Ion;;, 
closed  at  one  end;  and  glass  tubee  of  similar 
diameter  100-120  mm.  long,  open  at  both  aids 
and  Ix'iit  slitrhtlv  in  the  middle.  The  reagents 
used  are  borax,  microcosmio  salt  (^H^NaUPO^, 
4H,0),  potaseium  cyanide,  aodium  oaxbonate, 

potassium  nitrate,  eobalt  nitrate  BOhttioil»  aod 
potassium  hydrogen  sulphate. 

The  dry  teste  are  conveniently  performed  in 

the  follow  in   oirler  : — 

(1)  li catnip  in  a  drv  doted  tvJbe. — To  avoid 
soiling  the  ndee  of  ttie  tube,  the  eubetanee 

should  be  introditrrd  by  means  of  a  rf  II   .f  tiff 
|)aper.    The  follow  ing  changes  may  Ui  obj^erved  : 
(a)  Garboniaatioo  widi  or  without  evoiution 

of  empyreumatio  vapours  =  organic  compotind<i. 

(6)  Condensation  oi  moisture  on  cold  part« 
of  tube :  neutral  reaction  s>  hydrattd  ^alU  and 
hydroxides  ;  acid  reaction  —  acidA  and  acidaaUt ; 
alkaline  reaction  —  ammonium  aaUs, 

(c)  Fusion  without  change  of  colour  »  aUca- 
line  ^•'(lU-'i,  hydrriinl  Af///s. 

(d)  iusion  with  ebanee  of  colour  —  yellow- 
hot,  dark  yeUow  cold  —  bismuth  oxidt  ;  yellow 
hot,  red  cold  =  Und  oxidf .  'I'he  t  hromates  of 
lead  and  the  alkaii  metals  fuse  and  darken  on 
heating. 

(e)  No  fue^ion,  but  chanpre  of  colour  :  tlark 
yellow  hot,  pale  yellow  cold  =  atanyiic  oxide ; 
yellow  hot,  white  cold  =  zinc  oxide  ;  black  hot, 
reddish -brown  cold=/erric  oxide;  black  hot, 
bright  red  cold  —  mercuric  oxide ;  brown  darken- 
ing on  heatfaig  «>  eadmiim  oxide.  Google 


164 


ANALYSIS. 


(/)  Gas  evolved  :  oxy  gen =OTi<ie«,  peroxides,  i 
chioraies,  bromates,p(rchlor(ites,  iodates,  periodaies, 
peravApiMtts,  and  nitrate* ;  oarboa  dioaade » 
carhfmaies,  bicarhtmiiUt*,  fKcalateg ;  carbon  iiKm« 
oxide  (blue  fliinit')  ~  fartnati  .1,  oxahiti.^;  sulphur 
dioxi<le  =  acid  ituMuUs,  md^hates  of  heavy 
iiielol«(  together  with  milpntirtrioxide);  cyanogen 
-  cyanides  of  Junvy  ini.UiU  ;  ammonia  =  am- 
montum  salts;  i>hospluD»  =  phosphHei,  hypo- 
pho^ph lies  ;  orange-bTOWii  Tapoun  iMira/e«, 
nitntr.i,  bromidi.s  ;  violet  vu|K.nir3  =  I'oditiw  ; 
colourlei»  fuming  ga«  »  kydrated  chloride*, 

iff)  SuUimate:  white  infusible  «» arMWtoiM 
oxide  (octahedra),  anii^xonio'!.-  oridi^  /needlea), 
seitiUum  dioxidtf  ammonium  chloride,  am- 
mtmium  mlphile  (from  annHmium  nilphate); 
ivhit.  fusible  =  mercuric  rhlnride^  twurium 
dioxidtf  organic  acids,  nudjfl^i^Hum  iriaride  (at 
very  high  temperatutee) ;  eolound,  black,  or 
re<Misli  black  =  ^e/er? mtrruric  sulphide; 
yellow  hot,  red  cold  =  nun  uric  iodide  ;  reddish 
yellow  =  arsenious  sulphide  ;  yellow  ■=  sulphur 
and  tulphidr.^ ;  hlar  k  m<  t«llic  mirror  =^  arsenic  ; 
grey  metallic  globules  c~  inercurv.  These  metal- 
fie  sublimates  arc  often  obtained  non  readily  by 
heating  the  mat'  rinl  v,  ith  potai^f^ium  cyanide. 

Phosphorus  t  ntnjxxuitl  s  aru  detected  by 
hciitiiiL;  in  a  closed  tube  with  magnesium  ribbon 
f\vj\  Impptiig  the  hot  tube  intn  water*  whan  in- 
ilitmmuhie  pbosphinc  is  evolved. 

(2)  Heating  in  opm  tube. — The  tube  being 
inclined,  to  promote  a  current  of  air  through 
it,  the  changcti  obMurvcd  uru  similar  to  the 
imoHkmB  in  the  dbsed  tube,  but  enliihides  ' 
burn  evolving;  sulphur  dioxide;  arsenic  is 
oxidised  tu  urMcnious  oxide,  and  selenium  and 
its  compounds  evolve  a  pungent  odour  of  horse- 
radish (dioxide),  and  give  »  gcey  or  leddiab 
sublimate. 

(3)  livaiing  on  platinum  wire. — Flame  coloura- 
tions.-^ The  wire  beiii^  cleaned  by  repealed  dip- 
ping in  hydrochloric  acid  and  heating  till  it  imparts 
no  colour  to  the  flame,  a  small  <|uantity  of  th«' 
aabetaoce  supported  on  the  end  of  the  wire  is 
introduoed  into  sone  a  of  tiie  bnnaen  flame.  As 
a  colouration  is  jirmlnc  <  <1  uiily  if  \(jlatilo  com- 
pounds of  the  metals  aru  present,  the  substance 
should  be  moistened  with  hydroddorie  uaA  to 
produce  the  volatile  chlorido.-j.  Thi.^  result  may 
also  be  attaincnl  by  mixing  the  substance  on  an 
asbestos  tbfead  with  moist  silver  ebloride,  a 
cnmpound  whieh,  while  impartin;;  ni>  lolour  to 
the  flame,  slowly  yicldM  chlorine,  con  vcrtuig  other 
metals  into  onlorideK.   The  wire  should  lie 

sloulv  movrd  i^itti  thr-  hott<'?t  pari  fif  tK'  1!  - 

Sipo  or  buiiboii  lUme,  so  that  tlu;  iuluuraliuus 
ue  to  less  vohtilo  oonstiiuenle  may  be  suc- 
cessively dovel()pe<l. 

Colouredions  :  yellow  —  audium  ;  orange  rv<l 
»  eolrtvM  ;  crimson  =  stroiiHumf  Upturn  ; 
lavender  -  potwisium,  rubidium^  ctr^ium  ;  npple 
green  —  bartum  ;  bright  green  —  thulhum, 
copper,  boric  acid  ;  pale  blue  =»  kad,  antimony ; 
deep  Mue  becoinino;  gieen  » CQfiper  hoUde* ; 
det  p  blue  —  sclcHtutn. 

The  pocket  spectroscoi>e  (difect  vision)  is  a 
i)-(ful  aid  in  exnminiiijz  Hnme  enlourations, 
particularlv  in  the  case  ut  Dtruiilium  and  calcium, 

whidh  exhibit  respectively  a  ehemetenstio  bine 

and  a  yellowish -gnHJU  line, 

(i)  Heating  on  cAorcooi,— The  substance 
mixca  with  thiee  times  its  weight  of  dry  eodiam 


I  carbonate  or  of  a  mixture  of  2  parts  sodium  car- 
bonate and  1  pari  potassium  cyanide,  is  placed 
in  »  small  shallow  hole  scooped  out  in  charooel, 
and  heated  in  a  ledncmg  flame.  The  metallic 
bead  obtained  is  examined  as  tu  colour,  malle- 
ability, solubility,  &o.  Many  metals  yield  films 
of  oxide,  whieb  eoat  the  duarcoal  at  a  Kteat«t  or 

less  distance  from  the  flame,  and  the  1  n!,!  ir  and 
appearance  of  which  are  more  or  less  character- 
istie.  These  and  simOar  films  are  best  aeea 
when  the  charcoal  is  sup|X)rted  on  an  aluminium 

t)late  (K08S).  A  piece  of  sheet  aluminium  12  em. 
>y  5  om.  is  beot  m  right  anftles  at  a  distanee  of 
2  cm.  from  one  end,  thtis  forming  a  le<l<,M'  on 
which  a  small  fiat  piece  of  chan^lal  is  placed, 
the  plate  befaig  helo  so  that  the  surface  rises 
vertically  behind  the  Ird^t',  Vola*ilo  oxideo,  Ac, 
condense  on  the  metallic  surface  {v.  Hutchings, 
Chem.  News,  1877,  86,  208,  217). 

The  rerhirtiMn  Trin\'  also  Ix?  effected  by  addin  j- 
a  fragment  ot  sudium  to  the  substance  8upport4.-d 
on  charcoal  (Planoos,  J.  Aner.  Chem.  Soe.  1901, 
23,  159). 

In  order  to  obtain  reduced  metaL  uiUi  the 
bunsen  flame,  a  match-stick  is  smeared  with 
ordinary  sodium  carbonate  (washing soda)  which 
has  been  melted  bv  holding  it  in  the  flame,  and 
the  wood  thus  prepared  is  carbonised  by  heating 
it  in  the  flame.  A  small  quantity  of  the  snh 
stance  is  mixed  in  the  palm  ol  the  hand  witli  a 
small  quantity  of  the  fused  washing  soda,  and 
the  mixture  is  carefidly  place<l  on  the  charcoal 
splint,  which  is  then  heated  in  the  lower  or  upper 
I  reducing  flame.  When  reduction  is  complete, 
the  match  is  allowctl  to  cool  insi<le  the  dark  zone, 
and  is  then  withdrawn,  crushtnl  in  a  murtar,  and 
the  lighter  particles  of  charcoal  removed  by 
levi^tion  with  water,  the  heavy  metallic 
particles  being  left. 

By  means  of  the  lumpen  flame  redm  i<l  metals 
and  their  oxides  can  bo  obtaiue<i  in  the  form  of 
films  on  a  porcelain  surface.  The  snhetanoe  as 
stipportenl  on  a  !  1:^  N  lulcr  ]ii»  cc  of  as?K!St'0<i. 
and  heated  in  the  tip  of  a  small  oxidi^ong  or 
rsducing  flame,  a  small  evaporating  dish  eon* 
taining  cold  water  Iwinj^  luld  niomentarilv  ju-t 
above  the  asbestos  {v,  Bunscn's  Hammeo- 
reaetioBen,  Heidelkeiig,  1880). 

Incrustations  on  charcoal  :  ^hite.  very 
volatile  =  arsenic  ;  white,  less  volatile  =  amlk- 
tnony ;  orange-yellow  hot,  ^le  yellow  cold  = 
bismuth  ;  palo  yellow  hot,  deep  yellow  cold, 
white  <%luu  n  had ;  3'cllow  hot,  white  oold  ■> 
zinc,  molifbdcnum ;  reddish^bfown  or  onuif^* 
yellow  cold  =  cadmium. 

Metallic  beads  or  residues  on  charcoal : 
white  malleable  «  silver,  tin,  lead ;  red  matte- 
able  =•  copper  ;  grey  brittle  ---  anfiwonn,  Am- 
muth ;  gnijy  i>ow<lcr,  magnetic  =^  irow,  rcbalt, 
nickel ;  nun  iiiagnetic  =  molybdenum. 

(5)  CobaU  nitrate  reactions. — Certain  »/•- 
fusible  substances,  when  moistened  with  cobi^t 
nitrate  Kolution  and  strongly  heated,  aeqnirv 
characteristic  culonrs.  Thei»e  react  i»»ns  arr> 
frequently,  but  nut  ncceaa^inly,  carrie*!  otii  on 
a  charooal  support : — blue  infusible  mass  » 
aluminium ;  blue  ftisihic  =  certain  phosphaie*, 
silicates,  borates;  grecu  ^  tine,  titanium,  tin  ; 
pink  =  magne.v'um. 

(fi)  Heating  urith  borax  or  microcosmic  soU. — 
A  small  loop  is  made  at  the  end  of  a  platinarD 
wiie^  to  wfaieh  soma  bofa»  or  i^pgW^tSfegte 
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made  to  adhero,  and  heated  in  the  6aine  until 
fused.  The  bead  when  cold  must  be  quite  trans- 
parent and  colourless,  otherwise  it  must  be  re- 
melted,  shaken  off,  and  a  fre«ih  bead  made.  A 
gmnll  ijuantity  of  the  substance  ia  taki-n  on  thf 
hmd  %nd  heated  fint  in  the  oxidiaiiig  flame  (O.F.) 
and  then,  after  it  luw  been  enmined,  m  the 
inner  or  rttlucint;  flame  (I.F.J.  The  colour  of 
the  be«d  should  be  obeerved  both  hot  »ad  cold. 
If  too  nnioli  tttlMtMiee  istftfean,  the  bead  beeomes 
opeque,  aiul  the  colour  cannot  be  distin^ishcd. 

Theee  so-called  borax  and  mioroooamio  beads 
o««  tiieir  ooknir  lespeetively  to  the  Ibrmfttion 
•  if  certain  l*orat4's  and  phosphates  of  thf  heavy 
metak.  Borax  glass  consists  of  anhydrous 
BSa^B^O^,  and  inien  heeted  with  a  metellio 
.iXkle  or  salt  the  exoo^jis  of  boric  oxi  fr-  iiri'  f  rit 
unites  with  the  metallic  oxide,  forming  thu 
c««re8ponding  bocftte: 

Nft^«0,+CaoO  «  N«,B,0«+Ci»B.O«  (Une). 

^licrocosmic  salt  on  ignition  yields  the 
readily  fusible  eodiuin  metaphosphateb  and  this 
nit  eombiMs  with  aietalno  osndi*  to  form 
double  flflliopluMphfttee; 

N«PO,4-C\iO  =  CuNaPO,  (green). 

^Vhm  a  silicate  in  iritroduce<I  into  the  niolten 
metaphmphati'.  the  latter  withdravvji  the  basic 
oiide  ftom  the  former,  setting  free  silica,  whioh 
rentains  undbtsolved  ('  silica  skeleton  ') : 

rftSiO,  +  NaPO,  =  CaNaF04-hSiO,. 


Iniver  flame 


(>ut«r  flame 


Metal 


TfMt  <  <.|il         i'i  T 

tinm  liT'-'  U  V(  lieu 


hlw  Blue 
iitty  Orey 

Pn«»nii-Ji  Knurald- 
« i^fomiemt '  'oloorlefl* 


•  ..1,1 
i'liler  Iron 
(ireen  Chmmiutn 
I'iUe  Vranium 
yellow 

A  iTif  f  h  \  «  t  A  inethyst  Manganese 


brown  Brown 
Browiu«h-vn>le't 
Yrllow  to  bruwn 


Hhie 

Vii.lr-t 

Yellow 

Orange- 
red 

Yellow 
Yellow 
Yellow 


1  j  I  U<5 

i  .IJisli- 

liri i\*  ri 

rellow 

ilulsh- 

'  olmirlf.'*!*  Cifium 


J* 
Bk 


CoboU 

Vanadium 


<  bltiiirlf  ss  MiJi/Mriiinn 
'  (flourle*!*  Titanium 
*  olourlesa  TungaUn 

Mirrooo*mir  heads. — The  colours  produced 
are  sijnilar  ;  t  lione  in  the  borax  bead,  but  the 
reducing  eflecUi  are  less  pronounced.  In  the  I.F. 
molybdenum  compounds  give  a  green  colour, 
•nd  tboae  of  tungsten  a  green i^h-bluo  tint. 
Chlorides  and  bromides  evolve  a  blue  and  green 
flame  when  heated  with  a  microcosmic  bead 
saturated  with  «opper  oside,  and  iodides  give  a 


(7)  Other  gpetiid  dry  Heating  on 

chsnoal  uith  ]Mitas.sium  (or  cuprous)  iodide  and 
ioifihur :  cnmaoa  incrustation  =  bmmUhi  kmon 
yalloir  inenntatioo  «  had ;  grceniah>bliie  fomen 
mm  merc  urtj. 

{b)  Heating  on  cliareoal  with  (L)  iusion 
nhctnre  (Na,CO„K,(  <  )■,)  alone  and  noiiitininf 
with  dilute  acid,  hydrnm-n  >iilj>hi.l.  -  \  <  .lveil  ^ 
mlpkur  eompowtds  i  (ii.)  fui«iou  mixture  and 
Mdpbnr,  aohible  mam  giWng  ootomed  precipi* 

\y\t\i  flilnle  aeid,  \  ellow  = /in  ;    oiariLi  -■ 

tuUtmony.  I'he  fused  insoluble  oxides  HuO^ 
and  fil^O^  can  be  thua  oharaeterifled. 

<e)  Hretmg  with  foaion  mixture  and  potas* 


I  slum  nitrate :  aoluble  green  mairs  a  mmganeee  ; 
yellow  mass  —  chromiu,in. 

{d)  Hoatiiu  in  olosed  tube  with  potassium 
hydrogen  sulphate.  GaaevKdved :  carbon  dioxide 

=  cuHtonntfji,  oxahilct ;  aecoinpanied  l>y  ohnrrin<^ 
of  the  residue  =  tartratc»t  cUraits^  &c. ;  carbon 
monoxide  (Utie  flame)  ^  formtUM^  <undah» ; 
sulphur  dioxide  =  tulpliitr.i,  (hiotfiilphates  ;  hydro- 
gen sulphide  =  sulphides  (not  all) ;  hydrogen 
chloride  (fnming  in  air) » dllorNies  (not  nil); 
hydrogen  fluoride  (etcliinj^  t^lass)  fiuoridr.'i  ; 
bromine  and  hydrogen  bromide  ^  bwmides  ; 
iodinoMvibdUm;  nitrons  {nmess>  iitifrlle«,«MffiaK^«. 

BxMBlMtlon  in  the  Wet  Way. 

The  prejiaration  of  the  solution  requires  some 
attention.  A  metallic  substance  is  treated  at 
once  with  moderately  strong  nitric  acid.  1'in 
and  antimony  form  oxides  wbidi  to  ft  great 
extent  remain  undissolved  ;  arsenic  is  oxidised 
to  soluble  arsenic  acid  ;  other  metals  (with  the 
exception  of  gold  and  the  platinum  metals,  which 
are  not  attacked)  are  converted  into  nitrates, 
which  dissolve  at  once  or  on  diluting. 

If  the  substance  is  not  a  metrtl,  it  is  first 
treated  with  hot  water*  and  if  anything  is  dis> 
solved  (whioh  is  asnnrtained  by  evaporating  a 
few  drop.^  on  platinum  foil),  the  substance  is 
boiled  two  or  three  times  with  fresh  quantities  of 
water.  Any  tesidne  wlUcli  may  be  left  is  treated 
with  dilute  h^'drochlorio  aci<J.  and  afterwanls,  if 
neoesnuy,  with  the  concentrated  acid.  Caro 
mnstbetakentoobeerreif  any  gas  is  given  off — 
t  .(J.  carbon  dioxide  |efferve8C( m  i  \  from  carhnn- 
atts ;  sulphur  dioxide,  from  aul^hiies  or  thiostU- 
phatet;  chlorine,  from  perweUe*  or  hypo- 
rhlon'tfs ;  liydroryanie  acid,  from  cyaHMw; 
hydrosen  sulphide,  from  sulphide$.  Many 
ohloriaee  are  insolnl^  in  the  strong  aoid.  and 
hence  the  solution  must  be  diluted  before  filter- 
ing. Silver,  lead,  and  uuivaleul  mercury  will 
bo  converted  into  insoluble  chlorides. 

Solvtni  action  of  ihe  mineral  (ictdn  (r. 
A.  A.  Noyes  and  W.  C  Bray,  J.  Auier.  Cheni. 
Soc.  1907,  29.  137.  481).— In  dealing  with  sub- 
stances insoluble  in  v.  Jitcr  the  following  acidic 
8*)lvent^  may  be  used ;  li y<iroehloric,  nitric,  sul- 
phuric, and  hydrofluoric  acids.  Although  it 
IS  impossible  to  give  a  hard-and-fast  rule  as  to 
the  v\  ay  in  which  thet^  agents  should  be  applied, 
the  following  consideratiOils  ^riil  indicate  the 
relative  advantages  of  one  or  other  of  these 

solvents : — 

HydrocMoric  acid. — (1)  Advantages:  (i.) 
Solutions  on  this  acid  do  not  yield  a  precipitate 
of  sulphur  on  treatment  with  hydrogen  sulphide ; 
(ii.)  the  solvent  action  of  this  acid  on  the 
following  oxides:  lead  i)oroxido,  manganese 
dioxide,  and  the  hydrated  oxides  of  tin  and 
antimony,  is  superior  to  that  of  nitric  acid  ; 
(iiL)  hydrated  silioa  is  readily  preoipitated  on 
evaporating  the  hydrocblorfo  aom  solution. 

(2)  Disadvantages:  (i.)  This  acid  is  (om- 
paxatively  useless  for  alloys;  (ii.)  evaporation 
of  the  hydrochlorie  aeid  scdvtieii  leads  to  the 
volai  Hi  ition  of  arsaiio,  meroiuy^  tin  and 
selenium  as  chlorides. 

HHtric  adtf.— (1)  Advantages;  (i.)  The  best 
general  sidvent  for  the  metals  and  their  alloy.-. ; 
(ii.)  oxidises  and  dissolves  insoluble  compounds 
of  anenie,  meronxy,  and  sdeninm  without 
the  formation  of  volatile  eompoun^  e^'B't^oogle 
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dementa ;  (Hi.)  don  not  cause  the  precipita- 
tion of  silver  or  lead  ;  (iv.)  oxidises  sulpbidee 
notnitAcke<l  by  hydn>ohlorio  andsnlphnrioaoklii. 

(2)  Disat  I  vantages :  (i.)  Thin  iwk]  niters  the 
glaie  of  conibinatioa  of  mauy  elomeata»  e^.  it 
oxidiH^  meretmraa,  anvnious,  antimontouH, 
stannous,  and  ferrousi  srtlt>  ;  f:i  its  solution 
deposits  much  sulphur  on  treatment  with 
hydrocen  sulphide ;  (iii.)  the  osddation  of 
sulphides  by  nitric  ncid  in  tlio  presence  of 
barium*  strontium,  and  lead  leads  to  the 
preoipitation  of  these  metab  as  tnlphates ;  (iv.) 
nitric  iic'i<i  is  Icm  ffficacious  than  hydrochloric 
acid  iu  rendering  hydrat«d  silica  insoluble. 

The  iiifa*io  add  aoliitioii  of  an  alloy  when 
evapmitt-d  to  drNTiess  and  heated  at  120*-I30* 
may  yield  the  partially  dehydrated  hydroxides 
of  siliea,  tfai,  antimony,  titanium,  and  tungstoi 
ill  an  insoluble  condition.  ^\Tien  phosphorus 
or  arsenic  is  present  together  with  tin  the  so- 
called  stannte  phosphate  or  arsenate  (phospho- 
stannic  or  nr  rm  '..i  nio  aoid)  may  aJao  beloand 
in  the  iuioluijlo  rf-i<iueu 

Svlphuric  acid.— The  dUute  aoid  U  of  little 
valno  as  a  solvent,  but  the  hot  concentrated 
acid  has  been  found  ua<-tul  in  certain  cases, 
(i.)  In  brinjring  certain  alloys  into  solution,  e.g, 
white  motals  (t-.  J.  Amer.  Clumi.  Soc. 

1W7,  2U,  tit));  (ii.)  destruction  of  organic 
iim  1 1  ri :  evaporation  of  a  cpncentratc^l  8ul])hurio 
acid  solution  of  the  substance  is  preferable  to 
ignitiou,  because  the  lAtt4>r  process  renders  cer* 
lain  conipounda  insoluble  nnd  leads  to  the  loss 
by  volalili-ation  of  such  elements  as  mercury, 
Hrtjciiic,  ut-l'-niuiu,  «Si'c.  Very  stable  organic 
aabetanoea  (e.^^.  paraffin  and  cellulose)  can  be 
df^troyed  completely  by  adding  a  little  strong 
nitric  aoid  and  heating  till  the  solution  acquires 
a  light  yellow  colonr.  UTien  diluted  con- 
siderably with  water  (20-30  vols.)  this  solution 
may  yield  a  deposit  containing  silica  and  certain 
refnctory  silicates  and  lluoHilicaies,  together 
with  the  sulphates  of  baiium,  strontium,  lead, 
calcium,  ana  chromfura  (an  inaolnble  sulphate 
forme<l  ilnrintr  the  lioitinp),  basic  snlpbatos  of 
bismuth,  antimony,  and  tin  and  the  ignited 
oxides  of  the  last  two  metals  with  those  of 
oliirniuiuin  and  titanium,  (iii.)  Tiisoliiblo  com- 
pound cvanides  are  decomposed  by  hot  con- 
eentrated  stilphnrio  acid,  oat  may  also  be 
attacked  by  aqneous  alkali  liydroxities  vieMini; 
soluble  alkali  cyaokles  and  insoluble  metallic 
bydioxMes.* 

Ilydroflvori'r  acid. — Tho  insoluble  rcsidnos 
from  the  preceding  acids  may  be  treated  with 
a  40  p.e.  solution  of  hydrogen  fluorkie,  which  is 
nnv  I)tftinable  in  L'la.<s  bottles  lined  with 
paraltin  wax.  (1)  Advantages:  (i.)  Mauy 
msoluble  silicates  are  readily  decomposed,  the 
silicon  Ix-infr  climinatfvl  rompletelv  as  gaseous 
silicon  tiuoridc ;  (ii.)  the  reducible  metabf  and 
their  oompoonds  noay  l>e  treated  in  platuium 
basins  or  cmciblcg  providing  tliat  thC  solution 
is  never  evarioratcd  to  tirvnesi*. 

(2)  Disadvantages:  (i.)  Glass  or  silica- ware 
vessels  canru-t  l>o  u.'WhI  with  hydrofluoric  a«  id  ; 
(ii.)  owHig  to  the  destructive  aotioii  uf  hydrogen 
fluoride  on  animal  tissnes,  all  operations  with 
f^olutions  of  this  tras  must  be  conducted  in  an 
ettieient  draught  cnplK>ar(i. 

Aqua  rtyia  (eoneontrate<1  hydrochloric  acid 
A  parte  and  nitiio  actd  1  part)  may  be  em-  ^ 


ploytxl  in  attaddng  substances  not  dissolved 

by  hydrochloric  or  nitric  acid,  althoui^h  it  it> 
of  little  use  for  colourless  insolubles.  It  readily 
dissolves  ^old  and  platinum,  but  is  less  efficacious 
in  rendenng  soluble  the  rarer  ooUe  rngfrnli  (t^m 
osmium  and  iridium). 

Treatment  of  In»oiubta. 
The  snhstanoes  not  dissoWed  by  the  fofe- 

going  acidic  rcaacnts  are  generally  regarded  as 
inaolubles,  although  they  are  divisible  into  two 
clsssBS  s  (L )  psewfo-tiMohiUM,  which  are  dissolved 
by  certain  Hjwcific  solveut.s  ;  (ii.)  true  imoivt^€4, 
which  are  only  broken  up  into  soluble  com* 
pounds  by  the  agi m  y  of  fused  alkali  oarbonatss. 

P.»€udo-  insolubles. — Silvtr  chloride  and  brom  t  Je, 
soluble  in  aqueous  ammonia.  (The  three  sdvcr 
halides  may  oe  completely  decomposed  by  tosat- 
ment  with  zinc  and  dilute  ffulphnric  add, 
metallic  silver  and  soluble  sine  nalide  bcuig 
produced.)  InsohMe  fimorideg  (those  of  the 
common  and  rare  oarth  niotals)  are  decomposed 
by  heating  with  concentrated  sulphuric  acid. 
Lead  svlphaie,  soluble  in  ammonium  acetate 
solution  ;  oxides  of  aniimony,  dissolved  in  hydro- 
chloric and  tartaric  iu:id&  Avhydrou*  chromic 
sulphate  and  basic  bismuih  sulphate,  converted 
respectively  into  hydroxide  aiul  basic  carbonate 
by  boiling  with  aqueous  sodmm  carbonate ;  tbette 
products  are  then  dissolved  in  dflnte  mineral 
acids. 

True  insoluble.'*. — Theao  substances  are  fused 
with  a  mixtun-  of  sixlium  vad  potassium  oar- 
l)onatcH  in  cquiniok-cular  proportions  (so- 
called  fusion  mixture).  In  the  absence  of 
reducible  nHtaLs  silver  or  lead),  insoluble 
sulphates  (barium  and  strontium  sulphate  s)  and 
silicates  may  b<>  hoated  with  the  fusion  niixtuiv 
in  a  platinum  crucible.  If  any  insoluble  molyb- 
denum sulphide  m  present  (indicatcil  by  dn 
tests),  a  little  nitre  must  be  added  to  oxidiec  ilm 
sulphide,  and  thus  prevent  its  corrosive  action 
on  the  platinum.  In  the  case  of  an  insoluble 
silicate  the  fused  mass  is  treated  directly  with 
bydrochlorio  acid,  when  the  metals  present  pass 
into  solution  as  clilorides,  and  the  stlioa  is  rra- 
dered  insohible  by  evaporating  down  the  aeid 
solution.  In  the  case  of  insoluble  sulphates*  the 
fused  mass  is  extracted  with  water  tu  remove 
the  soluble  allcali  sulphate,  and  the  fseidue 
fBa(;o„8rCH)«)  is  subeequentiy  dinolved  in 
dilute  acid. 

Silver  iodide,  bromide,  and  cUoride  arp 
decomposixl  by  •fusion  mixturr.'  vieklinrr  the 
soluble  alkali  halide ;  insoluble  lead  compounds 
are  similarly  deoompossd.  The  stroof^ly  Bested 
oxides  of  aluminium,ohrominm,  titanium,  tin.  and 
antimony  rank  as  insolubles ;  they  are  not  readily 
attacked'  by  <  fosimi  mixture,*  mit  are  rendered 
soluble  by  fusion  with  potAs.<iuni  bydroxidf. 
The  oxides  of  titanium  and  alummium  may  be 
rendered  soluble  by  fusion  wiUi  poteasntm 
hydrogen  ^uTii'i  ite  ;  sjX'cinl  methods  for  triat- 
ing  the  msoluWic  oxides  of  chromium,  tin,  aiid 
antimony  are  indicato<l  anionff  the  dry  tests 
(7,  6  and  c).  The  insoluble  compounds  of  th*» 
easily  reducible  metals  {e^.  A^,  Pl<,  Sn,  Sb,  4c.) 
oan  all  be  decomposed  and  re<iucod  by  fnsiaa 
with  sodium  or  potassium  cyanide. 

When  both  lujueouj?  aiul  acid  solutions  luve 
been  obtained  from  the  same  sabstanoe,  th<» 
^  analyst  must  use  his  judgmmit  as  to  whether 
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tliey  mmy  be  mixed  or  Bhoolid  be  analysed 
vf.arat<ly.  Tlio  latter  rourso  Rometimes 
gives  iaf(ffiiiation  «a  to  tho  tliatributiou  of  the 
adds  moA  basee  in  the  origiiial  rabetanoe.  If 
the  fir^t  coiir>«>  in  atloptetf,  it  nm  t  h^-  bonif 
in  miod  that  the  hydrochloric  acid  aolutiun  may 
necipitftte  lead  mad  aflver,  and  poeribly  meioury , 
nofli  an  aqaeona  or  nitiio  aoid  aoiation. 

Systematic  Method  ol  foamiimiion  in  the 

Wtt  wiar. 

The  fonnation  of  a  precipitate  at  the  proper 
stae*'  in  th<'  systematic  .s^'purHtion  is  not  suffi- 
cirnt  proof  of  the  presctico  of  a  particular  sub- 
>uikcf ;  Home  characteristic  confirmatory  test 
should  alway.-i  applied.  Tlic  colour  of  the 
eolations  at  ditTL-r«nt  stapes  in  the  operation  i» 
a  vahiahlc  indicataoo.  Uiuiecetwary  excess  of 
reagentH  should  l>e  avoided,  but  filtrates  should 
alwaj-s  be  tefit«'<l  to  make  sure  that  precipitation 
i*  complete.  Many  testa  succeed  only  when  the 
proper  proportion  of  the  reagent  is  added,  and 
it  should  be  a  rule  alwajrg  to  add  the  raageota 
very  gradually.  All  precipitates  which  have 
to  be  enbjected  to  the  action  of  rea^enta  should 
be  oarefuUy  washed,  but  in  qualitative  anal^siri 
it  is  not  aa  a  rule  desirable  that  all  the  waahings 
ahouki  mix  with  the  filtrate. 

The  reaction  of  the  original  eolntion  towards 
litmus  |«ijK»r  Fhoiild  Ih*  nottti  and  a  |>ortion 
tested  for  ammooium  comoounds  by  heating 
with  aodtom  hvdnnide  or  oy  tritnntting  in  a 
riiorUir  with  Boa»*Une  (diy  sodium  mod  oSloinm 
hydroxides  J. 

Jn  avetematie  qoaiitative  analysis  advantage 
b  lakvn  of  certain  similaritiea  existing  between 
the  metallic  radicles  which  oiable  these  radicles 
to  be  divided  hito  a  limited  number  of  groups, 
tilt  ni*-mf>er;i  of  which  are  subspqnontly  oithor 
separated  or  identified  by  means  of  the  differences  ' 
betweeu  the  proper^  of  Uieir  reapeotive  eom* 
pounds. 

The  metallic  radicles  nrc  divided  into  six 
noniMi,  aoeoiding  to  their  behaviour  with  the 
fnllowinET  rcacjcnttt.  wliicli  nnift  be  applied  in 
the  ortitsr  given,  it  may  bo  mentioned  tlvat 
tome  chemists  prefer  a  division  into  tive  ;:roup9, 
and  add  thp  rca£^*^nts*  of  (Iron pen  1 1 1,  and  IV.  sur-  ' 
c««fisively  wtthoui  an  intervening  (ittratioii.  Thin 
prooees  is  oonvenien^f  adopted  in  the  presence 
of  the  lei^^;  cnmmonly  occomng  mstals  (J.  Amer. 
Oiem.  Soc  1908,  30.  481). 

Groitp  L — Reagent:  hydrochloric  acid  in 
niod<Tat«'  pxrf»ss.  I*n  cipitat<? :  silver^  lead, 
tkalitmm    (IhalkmA),   and    mercurou-f   chlorides  i  ■ 


If  thp  ori^al  solution  is  alkaline,  the  trmnp 
precip*tat«;  may  contain  sulphides  {-y;.  As^Hg, 
8b,S^  SnSj)  which  had  been  dissolved  in  aqueous 
•U^li  sulphide  or  hydroxide.  This  yellow  or 
orange  precipitate  is  examined  under  Group  1 1. 
The  group  precipitate  may  also  contain  in- 
iokifaM  nlver  saltd  {e.g.  AgBr,  Agl)  precipitated 
from  solution  in  aUcaline  c^'anidee  or  thio« 
^ulphaton  ;  thes3  are  dealt  with  as  inwlubles. 
The  filtcate  (rom  th;e  Group  L  precipitate  or  the 
asiuthm  Itsitf  in  ^tm  absenee  of  a  precipitate, 
r!iii>f  ht-  evaporat<.nl  nearly  to  (lryn<  -;.'<  if  nitric 
acid  Of  nitrates  are  present,  since  these  com* 
ponads  knd  to  the  preeipitB4Mm  of  snlphnr  in 
Qmp  IL 


Gbovt  IL<~Reagent:  hydrogen  sulphide  in 
acid  solution,  'i'hioacetio  acid  has  been  recom- 
mended as  a  substitute  for  hydrogen  sulphide 
in   qualitative  analvsis  fSchiff  and  Tarugi, 

Ber.  1894,27, 1?  1*^7 1  " Pn-ripit^it.- :  .sulphides 
of  ar*€Hic,  atUttiioay,  ttn,  tnoiyOdtnumf  gotdt 
platinum  (ike  ethtr  phtinum  mddU)t  bitmutk^ 
'  had,  mrrrnry.  Copper,  and  cadmium,  togeUier 
with  nidentum  ana  tellurium,  partly  free  and 
partly  as  sulphides.  The  solution  should  be 
dilute  and  not  too  acid,  and  it  shoidd  bo  treated 
and  saturated  repeatedly  with  thu  group  reagent, 
since  prolonged  treatment  is  required  to  precipi- 
tate molybdenum  an<l  the  platinum  metaLs. 

'Ihe  tiltrato  from  the  foregoing  sulphides  is 
boiled  to  expel  hydrogen  sulphide,  and  any  iron 
present  peToxidisc<l  by  warniint'  with  nitric 
acid  or  oromiuo  water.  If  organic  matter  is 
preoBDt»  it  is  destroyed  either  by  evaporation  to 
drjmess  or  treatment  with  hot  concentrated  sul- 
phuric acid  {v.  supra).  Silica  or  barium  sulphate 
may  he  precipitated  at  this  stage.  A  portion 
of  the  oxidised  solution  should  now  be  toste<l 
for  phosphate  with  nitric  acid  and  ammonium 
molybdate. 

Group  III. — Reagents  :  ammonium  chlori<le 
and  ammonium  hydroxide.  Precipitate :  (a)  In 
abscnc  of  [ihiKsphatcs :  htfdroxides  of  aluminium, 
irmi,  chronuu$nt  glueinum,  titaniuMt  xircoaiam, 
ianMum^  edhtfiAitm^  Ihorimmt  cerium  {and 
olht^r  rare  fdrlh  incloh),  an<l  itrnniuin  as  tim- 
monium  diuranate,  Some  manganese,  zinc, 
and  alkaltne  earth  metals  may  no  ooprccipi- 
tated.  CO  In  presence  of  phosphates :  if,> 
pho^hates  of  the  preceding  mdals,  toydher 
with  those  of  Groiijm  IV.,  V.,  and  moffmsium. 

Group  IV. — Reagents  :  juiin  milium  sulphide 
or  hydrogen  sulphide  and  ammouium  hydroxide. 
Preoipitate :  mtphideg  of  smk,  manganese,  edbalt, 
find  uith  l.  n'h<^  pr*  cipitatioa  is  OMVied  out  in 
the  boiling  solution,  and  the  filtrate,  if  brown, 
is  sightly  acidified  with  hydrochlorio  acid,  when 
vfinaiium  and  a  ^maU  portion  of  the  niok^  are 
precipitat^nl  an  .'sulphides. 

Group  V.^Heagents;  ammonium  carbonate 

and  ammnnin.     Preoipitato:  6art«m,  afoVMtlMtftt, 
and  calcium  as  carhonaies. 

Grovp  VI. — The  filtrate  from  Group  V. 
contains  mafpiestum,  sodium,  lithium,  patansivm, 
rubidium,  and  cecsium,  which  are  identified  by 
special  tests. 

In  the  abs4^nre  of  the  rarer  metallic  radicles, 
the  group  }>r(.'cipitat<^H  are  examined  in  the  fol- 
lowing manner.  Confirmatory  teats  are  given 
under  special  reactions. 

Group  I. — The  precipitate  is  boile<l  with 
water;  the  aqueous  extract  mixed  with  dilute 
sulphuric  acid  gives  a  whit^  precipitate  (Pb.SO^), 
indicating  lead.  The  insoluble  portion  is  treoteil 
with  aqueous  ammonia ;  a  black  n-^idu© 
(NU,Hg,Cl  or  NU,Ug€l  and  Hg)  indicates 
mercury ;  the  ammoniaoal  filtrate  nmdified 
with  nitric  acid  gives  white  silver  ohloride, 
indicating  Hlver. 

Omtrr  TF. — The  jirrripitate  is  washed  with 
aqueous  liydroi^M  ii  and  warmed  with 

yellow  ammonium  sulphido  [(NU4)tSj[],  this 
extraction  being  repeats. 

T;  filtnif*'  ii  acidirie<l  wiih  dllutf  liydro- 
<  hloriu  acid,  the  precipitate  boiled  with  strung 
aqueous  nmmooiam  carbonate,  and  the  solution 

fllteired ;  the  filtrate  aeidified  yields  a  yellow, 
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precipitaU"  (AsjS,),  dcnotina;  arf^uk.  The  residui- 
igdi'solrpfl  in  concfiitmtH  hydrochloric  ncui.  the 
eulutioD  boiled,  diluted,  and  treated  with  iitrip^ 
of  platiiiiiiii  and  pure  zino ;  a  bUick  dtain  on  the 
plfttinum  =  anttmonij.  'llw  zinc  i>»  dijisol%'e«1 
ill  hydrochloric  aoid  and  mercuric  chloride  added ; 
a  white  preoipitote  (Hg,Glg)  boooming  grey 
(Hg)  tin. 

In  the  separation  of  arsenic,  antimony,  and 
tin  by  ammonium  carbonate,  this  solvent 
dissolves  an  appreciable  amount  of  stannic 
sulphide^  wliioh  10  xeprocipitated  by  acids  as 
a  whita  oxjnrolpliid«  (Sohmkltk  fiw.  1894»  27, 
2739). 

Boiling  the  mixed  sulphiden  with  otm- 

ccntrat^tl  hydrochloric  nrid  otTccts  n  ^«'pnration 
by  dissdiving  the  tin  and  antimony  compounds, 
iMving  noarnr  the  vhole  of  tiie  anraiotu  sulphide 
iiiidisaoK imI.  'riic  niixrd  sii!phi<li s  nirtV  ahso 
be  dissolved  in  aqueous  sodium  peroxide^  which 
prodneen  widiitin  anenateii  antimooate,  and 
^^ulll  ii-  Ou  K  lilinjj  this  solution  with  excess 
of  amniuniuiu  chloride,  hydiated  stannic  oxide 
is  precipitated  (v.  J.  Walk0r»  Cbem.  See.  l^nms. 
1903,  8n.  1H4;  r/.  Oaven,  Chem.  Boo.  Ftoc. 
19I(».  2«.  llti). 

(B)  'l%c  precipitate  inaolnUa  in  ammonium 
sulphide  is  boile<i  with  nitric  acid  (1  vol.  acid 
sp.gr.  1*20 :  2  voLn.  H,0),  the  residue  iliKsolved 
in  aqua  repia,  excess  of  acid  expell*yl,  and  stan- 
nous ehloridc  addul ;  a  white  precipltat<'  (IfgjClj) 
iudicate»  mercury.  The  nitric  acid  ^ulutiun  is 
evaporated  to  a  small  bulk  with  sulphuric  acid, 
diluted  with  cold  water  and  tillered  ;  white 
residue  (PbSO,)  indicates  lead.  The  filtrate  in 
rendered  ammoniacal,  blue  colour  =  copper  ; 
white  prftipitate  (RifHO),)  =  bi^mHth,  con- 
firmed by  diHtMlving  in  hydrochloric  acid  and 
diluting  considerably  with  water  (BiOC'l).  The 
colour  of  thf  filtrate  disehrtrLre<!  by  potassium 
cyanide  (exctiss) ;  the  solution  .Htttur»t*\i  with 
tiydrogen  sulphide,  a  yellow  precipitate  (CdS)  = 
eadmium  (contirmat  ion  i«i  essential,  since  a  yellow 
C3'ano({en  derivativ  u  may  be  precipitated  at  this 
stage). 

Group  111.  (phosphates  absent). — The  nuxed 
hydroxi<Ie8,  suspended  in  water,  are  warmed  with 
excess  of  sodium  peroxide  and  filtere*!.  A 
residue  {FofO^'xHtO,  which  may  contain  some 
BlnO,)  mdieates  irtm.  The  ftltrate  is  divided  into 
two  (Hirts,  (i.)  boiled  with  excess  of  Kinmonium 
chloride,^  white  fr(.latinoua  precipitate  (A1(0UM 
«B  tdmminivm ;  (ii.)  aoidified  Wnh  dflute  aoetie 
acid  and  lead  acetate  added,  yellow  pTBOIpitaic 
(PbCrOj  =  chromium. 

Grottp  III.  (phosphatee  preeent). — ^If  the 
original  .^uhition  was  acid,  this  cniup  jtrr  ii  'tato 
may  contain  phosphates  insoluble  in  ncutrul  or 
alkaline  solntwiia.  Hie  sodium  peroxide  separa* 
tion  !■<  applied  to  one  fhinl  of  the  precipitate; 
the  remainder  is  dissolved  in  dilute  hydrO' 
chlorio  acid,  the  eohition  nearly  neutralised 
with  pure  sodium  nirbonato,  nnd  treated 
sucoei4«ivelv  with  ammonium  acetate,  acetic 
ackl,  and  ferrie  chloride  until  no  further  preci- 
pitate is  pro<luro<l  nnd  the  Rolntion  is  deep  nxl. 
J'ho  mixture  in  Uiilt^l  Htid  tiltercd  hot;  the 
Sltrato  is  then  examined  for  the  metals  of 
drnups-  IV.  ami  and  for  mafTrir«ium.  The 
pn«cipitate,  which  in  i\v^lv<^lcd,  containN  ferric 
phoephate  and  basic  feme  acetate^  Amniunium 
formate  may  he  used  instead  of  aoetate  in  thia 


Ht  paration  (Tower»  J.  Amer.  Chem.  80a.  IMO, 

32.  nr,3). 

,  The  phoj-phoric  acid  may  alM>  be  removed 
by  evaporating  the  filtrate  from  Group  II.  to 
dryness  \^ith  nitric  acid  and  granulated  tin, 
when  an  insoluble  residue  is  obtained  consisting 
of  metastannio  ami  phosphostannic  acids. 

(iRorp  IV. — ^Tbe  mixed  sulphides,  washed 
with  hydrogen  sulphide  water,  are  dissolved 
in  aqua  regia,  or  hycirochlorio  acid  and  potassium 
chlorate.  Exc^  of  sodium  hydroxide  is  added 
to  theselution  after  expelling  exeeesof  acid  ;  the 

{ircoipitate oollccted, and  the  nitrate  trrHt-cd  w  ith 
kydrO|reni  sulphide ;  white  precipitate  (ZnS)  <=> 
nne.  The  precipitated  hydroxides  are  dMMOlTed 
in  hydrochloric  a<  i(l,  cxeess  of  aniironiijui  iicetat* 
added,  and  the  solution  saturated  with  sulphide. 
Any  hlaok  precipitate  is  removed  and  the 
tiltrale  rendiTMi  a tn nutniaoal ;  pink  precipitate 
(Mn^)  =  maHf^atffif. 

The  Mack  precipitate  is  tested  in  tha  bonur 
bead  ;  a  brownish -y(>lluw  colour  indicates  nt'  /vf 
present  and  cobalt  absent,  li  the  bead  is  blue 
(=  eo6air),  the  precipitate  is  dissolved  in  hydro- 
chloric acid,  potassium  chlorate  added,  excorss  t  f 
acid  expelietl,  and  the  solution  nearly  neutralit^ieil 
with  sodium  carbonate;  excess  of  potassium 
cyanide  i- t}ii>n  added,  and  thf  .  liiti.n  Iv  il  -.! 
in  an  ujr  ii  iii.sh.  An  excess  of  Moduiin  hy|M>- 
chlorite  or  fn  ^ihly  prepared  sodium  hypobromite 
i^^  additl  to  the  warm  Bolnfion ;  a  black  pre- 
cipitate (Ni,0,,a;U|U)  =  nu-kel;  the  filtrate  con- 
tains potassium  ooMltieyanide  (K,Co(CX),). 

A  ijuiikcr  Mopa ration  of  the  Group  IV. 
sulphides  may  be  effectwl  by  digesting  them 
with  cold  ulute  hydrochloric  acid  ( 1  : 20). 
This  treatment  should  bring  the  xino  an<l 
manganese  into  solution,  leavmg  the  sulphides 
of  nickel  and  col>alt  undissolved  ;  but  it  is  geite* 
rally  found  that  appncialde  quantities  «>f  the 
latter  metab  are  present  in  the  tiltrale.  Alterna- 
tive methods  of  deteetinff  and  separating  niskel 
and  cobalt  are  given  un(^r  special  reactions. 

Group  V. — IHssolve  the  washed  precipitate 
in  dilute  acetic  acid,  add  aqueous  potaasium 
chromatc ;  yellow  precipitate  (Ba(H>4)  =»  fca- 
rinm :  filtrate  boiled  with  concentrated  aqueous 
ammonium  sulphate ;  w  hite  precipitate  (SriSO,)  — 
ttwtUimmi  final  filtrate  treated  with  ammonium 
oxalate;  white  precipitate  ((^CjO^^rH  .0)  = 
cnlcium.  ()uin;i  to  their  clo.v  relstionship,  1 
sharp  separation  of  the  three  metals  is  eztnmdy 
diiRonlt.  Hie  following  altematiTe  pmoees  has 
recently  been  worked  out  (v.  Bmy»  J.  Attxr. 
Chem.  Soc.  1909,  31.  611). 

The  group  precipitate,  whioh  may  oontain 

ina;,'nesium,  L*  lii-vsolvetl  in   20  C.c.  of  rWl  p.e. 
acetic  acid,  solution  neutralised  with  amnxmia, 
3  e.0.  of  acetic  acid  added,  dflnted  to  40  e.e,  10 
c.c.  of  20  p.e.  potas.'^ium  (  hromateslowly  addt  d. 
solution  boiled  for  2  minutes  j  yellow  precipitate 
(BaCr04).   Three  e.e.  of  ammonia  added  to 
filtrate,  diluteti  to  60  c.c.  .W  c.c.  of  alrr.ho! 
(95  p.c.)  added  ;  after  10  minutes  yellow  pre- 
I  cipitate  (SrCrOf).    Without  washing  this  |«e> 
I  cipitate,  200  e.e.  of  water  sre  added  to  filtrate'. 
;  the  solution  boiled,  and  40  c.e.  of  4  p.e.  ammo- 
]  nium  oxalate  ndded;  after  10  minutes  white 
'  precipitate  ((/nrj)^).  Magn*»inm  \»  jireeipitat^tl 
I  m  liltmie  an  a  colourless  crystalline  pmsipitate 
I  (Mw'(NH4)P0«,GH,0)  by  addhw  ammonia  and 
I  sodium  phosphate. 
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!     Obopf  VT. — A  fxnttofi  of  th«  ffltnit«  from 

\.  '  Xamiiu-*!  for  niatjui-iiinn  (r.  .>«/^r(/),  the  re- 
I  mmd«r  eraporated  to  drvneaa  and  igoited  to 

in  a  9mall  bulk  of  -waU-r,  thi-  solution  filtered 
if  pecciwry,  examined  by  tiamo  test  Mid 
divided  into  two  parte,  (i.)  platinio  eUnride 
aildetl ;  y-llow  trvNtnllinr  prrcipituto  (K,PtCl,) 
—  palaasiumi  (ii.)  pota.Msium  pyjoantimonate 
'  addid;  «oloaflMB  cryii'.aUjiie  precipitate 
(]|^H^b,0^6H.O) »  Mcbwff. 

QmouF  SvARATioK  ur  TEE  Pbvskob  of 

THE  Raker  Mktai.s. 
In  the  presence  of  the  lean  uommonly  ooour- 
nng  elementa,  the  oodinary  group  sepaiations 
mqnirt\  in  certain  intttances,  to  be  moditietl 
very  couiiiderably.    A  systematic  attempt  to 
>leaJ  with  this  problem  has  recently  been  made 
by  A.  .A.  NnvM  nnd  his  collaborators,  to  whose 
uriginal  tneitiuin^  rt-fcrencc  should  be  made  fur 
(he  exact  working  details  of  the  neoesiuirily 
K>mewhat  complicated  separation'?,  an  outline 
«.f  which  is  given  below  (J.  Amt;r.  Chem.  JSoc. 
'  1907.  29,  137  ;  1908,  30,  481 ;  1909.  31,  611). 
It  will  be  seen  that  th«^  f^rt-ator  mimber  nf 
the  rarer  elements  are  prt-cipilatt-fl  h\  the  re- 
j  afenti  of  Groups  II.,  III.,  and  IV.  of  the  fore- 
suing   analytical   classification  ;     ])iit    in  the 
■<-heme  deviwd  by  Noyes,  Gruupa  111.  and  IV. 
are  mer;^  into  one,  and  it  is  chiefly  in  this 
comprehensive  group  that  tlie  addifcioiial  com* 
plications  are  to  be  found. 

('ROUP  I. — The  ptedpitata  may  contain 
thaUtnut  chloride  and  tmgHie  acid.  The  former 
;  is  extract«d  by  hot  water,  any  lea<l  separated 
i  ax  milphate,  when  the  filtrate  treateil  with  p<^>tns- 
'  mtB  iodide  gives  a  yeUow  precipitate  (HI)  ~ 
I  The  hydmted  tungstio  aoid,  w^*- 

cii-itated  by  hyilnKliloric  acid  from  alkali 
tungBtatcs*  rvmains  in  the  residue,  and  may 
be  separated  from  lead  and  diver  by  foaion 

<iHliuni  carbonate.  Tlie  aqueooa  eoltttion 
,  oi  alkali  tungstatc  is  boiled  with  sine  and  hydio- 
'  chlorie  aeid,  yAvm  the  development  of  a  blue 

•  c«"lourati<^>n      tu)hjAf,  u. 

Ghoct  II. — Selenium,  teiiurinm,  niolybdc- 
nonivfold,  pbtinam  and  itlialiiei!,are  precipitated 
j  by  hydrr>e»'n  sulphide  in  acifl  solution.  Ex- 
I  traction  of  the  group  precipitate  with  yellow 
'  anrnonhun  aotprnde  carries  the  greater  part 
,J  t'l.      elements  into  the  tin  fiih-rrroiip,  but 
ihr  •H^-paration  ia  not  quite  ahari),  for  nmaii  but 
appreciable  qnantitiee  of  mofybdenum,  gold 
and  the  platinum  nir^tals  remain  in  the  insoluble 
iiulphides  of  the  copjx'r  sub-group. 

A.  Copper  gub-group. — The  precipitate  boiled 
with  dilute  nitric  acid  (1  vol.  of  sp.gr.  1*20:2 
ToU.  water)  partially  dissioives;  the  solution 
contains  leaid,  copper,  cadminin,  and  bismuth, 
while  tfi'-  n-sidue  contains  mercury,  gold, 
platuiiini.  and  a  trace  of  tin.  The  insoluble 
poition  is  oxi<lised  M'ith  bromine  water,  pota.«- 
Mtim  rhloride  and  hydmchUtrir  acirl  are  added 
and  the  solution  oonccntrateti ;  a  yellow  crystal- 
has  precipiUte  (KsPtCI,)  =  platinum.  The 
nceoH  of  acid  is  expelled  from  the  solution, 
wWch  w  then  rendered  alkaline  uud  boiled  with 
Mc(w  of  oxalic  acid;  a  bromiish'blsok  pre- 
b[jitat«  =  gold. 

B.  Ti»  ^tUt-gromp. — ^The  sulphides  are  rc- 
pndpitatod  by  diluta  aoid  ficom  their  solntion 


in  ammonium  sulphide,  anfl  digested  for  10 
minutes  with  u«'arl\  boiling  hytlrochloric  acid 
(sp.j|r.  1-20);  the  solution  contains  tin  and 
antimony,  and  the  residue  snenio  and  the  rarer 
elements,  'rbe  residue  is  dissolved  by  Ktront; 
h.vdrooblorio  acid  and  potaasium  chlorate ;  the 

solution  ooneentmted  to  the  erystanising  point 
yields  a  yellow  precipitate  (K^,l4( M, wam. 
1'ho  filtrate,  treats  sucoeesiTcly  with  ammonia 
and  mafjnesia  mixture  (lfgCl2,2NH4C1  with 
NH4  OH).  yields  a  colourless  crystalline  pre- 
cipiUte (Mg(NH4)As04.AH.O)  =  WniV.  ^Fhe 
filtrate  from  the  double  aisenate  is  evaporated 

!  to  remove  anmi<)T;:a .  ind  tln'n  boiletl  v.  ;fli  1  x.^li  • 
acid,  and  the  brownish- black  precipitate  \j/oki) 
extmeted  with  hydrooUorio  acid  to  dbmlve 
any  co-precipit«t«-d  tellurous  acid.  The  filtrate 
from  the  gold  is  concentrated  and  acidified  nith 
strong  hydrachlorio  acid,  sad  after  removing 
any  precipitated  potas-^inm  <!i!tiride,  sodium 
sulphite  (in  »ligJU  excets.H)  is  addi-d  when  a  red 
precipitate  =  selenium.  The  filtrate  from  se- 
lenium is  diluted  and  treate<l  i-urcessively 
with  potassium  iodule  and  solid  sodium  sulphite 
(excess);  the  double  iodide,  KjTelj,  iMcoraes 
reduce<l,  and  a  black  precipitate  -----  liUun'um. 
The  final  filtrate  is  boded  with  hydruchloric 
acid  to  ex)>el  sulphur  dioxide,  and  to  the  cool(>d 
solution  10  p.c.  potassium  thiocyanute  and 
stannous  chloride  (or  a  scrap  of  tine)  are 
successively  added,  when  a  red  oolooiation 
(Mo(CNS)4)  soluble  iti  ether  ■=  nu>l>/f)firnHm. 

Groups  111.  and  IV.— Tho  filtrate  from 
Group  II.  is  boiled  to  expel  hyvfaogea  sulphide, 
treatetl  with  moderately  .strong  ammonia,  the 
colour  of  the  precipitate  being  noted,  and  the 
ammoniacal  mixture  heated  nearly  to  boiling 
and  trcatetl  with  ammonium  sulphide,  or  pre- 
ferably, in  the  presence  of  nickel,  «  ith  hy«lroi(en 

I  .Hiilphide  to  .'•aturat ion.  In  the  presence  of 
vanadium  the  filtrate  has  a  reddish  colour, 
and  on  adding  hydroohlorie  aeM  brown  vana* 
dium  siUpliide  is  ])recipitat<M!.  The  acid  filtrate 
is  boiled  to  expel  hydrogen  sulphide,  and  treated 
with  ferrio  chloride  and  ammonia  to  precipitate 
last  traces  of  vanadium.  The  pre-enci'  ot  this 
metal  in  the  sulphide  and  ferrio  hydroxide  |>rc- 
cipitates  is  oonnrmed  by  dissolving  in  nitric 
n<  i(!  f  p.^'r.  1-20),  diluting  and  adding  hy<lrogen 
peroxjde,  when  an  orange-yellow  colouration 
vanmUwm. 

The  group  pvecipitate  is  di.'i.solvt  <1  in 
hydrochloric  soia  (sp.gr.  11 2),  adtlitig,  if 
necessary,  some  nitric  acid  or  bromine  water. 
The  aohition  is  then  boiled  ^\ilh  hydrocldorio 
acid  to  remove  nitric  acid,  and  trtt^teti  in  a 
platinum  dish  with  M  p.e.  hydrotluorio  ueid, 
and  evaporated  to  dryne^n.  An  insftluMe 
residue  indicates' the  fluori»ic*  of  the  rare  earth 
metals  (thorium,  cerium,  yttrium,  erbium,  &c.); 
the  aqueous  extrnet,  uliieh  contnins  all  fheo(h(  r 
metals  of  this  unalyticai  group,  is  evaiH)rat*'d 
i  Miccfs.-ively  with  hydrochloric  sod  nitric  pcitl.H. 
The  inxolnhlf  thmridcH  are  decom|KJse<l  by  hot 
sulphuric  acid,  and  the  resulting  sulphatt^  of 
the  rare  earth  metals  subjected  to  special  tests 
for  these  elementn. 

The  nitric  acid  solution  of  the  other  metals 
of  the  group  is  treated  suooessively  with  caustao 
soda  solution,  dry  so<lium  peroxide,  and  aqueous 
sodium  carbonate,  when  a  precipitate  B  and 
a  filtrate  A  are  obtained.  This  [^f^^*^!}^ 


no 


ANALYSIS. 


sejiarati  s  thcMc  inctals  into  two  Sttb^gfOVIMy  and 

the  method  is  valid  even  when  phos^iatm  are 

present, 

A.  Thf  III II  minium  Hult  qrmip  (may  contain 
Bodium  glucinatc,  ziiicate,  alumiuat'O,  vamulatc, 
chromatp,  and  pcruranate).  The  solution  is 
acidified  with  nitric  acid  (--^p.^r.  1*42)  aad  diluted 
considerably,  solid  sodiuru  hydropen  carbonate 
added  in  moderate  exccsA  and  tlie  mixture  heated 
in  a  cioppcred  boitla.  The  precipitate  (contain- 
ing line,  'ilucinum,  and  aluminium)  is  dissolved 
in  hydrfx  hldiic  acid,  and  the  solution  rendered 
ainiuuiiiacal ;  the  /.iric  remaina  in  solution, 
while  the  hydroxides  of  glucinum  and  alu- 
minium are  piecipitatod.  These  hydroxides  are 
dissolved  in  strong  hydrochloric  acid,  ether 
(1-fi  vols.)  is  added,  aud  the  cooled  solution 
saturated  with  hydrogen  chloride,  white  crystal- 
line precipitate  (AlClj.BHjO)  =  aluminium. 
The  ethereal  filtrate  is  evaporat^,  treated  with 
ammoaia,  any  precipitate  dissolved  in  10  p.c. 
sodium  hydropon  carljonatc,  ihi*  i-oliit  ion 
aatunted  with  hydrogen  sulphide;  the  filtrate 
from  any  precipitated  milphide  is  aokliiie<], 
boiled,  and  rendered  ariiinoniacal,  \v}i<  n  a  white 
fioooulent  precipitate  (Gl(OU}t}  —  glucinum. 

Hie  filtrate  obtained  mmtnefint  treatment 
with  .sodium  hydrf>pen  carbonate  is  acidifieil 
with  nitrio  acid,  and  just  ncutraliHcd  with 
caostio  soda :  2  e.e.  of  nitrio  acid  (sp.gr.  1  -20) 
and  20  c.c.  of  20  p.c.  lead  nitrate  are  addc<l ; 
yellow  precipitate  =  chromium.  The  lead  is 
removed  with  hydrogen  sulphide,  the  ezoess  of 
gas  boiled  off,  vanad\-l  salta  oxidised  to  vanadates 
with  bromine,  any  excess  of  this  reajjent  being 
removed  by  boiling.  The  solution,  after 
neutralisation  with  ammonia,  is  treatetl  euc- 
oessively  wilXi  5  c.c.  of  30  p.c.  acetic  acid,  2 


of  ammonium  sulphate  (or  nitrate),  and 
2  grams  of  Mxlium  phos])hate;  the  mixture  in 
heatef!  to  l)oilinp,  wlien  a  whit*  pn  i  ipiuile 
(U0,<  Nl 1 4)rU4 )-=  Kmmiim.  The  final  filtrate 
h  rcnd(!rcd  ammoniacjil,  saturated  with  hydrogen 
sulphide,  aeidiBcd  with  aoetio  acid,  and  boiled; 
dark  precipitate  «■  wmadnati. 

B.  The.  iron-manganese  sub-group  (may  con- 
tam  the  hydroxides  and  phosphates  of  iron, 
manganese,  cobalt,  nickel,  zinc  (traces),  titanium, 
and  zirconium,  topether  with  ealcium.  strontium, 
bariuui,  and  niipnesium,  as  curhunatcs  and 
plMMiphat43»).  The  precipitated  hydroxide*?,  /tc, 
are  dUsolved  in  hydrochloric  arid,  thr-  snlufion 
evaporated  dou-n  with  strong  uilho  atid,  and 
tr^&Usi  with  0-5  gram  of  solid  potassium 
chlorate ;  brown  precipitate  =  manganese.  A 
portion  of  the  filtrate  tested  for  phosphoric  acid, 
when,  if  present,  the  remainder  is  treated  nvith 
ammonium  hydroxide  till  noariy  alkaline,  and 
faoilerl  with  ferrio  chloride  and  ammonium 
acttale.  The  filtrate  contains  the  onlinary 
metals  of  Groups  111.  and  XV.,  together  witli 
raagn(!tiiam;  the  precipitate  oonsists  of  the 
h\di.>xidi-i,  phosphates,  and  basic  acelat^-s  of 
iron,  zirconium,  titanium,  and  possibly  thallium 
(tervalent).  This  precipitate  is  dissolved  in 
hydrochloric  acid  (sp.pr.  1-12),  and  the  »«nlnfi«in 
shaken  with  an  equal  volume  of  ether.  The 
ethereal  extraet  contains  ferric  and  tfaaUie 
I  hloridr-  ;  h\ dr<tchl<jric  arid  .^ohitioti  tfie, 

/.iKoriiiim  and  titanium.  The  latter  is  evapo- 
rate* 1  ilo  wn  vrith  sulphnrio  amd  until  tlu  hjrdiogcn 
chloride  is  expelled,  the  residue  taken  up  with 


wat<Y  and  treated  with  hydrogen  pscoxide  and 

subsequently  with  sodium  jiho^phatr :  omntrf 
yellow  colouration  {'TiO^i  -  liltmium ;  wbu* 
flooeulent  precipitate  (Zr(0H)-P04)  » £»rro- 
nium.  The  final  filtrate  is  reduc««i  with 
sulphurous  acid,  when  a  white  flocculent  pre- 
cipitate (Ti(0H)>P04)  confirms  tikmkum. 

(!Rorp<«   V.  and  In   the   i.r<«>u^ficc  of 

litliium  it  iij  preferable  to  preeipjtHt*-  inaguc\siui!i 
in  the  calcium  gioup.  'i'he  tiltrato  from  <>rou]»s 
III.  and  IV.  i?<  concent  nit  <-d  to  10  e.e.  ami  treat^ti 
with  30  c.c.  of  20  p.c.  ammonium  carbonate  an<l 
30  c.c.  of  95  p.c,  alcohol.  After  90  iiunut««  the 
precipitation  is  complete,  the  magnesium  being 
present  as  the  double  carbonate  (MgCO,. 
(NH,),C(),.4H,0).  The  treatment  of  the  group 
precipitate  has  already  been  descriVx-ii  under 
Group  V.  {v.  supra).  The  filtrate  is  evaporated 
to  dryness  and  ignitetl.  The  residue  is  taken 
up  with  10  cc.  of  water,  and  one-tluni  tested 
for  lithium  by  adding  0*5  c.c.  of  10  p.o.  cattstio 
.smla  and  2  c.c.  of  10  p.e.  .so<^lium  phosphate,  j 
heating  to  boilitip  and  addutg  1  cc  of  sioohol, 
white  precipiute  (Li,  1»0,)  ==:  Krttam.  The  fil- 
trat*'  from  this  phosphate- is  teste<l  for  potassium 
by  adding  acetic  acid  and  sodium  cobaltiiutrite. 
llie  remaininff  two^tliirds  of  the  soiiition,  oon< 
taining  the  alkali  nietJils.  are  tested  f<»r  sodium 
by  potassium  p\Toantimonate  after  removing 
the  lithium  as  fluoride  by  amnMmia  Mid  mm- 
monium  fluoiide. 

Althouph  it  is  not  possible  to  si  pa  rate  tlv- 
acidic  radicles  mto  a  IiuuUhI  numl^er  of  groui». 
each  having  a  group  reagent,  yet  the  veactiona 
may  bo  di\ided  into  (i.)  ])reliminary  teats  madt- 
on  the  oripinal  sohition  or  substance;  and  (ii.> 
systematic  tests  made  on  suitably  prepared 
solutions.  The  reactions  may  be  conTemeotly 
carrietl  out  in  the  following  order  : — 

I.  Prelimimirtj  tests  (compare  dry  reactions). 

1.  The  original  substnnof  or  ««<dation  is 
warme<l  with  dilute  hydxot  hionc  ofbulphuric  acid. 
A  gas  is  evolved,  carbon  dioxide,  tumingf  lime 
wati'r  milky  =  c«r?'u«(ifi  ;  sulplnir  tliuxide  ^ 
phite;  hydrcwen  Miljihide,  blai  kenmp  lead  iici-t  .it'e 
paper ai4nf^m'(ff  (not  all);  mt  mu..  fumes  -  milntci 
hydrogen  <^nide,  odour  of  bitter  almonds  =  , 
cyanide. 

2.  The  original  substance  or  solution 
warmofl  slowly  with  strong  solution  of  sodium 
dichromatc  slightly  acidifit^il,  carbon  dioxide 
evolved,   oonwnts  ear6oiiate  in  prcjsuuoe  of 

sulphite. 

.3.  Heating  tt-Oh  coneenMML  tutpkmie  oesJ. — 
The  forepoinp  cases  may  he  evolved,  and  in 

atldition  the  following: — 
(a)  CotmtrkMz 

Fuming  acid  pas  etehin^  p1.i.>.s  =  fiuoridt  ; 
fuming  aci<l  gas  not  etching  chloride ;  odour 
of  vinegar  <soe«l(ife ;  carbon  monoxide^  bine 
fluiXK'- —  formate,  f>  in M  i/iini<Jr  ;  i-urbon  nii»no\i.k- 
and  dioxide  =  oucalaU ;  suluhur  dioxide  aj»d 
sulphur  sublimate  ^  iktM^iljMate, 

Orange  vapour,  brtimine  =  bromide ;  violet 
vapour  and  hydrogen  .sulphide  «■  iodide :  nitroas 

fumes  rfifn/',  mlratc;  otide.-^  »>f  earTjon  attd 
siduhur  with  charring  —  tartrate,  cUrate,  mal«lt ; 
yellow  explosive  ohloirine  oxide  ss  eAlonrfr. 

4.  Bntittg  with  akoM  and  eanetmlrmlad 
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tutpkmie  arid,  green  flame  =  borate.  Boforc 
performiniE^  this  test  chlorates  miut  be  decern- 
posed  by  igniting  the  original  sabetanoe,  other* 
VIM  an  ex|dosion  nia^'  result. 

5.  Ilmliiuj  with  conceniraied  sulphuric  acid 
and  aatid,  a  oolonrleM  ga«  (SiF4),  giving  a 
Mlatfaiotts  precipitate  on  moist  rod,  confirms 

IL  SysiemaiicUatt. — Before  testing  a  solution 
for  aeida,  boil  with  mooem  of  pare  aodiam 

carbonate  t<.>  n-movf-  hcAV}'  uu'tals,  filter^  and 
oarBfuUj  ueutraiiae  witii  nitric  ackL 

1.  AvtM*  dUofMie  in  nevtral  soltttion  yields : 
(a)  a  white  j)rocipitatt',  insoluble  in  }iy«lro- 
cbJoric  viid  =  aulphaU,  giUcctflmridei  (fi)  a 
vliite  precipitate,  sohiUe  In  hydrodiloTie  acid 

=  i'uljjhilf^,  <  urh-'niit'\  ])ho-tphfilf,  oxalate,  hnniif. 
^^"^    eiWwm^^  tortrote ;  {y)  a  yellow  precipi- 

2.  To  a  portion  nf  tho  neutral  Friliitiori  add 
oofeium  chloride  in  exuutis,  allow  to  litaud  for 
soma  time  with  oonaiiional  ahaldng,  and  filter. 
A  white  precipitate  (a)  insoluble  in  acetic  acid 
=  oxeUaU  {nuphale  in  (strong  solutioas);  (0) 
sohifale  in  aeetic  acid  —  photphate,  Borale,  and 
other  acids  precipiUvted  by  barium  chloride 

Cakium  tartrate  after  washing  is  soluble  in 
f<>ia-h,  and  is  re>precipiitated  on  dilvt&ag  and 
boiling. 

The  filtrate  from  the  precipitate  in  the  cold 
is  boiled  for  some  time  and  filtered  hot ;  a  white 
precipitate  -  -  citrnh  {muhttr  in  .strong  solutions). 
The  filtrate  from  this  ^nxMpilate  is  allowed  to 
cool  and  then  mixed  with  exoeas  of  idoohcd ;  a 
white  precipitate  =  !*nfcinat^^  malate. 

3.  Silver  uitrait  \n  n<-utral  solution  yields  : 
(a)  A  precipitate  soluble  in  nitric  acid. 

( 1 )  White  s  capaiate,  borate,  lorircUe,  ben^ 
zoair,  Ac 

(2)  Yellow  =s  photphate^  otmimIc, 

(3)  Brick-red  =  artenate. 

(4)  Dark -red  ™  chromat^. 

(0)  A  precipitate  insoluble  in  nitric  acid. 

Soluble  in  ammonia  :  White  =  chloride  (hy- 
paMerite),  cyanide,  thioctfonate ;  yellowish-white 
=  hnnnidt  ;    oraii^e-red  —  fi  rrict/nnid€i  white 

=s  Jtrrocyanidc  (sparingly  soluble). 

Inadlnhle  in  ammonia :  Yellow  =  iodide ; 
black  =  gvlphidt. 

4.  Ferric  ekloride  in  neutral  solutions  yicM  s : 
(«)  A  etdoQistion ;  blood>red  «■  aeetate,  for- 
mate (pre<.ipitate  on  boiling),  fh^'orj/unaie  (no 
pireoipitate  on  boiling) ;  violet  daUej^tUe, 
tkiooulfkate  (fugitive):  bldah-faladc  a Ismuifey 
gnUate  ;  greetiush-brown  —  ftrrieyanide  (dark- 
Utae  precipitate  on  adding  stannous  chloride). 

{$)  A  precipitate :  buff  =■  leiuaate^  eanon- 
at'-  ;  r» oldish -brown  =  sticrirmir  :  nhite  =  phot' 
Bhatt. ;  bliick  ~  sulphide  ;  bluv^^h-  or  grceni»h- 
Uack  =  tannate,  gallate. 

Sulphur aoids.  (1)  Detects ulph/U/^  by  barinni 
chloride,  an<i  sulphide  hy  Itjati  acetate,  &.c. 
Make  |mrt  of  thu  solution  slightly  alkaline  with 
pntAsh,  a'ld  zinc  sulphate  in  eoiisidorablo  ex- 
cem,  and  filter.  Test  one  part  of  the  filtrate 
fof  thio^tdpkate  by  means  of  hydrochloric  acid  ; 
to  the  other  part  add  acetic  acid  till  faintly 
acid,  sodium  nitroprusside  in  smaii  (j^uautity, 
and  potaasium  f errocyanide ;  a  phifc  pve<d|riti^ 
indicates  a  sulphitp. 

(2)  Separation  of  soluble  sulphates,  sulphites, 
adfihideaw      tbiomilphatea  in  nenteal  aoiotion. 


Precipitate  tttdphide  as  CklS,  PbS.  or  ZnS  by 
adding  cadmium  carbonate  or  lead  carbonate 
sludge  or  zinc  chloride  solution.  Add  strontiom 
nitrate  and  leave  for  12  hours ;  tho  precipitated 
strontium  sulphate  and  fulphite  scpantted  by 
hydrochloric  acid,  the  filtrate  contains  the 
ihioBvlphatet  decomposed  by  strong  hydro- 
chloric aciil.  giving  sulphur  and  .sulphur  dioxide 
(Autcnrioth  and  Windaos*  Zeitsch.  oqaL  CSiem. 
1898.  37.  295). 

Chloride,  bromide,  and  iodide.  (1)  Place  the 
sttbstaaoe  in  a  small  ilaak  oonneoted  with  a 
small  bnlb  U-tube  oontainhig  a  little  stavok 

pasto  and  j  l  i  "  d  in  a  Ijeaker  of  \vat<'r.  Add 
water  and  ferric  sulphate  solution  to  the  sub- 
stanoe  in  the  flask,  and  heat  to  boiling.  If 
iodine  ij^  [  r.  -mf,  the  starch  pivste  becomes  bine. 
Remove  tho  cork,  boil  with  fresh  additions  of 
ferrio  sulphate  till  all  iodine  ia  expeUad*  Mow 
add  a  few  crystals  f  f  jK^tassium  permanga- 
nate, connect  with  a  bulb  tube  containing 
ohioroform,  and  again  boil.  If  bromme  iH 
prf^yent,  thr  chloroform  IS  coloured  brown.  Riil 
with  adciitiuu  ot  more  p>ermangauate  until  all 
bromine  is  ex[)elied.  filter  and  test  filtrate  for 
chlorine  (Hart,  Amer.  Chom.  J.  18S4,  6,  346). 

(2)  After  iodine  has  been  detected  by  means 
of  nitrogen  oxides  in  sulphurio  aoid*  evapomte 
pirt  of  the  solution  to  dryness  with  sodium 
carbonates  fuse  with  ten  times  its  weight  of 
potassium  dichromate  till  all  iodine  is  expelled, 
place  in  a  small  ilry  retort,  and  heat  with  strong 
sulphurio  acid.  Part  of  the  distillate  is  agitated 
witii  water  and  carbon  diNllphkle;  if  bronnne 
JH  present,  the  latter  becomes  orange-red.  The 
remainder  of  the  di^tillatie  i.s  neutralised  with 
ammonia,  and  tested  for  chromic  aciii  l)y  acifli- 
fying  with  acetic  acid  and  adding  lead  acetate. 
The  presence  of  chromic  acid  indicates  the  pre- 
sence of  chlorine  in  the  original  substance. 

(3)  A  neutral  solutba  of  the  three  halides 
is  treated  with  potassium  iodate  and  dilnte 
acetic  acid  ;  as  iodine  is  lib^'ratf^d,  more  iodate 
is  added  and  the  aolutk>n  boiled  until  all  the 
iodine  is  eliminated.  T\m  sohition  is  mixed 
with  half  itn  volume  of  o.Y-!iitric  acid,  bromine 
is  evolved  and  the  solution  boiled  till  colourless. 
A  little  potassium  iodide  added  to  destroy  Uie 
iodate  ii)  x  n;-,  and  the  golutiou  boilixi  till 
ooiourlosKj,  then  an  e^ual  volume  of  strong  nitric 
aokl  and  a  few  drops  of  sOver  nitrate  are  added, 
when  a  white  prccipitat*-  iiidieatcH  a  chloride; 
The  strong  nitric  acid  holds  in  solution  an^' 
traoe  of  sdver  iodatek  If  thioeyanie  aoid  is 
pre^M*  rit.  tho  test  for  iodine  must  be  made  in  a 
small  portion  of  the  original  solution,  adding 
sodium  acetate  as  wdl  as  aoetio  acid  to  depress 
tho  dissociation  of  the  latter  (Benedikt  and 
Snell,  .T.  Anier.  Cliein.  fc>oc.  11>U3,  2o,  HUD). 

Other  (icida  must  be  detected  by  special  teats. 
Iodine,  and  ferrocyanidos  and  ferricyanidea  must 
be  removed  l)efore  testin^r  for  nitrates. 

To  remove  iodine,  ferroeyanic,  ferricyanic^ 
and  thioeyanie  acids,  &tld  excess  of  a  mixture  of 
cupric  and  ferrous  sulphates,  and  filter.  To 
remove  exoeas  of  copper  and  iron  (which  is  not 
ahvaj's  neee«?sarv)  heat  to  Itoilniu'.  »idd  slij^ht 
exc^  of  pure  caualio  potaftii  or  yoJa,  and  hlLer. 

To  remove  bromine  and  iodine,  acidify  with 
dilute  Hulphuric  acid,  and  boil  with  snocessive 
additions  of  i)otaH-4ium  permanganate  until  the 
liquid  has  a  faint  permanent  piiuc  th^^^ 
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To  remove  hi/pothiorovs  and  nitrtnu  ncidn, 

acidify  with  dilute  sulphuric  acid,  and  boil. 
Nitrous  acid  can  aLsu  be  decomposed  by  boiling 
with  a  Htrotig  solution  of  ammoniai^  oluoride. 

For  an  alternative  classification  of  the  acidic 
radiclud  into  anaiytioal  groups*  oompare  T.  Milo- 
bcndski  (J.  Run.  FhVB.  Cbeni.  Soo.  1909,  41, 
1301). 

Special  Reactions. 

In  the  following  Ii8t8  ouly  the  most  charac 
tcristic  and  UHcful  roactioiiH  have  boon  given  ; 
nc(g»tive  reactions,  and  others  not  particularly 
ohtnoleriatio,  have,  a>)  a  rulc»  been  omitted  {ate 
aim  Dty  tMotioiu). 

MSTAUH. 

The  nx'tnls  arc  arranged  in  the  order  of  their 
occurrence  in  the  »yHtcmatic  separation. 

Silver. 

Hydrochloric  acid,  a  white  [tn.^ipitato  (AgC'I), 
insoluble  in  hot  watt-r  and  in  nitric  acid  ;  soluble 
in  ammonia  and  rcprecipitated  by  nitrio  acid  in 
excess.  Potfi^iiium  chromaie,  a  dark>red  pre- 
cipitate (Agit'rO^) ;  soluble  in  mineral  acids 
and  decomposed  by  caustic  alkalis.  Potassium 
ej/anide,  white  precipitate  (AgCN)  soluble  in 
ezcMd  to  KAg(CN)s. 

Lead. 

Hydrochloric  acid,  a  white  precipitate  (PbG^)* 
tolabfe  in  hot  water,  from  which  it  erytitallises 

on  C()oliii<i  ;  iii>'olul)l<'  ill  aiiitin»nla.  Htfdrogen 
^phide,  a  black  prccipitat«  (PbS),  in.<t<>lublc  in 
ammoniam  sulphide  fin  presence  of  hydrogen 
halidcH,  intermediate  retl  comiHiumls  are  nro- 
doeed,  e.g.  PbS»4PbI,,  J.  Amer.  Chem.  ooc 
1890.  17.  011 :  1901,  23,  680) ;  soluble  in  nitric 
acid.  Siifjilnin'r  arid,  u  \\hito  procipitate  j 
(PbtiU4),  soluble  in  hot  hydrochloric  acid  ;  in- 
soloble  in  dOute  sulphuric  acid;  solttble  in 
ammonium  acftatc  (Noyes  and  Whitcoinh, 
J.  Amer.  ("hem.  tSoe.  1905',  27,  747).  Poltisaivm 
ehromaie,  yellow  precipitate  (PbCK)(),  in- 
Rohible  in  aoetio  acid;  soluble  in  potaasittni 
hydrf>xide. 

ThaUlum. 

Hydrochloric  acid,  white  prrcipitflto  (TK!1), 
only  slightly  Holublc  in  hot  ^vuler.  Foias^ium 
iodidtf  pale-yellow  precipitate  (Tll),  even  in 
dihite  Holutions.  Sulphuric  and.  no  precipitate 
(difT.  from  Pb).  Sodium  coballinttrite  Kivee  red 
orvsUlline  precipiUte  (TI,Co(NOg)g)  (J.  Ruas. 
Phys.  Ch.  rii.  Soo.  1910,  42,  94). 

Tungsten. 

Hi/dnxhloric  acid,  n  v  illowfah'White  pre- 
cinitato  (H^WO,),  insula ble  in  excoj^s  of  the 
dilute  acid  ;  Holuble  in  the  concentnit*-*!  acid 
mill  in  tartaric  acid  ;  fragmentA  of  zinc  iid<Ie<i 
to  this  solution  produce  a  blue  colouration. 
Stantunu  chloride,  a  yellow  precipitate,  which 
becomes  blue  if  mixed  with  hydrochloric  acid 
and  heated.  Ammtmium  tulphidc,  no  precipitate 
with  sodium  tnngstate,  hut  on  acidifying,  light- 
Imiwn  precipitate  {VVS,),inHohibIe  in  hydroohhtric 
acids,  soluble  in  ammoniam  sulphide. 

M«Teury. 

Merc  M  r  <>  II  s  c  o  111  J)  o  II 11  d  s.  Ht/dro<-  hlon'c 
acid,  white  procipitato  (Hg,ClJ,  insoluble  in 
hot  water ;  insoluble  in  ammonia,  hut  blackened 
f  Nil  ,Haj(.*|).  StfiiDiDiiM  thlondt,  ltcv  precipi- 
tate (Hg).  Metallic  capper,  bccomca  coated  with 
mercuiy,  which  can  be  suUimed. 

Mercuric  compounds.  Hydrogen mdjMdtf 


white  precipitate,  becoming  yellow,  red,  and  thea 

l)Iac):  '  IIl'SI  ;  iTi-ti'iiM'  in  ammonium  sulphide  ; 
apprec ia  bly  bolu  bie  ui  a  1  k ai i  sulphides  ( H g ( 8Na ) ,  >. 
insoluble  m  nitrio  acid  ;  soluble  in  aqua  regia. 
Stannous  chloride,  white  precipitate  (Hi;^<  i.^ 
becoming  grey  (Ug)  with  excess  of  the  rc^fmt. 
Potassium  iodiih,  scarlet  fCMipitete  (Hgl,). 
soluble  in  exoesa.  Mekdlic  copper,  as  mcvouroua 
salts. 

Bismuth. 

H f/drogen  stdphide,  brown  precipitat«'  fBi  ^.*^,'i. 
iuMiiulilc  in  ammonium  sulphide ;  K>lubk-  m 
nitric  acid.  .ImmoMi'a,  white  precipitate 
(Bi(HO),),  ;<o1u1j1c  in  hj'drochloric  acid.  W'lff^ 
in  large  ^xcem  (with  previous  addition  of  am- 
monium chloride  if  chlorides  are  absent),  white 
precipitate  ( BiOCl).  Milublc  in  hydrochloric  acid: 
insoluble  in  tartaric  acid.  Reducing  agentg 
(sodium  Htannite,  hy  pophosphites,  hydrosulphites, 
formaldehyde  in  alkaline  solution)  reduce  bin* 
muth  cuuipounds  to  elemental  bismuth. 

Copper. 

Hydrogen  sulphide,  black  precipitate  (CuS), 
insoluble  in  ammonium  sulphide  and  in  dilute 
sulphuric  acid  ;  soluble  in  nitric  acid  and  in 
potassium  cyanide,  iimaumio,  blue  precipitate, 
soluble  in  exoess  to  dark*bltto  solntion.  PaUU" 
sium  ff  rrtM  ijanide,  chocolate- brown  precipitat*'. 
insoluble  in  dilute  acids ;  in  very  dilute  solationii 
colonration  onlv;  deoompowd  by  eodiom 
hydroxide,  yidduig  blue  oopper  hydroxide. 

Cadmium. 

Hydrogen  sulphide,  yellow  precipitate  (OiS), 
insohiljic  in  aninioniuni  sulj>hi<ie  and  |Kitas.-<ium 
cyanide;  soluble  in  nitrio  acid  and  hot  dilut*' 
sulphuric  acid.  Ammonta,  white  precipitate 
(CdHjO,),  readily  solub!<-  in  e\(css.  CauAtir 
potash  or  sodOf  white  precipitate  (CdU,Of) 
maoluble  in  excess. 

Tin. 

Stannous  compounds,.  Hydrogen  sul- 
phide, dark-biown  pfecipitate  (Sn»\  soluble  in 

yellow  but  not  in  c  mI  iirlcHs  ammorTiiim  sid- 
phide.  Mercurtc  cJdonde,  while  pn^cipitatc 
(HgjCl,),  b«>coining  grey  (Hg). 

Sliinuic  compound  A.  Hydrrtitt*  tulphtde, 
yellow  precipitate  (SnJ^,),  soluble  in  animoniura 
sulphide ;  appreciably  sohiMe  in  ammoniuro 
carbonate  (Ber.  189i.  27.  27:il>) ;  >«^.tui.le  in 
concentrated  hydrochloric  acid;  disSMilves.  in 
aqueooB  eanstio  soda.  StatnUc  chloride^  boil*^ 
with  co]>|>^'r  Ufoomef5  stannmis  chloride.  When 
zinc  and  piatinum  ntv  placed  in  the  solution, 
no  black  sUln  on  the  pbtmnm ;  ct]patab  of  %xa 
on  th'-  /inr 

Aniimony. 

Hydrogen  sntpkide,  orange  precipitate  ^Bb^^), 

soluble  in  ammonium  »ulphi«le  and  in  concen- 
trate<l  hydrochloric  aciti :  insoluble  in  amm<v- 
nium  cari>onate.  Wnttr  in  excess  (with  ammo- 
nium chloride  if  chlorides  are  absent),  whil^ 
precipitate  (SbOC'l),  soluble  in  hydrochloric  acid 
and  in  tartaric  acid.  Zinc  and  phtiinum,  a 
black  stain  oa  the  piatinum  (Sb),  soluble  in 
nitric  acid  and  in  ammonium  sulphide. 
Anenlc. 

Hydrogen  sulphidct  yellow  procipitate,  soluble 
In  ammonium  snlphide  and  m  ammoniuni  e«r» 

bonate  ;   in-oliiMc  in  eorni-iitrat<  d  li\ drocMfTi. 
acid.  Metallic  coppcrt  tjoilcd  with  the  liquid  after 
aeidifving  with  h^'drooMorie  acid,  is  coveted  srillk 
a  shilling  giey  deporit  (A.^^,  wjijch^ 
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brtkti  in  H  tube,  yiclik  a  sublimate  of  arsentouB 
oixie  (Reiast'h'rt  teat)  (Clark,  Chcm.  Soc.  Trans. 

fi3,  Sa4,  SSti).  NnM'cnt  h>/drogtH  prwluci'd 
iium  unc  and  dilute  tiul|ihiirio  acid  reduces 
arnenic  compotiilds  to  volatile  ar^iine  (AsU,), 
which  de<  ompose5  on  pentiv  heating,  giving  an 
ansentv  deposit  yoluble  m  aqueous  hypochlorites. 
Antimoiiy  oonip'und.s  under  these  conditions 
afeo  give  a  black  deposit  (antimony),  insoluble 
in  hypochlorites  (Mareh*B  teat}.  Zino  «id  caustic 
Kida  reduce  arsenic  compounds,  liberating  arsine, 
«hich  ]mxiucas  a  yeliow-to-brown  stain  on 
momirio  chloride  paper  (Gutzcit's  tost,  C^em. 
8oe^  Trans.  1901,79.  715). 

A  rsenitef.  Am tHoniosilva^  nitralt,  vellow 
precipitate  ( AitaA.sO,).  sohil^  in  nitrie  mtkI  and 
ammonm.  Amtnonio-rupn'r  ■•<ulphalc,  bright- 
Bwa  precipitate  (C'uUA«0«),  turns  vod  by 
bdOtog  with  OMistk!  soda. 

Ar'enatett,  Amnwmo-silvrr  liUmlf,  brick- 
nad  precipitate  (AsgAsOA  soluble  in  nitric  acid 
and  smmonift.  Ammtimvm  eUonde^ 
And  moffnesnum  avlpkcde,  whiti  rr\stAllinp  pn- 
dpitate  (NH^MgAsOf).  Amtnonio-cupric  ml- 
Msie,  ptJd'hrae  precipitate,  tmned  olack  by 

DoililTl'  ^vlfh  caustic  jso'lii. 

Wb«n  arsenic  acid  or  artscnalesi  arc  prt-Kcnt, 
tlMjr  ahoiilil  be  ffedvoed  by  heating  with  sul- 
phnrr»iis  acifl  nr  ammonium  iwlide  or  hvtlriodic 
acid  (BuU.  tkx-.  chim.  Bel^,  1909,  23.  88)  before 
amiljii^  hydrogen  sohiliKie  or  Reinsch's  test 
(Usher  and  Tmwn,  Chen.  Soo.  Timm.  1905, 
87,  1370). 

Plallnmn. 

Hydrogen  SMlphui*.  hrown  preripitat^-  (I'tJ^j) 
on  beating,  soluble  in  ammonium  sui}>lii(lc-. 
Ammomium  chloride  or  potassium  chl'jride, 
yeOon  cn-sfallinc  pn-ripitate  (M,Ft('l,),  less 
M^lubk-  ill  prtait  iict;  of  alcohol.  toUusium  iodide, 
in  dilute  ttolution  red  colouration  (KjPtI,), 
ver\"  'I'^l'f-ato  tost.  Stannous  chloride^  in  dilute 
solution.  brownish-Fed  coluuiatiun,  delicate 
te»5t. 

PaOadiom. 

Ht/drogen  sulphide,  black  precipitate  (PdS), 
in-uliil/le  in  ammonium  sulphide ;  soluble  in 
hot  hydrochloric  acid  and  in  aqua  regia.  Potus- 
mmm  witde^  black  precipitate  (Pdl,),  somewhat 
{soluble  in  excess.  Mercuric  cyanide,  yi-Uowi.sh 
wfait«,  geli^ooa  ntecipitate  (PdCy.)i,  readily 
tohible  in  ammoiuia.  Ammomium  emoride^  no 
pffcipitatv  (diff.  from  Pt) ;  on  addit  ion  of  chlorine 
•a(6r,onnge  precipitate  ((NU4)|Pd(JL).  Fotas- 
mmm  ekhride,  precipitate  (2KCi'BdUt)  only  in 
ver>^  oonc-tmtsntcd  eolntions. 

Iridiom. 

Hydrogen  nipkiie,  deoolourisation  followed  by 

brown  precipitate  (Ir,8.),  soluble  in  ainmonium 
sttlphide.  Ctmttic  jwtosa,  a  greenish  coiouratiuu 
wlleh,  en  beeting  with  expoBure  to  air,  changes 

MohI'.-  I'i  ri/nr-^  hltir  fmni  Pt\  Animo- 

mtum  chloride  ur  potassium  dUoride,  dark-bruwu 
er  red  preeipitate  (doabte  chlorkie),  inaolvblc  in 
8  -taturAt*-*!  .solution  of  the  precfi'ttnnt.  Both 
TUtilti  hecomG  ulive  grecti  with  pota^8)um  nitrite 
and  other  reducing  agents,  especially  in  hot 
•r»]iitions.  Sfrm-f;  -hlphwic  octd  and  onUNOiMvm 
Aitratc,  on  heating,  blue  colouration. 
OiinhnB. 

Hffdrrrf'-v  ^'i!j>hifj>\  it)  acid  but  not  in  nnitral 
aoiution,  black  precipitate  (Osi}.),  insoluble  ui 

  jrOne  ac«  on  boiling 


uxidifit^  ocimium  compounds  to  osmio  tetroxide 
(OsO«),  charactemtie  odour  and  yellow  eoltttiaii 
tn  caustic  soda. 
Rutinnlum. 

Bydngen  sulphide,  blue  solutien  followed  by 
browij  prrcipitato  of  ruthenium  sulphide. 
Sodium  IhiosulphcUe  in  ammoniacal  tMtlution  to 
dilute  solutions  of  ruthenium,  a  |Niiiilidi«ied 
colouration.  Zinc  reduces  RuCI,,  giving  a  bine 
solution  and  then  precipitating  ruthenium. 

Rhodium. 

Hydrogen  sulphide,  on  warming,  black  pre- 
cipitate (Rh,S^),  insoluble  inammomum  sulphide ; 
soluble  in  boiling  nitric  acid.  FoUassium  nitrite, 
warmed  with  sodium  rhodium  chloride,  givee 
omige-ycllow  precipitate  (KjRhCNO,),). 

Gold. 

Hudrogtn  sulphide,  black  prc(  ipitate  (An,£>t) 
in  cold,  trown  precipitate  (.Au^S)  in  hot,  8olu> 
tion  ;  ^lu1)le  in  yellow  ammonium  sulphide. 
Oxalic  actd  or  Jenous  mUphaU^  brown  or  murpb 
precipitate,  yellow  and  lueteoua  when  rubbed. 
iSl'iiifiou.i  and  stannic  chlorides,  purplish  pre- 
cipitate, insoluble  in  hydroohlono  acid. 
Hydrogen  peroxide,  in  very  dilate  alhaMtW  lolll- 
tiun,  libcnUr  ^  tmcly  divided  gokl  havhlg  • 
beautiful  blue  t>himmer. 

MolylMtoinim. 

Hydronen  sulphide,  broM-nish-black  ]irfcipi. 
tate  (MoS,)  on  heating,  soluble  in  ummonium 
sulphide.  Sodium  f^teiiphatt,  in  presence  of 
[litrtr  ncifl,  yellow  precipitat<-  on  linttnii, 
soluble  in  ammonia  and  in  cxoe^  of  the  aikalmo 
phoaphate.  Pola$num  ihiocyanate  and  zino  or 
stannous  chloride,  red  colouration  due  to 
Mo(CN8)4  soluble  in  ether.  ConcctUraied  aui- 
phurie  acid,  when  strongly  heated  with  moly> 
bdenum  compounds,  dtn  clops  a  deep-blue 
c<»louration.  Phtnylhydrazine,  in  60  p.c.  acetic 
ucid,  red  colouration  (Ber*  1W3,  86, 

Selenium. 

IlydroycH  sulphtde,  yellow  precipitate,  Ixj- 
coming  dark  on  heating,  soluble  in  ammonium 
sulphide.  Sulphurous  acid,  in  presence  of  hydro- 
chloric acid,  a  red  precipitate,  which  becomes 
grey  on  heating,  and  is  soluble  in  potassium 
oyuiide.  Stannous  chloride  and  other  reducing 
agents  behave  in  a  similar  manner.  Barium 
chloride,  (i.)  white  precipitate  (BaSeO,),  soluble 
in  dilute  hydroohlocio  acid;  (ii.)  white  precipitate 
(Ba8c04),*in8olable  in  dilute  hydroeUorio  add ; 
soluble  in  the  stron^  acid,  evolving  chlorine. 
Ctmceittrukd  sulphuric  acid,  green  oofouration. 

Tdtnifiim. 

Hydrogen  sulphide,  brown  precipitate  (TeSj) 
at  once  from  t<'llurites,  but  from  tclluratos  only 
after  boilini?  with  hydrochlorie  aoid.  Pokurium 
indiif' ,  t>.  1' Il  irite  in  a<  iil  solution,  black  pre- 
cipitate (Tel,).  Meductng  agents  {HuCl^Za), 
black  precipitate  (Te).  (wiceidraled  aafpAiine 
arid,  carmine  oalouxatioo. 

Aluminium. 

Ammimiat    white    f^tinoua  precipitate 

(.\l>f  Oj),  insoluble  in  c\-ct's.«i  and  in  n  trntr  ^niutn 
carbonate  ;  soluble  in  acids.  Caustic  potiuth  ot 
soda,  white  gektinoua  precipitate  (AIH3O,), 
soluble  in  excess ;  roprccipitated  on  adding 
ammonium  chloride  and  heating. 
Chromium. 

Chromic  salts.  Ammonia,  ;/rernish  or 
j. purplish  precipitate  (CrU,Og),  soluble  m  acids  ; 
*  inaoittble  in  ammonium  earbona1|g^g|(,^g^^^^ 
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potmh  or  soda,  grecii  precipitate  (CrHjO,), 
soluble  in  excess,  but  re  precipitated  on  boiline. 

Chromates.  Hydrojftn  *ulphid»isi(¥U±ama' 
tion,  nHluction  to  chromio  «Alt  witii  ohMifie  of 
colour  to  green.  Lead  aitltit*',  \>x'\v)\i  y»How 
precipitato  (PbCr04)»  iusoluble  in  acetic  acid. 
Silver  nitraie,  d«ik-nd  pfMipitoto  (AgaUrO^), 
soluble  in  nitiio  Mid. 

Iron. 

Ferrous  ittUt,  Anrnrnmunt^ulphtde^lAmtsk 

precipitat."'  (FcS),  soluble  in  a<  i<l.s.  Ammonia  or 
caiMftc  potash  or  Axio,  white  precipitate,  rapidly 
beoCNtting  green  and  theo  brown.  Pvtagdnm 
ftrrocyaiii'lr,  whito  procipilatf,  ^jradually  bc- 
oomiuc  dark  blue.  Fottumum  ^tmcyanuU, 
durk'Uoe  praeipitato  (Fo3(FeCya)t).  PotoMHiin 
ihiocyanatc,  no  r  i  ti  in. 

Ferric  salts,  Aminonium  gtUphide,  Uack 
predpifeate  (2¥'eS  +  8»  or  ¥9 fit)*  totnble  in 
HcidB.  Atrmtonia  or  caustic  pota.<ih  or  ^oda, 
rKldiah- brown  precipitate  (FeHgO,),  aulubk  in 
aoids.  Potassium  ferrocyanide,  dark-blue  pre- 
ri|  -tnt*'  ( ,  F  <  v,  insoluble  in  dilute  acids. 
J  't4<tf  -< I  u  m  jrrrti  i/it mde,  no  precipitate ;  greenish- 
l>rown  colouration.  Pokusium  thiocyanatc, 
blood-rod  colouration  ;  not  afieoted  by  boiling 
or  by  hydroehloric  acid. 

Thorium. 

Ammonia^  caustic  soda,  or  f»olash,  \\h\te 
gelatinous  precipitate  (Th(0U)4),  iiUM>lublo  in 
eaoees.  Ammonium  or  sodium  carlxmatep  wliite 
procipitnto,  l>asic  carbonate;  soluble  in  excess. 
Oxalic  m  id,  wluto  precipitate  jTh(C,04)i,2H,0), 
insoluble  in  enwH  aod  iiuolublo  in  mineral  acids, 
but  soluble  in  ammonium  oxalate.  Potassium 
fluoride  or  hydrofluoric  acid,  white  precipitate 
(TbF«).  Potfwsium  sulphatt,  white  oxyatallme 
preoipiute  (2Ks80«»Th(tiOc),.2HsO). 

Cerium. 

Anunonia,  white  precipitate  of  Ijusiu  salt,  in- 
tK>luble  in  excess.  Caustic  potash  or  soda,  white 
precipitate  (C^(OH),),  inaoluble  in  exoem;  be- 
comes yelloM  when  exixjsed  to  air.  Oxtdir  acid, 
white  precipitate  (Ce,(C,04),),  inf«alubie  in  ex- 
ceM,  but  aoraUe  in  a  lai^e  quantity  of  hydro- 
chlorir  at  i'l.  Pcdassium  sulphcUi ,  white  pre- 
cipitatf  even  in  somewhat  acid  solutiona 
((>)K3iv'<<  I,),),  infloluble  hi  aatarated  aolntkm 

of  pottts^^iuin  sulphatv.    Ili/dro^   ,i   jxroxidf,  in 
ammoniacal  solution,  orangc  browu  precipitate. 
GMneinnin. 

Ammnnia,  precipitate  (fllH  O  \  in- 

soluble in  excc<».  Caustic  potash  or  «0(/u,  Uie 
same  precipitate,  soluble  in  exoen,  but  repre- 
cipitatod  on  Ixiiling  {diff.  from  Al).  Ammonium 
caHtonatet  white  precipitate,  easily  soluble  in 
excess  (diff.  from  Al). 

fJhicud  arctic  arid  disholves  Gl(OII),  or  (;1C0,, 
nud  tbu  rt^idut;,  a^tcr  evaporating  to  Uxyuc46,  is 
the  basic  accUte  (GljOiCHj-CO,),),  readily 
^' liable  in  cliloroforu),  cllitr, acelom-,  tlio  alcoholi?, 
and  other  organic  nirdia;  dissolves  unchauged 
in  gladal  acetic  acid  ;  it  molts  at 283*'-284*,  and 
vn.r.  be  snbliriu  d  without  decomposition.  S(Mlium 
hydriMft  It  carbonaU,\Q  p.c.  dissolves  Gl(OH)j; 
dilution  to  1  p.c.  causes  repreeiintation. 

Uranium. 

Ammofiia,  cuuMic  potash,  or  eoda,  \ellu\\  prc- 
cipitatei,  insomUe  in  exce^,  but  readily  soluble 
in  ammonium  carbonate.  Amtnonium  sulphide, 
brown  precipitate,  readily  soluble  in  ammonium 
oarbooate.    PclassiMm  ffrroryonidt^  diooolate* 


brown    precipitate,    readily   de<»mposed  by 
alkali  .  ^  i  l<ling  yeUow  alkali  dioianatai. 
TttaoUun. 

^fitsKmw,  eoiMf  IT  ikAmK,  or  soda,  or  am  m/»fit  MOT 

aulphidr,  white  prr  t  ijiitat*'  { H jTiOj),  insolu bio  in 
excess;  soluble  in  dilute  sulnhurio  and  hydro* 
chloric  aoids.  PtiUutivm  foivajfonide^  daA- 
brown  precipitate.  Sodium  thiosulphaUt  com- 
plete precipitation  on  boiling,  tiffdrogem  per- 
omde,  to  a  slightly  aoid  solutkm  of  titaaxnm 
sulphate;  oran^e-rtHl  colouration;  ^tiakeiKxl  by 
fluorides.  Reducing  agents  (SnCL  or  Za  aaid 
HC9)  produce  a  violet  ooloaiatioa  (TiCI,). 

CtUechol  added  to  dilute  solutions  of  tit&nic 
or  titanous  salts,  yellowiah>orange  oolouiation, 
very  delicate  test^  but  tntecfand  wfth,  by  niMCal 
acids  or  alkalis  (Ber.  1909.  42,  4341). 

Zirconium. 

AmmoniOf  tUHtnonium  sulphide,  caustic  ^oda, 

white  gelatinous  precipitate,  dissolving  in  dilute 
aoid,  but  le«s  readily  after  boiling;  prBcipitatiou 
prevented  by  tartaric  acid.  Oxalic  ani,  white 
precipitate  (Zr(C.04),),  readily  soluble  in  am- 
monium oxalate  or  in  exccj>8  of  oxalic  acid. 
Hydrogen  peroxide,  white  milky  j)n"c]pitate 
(Zr-O^),  cvulviii^  rh!<>rino  ^vhen  lK)ile<l  with 
hydrocliloric  aoid.  Turmeric  paper,  moistened 
with  acid  solntioii  Of  lirooninm  mitt,  beooflMca 
reddish-biown  od  drying. 
Zlne. 

Ammonium  sulphide,  white  precipitate  (ZnS). 
soluble  in  dilute  hydrochloric  acid  ;  insoluble  in 
acetic  acid  and  in  alkalis.  Caustic  poUuh  or  Mjda, 
white  pecipitato  (ZnH,0,),  soluble  in  exoostv 
Potasfttum  ferrocyanide,  white  precipitate,  ln« 
soluble  in  dilute  hydrochloric  acid  (Zn,FeOya>. 

Manganese. 

Anmomum  ndpkidt,  pink  precipitate  (MnS), 
soluble  in  dilute  hydrochloric  aoid  and  in 
sei  tic  acid.  CaujAic  potash  or  soda,  white  pro- 
cipitate  (MuUaO,)»  insoluble  in  excess,  beooming 
brown  on  exposure  to  air.  BoHed  wHb  dilute 
11  Uric  acid  and  lend  jKroxidt  (in  absence  of 
chlorine),  a  purplish  crimson  solution  of  per- 
manganic  aoid. 

Mckel. 

Ammonium  suiphtdc,  black  predpttain  (NiS). 
somewbat  sobiUe  in  oxoess ;  msoluUe  in  oold 

dilute  hylrcK-l'ili  irii-  acid  ;  solub!r'  in  -tivii'L'  .tcid'. 
Caustic  pokuh  or  soda»  pale-green  prvcipitati* 
(NiHaO,),inBofaibieineKoesa.  PelMtiimtjfanide, 
precipitate  (NiCy,),  soluble  in  excess,  fortninc 
2siCy,,2KCy,  which  is  not  altered  when  boiled 
with  exposure  to  air.  This  sdutioii,  haated 
with  rx  r  s  (if  Kodium  hypochlorite  solution, 
or  mixed  with  bromine  in  the  cold,  yields  a 
precipitate  of  bkck  nickelic  hydroxide  (NiH.O,). 
Dimethylglnoxnm  (CH,  ('(NOH )  Ci  NOH ) < 'H  . , 
(Tschugacfi,  Jier.  1905,  :{H,  2520),  atidetl  to  aai- 
moniaoal  or  aoetio  acid  solution  of  nickel  salt». 
scarlet  precipitate?  (distinction  from  cobalt). 
DicyaiiodianudiHc  (U.  GrOi!<imaun  and  W. 
Heilbom,  Ber.  1908,  41,  1878)  added  to  am- 
inuniaoal  bolutiond  of  cobalt  and  luckel  saits 
cuntaining  execs*  of  sucpose,  yellow  crystalline 
precipiUte  fNi(N.H,C ,0)^,211,0),  the  presence 
iii  ^f>f^alt  indicated  by  Um  reddish-vMlet  oolo«r 
ot  ihc  solution. 

Cobatt. 

Ammonium  sulphide,  bla<  k  prwipitate  (CoS', 
insoluble  in  cold  dilute  hydrochloric  acid ; 
sdttbtoinitRmgaoida.  Camdiyf^^^ue 
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pneipitete  (OoHtO,),  alighUy  aoliibfe  In 

(orrom^  a  blue  solution,  PokMtum  ci/iuiidc, 
prtcipitate  (CoCy  A  soluble  ia  exoess,  ioruuntf 
^'^Vst'^K.CJy,  sno  when  this  aohitkm  is  boilea 
uith  cxiKi.Tun  tw  itr  it  is  changrd  to  KjCoCy,, 
ftiuch  is  not  precipiUted  by  sodiiun  hypoohlohte 
or  bromine.  FtdoMium  niirite  to  curate  ftoetio 
Actd  flolutioDa,  yellow  cryc'talline  precipitate 
{R,Co(NO,L).  Niiroto-fi-naohlhol  NO  Oj Jl^  OH 
illmald  and  Knorre,  Ber.  18,  099)  diasolved  in 
(iUutc  acetic  acid  added  to  feebly  acid  solu- 
iiooa  of  (x>i>ait  and  nickel,  brick-red  precipi- 
Ute  (CoCNO-Ci^H.-O),);  sohitKm  ex«mined  for 
tiickel  (Chftj^  J.  Amer.  Chmn.  Soc  1907,  88, 
1U39). 


Sodium  phospluUe,  in  presence  of  ammonia 
and  ammuuiuin  chloride,  whito  urecipitate, 
rapidly  becoming  crystalline  (NH4Mgr046HjO). 
Forms  slowly  m  dilute  soliitiuiis,  formation 
being  aocder«t4xl  by  agilalioa  and  bv  rubbing 
the sidtt of  ti^ebeftker  with sglMt rods  tolable 
in  acids. 


Ammcminm  sidphid*:,  darlv  hronTi  solution, 
u'hich  when  acidified  yields  a  brown  precipitate 
(  \  ,84).  Ammomiim  ckloridt,  white  precipitate 
iif  .'imiiionium  meta-vanadat«  (XfljVOj).  rcAoi- 
ituui  ^crnxyanidtf  in  acid  (solution,  a  green 
pr^ipitatc  if  a  solution  of  etk  ftlkiLUiie  vana* 
dsto  i-j  fii'^t-ittxl  with  hydrogen  pertfridf  and  tlhcr, 
the  ^ution  acquires  a  licep  purpliaii-rcd  culuui  , 
bot  Hu^  ether  rcmaiiLs  oolourloas.  Mild  re- 
duetmg  agenli  (Sf),.  H,S,  HBr,  alcohol,  &c.) 
p.-duoe  vauadatcj  ui  acid  solutiouii  to  bluu 
diT«iadyl  salts.  Stroma  reducing  ognU*  (sine 
and  aiaminium  with  acids)  produce  a  aeries  ol 
colour  changes — blue,  green,  and  violet. 

ColamUam. 

Hydrogen  fluoride  sad  potoMtum  fluoride 
prciduoe  potassium  cohimbo-fluoride,  which 
uhea  boiled  in  aqucnius  solution  vielda  potassium 
oolttiiibiiun  oj^flttoriae  (K,CbOF.,UsO)  (solu- 
btKtjr  1  ia  \2'6  cold  water).  Minirtu  adds, 
[partial  jjrecipitatioii  of  columbic  acid  from 
alJcsli  oolumbatos :  zinc  and  acidt  blue  coloura- 
Uaa,  tomiog  hiown ;  ptitaMum  ftmcyanide, 
gnryis^-green  preeipitftte. 

Tsotalom. 

Hydrogen  flmoride  sod  pokusium  Jlnoride 

]<r»\uci.  |K>tA<siuni  tantAloflunrido  (K/raF,) 
laolubility  1  ia  154  oold  water),  separating  in 
ooloinlesB  needlw.  Jfnural  oofilv,  iHhiUi  pre- 
•.ipitatt;  of  t-antslic  acid.  Pota-aiuin  ferrocy- 
uHide,  reddiflb-biown  pteoipitate  (v.  Weiss  and 
lAodeckcr,  Zettsoh.  aaori^.  Ghem.  1908, 64»  66). 
Calcium. 

Ammonium  carhonaOs^  white  precipitate 
(CeCOi),  soluble  in  acids.     Snlpkuric  acid, 

>»hite  prerij  it-it'-  only  in  very  fonoentrated  aolu- 
liooa.    Aif.iiiijinu/n  oxnhiU,  wiute  jweoipitate 
iCsCtOt).  uiMiluble  in  acetic  and  OXidio  Adds, 
but  V  !    I   in  hydioohkinc  Mid. 
Sirontium. 

Amtnonium    carbonaU,    wliite  pnoipitate, 

«<olubie  in  acids  (SrCO,).  Ammonium  sulphate, 
white  precipitate,  c«(pocially  on  boiling.  Am- 
SMSMMs  oxalate,  white  precipitate  (SrOjOf), 
vJuble  in  hydrochlorio  acid  ;  insoluble  in  acetic 
acid.  iStulpkuric  actd  or  calcium  »ulp/ml€,  white 
precipitate  (Si604^  foiming  aloirty. 
BartoBL 

Ammonium  earbonaU,  white  precipitate 
I  BaCO,),  soluble  in  acids.  Ammonium  orxtlaie, 
white  precipitate  {B»Cfi^),  soluble  in  hydro- 
chloric acid  ;  insohiMe  in  aoetio  acid.  Sulphuric 
arid  or  calcium  nulphaie,  an  immediate  white 
pietipsUte,  insoluble  io  aoida  and  alkalia.  Potae- 
«M»  cAfomaie,  yellow  precipitate  (BaCr04), 
inaabiUe  in  ooettic  aeid. 


CUoroplatinic  acid  H,PtCl4, yellow  cryjitallnie 

precipitate  (K^PtCl^),  sonu'wliat  soluble  in  water; 
insoluble  in  aicohul.  Sodtum  hydrogen  Uirtrak, 
in  neutral  or  feebly  acid  solutions,  a  white  crys- 
talline prr-ij  itatc  ( RH( I^H^f  >,),  furminc:  .slowly 
in  dilute  iioiutiuas.  If  the  solution  contains  free 
mineral  aoida,  nearly  neatnlise  with  soda  and- 
add  sodium  acetate. 

Sodium  ccbaltinitrite  m  acetic  acid  solution, 
yellow  preoipitato  (K,NaCo{NO,),).  Sodium 
I'Omino-fi-napMhol  G-tulphonate  (eikonof^en)  in 
6-10  p.c.  solutions,  crystalliue  precipitate 
(KS03KJ,«Ht(NH,)'0H);  negative  results  with 
n*imionium  and  mnr^ncfiium  salie  (Aivans» 
L  iiciu.  iSoc  Abstr.  lyOo,  ii.  3oa). 


Ammonium  salts  are  readily  volatile.  Heated 
with  lime,  cauMic  potagh,  or  aoda^  ammonia  gas 
is  given  of!,  and  is  recogoised  by  its  smell  and 
its  action  on  tost  paper. 

Chloroplatinic  acid,  yellow  crystallino  pre- 
cipitate ((NHJjPtl'l,),  slightly  soluble  in  water; 
insoluble  in  alcohol.  Sodium  hydrogen  tartrate  ^ 
white  crystalline  precipitate  (NH4HC4H jOg), 
forming  slowly  in  dilute  solution.s. 

Ncsaler's  reagent {K^Ugl^  and  K<  >H ),  lirovvn- 
ish  red  jirecipitato  09  eolovmtloil  (NHg,l,U,0), 
very  delicate  tertb 

Sodium. 

Fkme  txiUmntumt  intense  ydlow. 

AUh'>u;;h  all  sodium  salts  arc  more  or  less 
soluble,  some  dissolve  only  sparingly,  e^,  sodium 
oxalate   and   sodium  •■naphtnylanune>8-8ul* 

|>b(inate. 

Potassium  pyrotmlututmiU,  white  crystallino 
precipitate  (Na,H,Sb,0,-6H;0)  (J.  Amer.  Chcm. 

Soc.  vm,  31,  634);  nom'neutial  or  dlghtly 
alkaline  solutions. 

Dihydroxytartaric  acid,  colourless  precipitate 
(C0.Na.C(0!n,  r(f)II)3-CO,Xa)  (Fenton,  Chcm. 
Soc." Trans.  lH^o,  67,  48).  Solutwn  of  busmiUh 
ntlrate  in  50  p.c,  polaiaium  nitrite  ctmiaining 
ccesium  nitrite,  veUow  crystalline  precipitate 
(5Bi(NO,)„9CsN6,,GNaNO  J;  very  delicate  test, 
not  interfered  with  by  lithium  and  mctali  of 
alkaline  earths  (Ball,  Chem.  Soc.  Trans.  1901), 
95,  2126).  Sodium  chloride,  obtained  by  idow 
I  evaporation  of  a  solution  aci<litied  with  hydro* 
cblnrir  acid,  oiystaUiaes  in  distinct  oobes* 

Uthlum. 

Chloroplatinic  acid,  no  prsoipitate. 

Sodium  phc^phat'  ,  in  alkaline  iM>lution:  while 
prtfcipitatt'  (Ldjl'U  J,  soluble  in  hydrochloric  acid, 
not  reprecipitated  oy  amm(*nia  except  on  boilinjr- 
Lithium  chloride  is  soluble  in  ethyl  or  amyl 
akoliol,  and  in  pyridine.  Ammonium  hydrogen 
fluoride,  w  hito  pflooipttate  (liF). 

Csesium. 

Flame  colouration,  violet. 

Chloroplatinic  acid,  yellow  crystalline  pre- 
cipitate (Cs.PtCl,),  insoluble  in  boiling  water. 
Tariarie  acid,  crystalline  precipitate,  some* 

what  soluble  in  water.   Stonnie  dUdu^.  white 
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prucipitaU;  (Gt«8nCL).    Lead  chloride  dissolved 

in  chlorine  tmirr,  ycTlou  pn'<  ii>itatf  (Ch  1M»CI^). 
C'fiesium  carbonate  is  aoluble  in  alcohol  (dill, 
from  K.  RH 

Rubidium. 

Fiumc  colouration,  violet. 

Chl^ojilaiinic  acidf  yellow  crvstalline  pre- 
ripitatr  (RI)_.PtCl,),  insoluble  in  hoiUnjr  ^^H1l'^. 
Tartaric  (k  id,  white  crystallinu  pmripitatf,  le^'s 
soluble  lhaii  the  c<r<sium  compound  (React ioii.s 
of  f  M  aiul  lUi.  r.  \\  viis,  Anwr.  J.  SoL  [3J  43»  17 
and  4ti«  ibii,  uuu 

Aciu  Radicles. 
The  acid  radicles  are  arranged  partly  in  the 
(MCder  of  the  systematic  separation  and  partly 
with  a  view  to  bring  tojicthor  those  acidri  uhiori 
are  cummuidy  ahaoi  iatcd  or  which  rt'bcmblu  ouc 
Another  in  laeir  rmt  tions.  In  all  cases,  unless 
othenrtBc  specified,  it  is  important  that  tbo 
solution  should  neutral. 

Sidpltttas. 

Barium  chloride,  white  {oocipitAte  (Ba804)» 
iosohiMe  in  acids  and  alkalis. 
Sulphites. 

Bydrochhrie  acid,  sulphur  dioxide  evolved, 
hat  no  sulphur  ptecipitat«d.  Barivm  chhriit^ 
white  prectpitjitc  (liiuSO^),  solubU-  in  h_v<lro- 
chlono  ftcid.  Iodine,  tolution,  sulphites  arc  con- 
verted into  enlphates.  NentndiRe,  then  shghily 
acidify  with  acetii  i' i  l  ;  add  cxcc.-.s  of  zinc 
sulphate,  A  small  (quantity  of  sodiuvt  niiro- 
pnuside  and  pakmsimin  femeffawUe.  IIk  i<n-(.  \- 
pitate  of  zinc  ferrocyanide  has  a  pink  colour. 

Strontium  chloride,  white  precipitate  (SrSO,), 
diflforent  from  thJoralpliate  SrS^O,,  being  much 

Hyposulphites  ('  hj^drosulphltes/  e.y.  Ha^JO^ 
21120)  owe  their  tedinioal  application  to  their 

reducing  action  on  indigotin  and  its  snlphonic 
acidii — the  colour  is  discharged  (indigo- white). 
Silver  nitrate,  black  precipitate  (Ag).  Mercuric 
chloridcf  black  precipitate  (Hg).  Copper  sulphate, 
rcddixh  precipitate  (Cu  and  Cu^Ug),  in  very 
dilute  solution,  odloicbd  copper. 
Thiosulphates. 

Uydrochlortc  acid,  tiujphiir  diuxidtj  evolved 
and  sulphur  precipitated.  Stiver  nitrate,  white 
precipitate  (Ag,iS,0.).  rapidly  changing  to  black 
(Aj;^^^))  soluble  in  excess  of  alkaline  thiosuU 
pbate,  forming  a  much  more  stable  solution. 
With  eodivm  uttrojmi'^^itif ,  zinc  Anlphnte,  and 
jiotassium  Jtrrucyaiiidi ,  tlii-  precipitate  is  white. 
Iodine  solution  convert?  eoluble  thiomiJphntes 
iiitfi  tttratliionates,  which  give  no  pr«*cipitate 
■with  barium  chloride.  Ferric  chloride,  trsnsicnt 
violet  colouration  (Fe»(S,Oj)j). 

Persolphates  (c.</.  KjSjOj. 

The  drv  salta  evolve  oxygen  on  heating. 
Barium  cMaride,  no  precipitate  in  the  cold,  on 
M-arming oxygen  evolveil  and  BaijO,  preeipitate<l. 
Silver  nitrate,  black  precipitate  (silver  iM>roxide). 
Olfu:r  metallic  «alts  (Pb,  Mn,  Co,  and  Ni)  yield 
their  hydiated  peroxidee. 

Monoptr sulphuric  aeid  {Carols  arid) 
HO-SOj-O-OH,  produced  liy  n'IdinL'  a  {x  rsuljihalc 
to  cold  concentrated  sulpburio  acid,  and  pounng 
the  mixture  on  to  lee.   Aromaiie  amines  {e.g. 

p-Cl'CjH^'NHsj"!  L:ivt.-  1  tilourt-il  uxidat ion  product* 
with  })ersxilphates  and  nitroso*  compounds  (e.ff. 
C1-CVH  4  NO)  with  Caio*e  acid. 

Tbionie  adii  (9.  C3wm.  Soo.  Trana.  1880»  t)06). 


Sulphides. 

f f ifdrochloric  acid.  In  mr  t  ra^p-;  rvolntion  of 
hydrugen  sulphide,  csm'ciaiiy  uu  heating.  Lend 
nitrate  or  acetate,  black  *  precipitate  <Pli8). 
Silver  nitrate,  black  pri'eij)itat«'  fAjr.?^^  in- 
soluble in  ammonia,  iMKlium  thiosulphate,  and 
{lotassium  cyanide.  SotUum  nikOptUBride,  in 
alkaline  solutions  an  intense  but  somewhat 
fugitive  violet  colouration. 

Phosphates. 

Bariu mchloride,  Vtiihe  prec  ipitAte  Baj(P()|),. 
Bulubk-  in  dilute  acids.  C'akmm  chloride,  white 
precipitate  (Caa(PO«)|),  soluble  in  acetic  ar  k!. 
Sih^r  D'tratr,  yello"  pr<'<  ipitAto  (AgjPt),), soluble 
in  nitric  acid  and  ut  ammonia.  P yrophos' 
phatts  and  mttaphosphates  give  white 
precipitates  of  their  silver  salts  with  silver 
nitrate,  but  metaphusphatcs  aloue,  unlike  ort  ho- 
and  pyro-phosphates^ coagnlata  aibnmin.  Jf«ir* 
nesium  sulphate,  in  presence  of  ammonium 
chloride  and  ammonia,  white  crvstalline  pre- 
cipiUte  (NHjMgPO^eHjO),  soluble  ni  acid*. 
Amtnonium  molybcUite,  in  nitric  acid  solutiuii, 
on  heating,  a  yellow  precipitate  ((NH4l-l*04- 
12MoO,)  sohilJc  in  ammonia,  and  SOhiDie  in 
excess  of  an  alkaline  phoepbatei 

Phosphites. 

Barium  chloride .  whiti-  proeipit-ate  (RaHPOj). 
soluble  in  hydrochloric  acid.  Stiver  nitrate^ 
precipitate  of  metaHio  iiilTer,  especially  in  prp> 
aence  of  amtnonia,  and  on  heating.  Jderruri 
chloride,  white  precipitate  (UggCl|),  lieoomini; 
grey  (Hg).  Heated  with  nUrie  aeim,  phoepliitfls 
are  lonvirtetl  into  phosphatoM.  Hvat<><l  kIohc, 
phosphites  evolve  pnospiiine.  Copper  suiphaUy 
pale  l)luo  precipitaok 

Hypo  phosphites. 

llc-utc<l  aioiie,  evolve  phusphinc.  Barium 
ttioride,  white  precipitate  oiuy  in  starang  aotation 

(Ba(II.POj),).    Silver    nitrntr,   metallic  silver 
precipitated.    Copver  sulphate^    hrvwn  ptvca- 
pitatc,  cuprous  hydride  (OUfH^). 
Carbonates. 

Hydrochiui  tt  arid,  effervctKX'nce,  u  iLh  evolu- 
tion of  carlHinic  anhydride,  which  turns  iime 
water   turbid."  Barium    rhloride,    ^^-hit**  pre- 
cipitate (BaCOj).  soluble  in  acids  with  etfi  rvt»^- 
cence.    Mi rc uric  eJUoride,  red  precipitate  (  Im.-'^i' 
carbonate);  bicarb<jnat<s  pive  only  a  yellowish 
opalescence.   Cofciawjui/iAti/f,  white  precipitate,  , 
immediately  with  carbonate,  but  only  mtttr 
standing  with  bicarbonate  (Leys,  J.  Phnm. 
Chitn.  isyi,  (vi.)  6,  441). 

Borates. 

Barium  chloride,  white  precipitate  in  not  to<» 
dilute  solutions,  soluble  in  acids.    Silver  nitrntr, 
in  strong  solution,  white  precipitate  (AgBO^);  '. 
in  dilute  solution,  dark-grey  deposit  (Ag,0). 

Mix  the  solid  substance  with  conoentratc«l 
sulphuric  acid  in  a  small  crucible,  add  alcoh4^»I. 
and  ignite ;  the  alcohol  flame  is  gresm,  espeoiM  U> 
at  the  edges.  Mix  the  solid  substance  witn  tbrtv 
parts  potA.-^Miuin  hvdrojj;en  sulphate  and  (.>in*  p(U% 
powdmcd  fluorspar,  and  heat  on  platinum  wir«> 
in  the  cold  area  of  the  flame;  a  bright -ffn>ieti 
colouratitin  (due  to  BFj)  is  observed.  Turtn^tr 
paper,  moistened  with  ackl  solution  of  boric  I 
acid,  becomes  led^rii  btown  on  drying.  ! 

SlUeates. 

Solutions  oi  silioates  heated  with  acid&y 
mooium  chloride  or  ammonium  oarfaonskt#>. 

deposit  silioio  moid.  IHlutft  jnlutiqaa  mvtmt  ho 
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evaporated  to  dr^Ticss,  and  on  trt-ating  tho 
nndue  with  dilute  hjrdiochliono  acid  ioaolublti 
•tliea  is  kit. 

Most  silicates  are  in^lublc  in  water ;  sonic 
are  deoompoMd  by  acida;  otlters  are  only  de- 
composed oj  foskm  with  about  lour  times  thoir 
Hi-I^ht  of  a  mixture  of  equal  pact*  of  Sodium 
and  potassiaiu  carbonates. 

nBMllaiirMig. 

Comccntrakd  i-ulphuric  acidf  in  li-acleii  ur 
platinum  capsule,  hydrogen  fluoride  aud  siikou 
4aoride  areeroWed.  Btmum  cMor Mfe,  ooloorless 
cry>t.illii)o  precipitate  BaSiF,.  Silici (fluorides 
uQ  heating  evolvesilkxni  fluoride,  leaving  residues 
q|  msUDio  fluorides. 

Oxalates. 

Barium  chloride  or  calcium  chloride,  white 
predpitate,  insoliibla  in  aoetio  aeid,  but  soluble 
in  hydrochloric  acid. 

Acidify  with  sul(^urio  acid,  and  add  potos- 
mam  permaDgaaate ;  the  colour  of  the  latter  is 
mpidly  and  compk-loly  dijscharped. 

Heat  the  solid  auUttaucu  with  concentrated 
sulphuric  aeid;  carbonic  anhydride  and  oar* 
bonic  oxide  are  evolved.  The  latter  bonis  with 
a  blue  flame. 

Fluorides. 

Barinm  rhlvridr,  white  precipitate  (BaF^), 
soluble  in  hydrochloric  acid.  SUvtr  nitraU,  no 
jiretipitau-  wjth  solubla  flniMrides.  Concentrated 
*<ilpf,uric  arij,  (-ifh  Liiilly  \v!ion  heated,  produces 
hydrugen  iiuunde,  ^vhlch  att^iss  gla^.  The 
sobetance  and  aoid  are  placed  in  a  onall  leaden 
or  pUtinum  crucibli-,  whi'  h  is  covered  with  a 
^abch-gia^  protected  by  u  turn  coating  of  wax, 

part  of  which  hM  been  actatdied  away  w  as  to 
expose  the  glass, 
Chlorides. 

Silvtr  nitrate f  a  white   prodpitate  (AgO), 

insoluble  in  nitric  acid,  soluble  in  ammonia ; 
darkens  when  cxposMxl  to  light.  Manganese  di- 
oxide and  sulphuric  acid,  evolution  of  chlorine 
on  heating.  Fotatgium  dichromate  and  strong 
^mfykmrie  itdd,  evolution  of  chromyl  chloride 
on  boatixiL;.  This  forms  w  ith  ammonia  a  JsUow 
sohition  of  ammonium  chromate. 
BroBddes. 

Sihfr  niiraU,  ycllurti.-ih  white  precipitate 
{.AgBr}.  insoluble  in  nitrio  aoid;  moderately 
sotobfe  in  amnionia ;  readily  soluble  in  potassioni 
cyanide  or  s^oilium  thiosulphato.  Manganese 
dt^uuie  uid  mdphuric  add,  oran|^  vapours 
of  bromine,  which  tun  starch  paste  orange. 
diJ'jrinc  ifihr  liberates  bromine,  which  dis- 
soires  in  ether  or  carbon  bisulphite,  forming  an 
orange-btown  solution.  Breinides  heated  with 
p.-TtaA-tum  dickrotnntr.  and  strong  sulphuric  acid 
ywld  bromine,  which  forms  a  colourless  solution 
with  ammonia. 

Iodides. 

Stiver  nUruU,  yellow  precipitate  (^\gl),  in- 
sohibio  in  nitrio  aeid  or  ammonia;  soluble 

in  potassium  c^'anido  or  Ko'liMm  thiosulphatc 
Mtsngane»e  dioxide  and  suij'huric  acid  yield 
vidk*  vapooTB  of  iodine,  which  colour  starch 
paste  blue.  Chlorine  wntfr,  bromine  water,  or 
folasaium  dichromate  »m  presence  of  hydrochloric 
ttadt  libentos  iodine^  which  turns  starch  paste  ati 
int^n«e  blue.  The  colour  disnppear*  on  boating, 
and  reappears  uii  cooUng.  Tiiu  iiburaUxi  iodine 
aanj  be  agitated  with  carbon  bisulphide  or  cblo- 
loConn,  yShem  it  yields  a  violet  solution.  NUr<h 
YcL.  l.—T. 


I  gtn  oxid€.i  at  {nilphnric  acid  likewi^  liberate 
iodine,   but  do  not  liberate  bromine  onlees 
I  added  in  large  excess. 
Cyanides. 

mivo'  nitrate,  white  precipitate  (AgCN),  in- 
soluble in  nitrio  acid,  but  soluble  in  ammonia, 
sodium  thiosulpliate,  or  excess  of  the  alkalmo 
cyanide. 

Add  ferrio  oUoride  and  ferrous  suhihate; 

rnaki!  alkalide  w  ith  caustic  ]x>ta.-h  or  sooa,  and 
then  acidify  with  hydrochloric  acid.  A  dark* 
bluo  precipitate  of  Prussian  blue  is  formed. 

Evaporate  the  solution  with  an  txciE-s  of 
yellow  ammonium  sulphide  to  complete  dryness 
on  a  water'bath ;  dissolve  in  veiy  dilute  hydro> 
chloric  acid,  and  add  fe  rric  oUoiide;  a  uood* 
red  colouration  is  produced. 

Host  cyanides  evolve  hjrdrooyaaio  aoid,  ie> 
cognisable  by  tho  smrll,  when  treated  with 
hydrochloric  ur  sulphuric  acid. 

Heraurio  cyanide  cannot  bo  recognised  by 
these  lo.^ts.  It  yiclrfs  cyanogi-n  when  heated  in 
a  closed  tube,  and  is  decomposed  when  heated 
with  stiong  sulphuric  add. 

Ferrocyanldes. 

Silver  t\  Urate,  white  precipitate  (Ag,FeCy,),  in- 
soluble in  nitric  aeid  and  !4|>uingly  soluble  in 
ammonia  ;  soluble  in  potasisiinii  cyanide.  Ferric 
chloride,  dark- blue  precipitate  il?'e4{Ke<Jy,)J. 
Ferrous  sulphate,  white  precipitate,  rapidly  be> 
corning  blue.  Cupper  rfulplt'itt,  cluH  olato- brown 
precipitate  (Cu^FeOy,),  or  in  very  dilute  solution 
a  briiwn  colon  rat  ion. 

Ferricyanides. 

6dmr  nitrate,  orangu  prccipitatr  (A^';iFeCy,), 
soluble  in  ainnionia  ;  insoluble  in  iiit  t  ic  acii  i.  Fer- 
roft.'t  ^ilpltal>:,  darlx-biuo  pnTipitate(i*'cj(  1h'(  "y,.)^), 
iu»ulublc  in  dilute  aciilii;  decomposed  by  alkalis. 
J'errtc  chloride,  a  graenidi-lMOwn  oolouratioo. 

Thlocyanates. 

Silver  nitrate,  white  preuipitate  (AgCNS), 
soluble  in  ammonia ;  insoluble  in  nitrio  aokl* 
Ferric  chloride,  b!uod-nxl  colouration,  not 
affectod  by  boiliii;^  nur  by  hydrochloric  acul ;  de- 
colourised by  mercuric  chloride.  Copper  sul- 
phate, a  black  prsoipitato  changing  to  white 
(Cu,(CNS)2)  on  standing  or  addition  of  a  re* 
dueing  agent.  Modcrut'hj  slrung  sulphuric  acid 
evolves  carbon  oxysulphide,  which  bums  to  oar> 
bon  dioxide  and  smi^ur  dioxide.  CiMU  ehhfid» 
and  tlie  .sohition  >h;ikc  ii  up  with  <.iher  and  aniyl 
alcohol,  azure- blue  colouration  (KgCo(C/.NiS)4). 

Cyamtes. 

C(jl)iiU  chloride,  in  arpn on-  alcoholic  solution, 
bine  soluble  double  salt  (K«tJo(CNU)4),  decom- 
posed by  eaeeas  <A  water. 

Nitrates. 

Sulphuric  acid  evolves  nitric  acid  on  heating ; 
if  metallic  copper  is  added,  red-brown  nitrogen 
oxides  are  given  ofT. 

The  neutral  solution  is  mixed  with  ferrous 
stdphate,  and  concentrated  sidphurio  aoid  is 
poured  down  the  side  of  tho  tube  .-o  as  to  forrn  a 
layer  at  the  bottom  ;  a  dark- brow  a  riug  foi  iued 
at  tho  junction  of  the  two  liquids.  Iodine  and 
bromine  must  be  rr-mavcd  ficfoii'  ap])lying  this 
test,  and  the  liquid  um.^t  be  cold.  Nitrate  in 
presence  of  nitrite:  dentroy  nitrite  by  boiling 
acetic  at  id  .•solution  with  urea  or  hydrazine  sul- 
phate ;  then  add  potassium  iodide,  starch,  and 
a  fragment  of  sino|  blue  colouration  denotes 
nitrate. 
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Nitrites. 

Silver  HUratCf  a  whito  j^irocipitate  iu  couccn- 
tmted  tolations. 

Mix  tho  solution  with  j>ot«.<sium  io<licle  and 
starch  and  acidify  with  acetic  acid  ;  a  deep-blue 
ooloaffttion  ia  prodao«d,  owing  to  the  liberation 
of  iodine.  Nitrites  heat^'d  with  dihite  acid.s 
evolve  nitrogen  oxides.  Jleiaphenylaiediamine 
hydrochloride,  Bismarok  brown  coloaration. 

A  dihito    sohition    of   a  napihylamine  and 
aidphanilic  acid  aciditiul  with  acctio  acid;  a  rud 
oofoutation  of  aso-   compound  (({f.  gjwfiwh 
angen-.  Chem.  1900,  236). 

Hypochlorites. 

Silver  nitrate,  a  white  precipitate  of  silver 
ehlorido.  Lead  nitratr,  a  uhite  precipitate  Ijp- 
coming  orange-nxl,  tinaily  brown.  Mainjanuu.s 
salts,  a  hro\m  precipitate  (MnO;,arH,0).  Indigo 
solution  ,(!<<<  lounsed  even  in  an  alkaline  Mlution. 

Chlorates. 

W  arm  a  small  quantity  of  the  solid  with  oon- 
centrat<xl  sulphuric  acid;  a  yellow  ezploflive  gas 

is  productni  with  detonations. 

Acidif  V  the  solution  with  sulphuric  moid,  add 
indigo  solution,  and  then  sulphurous  acid  or  a 
sulphite  drop  by  drop ;  the  colour  of  the  indigo 
t8  flischarged. 

Perchlorates. 

ConcetUrated  sviphuric  add,  no  explo^vc  gas. 
Titanoua  MiljiAal^  peffohloratee  nduced  to 
chlorides. 

Bromates. 

SiUtr  nitrate,  white  precipitate.  A^BrOj. 
decomposed  by  hot  hydrochlorio  acid  with  evo- 
lution off  bmniMk  Jlsrtttm  chloride,  white  pre- 
cipitate, Ba(BrO,)t.  Swiphmnu  add,  faiomine 
libi|atodL^ 

Silirr  nitrate,  white  cunly  precipitate  (AglOj). 
Bulublo  in  animonia ;  reduced  to  velk)w  silver 
iodide  by  sulphuroua  add.  Banum  cUoride, 
white  prec  ipit  ite  (Ba(IO«)s).  Sulpkurmu  add, 
iodine  liberated. 

PwMalM. 

Silt  rr  nitrate,  ycllowish-whito,  re<l,  or  brown 
precipitate  depending  on  the.  acidity  of  the 
periodate  solution.  Airi«in  ehhride,  white  pre- 
cipitate. M aiufanou.i  sulphate,  red  precipitate' 
Mn,H10|,  turning  brown.  Jiedueing  agent« 
(H,SO,.  Ti,(SO.),.  Zn,  etc.)  convert  periodates 
nadily  into  iouideM.  Mrrrnric  nitrate,  orange- 
red  precipitate  CHgU.liO,.  diiierunt  from 
iodates.  whioh  giro  white  Hg(I09)t. 

Tartrates. 

Caliinm  chloride,  in  excess,  a  white  pre- 
cipitate (CaCiUjOg),  soluble  in  acids  ana  in 
potash  !5uiutiuii.  I'oruplete  preeipitation  requires 
time,  ttud  in  pri)njot<*<l  by  vigorous  agitation. 
Pdtudum  aedate,  iu  presence  of  fn-e  aeetic 
acid,  a  white  eryslalline  iirecipitatt-  (KHt'iH  ^O,), 
forming  8lo\\iy  in  diiuto  solutions.  JSiltvr 
nUnde,  a  white  precipitate,  soluble  in  nitric  acid 
or  ammonia.  If  the  Mashed  precipitate^  is  dis- 
solved iu  the  lea.st  ixjHsililc  quantity  of  tiilutr 
•nunonia,  and  the  solution  heate<i,  the  te.st-tube 
is  coated  with  a  mirror  of  metallic  silver.  Fer- 
rous sulpkaU,  followed  by  few  drops  of  hydrogen 
peroxide  and  exoea  of  oauatio  soda,  Uuiu-met 
colouration. 

Citrates. 

Cakium  chloride,  or  Jime  water,  in  exOQW  in 
neutral  solution,  a  white  precipitate 


(f'a3(t",H,(),l,) 
only  on  boiling.  I'olassium  sails,  no  precipitate. 
CadnUMM  cMonde,  gdatinous  white  precipitate 
(CdCCgHjO,),),  insoluble  in  hot  \\at<T;  soluble  in 
acetic  aciu  (difl.  from  tartrates).  Mercuric 
sulphate  {5  p.c),  f<dk»wing  by  potasfiinm 

§anate,    «nitc    turbidity,    iin  n  uric  acotone- 
icarboxylatc    (halogens   tdiould    bo  absent; 
(DenigtejL 
Malates. 

Calcium  chknide,  no  precipitate  even  on 
boiling,  except  in  strong  solutions  ;  precipitate 
in  dilute  solutions  on  adding  alcohol.  Lime 
water,  no  ^)recipilat<'  even  on  boiling.  Stiver 
nUraU,  white  precipitate  (.Agj<'«H«Oi),  which 
becomes  pn'V  on  boiling.  L'nd  aniiitr,  Mhit<- 
pnLi])itate  (rbC^HjUj),  which  when  v^ashc^ 
melt^  in  boiling  water. 

Succinates. 

Barium  chloride,  or  calcium  chloride,  no 
precipitate  except  after  addition  of  alcohol. 

Ferric     chloride,     rr<ldish-bro«-n  pre<-ipitate 
(Fe,(C4H404),),  soluble  in  acids  ;  decomposed  by- 
ammonia. 
Benzoates. 

Uydrocltioric  acid,  white  crystallino  pre- 
cipitate of  benzoic  acid,  slightly  soluble  in 
water.  Ferric  chloride,  a  bufi  precipitate 
(Fej|(04H,0(),),  soluble  in  hvdrocblorio  acta  with 
liberation  of  benzoic  aci() ;  decomposed  by 
ammonia.  Concentrated  sulphuric  acid  and 
alcohol  on  heating  produce  ethyl  benzoate,  dis- 
tinctive odour.  Soda  lime:  bcuzoates  hcatcti 
with  this  roagmt  mo  decomposed,  evolving 
benzene. 

Salicylates. 

Ferric  chloride,  intense  purple  coloiur;  not 
affected  by  gh  cerol ;  interferea  with  by  alknliB» 

dilute  miin  nil  a(  iils,  tartaric,  citric,  and  oxalic 
acids,  and  certain  other  substances  such  as 
borax,  sodium  ph us ph a ie,  ammonium  and  aodinm 
acetates.  Silver  nitrate,  \\h\\v  precipitate  in 
neutral  solutions.  Bromine  uxtter,  \\hitc  pre- 
cipitate, whidi  with  sodium  amalgam  yieUa 
phenol.  Couceulrntid  sulphuric  acid  and  methyl 
alcohol  on  heating  give  methyl  salicylate  (*  od 
of  winter-green*).  DiatnUscd  an&ine  or  Mif- 
phnnilic  arid  gives  an  omuge  aao*  compound. 
Acetates. 

Ferric  chloride,  a  dark-red  colouration,  dia> 
charged  on  l)oilin<i,  with  pnrijiifation  of  a  basic 
ferric  acetate.  Al.so  discharged  by  hydrochlorio 
acid.    Heated  with  strong  sulphuric  acid,  acetic 

aeitl  is  evolved.    If   alcohol   ia  added,  othvl 
aeet-ale  i.s  formed  and  is  n'Coguised  by  the  smelL 
Formats. 

Silitr  nitrate,  a  white  precipitate  iti  con- 
centraled  holutions;  the  solution  or  preeipuattj 
rapidly  Ix^eome^i  black  (Ag),  especially  on  heat- 
ing. Firrir  cliluride,  a  n  (l  colour,  di.schargfH  I 
on  boiling,  \Mth  precipitation  of  basic  ferno 
formate  :  also  discharged  by  hydroohloric  acid. 

A  solid  formate  mixed  with  conccntrattnl 
sulphuric  acid  gives  oS  carbonic  oxide  even  ia 
the  cold,  but  no  oarbonio  anhydiidBh 

Galllo  acid. 

JPerric  chloride,  iu  neutral  solutions,  a  bluish* 
black  precipitate  or  colouration.  Gelatin  or 
albutnin,  no  precipitate.  Poleusium  cjfanid^^ 
red  colouration,  which  disappears  on  stand* 
ing,  but  reappears  on  agitation  in  presence  of 
air.   Caustie  soda,  green  colouration  gradually 
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d«irkt.-nin};,  and  with  exccsH  beoomiiij[j  browuuih- 
Tannie  acid. 

Ftrric  chloride,  bluuh-grecn  or  bluieh-black 
prvcipitatA  or  colouration.  Qtlaiin  or  aUiumin, 
yellowish- white  precipitate.  Potassium  cyanide, 
no  colouration.  Caustic  soda,  ruddish- brown 
colouration  qradiudly  dulmniiig.  lAnu  water, 
grey  pcecipitAte. 

PhenoL 

Ferric  cMoriJc,  violet  colouration,  dcstroytxl 
hy  acids.  JBrominc  waterp  white  Drooipitato 
(1riliroiiio{ilt«nol  and  trifaromophsoor  Inonide). 
dmctnirutcd  Kulphuric  (Kid  and  a  fragment  of 
sodium  nilriU,  on  geatJ^  warminff,  grawush  blue 
nlntioa,  tamed  led  when  poumdnkUnvateir,  and 
cbaDiztHi  a^'Hin  to  Une  by  cantfcie  ilkali 

Pyroc^Uol. 

Smm  tiAralt  or  ViSMnQU  Ml«l«m,  veadfly 

reduced.  Caustic  alkalis,  brown  solutions,  ra]>i<lly 
darkening  owing  to  absorption  of  oxygen.  Form- 
Mekyde  and  ttnmg  kydrotMoHc  «eulf  lAuke  pre- 
d^tatc  becomiqg  red,  and  finally  pupla. 
Drk  aeid. 

*  Alkali  urates  icduee  silver  nitrate^  and  when 

hf^ntcd  "with  fltdkl  caustic  .soda,  anirTumi-i  is 
evolved,  and  an  alkiili  cyanide  id  prcKiuec^l. 
Ndrtc  arid:  evaporate  aolntmo  to  dryness  on 
Krattrdkath,  reddish  colouration,  rrnnrTt  d  \  iftlet 
by  ammonia,  and  turned  blue  by  oau^lic  Mxla 
(Momida  teit). 

QvaimTAnvs  AxaLym. 
oBAvmsnnc  mrhoos. 

A  few  inetaLs  arc  imratc-fl  and  woighod  in  the 
metallic  oondition,  but  the  majority  of  metallic 
and  aiHdio  radielee  are  weighed  in  tlie  form  of 
t>ne  <>r  other  <  f  tlieir  c<»mpounds.  In  or<!er 
that  •  compound  may  be  available  for  the  deter- 
ndnatioB  of  one  of  ita  eonstttoeots,  it  diotdd  be 
f'f  jM  rf»-<  tl\  il»  finite  <  i>nip(j-iition  and  not  highly 
hygroacopic  or  othcm  itse  liable  to  alter ;  it  muMt 
be  iiiaolnDle  in  tlie  Uqiiid  in  wliidi  it  is  foT^ 
iosolnble  in  :\n  >  xoemoi  the  reatrf  rif  ;  it  nnist  be 
naaiiy  fxeed  from  impurities,  and  capable  of 
beoiff  bvooidit  into  the  proper  eoodmmi  for 
weii^ninjr  without  twlious  and  compliratc i  ftpera- 
ttoos.  It  is  also  desirable  that  the  eouipuund 
•boold  eoatain  only  a  small  propotibsu  of  the 
ctinstitnent  to  be  cstiinate<l,  in<  •>  the  effect  of 
the  QnavoidAl>lc  error  of  experiment  is  thus 
miniinued.  An  e^^timatkm  of  chlorine  in  the 
form  of  silver  clJorifle  is  more  acctirato  than  an 
estimation  of  iiiver  in  the  same  way,  since  only 
one-fourth  of  the  error  of  exfieriaMnt  represents 
chlorine,  whilst  three-fourths  repre.<!ent  silver. 

A  description  will  first  be  given  of  a  few 
typical  gravi  metric  methods ;  then  an  alpha- 
betical list  of  metalH  j^nd  dcid  radicles,  with  a 
ifummaiy  of  metho<l8  available  in  each  case; 
fbHoiwed  by  a  series  of  methods  of  separation  of 
(general  applicability.  Special  mrthofis  for  the 
analysis  of  technical  products  will  be  iound  in 
the  aitioleB  dealing  with  these  materials. 

GnvKKAi.  Methoiw  Of  EBcnuTios; 

L  As  8ulph>di*. 

(a)  With  previous  prcripitatirm  by  hijdrogcn 
sulphide.  The  solution  should  be  moderately 
dilute  and  distinctly  acidified  with  HO,  but  any 
large  quantity  of  this  acid  must  be  avoided. 
l?itrie  acid  and  aitntes»  wbieh  should  be  absent 


at*  fur  as  jKJStiiblo,  may  be  rumovtxl  by  repeated 
evapomtion  with  strong  hydroehluric  acid,  but 
thi^  treatment  is  not  admissible  if  the  metals 
prciscnt  form  volatile  chlorides ;  if  present,  a 
much  higher  decree  of  dilution  is  necessary.  In 
most  cases  precipitation  is  accelerated  and  tho 
precipitate  rendered  more  granular  by  keeping 
the  liquid  Morm.  A  current  of  washed  hydro>^eti 
sulphide  is  passed  through  the  solution  until  it 
is  Uioroughly  saturated,  and  the  flask  is  closed 
and  left  in  a  warm  {ilace  until  the  precipitate  has 
settled.  Molybdenum  and  tho  metals  of  tho 
platinum  group  are  only  eompletely  prooipi* 
tatod  after  prolon^etl  treatment  with  the  ^aij. 
The  precipitate  is  protected  from  air  as  far  as 
possiUe  during  filiation,  and  the  liquid  wed 
for  wa.'^hing  should  contain  hydxcgea  sulphide  in 
<ndor  to  prevent  oxidation. 

When  anenio  is  present,  tike  liquid  should 
ht)  heatcxl  with  pure  sulphurous  acid  to  reduce 
arsenic  acid,  and  tho  excess  of  sulphurous  acid 
expelled  before  treatment  with  hydrogen  sul-  , 
jiluM' .  In  presence  of  antimony,  tartaric  acid 
should  be  added  to  ^evcnt  co-procipitatiou  of 
basio  antiniony  ohlonde. 

When  copper  is  prf  f  ipitn!- 1!  ;m  sul)ihi<le  in 
presence  of  sine,  the  cop|K  r  .Hulpiu<le  Jiliould  be 
washed  ones  or  twioe  with  dilute  hydrochloric 
acid  of  sp.gr.  1  "05  containing  hydrogen  eul[)hido, 
and  then  with  water  also  containing  the  gas. 

(fi)  With  wevious  pneipSUUiombif  ammemium 
siflpfndf.  Add  to  tho  warm  solution  a  consider- 
aluiie  quantity  of  ammonium  ciUoride,  which  is 
found  to  promote  pieoinitatioii  and  tender  the 
precipitate  more  granular,  then  amnionin  lo 
alkalmu  reaction,  and  a  idight  cxcueid  ul  aui- 
monium  sulplude.  Oose  the  flask  and  allow  to 
stand  in  a  warm  place  until  the  precipitate  has 
settled.  l*r(^>teet  from  air  im  far  as  putisiblu 
during  iiltrution.and  wash  with  water  oontaining 
ammonium  chloride  and  a  little  ammonium  su^ 
phide  or  hydrogen  sulphide. 

The  precipitated  sulphide  is  treated  in  one 
of  two  ways :  it  is  collected  on  a  weighed  filter, 
dried  at  a  deftnite  temperature  and  weighed ;  or 
hejite<l  with  .'iulphur  m  a  eumnt  of  hydrogen, 
and  then  weighed. 

In  the  flrst  ease  it  is  eawmtial  to  ensure  the 
absence  of  co-precipitated  sulphur,  and  for  this 
purpoee  the  dried  preoipitato  is  treated  with 
pure  earbon  MsnlfAide  and  again  dried,  or,  in 
the  ca«e  of  cadmium,  mercury,  or  bismuth,  tho 
moist  prooipitAte  is  treated  with  a  warm  coa> 
oentrated  solution  of  sodium  sulphite,  again 
washed,  an<!  dried. 

When  the  sulpiiide  is  stable  at  a  moderately 
high  temperature  and  bb  not  reduced  bv  hydrogen, 
Rose's  method  is  employed.  Tho  dry  precipi- 
tate is  separated  from  the  biter,  which  is  then 
burnt,  and  tho  precipitate  and  filter  ash  are  in- 
troduccd  into  i  |  n  elain  crucible  and  niix(.Hl 
with  pure  tintsly  dered  sulphur.  Tho  crucible 
is  provided  with  a  perforated  lid,  through  w  hiob 
passes  a  porcelain  tube  connected  with  a  hydro- 

fen  apparatus.    A  current  of  purified  and  drietl 
ydrogen  is  passed  into  the  cruciUe,  which  is 
gradually  lieated  to  f'lll  r-  dncss  until  exee-is  of 
I  iiulphur     ex|K;Ued,  allowed  to  cuul  m  a  current 
of  hydrogen,  and  ueighed. 

Non-volatile  sulplude  -  may  be  collected  in  a 
widcSoxhlet  tii(K>  and  dried  in  situ  over  a  ring 

burner  at  300^  while  a  ouirait  of  puro^ 
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carbon  dioxide  is  coiiduoted  through  the  tabe. 
This  treatment  removes  both  moiuturo  and 
oo^precipitatod  .sulphur  (Uabea  and  Mong^n, 
Analyst,  1909,  U,  3). 
II.  As  Oxide. 

(a)  With  previous  precipitation  as  hydroxide. 
The  Bolntion  is  mixed  ^ith  ammonium  chloride, 
heated  to  boiling,  and  ammonia  addi-d  in  flight 
cxooBB.  A  JaigQ  exoees  of  ammonia  will  partiaily 
Yvdbflolve  iome  of  tiieprccipitete,  and  mart  be 
cxjM  IIo<l  by  boiling.  Iiie  fneoipitate  ie  iraahed 
with  hot  wator. 

If  ammonia  it  inadmittiblc,  pure  oanstio 
J, < (lush  nr.-ixla  is  ust-cl  as  (heprt'C'ij)itunt.  Excess 
ol  alkali  must  be  avoided,  and  the  precipitate 
must  be  very  thoroughly  trashed,  ainoe  small 
quantities  of  filkall  art"  MOinowhat  firmly  retained. 

in  both  cases  it  i&  better  to  precipitate  in  a 
poroelaitt  or  platinum  veeiel  tiian  in  ffBBB. 

Non- volatile  carbon  compounds,  sut-b  as 
8Ugar,  glycerol,  alkaline,  tartrates,  and  citraU^, 
&c.,  more  or  less  completely  prevent  precipitation 
of  liydroxidos  by  ainiuonia  or  Caustic  iKjlash,  or 
Koda,  and  hence  must  firfil  be  removed  by  calci- 
nation. Moderately  strong  nitric  acid  attacks 
filter  paper,  forming  Bohddt^  ])ro<luct.s,  which 
prevent  the  precipitation  ot  mctaUic  hydruxides. 

(0)  With  previous  precipitation  as  carbonate. 
The  solution  id  ni-urly  ncutralisetl,  lifatc<l  to 
boiling,  and  mixed  with  a  flight  cxceiMj  of  sodium 
carbonate,  boiling  being  continued  until  all 
carbon  dioxide  is  oxpcU^.  The  ]  rc  cipitate  is 
washed  uith  liot  water.  Ammouium  carbonate 
can  bo  used  in  some  cases,  and  has  the  adrantafo 
of  not  intrudui  iii^  a  fixed  alkali.  In  thr.se  cases 
the  ])recipitato  should  be  wattlied  with  water 

containmg  a  littie  ammonia  and  ammoninm 

carbonate. 

The  prccipitat<id  hydroxide  or  carljonate  is 
placed  in  a  crucible  (with  previous  separation 
from  the  filter  paper  if  the  metal  is  easily  re- 
ducible), and  is  gradually  heated  to  full  redness, 
care  being  taken  that  no  reducing  ga^os  from  the 
Hame  enter  the  crucible.  Oxides  of  reducible 
metals  most  be  heated  in  a  porcelain  crucible, 
but  in  other  cases  a  platiiuiin  crucil'le  may  be 
used  with  advantage.  U  oaibonatce  (or  oxalates) 
are  Ix  ing  converted  into  oxides,  it  is  important 
to  sifuru  a  circulation  of  air  in  orcUr  to  remove 
carbon  monoxide  and  carbon  dioxide  oa  fast  as 
they  are  given  off,  and  thus  aecelerate  deooro< 

jKt-itiun.  Thi.>  i.<  d«jnc  by  iucliruiii;  (lie  crucible 
and,  jjlaciug  the  lid  ocro^  the  mouth  in  a  slanting 
position. 

III.        rtiluod  Mftnh. 

(a)  In  some  cases  the  metal  is  precipitated 
as  oxide,  which  is  then  dried  and  heated  in 
hydrogon  as  in  1!i>m ni<  tli(»d  for  sulphides,  the 
reduced  metal  bcui£  cooled  in  hydrogen  and 
we^hed.  This  method  is  especially  valtuble 
when,  as  in  the  ca^e  of  cobalt,  the  nxide  ob>ti-  \ 
uatcly  retains  smHll  quantitieti  ot  alkali,  Mbich, 
however,  can  readily  be  removed  from  the  reduced 
metal  by  washing  vith  wntrr. 

(/9)  The  other  method  is  to  mix  the  oxide, 
carbonate,  jkc.»  with  five  or  six  times  its  weight 
of  ordinary  potn'^^ium  cyanide,  and  heat  in  a 
capaciouti  poiccliiiu  crucible,  at  first  cautiously 
and  afterwards  to  complete  fusion.  When  re- 
duction is  corni'l'  I'  .  the  cniribln  is  allowed  to 
Cool,  and  is  t«p[ieti  uccasionallv  to  promote  the 
oolieokion  of  the  reduced  metal  m  a  tmgle  botton. 


I  The  ojranido  is  removed  by  treatment  with  water, 
the  ructal  Mawbcd,  dried,  and  weighed.  Care 
should  be  taken  that  the  metallic  button  does 
not  contain  small  fragments  of  porcelain  result^ 
ing  from  the  corrosion  of  the  cmoiblSw 
IV.  At  JSulpkate. 

Baxiam,  ttnmtlum,  and  lead  are  precipitated 

from  solutions  in  the  ordinary  way,  but  other 
metals  are  converted  into  sulphate  by  treatment 
with  tbe  strong  acid,  flie  method  bong  oiUy 
available  when  a  sinplc  metal  is  present  in  ctnii- 
bination  with  a  volatile  acid.  The  lygjhlj  con- 
oentrated  sdutitm,  or  better,  ^e  tdUd  sobetanoe, 
is  mixed  cautiously  with  concentrate*!  -nlj  huric 
acid  in  a  platinum  cruoible  and  then  xently 
heated  to  expel  exeees  of  acid,  the  eradblo  being 
inclined  and  the  lid  placed  in  a  slantiiiL:  position 
across  its  mouth.  A  large  excess  of  acid  should 
be  avoidad,  and  care  must  be  tehen  that  the 
temperature  is  sufl^cient  to  expel  the  exce'«  of 
free  acid  but  not  sufficient  to  decompose  tho 
sulphate.  Sulphatee  of  the  alkalis  and  alkaline 
carth<;  may  bo  heated  to  r»  dn  Bismuth 
sulphate  and  zino  sulphate  doconi]>odO  ii  heated 
above  400** ;  magnesium  sulphate  is  not  decom- 
posed  at  460**,  nor  barium  or  lead  sulphate  at 
500**  (G.  H.  Bailey).  A  temperature  of  about 
350**  is  required  to  expel  the  last  traces  of  fcee 
sul;>huric  acid.  With  lead  or  bismuth  cuiphate 
a  iKjrcelaia  vessel  must  be  uyed. 

GbAVIILKTBIO  JDKT£2iMLNATI02{  OS  Mt:Ti.i.K 
AHD  AOIO  RaDICIJCS. 

iK  tailH  of  ojierations  will  be  found  under 
General  Methods  oj  EHimaiion  ft.  i>.  170).  und 
electrolytic  and  volumetric  methodic  uill  be  in- 
dicated under  appnpriata  headings  {».  pi.  S06)b 

Aluminium. 

(a)  As  oxide,  Mith  previous  precipitation  with 
aniinoniura  sulphide,  ammonium  carbonate,  or 
as  basic  acetate  (f .  Methods  of  separation).  Hm 
aluminium  hydroxide  is  maintained  in  its  in- 
soluble hydrogel  form  by  washing  with  dilute 
aqueous  ammonium  nitrate.  The  hydroxide 
may  also  be  precipitated  in  a  form  suitable  for 
fUt  rat  iun  by  boiling  the  solution  of  the  aluminium 
salt  with  potassium  iodide  and  potassium  ioilate 
(Stock,  Ber.  1900,  33,  548  ;  C  oiupt.  rrad..  1900, 
130,  175). 

(6)  As  phosphate  The  solution  is  neadjr 
neutralised,  mixed  with  sodium  acetate  and  a 

small  (piantity  of  acetic  at  id.  heated  U>  boiling, 
sodium  phosphate  added  in  excess,  and  the  pre- 
cipitate washed  with  hot  water,  heated,  and 
ueiglied  21    d  uninium  phoaphato  (AIPO4). 
Ammonlujn. 

<o)  As  fikiHniMond€  (NfI,)2pt€I,  (r.  FaUt*~ 

^ivin).  The  jilatinic  chloride  Mjlution  .shotiM 
be  added  before  the  Uquid  is  heated,  and  evapo- 
ration should  not  quite  be  oairied  to  comiuele 

drync?<s. 

(6)  By  distillation  {v.  AciDlMJiTaY). 
Antimony. 

{a)  Ai^  mlphid,:  Sh  .Sj  (r.  p.  17f>5.  The  precipi- 
tate is  collccled  (i./  m  a  weighed  iSoxhlct  tubt; 
on  an  asbestos  mat,  and  dried  at  280*-900*  tn  m 
current  of  carbon  dioxide  (Ai:  dv  t.  1000,  34.  ^1  ; 
or  (ii.)  in  a  Gooch  crucible  and  dn<?d  in  aii 
ovcn  in  an  atmosphere  of  carbon  dioxide.  An 
alifjuof  part  i>  then  jilaced  in  n  pon»elain  l»o«t. 
and  heated  in  a  glass  tube  in  a  current  of  drv 
CMTbonio  anhjrdride until  it  be99pf ^^^5^0^94^,^ 
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•H  •diDTxed  snlphur  is  expelled.  Tho  loss  of 
weight  is  calculated  to  the  whole  qnaotity  and 
deducted  from  the  weight  at  100^ 

(6)  As  oxide  SbjO.,  with  previous  precipi- 
tation iis  suljihidf.  The  sulphide  is  placed  in  a 
porcelftiu  crucible  and  treated  with  fuming  nitric 
Mid  tioiliiig  mt  86^  vntfl  completely  oxidised,  tho 
txt-ess  of  acid  fxpt^lk-d.  and  the  residue  heatiHl 
with  partial  ezpo«ore  to  air  until  tho  weieht  is 
constMit.  Hm  sidphide  nay  abo  be  mixed  with 
y)  to  GO  times  its  weitrlit  of  { f  <  4  itatcd  nier- 
coiic  oxide  and  boatcti  cautiously  until  ol  con- 
atutt  irsi^KL  A  deep  capadotM  enidbla  with 
n  lif!  having  a  side  tul>e  for  tlic  exit  of  vapour>« 
has  been  deviaed  for  this  and  similar  estimatioDs. 


(a)  An  trisvlphide  AS|S,  (v.  p.  170),  which  is 
dried  at  100".  The  dry  precipitate  should 
▼©Utilise  completdy  when  heftted. 

(b)  Ah  P'  nlamdphide  A8,S..  Tho  arsenic  is 
oxidised  to  arsenic  acid  by  chlorine  in  alkaline 
aolntaoii*  and  the  precipitation  then  efleeted  in 
^arm  acid  FoKition  after  decomposing  all  the 
chlorate  (Brauner  and  Tomitel^  Monatsh.  1887, 
8»  64S;  Mill  Meber,  Zeitaeh.  atuO.  Chem.  1893, 32, 

(e)  Arisen ic  acid  is  estimated  as  magntsium 
pmearseHolf  y\g^ABfO„  in  the  same  way  as 
phosphoric  ncni  (tchkh  see).  'I'hr  filter  paper  i.s 
moistened  with  a  solution  oi  amwonium  nitrate 
and  dried  before  burning,  in  order  to  pnvent 
rednetion  h\  Ducro,  Compt.  rend.  1900,  131, 
886:  c/.  aUo  Friedheim  and  Sliohaelis,  Zeitsch. 
•naL  Chem.  I80B,  34,  S06). 

BariQin. 

(a)  Aji  sululniie,  BaSO^,  by  precipitation  with 
mlphuric  acid  (v.  Sulphuric  acid). 

(b)  As  carbonate  BaCO..  «hicli  may  be 
dried  at  a  teiiiiKTalurc  below  dull  rcducaji  after 
moistening  the  filter  ash  with  ammonium  car- 
bonate (r.  General  Methods  of  Eslimntion). 

(<•)  As  silicofluoride  (v.  MdJwda  oj  j:<fj)iira- 

(d)  A3  bromide  (Thoni«»  Zeitsoh.  anaj.  Chem. 
190.^.  i'A,  308). 
Glucinum. 

As  oizide  GIO,  «ith  previous  precipitation  by 
•amonia  or  ammoniam  sulphide,  but  not  caustic 
tod  i   r  [    t  shfOKftmnionhintoarbonste. 

fiiamutli. 

(a)  Ateeride  BijOj,  after  precipitation  with  a 
slight  excejis  of  aniinoriiiini  carbonate.  In  prc- 
•eoce  of  chlorides  or  sulphates  the  precipitate 
wfll  ooatain  baaio  ddoride  or  milpliate,  and  in 
this  Tor  in  any  otherl  ca-fo  the  bismuth  may  l>c 
pcecipitAtcd  aa  sulphide,  which  is  oxidised  in 
tiMOTioiblo  by  fouling  nitrio  acid  boiling  at  8^, 
and  then  heated. 

(6)  Ail  eulpkide  BiS»  which  is  dried  at  100° 
and  weighed  at  istenrato  of  20-30  nuntitm.  The 
n-ei'jht  first  decreases  owing  to  loss  tif  water, 
and  then  increases  ouing  to  oxidation  j  the 
■unimum  weight  is  taken  aa  eorreet. 

(c)  mdfuHc  hiiwuth  (v.  "p.  1^0).  'BiHmnthisi 
{veoi|utatod  as  metal  by  adding  to  slightly  acid 
aolataopa  of  ita  aalte,  formaldehyde  and  exoeaa  of 
caosiic  soda,  boiling  and  fUtering  through  a 
Gooch  crucible,  tho  precipitate  being  w^hed 
uith  alcohol  and  dried  at  105*  (Vanino  and 
TtfnhvTt,  B<  r.  1898,  31,  1303). 

{d)  Other  raetbcds:  photphate  (Stabler  and 
SobMliBnbMg^  Ber«  1900^  38, 38418},  doMe  mofy- 


bdate  Bi(NH«)  (MoO,),  (Miller  and  Cniser.  J. 
Amer.  Chem.  600. 1905»  27,  16). 
Cadmiimi. 

(o)  As  sulpkide  CdS,  which  is  dried  at  100°, 
or  dissolved  in  hydrochloric  acid,  and  the  solu- 
tion evaporated  to  dryoeas  with  sulphuric  acid, 
the  residno  gently  ignited  and  weighed  as  CdSC),. 

(7-1  As  oxide,  after  ])recipitating  as  basic  car* 
bonato  from  boiling  solutions  by  potassium  (not 
sodium)  oaiiMMMte  and  ooOeeting  in  a  Qooch 
crucible  (Amer.  J.  Sol  190Q,  20»  466). 

GaMum. 

(a)  As  oxUe  OaO,  after  prediiitfttion  with 

aninionium  carbonate  or  ammOttium  oxalaf<" 
Iv,  Utz,  Oftstt.  Chem.  Zoit.  1904»  7»  610).  In  tho 
latter  oaae  the  aoHition  ia  made  alkalme  with  am- 
tnonia,  heated  to  boiling,  and  mixed  whh  < m  oss 
of  ammonium  oxalate.  The  precipitate  is 
washed  with  hot  water,  and  atrongly  heated  until 
its  weipht  is  constant. 

(6)  As  sulphate  VAiiOt,  by  igniting  the  car- 
bonate or  oxalate  with  pure  Balearic  aokL 

Chromium  fin  ohromio  salts). 

(a)  Aa  oriae  CVjO,,  after  precipitation  by 
ammonia,  or  better,  ammonium  sulphide ;  or  by 
potassium  iodide  and  iodAte (Stock and  Maasaciu, 
Ber.  1901,  34,  467). 

(b)  Am  f3k>»phale,  in  the  aame  way  aa  alu> 
minium. 

Chromiam  (in  chromic  acid  and  chromatea). 

(a)  As  oride  Cr,Oa.  The  solution  is  neutnJ- 
iscd,  heated  to  boiling,  and  mixed  wnfh  excess  of 
a  neutral  solution  of  mercurous  nitrate  free  from 
nitrous  acid.  The  precipitate  is  washed  with  hot 
water  ccaitjiinini.'  mercurous  nitrate,  and  heated 
to  re<luc^  in  a  j  on  f-lain  crucible  until  all  mer- 
curial vapours  are  expelled.  The  meroumaa 
chromate  yields  chromic  oxide. 

(b)  Aa  difonuite,  by  precipitation  with  barium 
chloride  in  aoetio  acid  aolutiOD. 

Cobalt 

(a)  As  metallic  coftaU,  after  precipitation 
cobaltio  hydroxide  by  caustic  Bodaorpotaah  u  ith 
bromine  {v.  p.  180).  Tho  solution  must  bo  freo 
from  ammonium  salte,  or  all  ammonia  must  bo 
expelled  by  l)oiling.  The  precipitate  retains 
traoca  of  alkali,  and  in  aooorate  estimations  the 
rednoed  metal  should  be  washed  with  water, 
dried,  and  a<jain  healed  in  hydrogen. 

(6)  As  nUphate  CoSU«>  alter  precipitation  as 
sulphide,  which  is  treated  with  nitrio  aeid  and 
then  with  suljihuric  arid  (v.  p.  180).  If  the 
boated  soli^te  is  at  all  black,  it  must  bo  troatisl 
again  with  mlphurio  aeid. 

Copper. 

(aj  Aa  cifprotw  su^ide  Cu^,  using  Hose's 
method,  with  previous  preetpitation  aa  conrio 

sulphide  bv  h>drr.<.'en  sulphide  or  MxHam  Inio- 
sulphatc  (Cbom.  Zcit.  1895,  19,  1591). 

(6)  Aa  caeide,  after  precipitation  by  eenstic 

potA?ili  or  soda  in  akscnce  of  ammonium  salt^. 

(c)  Aa  cuprous  ihioctjanate  CuCNS  (Rivot 
C6mpfe.  lend.  1864,  38,  868  ;  also  Amer.  J.  Sot. 
1902,  13,  20  and  138).  The  warn»  solution, 
which  must  contain  no  free  nitrio  acid,  is  slightly 
aculitie<l  with  hydroeUorto  aoid,  and  roixetl 
grailually  with  an  eTcep<?  of  a  modcratfly'sfrnn^ 
solution  of  equal  parts  of  auiuiuuiuin  or  pot^i-t- 
slum  thiocyanato  and  ammonium  hydrn^^rn 
sulphite,  AVTien  cold,  the  precipitate  i.s  collected 
in  a  weighed  Oooch  crucible,  waahe<l  with  cold 
nAter  and  20  p.0.  nlooliol,  and  dried  ^^^^^-l^i^ 
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The  precipitote  mxy  abo  be  eonyerted  into 

cui>r(>u.s  sulphitlo  Yty  Ro^f*^  method.  Cuprous 
thiocyauato  is  not  ^uite  imoluble,  eepeciaUy  iu 
nrMenoe  of  math  me  add. 
Gold. 

Aa  mdaiitc  gold.  Nitric  acid  is  romoved 
by  evaporation  with  hydrochloric  add.  Tlie 

solution  is  Hcidifiod  with  hytlrochloric  acid, 
mixed  with  a  largo  cxccaa  of  fcrrouu  sulphate 
solution,  and  heated  gently  for  a  few  hours  ;  or 
it  is  acidiHod  with  Hulphuric  acid,  mixed  with 
oxalic  acitl,  and  allowtxl  to  t>tand  in  a  warm  place 
for  several  hours.  Formaldehyde  and  hydrogen 
peroxide  in  alkaline  solution  can  be  used  as  pre- 
cipitanla  (Ber  1899,  32.  1968).  Nitrous  acid  is 
al»o  suggested  (Jameson,  J.  Amer.  Chem.  8oc. 
1005,  27,  1444).  Tli.-  prcoipitHtc  In  collected  On 
a  weij^hod  Hlt4.'r,  wa;shi:d  aiid  dried. 
Iron. 

(a)  As  ferric  oxide  Fo  .Oj,  after  prooipitation 
by  ammonia,  caustic  ][x>tiUih  or  soda,  putassiuni 
itKlide  and  iodato  {v.  Chromium),  or  as  basic 
carbonate*,  basic  acetate  or  formate.  The  oxide 
ia  heated  to  redness  until  its  weight  is  constant ; 
if  heate<l  at  a  higher  temperature,  it  is  partially 
oo.iverted  into  ferroso-ferric  oxide  Fe304. 

(h)  Ferrous  and  ferric  salts  can  be  seiiarated 
and  '.stimatcd  gravi  metrical  I  j'  by  means  of 
barium  carbonate  and  ammonium  chloride,  when 
the  ferrio  nit  h  deoompoaed,  precipitating  ferric 
hydroxide,  and  the  leizoaB  gait  remami  in 
aolt^wa. 

{«)  As  siiffihiiti  ri>S(),.  Tlio  h<iluli(iti,  which 
should  not  bo  dilute,  is  mixed  with  dilute  sul* 
phttrio  aeid  and  twioe  its  volttme  of  aloohol,  and 
ollowrd  to  stand,  and  the  precipitate  washed 
with  alcohol.  If  the  addition  of  alcohol  is  iu- 
admimiUe,  the  mlation  is  evaporated  with  a 
largo  rxress  of  tlilutf  sul|>huri('  add,  till  funios 
are  ev<»lved.  Tlie  residue  ia  taken  up  with  cold 
water  and  quickly  filtered  on  a  Ooocn  crucible  ; 
and  tbe  pn^oipllafi'  is  washorl  with  dilute  sul- 
phuric acitl  and  afUrwards  with  alcohol  to 
remove  all  free  aeid. 

(h)  As  gtdpkide  Pl^,  by  hydrogen  sulphide 
and  lioso'a  methotl. 

(c)  As  cacide  PbO,  after  pneipitation  by 
ammonium  rarLoiiate,  avoiding  an  exooss  of 
ammonium  Halts. 

{d)  As  metal  (v.  p.  180). 

(f )  Othr-r  ntethods.  Aa  ckromate  and  iodaU. 

Magnesium. 

(a)  y)7r(//>Ao8/j/ia</' MgjP^O..  The  solution 
is  mixcMi  with  ammonium  chloride  in  suflicient 
<iuaritity  to  prevent  precipitation  hy  ammonia, 
ma<le  Htroncly  slimfine  %vith  ammonia,  and 
then  mixed  with  excess  of  suilium  phosphate,  or, 
better,  ammonium  phosphate  or  microcosmie 
Malt.  i'Jirc  shoidd  be  taken  to  avoiil  nibbing  or 
licratohing  the  8i<le3  of  the  vo-wel.  The  liquid 
{»  allowed  to  remain  for  a  few  hours,  fdteretl,  and 
the  precipit^itc  washe<l  with  a  mixture  of  stn>ng 
ammonia  (I  i>nrt)  and  WAUt  (5  parts)  until  the 
tvasihings  give  only  a  faint  opalescence  with 
sil\>  r  lutrato  after  acidifying  with  nitric  acid. 
The  precipitation  of  the  double  phosphate  ia 
greatly  accelerated  and  a  frrAnnlar  non.adherent 
prx'lurl  <iKt;iiiii  ,I  1)y  -hriKiiii^  fli<-  riiixrd  M.lulions 
ut  a  f^toppertfd  cylinder.  The  precipitate  is 
dried,  fautioutly  heated  in  a  platmum  crucible 
until  all  ammonia  is  expelled,  and  then  heated 


to  redness  until  the  weight  is  ooMtant.    If  the 

prt'f  ;ni1nte  is  black,  owini;  to  partial  re<luction, 
it  hi  moijitenotl  with  a  few  drops  of  btroag  nitric 
acid,  and  again  heated  until  perfectly  whitCL 

t!i)  As  oj-iV//^  ]\lgO,  after  precipitation  as 
hydioxjilu  by  barium  hydroxide,  or  mercuric 
uxKif,  or  as  double  carbonate  Mgl'0,(XH«),CO, 
(Zoitsch.  anorg.  Chem.  1908,  68,  427),  the  pre- 
cipitate being  strongly  ignited  (r.  Zeitsch.  anorg. 
Chem.  1901,  ie»  347). 

(e)  jrfp-onr.^enaie  (v.  Pyn^pkotfkale,  aad 
Amcr.  ,J.  Sci.  19U7,  23,  293). 

Manganese. 

{a)  Asatdphifk  MiiS,  by  Rose's  method  after 
precipitation  by  ammonium  sulphide. 

(6)  As  oxide  HntO^*  alter  pneipitation  by 
sodium  carbonate,  or  ammonium  carbonate 
(Tamm,  Zeitsch.  anal.  Chem.  1872,  1 1,  425).  The 
bydratod  penoide  precipitated  by  bromine  and 
ammonia,  on  prolonged  ignition  yields  MntO^. 

(c)  As  purophosphate  MnjPjOj.  Ammonium 
chloride  and  microcosmie  salt  are  added  in  con- 
siderable exccas  to  the  cold  manganese  solution 
followed  by  a  slight  excess  of  ammonia.  The 
mixture  is  then  heated  till  the  precipitate  be- 
comes silky  and  crystalline.  After  cooling  for 
30  minutes,  the  precipitate  is  eolleoted  on  the 
(iooch,  washt-'d  with  very  dilute  ammonia,  and 
ignited  (Goooh  and  Austin,  Amcr.  J.  Soi  iSilii, 
tt,  160). 

(d)  As  sulphiU  {v.  p.  180,  Qooch  and  Anakin, 
Amcr.  J.  bci.  1»98, 5. 200). 

Ifmiiry  (in  mcfemous  oompoonda). 

As  mercuruii^  rhlnridt  HgjClj.  The  dilute 
cold  solution  is  mixed  with  a  iwlution  uf  sodium 
chloride  in  sli^^t  exoess;  and  the  ]>nTipitate  is 

Cf.>lket<>rl  on  a  wcMj^hcd  filter  up!  Irli  I  at  100** 

Mercury  (in  mercuric  compouailK). 

(a)  As  milplUie  Hg8.  whi^  is  dried  aft  100* 

after  precipitatitm  Vy  hvr?n >gon  sidphide. 

(6)  As  mercwam  cJtUjride  HgjCl,.  The  solu. 
tion  is  mixed  with  excess  of  hydrochloric  acid 
and  phoHphorous  acid  (made  by  allow  in-:  pi  os- 
phorus  to  oxidise  slowly  in  moist  air),  an<i  alloM  .-d 
to  remain  in  a  warm  plaoe  for  twelve  hours.  Tlu^ 
precipitate  u*  ooUeoted  on  *  weighed  lilier  and 
drie<l  at  100*. 

Molybdenum. 

{a)  As  imd  molybdatc  PbMoO,.  The  solu- 
tion is  hcateil  to  boiling,  mixed  with  excess  of 
lead  acetate,  and  boiled  for  a  few  minutes.  The 
precipitate  is  washcii  with  hot  water,  dricil  at 
100**,  and  heated  to  low  redness  in  a  ixireLlain 
crucible. 

(h)  .\s  the  nriclc.  MoOj.     The  ^^^^l^^tion  is 
neutraltMHi  with  nitric  acid,  mixed  with  excess 
of  a  neutral  solution  of  mevonraus  nitimte,  the 
precipitate  washed  with  mercurous  nitrate  solu- 
tion, dried,  and  heate<l  until  the  weight  l<«  constant. 
The  metal  is  precipitated  as  sulphide  either  in 
acid  solution,  or  an  amraoniacal  soluUoa  i» 
saturated  with  hydrogen  sulphide  and  then 
'  acidified.    The  precipitate,  colIt'ef«'d  in  a  GtHjch 
j  cruoible,  ia  roasted  to  oxide.    Molybdenite  as 
I  roasted  to  form  trioxidc  ;  thb  is  extracted  with 
anunotiia,  and  the  filtrate  e\ ajxiratedaodnSBdue 
ignited  (Analyst,  1900,  31,  312). 

mdwi. 

(o)  As  oxide  NiO,  after  precipitation  as 
niokelio  hy(ht>xjdo  (Ni(OU)a)  by  oaustio  potash  or 
soda  with  the  addition  of  liromine  in  absence 
of  amiiKmiiim  aslta  s  or  after  ^n|»^^ti<^  by 
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ammofitum  sulphide  thoroughly  saturate*!  wHh 
bvdrogpn  solpliide^  the  nickel  sulphide  being 
<iis9oIved  in  aqua  r^pia  and  the  soltttkm  pwoi- 
pitatcd  by  caustic  sodii  or  ^(.li^ih. 

CH,-C :  NO-Ni-NO :  C  'CH, 

CH,-i :  NOH    NOH :  t -CH, 

(Xt    20<3)  p.c.).    A  I  !k<b  aleohotie  soltiiioB 

>[ 'lim.  t}iyl;:lyuxiinf  (J.  pr.  Cliom.  1908,  77,  44) 
u  added  to  a  hot  dilute  hydrochloric  acid  solution 
of  nidDBl  follo««d  hj  ammonia  in  slight  excess. 
The  red  precijiit-i*'  U  ••ollfct<Hl  on  a  fJoooh 
crucible,  washed  with  hot  water  aad  dried  at 
(Brftnok,  Zettwh.  aagev.  Chem.  1907, 

10,  834V 

(f )  As  nickd  dtcyanodiamidim  Ni(N4H,0 .0)j. 
IKsTanodiAiBidlne  mlphate  and  caustic  alkali 
%r''  ;uMid  tr,  nn  amtinvniftcal  solution  of  nickel 
salt,  the  yciiou  precipiute  collected  and  dried 
«(  118".  If  cobalt  b  present,  hydrogen  peroxide 
i«  fir«t  nddol  to  tiie  ainmoniacal  solution. 
.Uumuiium  aud  iruii  are  kept  in  solution  by 
means  of  tartaric  arid  (Grossroaail  Mid  flcfaHOB, 
Chem.  Zt  it.  1907,  31,  336^  911). 

PUtlnum. 

A»  auteL  The  solntton  of  platinic  chlori<lc 
free  from  oxcess  of  acid  is  pmcipitatcd  by  am- 
moni<i,  or,  U-ttcr,  potassium  chloride  (r.  Pofas- 
timmU  and  the  precipitate  is  filtered  by  Gooch's 
inethotl  or  throui];h  a  plug  of  thoroughly  dried 
aabestos  contained  in  a  weii»he<l  tube.  The 
piccipitAte  is  dried,  heatrd  to  redness  in  a 
mirent  of  b\dn)gen,  washed  with  water  to 
remove  alkaliiK*  chlori<le,  again  dried,  and 
ve%hed.  The  metal  is  also  precipitated  by 
reducing  Ap;cnts  {e.g.  formic  acid,  alcohol  in 
alkaline  solution) :  simI  by  metals  euob  ae  mag> 
nesium  <  r  zinc  (Ghem.  Zeit,  1906,  29, 293)^ 

Potassium. 

(o)  As  platinichVyride  K,PtC!,.   The  eoht- 

•  ion.  \\hit  h  must  rontnin  the  p)tAs-<iiitn  in  the 
ittasi  o(  chloride  and  be  free  from  acid,  is  mixe<l 
vilb  exmai  of  platinie  oUoride  aad  evaporated 
to  drynesH  on  the  water-balh.  Tho  crystalline 
raadne  is  waahcd  with  strong  alcohol,  without 
liceynnjf  the  crystaK  unt3  tm  washings  (which 
At  fir>t  must  Iw  orango,  showing  the  preseneo  of 
excess  o(  platinum)  are  ooloiuleBs.  The  pre- 
etpitete  w  left  in  the  evftfNmitinf  disk,  and  the 
•rit-hiaga  are  poured  throiit'h  a  small  filter. 
When  washing  is  complete,  thu  prMtipitate  is 
ttamfwred  to  *  weighed  porcelain  crucible  by 
means  of  a  Jet  of  alcohol  from  a  wash-bottle,  and 
the  alcohol  »s  dccantotl  off  through  the  lilter. 
ITie  precipitate  in  the  crucible  is  driotl  first  at 
TO"  till  mo-t  of  the  alcohol  is  expelled,  and  then 
at  lUO*  for  half  an  hour.  The  bltcr  is  drietl,  and 
•ay  |ne8i|Nt»te  is  detached  from  the  paper  as 
far  as  posrable  nnd  added  to  the  contents  of  the 
crucible,  which  \»  then  weijjhefl.  The  filter  is 
iNBnt,  and  the  ash  allovvttl  to  fall  into  the 
crucible,  which  is  again  weighed.  'I'he  im  r  n^;'- 
in  weight  is  filter  ash  and  metallic  piatmutn. 
The  amount  of  platiniehloriile  corresponding 
vith  the  latter  is  cal(-ulato<l  and  adde<l  to  the 
weight  of  the  precipitate  (r.  J.  Amer.  Chom.  Soc. 
1V»:>.  17,  4r>3;  and  Zeit,<eh.  anal,  Chem.  1906. 
46,  ;n.-, ;  Chen..  Zeit.  1906.  30,  684). 

(6)  As  perchUtraU  KC10«.  The  solution 
"^tViiriag  potemnni  and  aodliin  as  ehloridee 


Is  evaporated  down  with  exeen  of  dilute  per* 

chloric  acid  imtil  all  the  hydroijrn  ddoride  in 
expelled.  The  residne  is  taken  up  with  alcohol, 
the  precipitate  ooUeoted  on  a  Gooob  omdfale, 
wiuHhed  with  aleohol,  and  dried' at  190^  (Amer. 
J.  Soi.  1887, 2,  203). 

Ab  telenium.  The  .solution  slrun^ly  acidi> 
fied  with  hydrochloric  acid,  mixe<i  with  exoeaa 
of  enlphoronfl  acid  or  eodinm  hydrogen  snl- 
pliitr,  nil  1  l)i»il<'d  for  about  fifteen  minutes. 
The  precipitate  is  oolleoted  on  a  weighed  filter 
and  dried  at  a  temperature  below  IW*.  Soln- 
tiont^  f  f  selenium  containing  hydrorhloric  acitl 
oanuul  safely  be  conoentrated  by  evaporation 
except  in  preeenee  of  a  large  quantity  of  alkalino 
chlorides,  w  hich  pn  vent  the  vobtilieatioii  of  the 
selenium  as  chloride. 

Hypophosphorous  acid  in  alkaline  solution, 
and  potassium  iodide  in  acid  .'solution,  have  also 
been  recommended  m  redueini;  agents  (Zeitsoh. 
anorg.  Chem.  41,  148  ;  and  Amer.  J.  Sci.  1896, 
[4]  1,  410).  For  a  revii  w  of  methods  for  e-ti- 
mating  selenium,  see  Zeitsch.  anorg.  Chem.  1904, 
41, 291). 

Silver. 

As  chloridt'  AaCI,  or  hromide  AgBr.  Tho 
solution  is  aeidilied  with  nitric  acid,  heated  to 
boiling,  and  mixed  with  a  .slifjht  excess  of  sodium 
ohloride  or  potassium  bromide.  Estimation  as 
bromide  is  to  be  recommended,  efaiee  silver 
chloride  is  not  quite  in!»r>lulile  in  pure  water. 
'Hie  precipitate  is  washed  with  hot  water,  dried, 
detached  from  the  Paper  as  far  as  possible, 
transferred  to  a  porcelam  cnicible,  and  dried  at 
150".  or  heatecl  slowly  until  it  shows  signs  of 
fu.sion  at  the  ed;^ps,  and  weighed.  The  filter  is 
burnt  and  the  ash  added  to  tho  crucible,  which 
is  again  weighed.  The  increase  in  weight  is 
filter  ash  ami  metallic  silver.  The  quantity  of 
bromide  or  ohloride  corresponding  with  the 
latter  is  calculated  and  added  to  the  weight  of 
the  |iv.':|ilMt-'. 

Sodium  is  weighed  in  the  form  of  ehlori<le 
together  with  any  potassium  which  may  l)e 
presi  tit.  and  is  e.stimate<l  by  differ< nee,  or  it  may 
be  ejitimatcd  directly  as  sulphate  or  chloride  if 

I  potaminm  is  ahsent. 

TIh"  following  reapent  precipitates  sodium 

I  oven  from  very  dilute  solutiotui,  and  is  not 

I  interfered  with  l>\  the  other  allcsli  metab  or 
by  niagnesiii (1  khI  tin-  int-fals  of  the  alkaline 
earth.«!i.  Threo  grams  of  bismuth  nitrate  and 
:U)  grams  of  potassium  nitrite  are  dissolved  in 
water  rontaininj,'  suflicient  nitrir  acid  to  remove 
any  turbidity,  ainiut  i-6gram.Hut  ca^iuui  nitmte 
an*  addr>d,  and  tho  solution  diluted  with  water 
to  100  e.e.  Thf  i)reeipitaf  inn  sli<»uld  be  carried 
out  in  a  HU»pjiere<i  bottle  in  an  inert  atmo.<»phere. 
The  precipitate,  5Bi(NOj),.0(sNO  „GNaNO„ 
contains  .t'675  p.c.  mdium  (o^  Ball,  Cheou  8oc. 

I  Trans.  1910,  97,  1408). 

j  Strontium. 

(o)  As  ."ulfjlnli  SVS'O,.    The  .solution,  which 

,  must  contain  but  lit  lit-  irec  acid,  is  mixed  with 
excess  of  dilute  sulphuric  acid  and  at  least  an 
equal  volume  of  alefilml.  and  the  preeipitatc  is 
washcti  with  aU  oliul.  If  alcohol  cannot  be  u<ied, 
a  mm  h  larger  e.xre.s.s  of  sulphuric  acid  is  added 
and  the  precipitate  is  wnshc*!  with  cold  water, 
but  the  results  are  less  exact. 

ib)  As  ca*«oiiafe  SrCO,  (which  "fJi^^i^byl^^ 
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heated  too  strongly)  after  preolpitatkm  l:;^  am- 
monium carbonate. 
Tennrium. 

(ti)  Ah  UUnriuw.  hy  rf  <lufing  f>nlu(ions  of 
telluruua  or  teliu'ic  compounds  wiUi  aulphur 
flioxtde  ami  hydnudne  bydnehloride  (I«nher, 
J.  Arnrr.  (  *h.  rii."Soc.  1008.  :50,  387).  Of  lirr  r.'<lnc-  \ 
ing  ogeutfi  have  been  employed :  sulphur  diosidc 
And  potaflsiam  iodidr,  hypophcwphoroiu  acid, 
and  grnpe  sugar  in  nlknllnc  >-'ohif  ion. 

(6)  As  dioxide  TcU,  (v.  Amor.  J.  ScL  1909, 
(iv.)  28.  118). 

Thallium. 

(a)  Aa  ihaUout  iodide  Til.  The  solution  is 
heated  with  sulphnroua  acid  to  reduce  all  the 
Ihftlliiim  compounds  to  thallons  salts,  allowx'tl  to 
cool,  and  then  mixed  with  excci^  uf  ^tassium 
iodide.  The  nrecipitate  is  washed  with  dilute 
alcohol,  and  uricd  on  n  wcielud  filtor  nt  170*  ' 
(t>.  Baubigny,  Compt.  read.  1{>U2,  ll'.l,  514). 

(6)  As  thallous  plalinichloride.  This  salt  ia 
very  iii'ioluble,  but  is  difficult  to  Altar  (OrooJces, 
Select  Methodp,  4th  ecL  p.  172). 

Tin. 

As  (irMr  SnOj,  which  is  olitaincil  wlun  tin 
or  one  oi  ii^  alloys  is  treated  with  iiiLiic  acid. 
The  SOlotUm  is  boiled  for  ten  minutes  to  ensure 
complete  precipitation,  and  the  prrcipitate  is 
digest<-d  for  an  hour  with  diiuto  nitric  acid 
(1:6)  at  100**  to  remove  other  metals,  washed 
with  hot  water,  and  iflnited. 

In  other  cases  the  tin  is  precipitated  as 
hydrnted  oxide.  If  the  solution  contains  stannous 
salts,  the  latter  are  oxidised  by  chloruie  or  by 
hydrochloric  acid  and  potassium  chlorate,  am- 
monia iwldi'd  until  a  slit'lit  precipitate  forms, 
and  hydrochlorio  acid  until  the  prfwipitate  jost 
rediBsolvc«i.  The  solution  is  .  then  mixed  with  a 
TiKMlrrali  1\  Iarj»o  quantity  of  a  strong  solution 
of  amuiuoium  nitrate  or  so<lium  sul^iate,  and 
boiled  for  some  time.  The  pree  i  pitato  is  washed 
with  hot  wafiT  l>v  d'^'cantation  and  on  the  fil(<  r, 
dried,  and  heated.  To  ascertain  if  pruciuitation 
is  oomplete,  a  small  quantity  of  the  mtiate  in 
added  to  a  hot  solution  of  ammoniam  nitrate  or 
sodium  sulphate. 

li  the  tin  has  been  preeipitated  as  stannic 
Hidphifle.  thr  latter  is  waslmd  w  itli  a  solution  of 
sodjum  chloride,  and  finally  with  a  solution  of 
ammoninm  acetate,  dried,  and  roasted  in  a 
porcelain  rruciMr  unlil  (lir  \\-(>iL'lit  is  orm^tant. 
I)ceoiti|tuM(iua  la  liu-diuiled  by  adding  a  small 
quantity  of  ammonium  cnrl)onate. 

Iji  all  ca=^(  s  the  filter  is  burnt  .sepaMtely  and 
the  Anh  diopjAid  into  the  crucible. 

Titanium. 

As  dioxide  Ti02,  after  prrcipitatinn  ]>y 
ammonia.  Usually  the  substaiicu  is  dissolved 
in  sulphuric  acid,  or  is  fused  with  potassium 
bvdroyen  sulphaff  and  dissolved  in  watrr.  The 
holutinn  is  diluted  largely  and  lioihd  l<>r  some 
time,  when  all  titanium  is  prccipitate<l  as  hy- 
tlrati**!  oxi  l,',  which  is  n  ti'leml  anhyilrous  by 
ignition.  The  solution  hhuuld  contain  0*5  p.c. 
of  free  sidpfaurio  acid ;  if  less,  the  precipitate  is 
impure,  if  more,  jnecipitation  is  incomplote 
(Lt'vy).  In  presence  ot  iron  the  residts  are 
always  somewhat  too  hij^h. 

Baskervilic  recommends  fusins  titatufcrous 
iron  ores  with  potassium  hy<lrogon  sulphate  con- 
lainiriL;  some  ,so<lium  fluori*lo.  Th«'  prrnluet 
is  boiled  with  water  containing  nitrio  acid  and 


then  riinitralised  with  ammonia.  The  prrcipitat/C 
is  dissolved  in  dilute  hydrochlorio  aciu,  avoidin|{ 
any  excess.  The  Kqnid  is  then  satarated  with 
sulphur  dioxide  and  l>oiled,  the  preoipif  r- 
being  collected,  ignited,  and  «-eighed  as  TiU^  ^d- 
800.  Chem.  Lid.  IIMX),  10,  419 ;  also  J.  Amer. 
(  horn.  80c.  1903,  26, 1073;  and  1910,  3S»  957). 
Tungsten. 

As  tvngsUe  atihydride  WOf  The  solution 

containiuL'  the  tungsten  as  an  alkaline  tnnu^jt.itc 
is  neutralised  Atith  nitric  acid  and  prcoipit Ato  1 
with  a  neutral  solution  of  meronrous  nitrat«. 
The  precipitate  is  washed  with  a  M>luti<>ii  of 
mereurous  nitrate,  dried,  and  heateil  in  a  por- 
celain crucible,  when  tangstic  anhv  dride  is  left. 

Fused  lead  tungstate,  when  boiled  with  stronp 
hydrochloric  acid,  gives  a  preoipitate  of  tuogatic 
acid  (Rr<  alley,  Chem.  News,  1899, 79,  64). 

Uranium. 

(a)  As  the  oxide  U,0^.  The  solution,  oxi- 
dised if  necessary  by  nitric  acid,  is  heated  to 
boiling  and  mixed  with  a  sli{fht  excess  of  am- 
monia. Tho  precipitate  of  acid  ammonium 
uranate  is  washc<l  with  ammonium  chloride  aolti' 
tion,  dried,  and  strongly  heat'^d. 

(6)  As  the pi/rojiho«phatt{\JOf}^rfQ,,ohU'iiiie*\ 
by  pr>-<  i|iitatin|[;  uranyl  ammonium  pha'<phate 
(U0,)(lSli4)l'<  >,  w  ith  ammonium  pho'»phatc'  in 
the  presence  of  ammuuium  acetate  and  igiiiiini; 
the  precipitate  at  low  redoeHw.  For  the  appli- 
cation of  this  process  to  uranium  minerals, 
Low's  Technical  Methods  of  Ore  Analysis,  3rd 
ed.  p.  223 ;  and  J.  Amer.  Chem.  80c.  1901, 23. 68<L 

Vanadium. 

(o)  As6or»MTO  pyrora»uirf«/e2BaO'V,Os.  The 
solution  is  neutralised  with  ammonia,  hcatcil  to 
boiling,  mixed  \iith  excess  of  barium  chloride, 
:  agitatod,  and  cooled  quickly  out  <^  eontaot  with 
I  air.    The  precipitate  is  washe<l  and  htate*!. 

(6)  As  tnanffantte  pwomnadolt  2MjiO'V,Oj. 
Thesohition  Is  mixed  wlui  a  slight  oxoessof  ammo- 
nium  <'hloride  and  ammonia.  nian^aiH  st-  <  Idoriilc 
or  sulphate  mixed  with  ammonium  chloride  \» 
added  in  excess,  and  llie  liquid  is  boiled  two  or 
three  minutes  aiul  allowed  to  cool  out  of  con- 
tact with  the  air.  The  precipitate,  which  should 
bo  brownish  yellow  and  free  hem  ozidatkm 
products,  is  wash(  d  with  cold  water  and  heated. 

(c)  As  petUoxide  V.O^  obtained  (i.)  by  pre- 
cipitating barium  or  l«»a  vanadate,  deoompoeitif; 
with  sulphuric  neid,  filtering,  evajwratiiiL:  tli.- 
filtrate,  and  igniting;  (ii.)  b^v  precipitating  aiul 
igniting  mereory  vamMclate ;  (iii.)  by  preoipttatinfc 
aramr>ninm  vanadate  by  ammonium  chloride 
and  igniting  the  precipitate. 

For  other  meuiods  of  estimating  and  separat- 
ine  vanadium,  v.  A.  Camot,  Compt.  rend. 
lbU3  and  1850;  Chem.  Soc.  Abstr.  IbiiT,  MK»; 
Chem.  Zeit,  IflOS,  20,  892 ;  Amer.  J.  6eL  1910, 
30,  22t). 

Zinc. 

(a)  As  oxide  ZnO,  with  previous  preeipit«tioo 
by  sodium  carbonate  in  alisence  of  ammooiam 

salts. 

(6)  As  tmipkidt  ZnS,  by  Rose's  method  after 

preripifatini:;  with  nmmonium  sulphide. 

Tliu  liilrutiuu  uf  the  7.inc  sulphiile  may  be 
promoted  by  precipitating  in  the  presence  of 
ammonium  acetate  or  thiocyanate,  and  wasbiui; 
with  a  5  p.c.  .lolution  of  either  of  these  .<^t,*:. 
If  mercuric  chlori<ie  is  added  to  the  solution. 
I  the  mixed  precipitate  of  mercuric  and  zinc 
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sulphides  filters  much  better  than  the  latter 
•lone :  the  f onner  k  «ipeUed  oa  ignition. 

Acm  Radiclsb. 
Carbonic  add. 

The  estimation  of  carbon  in  carboDates  may 
be  made  by  a  lorn  in  weight  method.   The  ear- 

booate  w  w  iiThr<l  into  an  appariitus  Gtt4  !  wi'.h 
a  atoppeied  dropping  funnel  containing  acid 
to  ^eompeee  the  oarbonate,  and  aa  exit  tabe 
contaLninji  strong  sulphuric  acid  to  dry  the 
edcaping  gas.  The  apparatus  ia  we^gdwd  with 
the  aoias,  &c.,  after  toe  earbonate  iiaa  been 
tntioduced.  Tlie  acid  is  then  allowed  to  drop 
on  the  carbonate  until  the  decomposition  is 
oomplcte,  and  the  liquid  boiled  to  expel  dis- 
eolve<l  <-.irlxm  dioxide.  The  .ipparatns  is  again 
weighed  and  the  loss  of  weight  gives  the 
amoant  of  earbon  dioxide.  The  apparatus  is 
tizured  in  most  treatises  on  quantitative  analysis. 
Move  accurate  r^ults  are  obtained  by  weighing 
mm  earbon 'dioxide  directly  by  abeorbing  it  in 
weighed  tnhcg  containing  8o<la  lime  or  in  bulbs 
containing  aqutK>us  caustic  potash.  For  a  com- 
plete form  of  apparatus  for  this  estimation,  see 
'Hiorpr^'s  Quantitative  Analysis,  9th  ed.  p.  86, 
aufi  Clowes  and  Coleman'ii  Analysis,  btn  cd. 
p.  104. 

When  carbonates  and  sulphides  occur  to- 
gether, the  gases  evolved  on  treatment*  with 
acid  ajo  passed  into  a  solution  of  copper  acetate 
acidified  with  acetic  acid  and  heatofl  to  boiling. 
Hydrogen  sulphide  is  absorbed,  with  formation 
of  copper  aulphide*  and  earbon  dioxide  paaees 
on. 

For  the  estimation  of  carbon  dioxiile  in  the 
presence  of  nitrites,  sulphides,  and  Hiilphites,  see 
3farle.  Chem.  Soc.  Trans.  1909,  1491  ;  and 
Wolkowitz,  Zeitdch.  angew.  Chem.  1894,  1G5. 

Chloric  add. 

Any  chlorine  present  aa  chloride  is  determined , 
the  chlorate  reduced  by  a  ainc-copper  couple, 
and  the  chlorine  again  tletcrmined.    rhc>  differ, 
ence  is  the  amount  of  chlorine  existing  as  chlorate 
(Thorpe,  Chem- Soc.  Trans.  1873, 641).  Thin  gm- 
nulatrd  zinc  Ls  wa^shodwith  caustic  .so<la  solution, 
tbea  with  dihito  sulpfanrio  actd«  which  is  allowed 
to  aei  for  a  short  time,  and  finaUy  with  water. 
It  is  then  covered  with  about  100  c.c.  of  a  3  p.o. 
eotoikm  of  copper  sulphate  heated  to  40^-50^ 
When  moat  el  the  eopper  baa  been  depoeited, 
til';  Ii<pii<l  is  carefully  poured  off,  and  treatment 
repeated  with  a  fresh  (quantity  of  solution.  The 
sine-copper  couple  is  now  Tory  earefnUy  washed 
^th  di«tille<l  water  by  dcc4intation,  not  more 
ihao  0*6  gram  of  potassium  chlorate,  or  the  equi- 
valent qoaatity  of  any  other  oUoratev  ia  weighe<l 
f>ut  into  the  VK-akerand  dissolved  in  alout  25 c.c. 
of  warm  water,  which  should  jutit  cover  the 
coople.    The  liquid  U  heated  gently  for  half  an 
fcotrr.  th'-n  b<>iled  for  half  an  hour,  dilute  sul- 
phuric acid  added  drop  by  drop  until  the  white 
|xecipitate  of  zinc  hydroxide  and  oxychloride 
jQiit  disBolve^,  filtered,  the  filtrate  neutralised 
with  pure  calcium  carbonate,  and  the  chlorine 
cettmated  bv  standard  silver  nitrate  solution 
<C3hem.  8oc.  Tran.-^.  1888, 

This  re*lucliou  luav  b1.<o  be  effected  bv 
Sereada's  alloy  (Al  45,  Zn  5,  Cu  54)).  Jannasch 
recommends  hvdroxylaniine  sulph  itc  rxtid  excess 
of  nitric  acid  ati  a  Kuitable  reducing  agent  fur 

eUoiatea  while  bvonatea  and  iodates  are  best 


reduced  by  hydroxylamine  in  ammoniaesl  sola* 
tion  (Ber.  1906,  38.  1576).  Formaldehyde  in 
dilute  nitrio  acid  reduces  chlorates  in  30  minute 
and  bromates  in  2}  hours :  iodates  are  notreduced 

((iriitzner.  Arch.  Pharni.  189fi,  291.  iVAA  ;  (Com- 
pare Brunner  and  Mullet,  J.  pr.  Chum.  1908,  77> 

33). 

HydrolfOiBiSt  bydfoeUMde,  and  hiMdie 
aelds* 

Am  tStnr  salts  (AgBr.  AgG,  Agl).  The  sola* 
tlon  is  mix(  d  \uth  excess  of  silver  nitrate, 
acidified  with  nitrio  acid«  and  heated  to  boilina. 
Tlie  precipitate  is  treated  exaotlj  aa  in  the  eiu- 

nMtifin  (if  silver. 
Hydrofluorie  add, 

(a)  Aa  cakium  fiuoHde  OaP«,  in  tiie  ease  of 

soluble  fluorides.  The  solution  is  mixed  with 
a  moderate  excess  of  sodium  oarbonate,  heated 
to  boiUng,  and  mixed  with  exoess  of  ealeinm 
chloride.  Tlie  precipitate  is  washed,  dried,  and 
heated  to  redness  in  a  platinum  crucible,  then 
treated  with  exeees  of  aoetie  aeid«  evaporated  to 
dryness,  and  heated  to  exp)el  excea^  of  acid.  The 
product  is  now  heated  ^ith  water,  and  the  ij}- 
soluble  ealeinm  Snoride  filtered  off,  waehed,  and 
heatcil. 

{h)  Indirectly  aa  silicon  Jluondc  SiF^.  The 
finely  ]X)W(lerLMi  solid  substance  is  place<l  in 
a  dee]^  i  l  if  inum  crucible  and  covennl  %vith  three 
or  four  litncB  its  w  eight  of  pxire  precipitat<xi  silica, 
the  weight  of  which  is  accurately  known.  Sul- 
phuric Acid  is  then  added,  and  the  crucible  gently 
heated  for  half  an  hour.  The  tem^rature  is 
raised  to  expel  mont  of  the  sulphone  aoid,  the 
residue  treated  with  hydrochloric  acid,  washed, 
dried,  and  heated.  The  hydrofluoric  acid  in 
calculated  from  the  lOM  in  weight  of  the  silica: 
4HF  =  SiOj.  The  amount  of  silica  in  the  sub- 
stance  must  be  known,  and  it^  weight  added  to 
that  of  the  admixed  silica. 

(c)  By  distillation  and  xoeighing  aa  calcium 
fltumde.  The  fluoride  is  decomposed  by  concen- 
trated sulphuric  acid  in  a  platinum  a]>parutus  ; 
the  hydrogen  fluoride  carried  off  in  a  current  of 
air  and  carbon  dioxide  and  absorbed  in  a  solution 
of  pure  caustic  soda  contained  in  a  platinum 
dish.  Calcium  chloride  is  added  to  thb  solution 
and  tiio  precipitate  (CaCO,  and  CaF.)  washed, 
ignited,  and  treated  with  dihitc  acetic  acid  in 
moderate  excess.  After  evaporation  to  ex|xd 
this  exoess  of  aeid,  the  reeidue  is  talcen  np  with 

water  ni  !  the  insiduhle calcium  fluoride  collected, 
washed,  and  ignited  (Jannasch  and  lidttgcu. 
Zeitedi.  anorg.  Chem.  1806,  9,  267).  The 
apparatus  employetl  i'  fi  -un  1  in  .Tanna'ch's 
ttaktiacher  Leitfaden  iler  Cewichteanalyse, 
2nd  ed.  411  (compare  also  J.  Amer.  Chmn. 
Soc.  lOOI,  23,  826;  and  Chem.  News,  1906, 
02,  184). 

(d)  Directly  as  silicon  fluoride  (Froseniui*). 
The  mineral  is  finely  powdered  and  intimately 
mixed  with  ignited  quartz  and  heated  with  con* 
centrated  sulphurio  acid  in  a  dry  y-tube  at 
150**-! 60**.  A  current  of  dry  air  free  from  carbon 

j  dioxide  is  drawn  through  the  decomposition  tube 
I  and  thence  through  a  series  of  five  |J -tubes. 

The  first  of  these  i.s  empty  and  (OM'.fd  by  im- 
I  nierHion  in  cold  water;  the  second  e<>ii  I  ains  gla8.s- 
w  ool,  or,  if  the  hu bstcutOO  contains  chlorine,  half 
is  (illetl  with  pumice  impregnate<l  with  anhydrou.^ 
I  copper  sulphate,  and  the  other  half  with  pure  dry 
I  ealeinm  ohloride.  The  thifd  and  ^^^|^^^Pt^>^ 
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are  weighed  and  servo  to  absorb  the  silicon 
fluoride ;  the  third  contains  pumice  moistened 
with  water,  and  the  fourth  contains  soda  lime 
and  calcium  chloride.  The  fifth  tube  is  a  guard 
tube  oontaining  the  same  reagents  as  the  fourth. 
After  one  or  two  hours  the  decomposition  of  the 
fiuorMc  is  complete,  nivl  the  rrnin  in  uciyht  of  the 
abeorDfcioa  tubes  lepreeentg  the  amouotol  silicon 
flttoriae  ffenemted.  Thb  -pnoem  maj  be  ten- 
dered  vomnu  tric  (v.  Volunv!>  i'  rdjbn). 

Hydrogen  lulpblde  (iiilptaides). 

Ituolublecnilpiiidefl  weaeeompoeed  by  hydro- 
chloric acid  in  a  flfisk  '*lniilar  to  that  used  in 
the  gravimetrio  estimation  of  carbonic  acid,  and 
the  gas  evolved  is  led  into  two  or  three  bnlb 
y.tubes  containing  a  sf>lution  of  bromine  in 
dilute  hydrochloric  acid,  which  converts  the 
hydrogen  sulphide  faito  snlphurio  add.  When 
liecompoHition  is  eojiiplrte,  uw  liquid  in  the  flunk 
is  boilEKl,  and  the  itml  traces  of  the  gas  are  dravt  a 
thnragh  the  bulbn  by  means  of  Ui  aspirator. 
The  eont4  nts  of  the  bulb  tubes  are  transferred 
to  a  bttakcr,  heated  to  expel  bromine,  and  the 
sulphuric  acid  precipitated  by  buium  chloride. 

Sulphides  which  arc  not  decnmposed  by  hy- 
drochloric acid  may  be  oxidi:>cd  with  aqua  regia, 
hydrochloric  acid  and  1  nomine,  or  hydrochloric 
acid  and  potasainin  ehlonite,  the  sulphuric  acid 
formed  being  weighed  as  barium  sulphate. 

Nitric  aeld. 

(a)  Indirectly,  as  ammonia,  by  means  of  tlie 
zinc-copper  couple  (Thorpe).  A  zinc-copper 
couple  {v.  Chloric  acid)  \h  made  in  a  flask  into 
which  is»  weighed  a  quantity  of  ih*^  nitr^tf  cor- 
responiliiiK  with  not  more  thfia  o  . »  uiam  uf 
potassium  nitrate^  and  saflicient  water  is  added 
to  just  roviT  the  conple.  The  ffiisk  [s  attached 
to  a  condenser,  tbo  other  end  of  which  is  con- 
nected with  %  y<tabe  or  flask  contaitiing  hydro- 
chloric acid,  as  in  the  estimation  of  ammonia. 
The  liquid  is  gently  boated  for  some  time,  and 
then  distilled  nearly  to  dryness.  After  cooling, 
a  further  quantity  of  water  is  adde<l  to  the  couple, 
and  distillation  repeated.  The  ammonia  in  the 
distillate  is  estimated  as  phitinichloridr.  or  is 
received  in  a  measured  volume  of  standard  acid 
and  titrated.  The  reduction  can  also  be  eon- 
veniendy  efTect«»(l  iiy  the  use  of  Dcvurdii's  alloy 
(v.  Chloric  acid)  in  alkaline  solution  (Analyst, 
1910,  35,  307). 

(//)  Sclihn .shu/.s  mrthod.  Wlien  n  soluilon  of 
a  nitrate  is  heated  with  an  acid  solution  of  a 
ferroiis  salt,  the  nitrate  is  decomr»ose<l,  the 
whole  of  the  nitrogen  \yo\\v^  evoUcd  as  nitric 
oxide,  which  is  measured.  The  difhculty  lies 
mainly  in  obtaining  the  aitno  oxide  free  from 
air.  Tlic  apparatus  ernployed  con*i.-^t8  of  a  .nnnll 
distilling  liask  provided  with  a  side  tube  which 
terminates  under  a  gas^colleedng  tnbe  hi  a  mer- 
curial trouL'h.  'I'ho  neck  of  tlir-  Ha^k  is  fitted 
with  a  cork,  whicli  carries  a  tube  funnel  provided 
with  A  stop-oock  and  another  tube  eonnecteil 
with  a  cari>on-<lio\ide  appnratu?'.  (.'arhon  di- 
oxide fret  Jroiii  an  in  jmikied  iulo  the  apjuiralus 
until  all  air  i.n  exiK^Uod  and  the  gas  i.H«uing  from 
the  exit  tulic  is  «  ouipl*  t<  ly  ali-^itrbed  by  caustic 
]x)t4L8h.  't  he  f»ulw*tanee  containing  the  nitrate, 
which  must  Ik*  in  (ho  solid  condition,  is disMilved 
in  2  or  3  c.e.  of  ronc4'ntrnt«>d  fermuw  chloride 
Holutiou,  mix4Hl  with  1  c.c.  of  strong  Uydrochk*ric 
arid,  and  intrcKluoMl  into  tiM  flask  bv  means  of 
the  iunnel  tube,  care  being  taken  Uiat  no  air 


enters.  The  dish  Mid  the  funnel  arc  rinsed  with 
very  small  quantities  of  acid,  the  ohjcct  being 
to  use  as  little  liquid  aa  possible.  The  contenta 
of  the  flaf^k  are  then  rapidly  boile<l  to  drjmiMS, 
the  evolved  sas  being  collected  in  the  tube  over 
mercury,  and  carbon  dioxide  is  driven  through 
the  apparatus  to  expel  all  nitric  oxide.  The 
mixture  of  nitric  oxide  and  carbon  dioxido  is 
tnuisferred  to  an  apparatus  for  gas  analysis  ;  the 
latter  abfiorbed  by  caustic  potash, and  the  former 
mixed  with  o^^n  and  absorbed  by  sJknJino 
pyrogalloL  Mitntee  are  eonverted  into  nitmtfts 
by  addition  of  hydrogen  peroxide  during  e\  Jipo- 
cation  of  the  original  solution  {v,  Waringtoo* 
Ghem.  800.  Tisns.  1880,  468,  and  1882,  346). 

(c)  By  standard  indigo  sdutlou  (Warin^ton, 
Chem.  News,  36^  46,  and  Cbem.  &oc.  Traos. 
1879,  578). 

(d)  A.s  1  :  i-diphenj/I-^  :  H-endavHiHiihi/flro- 
tri<uoU  nitrate  Ca^UigNi.lLNU,.  A  10  p.c.  80> 
lution  of  the  base  1 : 4-diphenyl-3 ;  6-«naanilcK 
hydrotriamle  *  Nitron,* 
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in  6  p.c.  acetic  ncid  prmluces  a  vnbjminou<« 
white  precipitate  in  dilute  nitric  acid  or  nitrate 
solution.  Nitrites  interfere  liy  giving  a  sparingly 
soluble  salt  with  this  base  ;  they  are  removoil 
by  hydrazine  sulphate.  Bromides,  iodides, 
chlorates,  perchloratei,  and  chromates,  are  also 

Srecipitate^  by  nitron,  and  must  be  removed, 
irganio  matters  do  not  seriously  affect  the 
method,  which  has  been  tested  succeasfully 
with  solutions  oontAining  0-5  p.c  of  ffelatine. 
and  2  p.o.  of  dextrin  (Busch.  Ber.  1905,  38, 
801).  The  method  gives  favourable  result.**  for 
nitrates  in  Mater  or  fertilisers  (Collins,  Analyst* 
1907,  32,  349). 

(r)  IfowanI   and    rinck   have  .»-]immii  (bat 
cinchooamine  gives  »  very  in.soluble  nitrate  and 
can  be  used  m  Mtlmating  nitiie  add  and  Ha 
salts  (J.  Soe.  Chem.  Ind,  1909,  S8,  SSy 
OxallOMld. 

As  eoleiam  ooMtate.  The  method  is  already 

iiulicatod  under  Calcium. 
Phof^rie  Mid. 

As  ma^nesiam  ptfroj}ho»phate  M?.P.O^  The 

operation  is  comiu^tci!  ,1-  in  ("i-  > -".  Mi..'it  Ion 
of  magneshim.  if  luaguc^ium  sulphate  m  used 
as  the  precipitant,  the  precipitate  may  be  eon- 
taniinated  with  ha.<*ic  magnesium  sulphate  ;  it  is 
therefore  advisable  to  employ  a  solution  uf  the 
chloride,  which  is  made  as  follows  :  85  grams  uf 
crystalliscil  mnfrncsitini  ^-ulfihate  are  dlnsoh  in 
boiling  water,  aciditie<l  with  5  c.c.  of  hydros  hlorio 
aoid,  mixed  nith  an  aqueous  solution  of 
grams  of  crystallised  barium  chloride.  l>odi-<l.  and 
tUtered.  A  few  drops  of  magnesiuui  milj^hate 
soltttion  are  added  to  be  sure  that  there  is  no 
excess  of  barium,  then  105  crrirn  't  purr  nm- 
monium  chloride,  and  2t>0  c.c.  ot  aniiuuitia,  snd 
the  sohition  diluted  to  1  litre.  After  two  or 
three  days  the  solution  is  filt ep-d.  In  mAny 
erts«'s  the.  phosphoric  acid  is  lir«t  Bejjttrat«xl  by 
aninionium  molybdata  («L  Mdhedt of  tepontum^ 
Silicio  aoid. 

As  ifilica  8iO,.  8o]ul)le  silicates  are  .U  idiUe»l 
with  hydrooblorio  acid  and  evaporated  to  eom- 
plete  diyneai:  moistened  with  strung  hydru. 
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I'hloric  ackl,  ayaiu  evaporated  to  dn-neai,  the 
itaidiiu  treated  with  dilute  add,  and  th^  inaoliible 

silica  ira.")!*'*!  ^^ith  hot  water  and  ignite! 

ItuoluLlc  silicalea  are  very  finely  ixiwdcrfJ, 
intimately  mixed  with  about  five  timco  their 
wt  i;:ht  of  a  dry  rni\-t  tiro  of  sodium  and  ]>ota.s.shim 
caxbuualijs  in  cquai  proportion,  and  heated  to 
mkiew  in  a  platinam  oraciblo  for  half  an  hour. 
The  CfK)l<-<l  miisa  is  treated  witli  water,  ar:r!i'if»  l 
M'ith  hydrocMuric  acid,  and  evaporated  as  above. 

(For  the  separation  of  silica  when  the  alkalis 
have  estimated,  9,  Jidkedi  cjf  a^nrfMn, 
<Jpr»ufi  \  L) 

Sulphurie  add. 

As  barium  sulphate  Ba80«,  by  precipita- 
tion with  bariuui  chloride.  The  chief  difficulty 
arises  from  tlie  tendency  of  the  barium  sulphate 
to  separate  in  a  finely  dividinl  ^-MTidition  and  to 
carry  down  impurities,  espctiHliy  m  prosonoe  of 
nitrates  and  potassium  salt^  These  souroes  of 
CROC  are  avoided  by  taking  care  that  the  solution 
if  Minewhat  dilute,  is  free  from  nitrates,  atul 
contains  a  moderate  but  not  excessive  quantity 
U  free  hjrdroohlonQ  acid.  The  solution  and  the 
tarimn  ehloride  sohition  should  both  be  heated 
t"  fxtiliiiir,  and  niixtxl  (jraditaUy,  with  coniinunl 
agUatiou.  The  liquid  may  l>c  filtere<l  as  soon  as 
it  hat  beeome  dear,  and  the  precipitate  is  washed 
with  hot  w;\ter  and  hoate<l  to  dull  redness.  If 
too  little  hydiochloho  acid  is  preaent»  the  pre- 
eipilale  ia  uable  to  be  impure  ;  if  a  very  large 
f-xceas  of  the  acid  it  pros^^nt,  pn^cipitation  is  not 

Joite  comply  (compare  Alien  and  JoIuuiUmu 
.  AflMT.  Chem.  8oe.  1910, 32. 588). 
Snlphnroiis  add. 

ia«t>ec%  at  barittm  sulphate  after  oxidat  ion 
bf  bromine  uratcr,  exoeM  of  bromine  being  ex- 
pt  lled  by  boilinti;. 

TbiMQlphorie  add. 

Jndireetlf  as  barinm  aalpliate  after  oxidation 

hv  bmnirnr  *v:)tcr,  eK06M  ct  bromiiie  being  ex- 

peiied  by  boding. 

Wmr  is  nsnaUy  estimated  by  diffnenoe.  If 

a  direct  determination  is  required,  the  methoil 
Ui  be  adopted  will  depend  upon  circumstances, 
in  many  cases  it  is  sufficient  to  heat  the  substance 
on  a  •w-atch-crlaAx.  <ir  in  a  cnirif  l'^  'n  a  drying 
•'Vcn,  at  a  detinito  temperature,  until  Itio  weight 
is  constaaL  Daring  weighing  the  dried  sub- 
ptance  must  be  carefully  protected  from  the 
air.  Attention  must,  however,  W  paid  to  the 
poasibility  of  the  volatilisation  of  substances 
other  thiui  water.  Many  hydrated  haloid  saltH. 
for  example,  lose  part  of  their  acid.  In  such 
canca  the  substance  is  previously  nixed  with 
a  known  weight  of  perfectly  dry  lead  monoxide. 
Ammonia,  ammonium  salt«,  and  volatile  organic 
matter  may  also  be  given  off.  U  the  dcjing  is 
coadactcd  in  a  glass  tube,  the  vapours  may  hn 
fed  into  standard  acid  and  the  ammonia  deter- 
nintxi  by  titration  :  the  total  loss,  minw  the 
ammooie,  ^ives  the  amount  of  water.  Some 
Mbstaooes  mcreave  in  weight  in  consequence  of 
<»"<.'JAti<»n.  Frequently  it  is  desirable  to  collect 
the  evolved  water  and  weigh  it  directly.  The 
mbslanoe  is  introdneed  Into  a  glass  tube  (plain, 
or  vith  a  hull)  in  the  middle)  tlraMTi  out  and 
bent  at  light  angles  at  one  end,  which  passes 
diRotly,  wi^iooi  any  intervening  hidiambber 
tab**.  throutrV  tli'  cork  of  a  U-tuXe  c(MitAininG 
cither  csaii  ium  chloride  or  pumioo  moistened 
•ithatCDug  iiulphiirieaeid(ff.(nQA]noAiuLY8i8). 
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All  fluosilioatos,  oven  topaz,  evolve  silicon 
fluoride  on  ignition,  and  water  is  estimated  by 
mixing  the  mineral  M'ith  lead  oxide  in  a  hard 
glass  tube,  heating  the  mixture  in  a  ourrent  of  dry 
air  and  passing  the  saaea  over  a  lajrer  of  lead 
oxide  contained  in  the  same  tube.  The  water 
is  collcctod  and  woigiuxl  in  cak-mm  chloride  tubes. 

Mkthops  ok  ShTAKATIOK. 

A.  The  MMimation  of  the  5{dai»  m  their  Ores 

mid  AUoyn, 

la  tlm  section  the  metaLt  are  arranged  in  the 
order  in  which  tliey  ooonr  in  the  qualitative 
groups.  Both  frravimetrio  and  volumetric  me- 
tho<l8  are  ineluded  in  this  description,  tlie 
latter  being  indicated  wherever  possible,  owing  to 
the  greater  rapidity  with  wiiich  the  aoalyais  can 
be  executed. 

Group  L 

Silver  is  separated  from  all  other  metals  by 
treating  its  ores  and  alloys  with  moderately 
strong  nitric  acid,  evaporating  off  excess  of 
solvent,  diluting  with  water,  and  adding  to  the 
filtered  solution  either  hydrochloric  acid  or 
sodium  clilorido.  To  remove  an}-  leatl  or  thallous 
chloride  which  may  be  present,  the  precipitato 
is  extraeted  repeatedly  wfl^  warm  water ;  it 
sliould,  liowover,  be  reniemlM'nHl  that  silver 
chloride  is  not  abaolately  insdubk)  in  hot 
Mrater.  Sflver  ia  oonvenSently  estimated  vda- 
metrically  in  the  above  dilut*^-  nitric  aeid  solution, 
after  boiUng  off  nitrous  fumes,  by  adding  ferrio 
tndieator  am  titrating  witii  standard  ammonium 
thlocyanat«  in  aeconlance  with  Volhard'a  method 
(«ee  Vdumetric  aeciion).  The  pcesraoe  of 
otiher  metals  liaving  eofourleea  aalte  does  not 
interfere  with  this  ]  r  r  s  ;  nickel,  cobalt,  and 
copper  must  not  be  prudent  to  any  large  extent, 
ana  mercury  should  lie  absent  beoanse  of  the 
insolubility  of  mercuric  thiocyanate.  When  more 
than  00  p.c.  of  copper  is  present,  the  silver  is 
precipitated  with  excess  of  allnli  thiocyanate. 
The  well- washed  silver  thiocyanate  is  decomposed 
by  stronj^  nitric  acid,  the  sulphuric  acid  produced 
ppocipitated  by  barium  nitrate,  and  the  Volhard 
titration  effected  without  filtering  off  the  Ijarium 
sulphate  (v.  Bcr.  19Ujl,  38,  otiti). 

The  silver  in  argent  iferous  galena  is  estimated 
by  fu«inp;  the  sulphide  with  crude  potassium 
hydrogen  tartrate  (argol),  and  soilium  carbonate 
in  an  iron  crucible,  and  by  heating  the  lead*eiiver 
button  thus  obtnineil  in  a  porous  b(mc-ash  cru- 
cible (' cuiwl ')  until  the  lead  is  remove<l  as 
oxide,  partly  by  volatilisation  and  partly  by 
ubMorption  into  tlie  eupel.  Tlie  rcni(nml  silver 
id  detached  from  Uie  cold  cupel  and  wuight-nl. 

Gold  quartz  is  assayed  for  silver  by  heating 
the  mineral  with  lead  oxide,  and  a  reducing  fiux, 
when  the  lea<l  jprodueed  uxtracts  both  the  gold 
and  silver.  This  alloy  is  cupelled,  and  the  silver- 
gold  button  is  *  parted  '  by  heating  >vith  strong 
nitric  acid  diluted  with  three  i>arts  of  water  ;  the 
residual  gold  is  collected,  ignited,  and  weighed. 
Tho  silver  is  precipitated  by  hydroohlorio  aoid 
from  the  nitric  acid  solution.    When  more  than 

3€  p.e.  of  gold  is  ]iresent  in  the  button  Iiefort* 

parting,  this  metal  will  retain  silver.  In  order  to 
prevent  this  retention,  a  Imown  weight  of  silver 

is  adde<l  to  the  fuywl  button.  (For  further 
details  of  the  separations  of  gold,  silver,  and  lead 
in  the  dry  way,  lee  Assayi^u,  pp.  32t>ip&^  by  Gi^ 
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TkaSium,  in  tlie  more  stable  IImIIoqb  m«> 

ditioii  to  whi  ]\  ifmllic  Falts  arc  rrndily  roduood, 
ia  separated  from  the  metals  of  Group  II.  bv 
preo^ptating  the  latter  with  hydrogen  sulphkfe 
in  anri  sohition.  Alkali  hydrnxidrs  separate  it 
from  aU  metals,  giving  insoiuble  hydroxides,  and 
amrooniiim  mlphjide,  wMoh  preoiiMtatee  theJloos 
suljihide,  separates  this  nv  f  il  from  tho  alknli^^ 
and  alkaline  earths.  Gravimelricallv,  thallium 
can  be  weighed  a«  acid  sulphate  TIHSO4,  stable 
at  240*,  and  as  sulphate  Tl,SO<.  ^tablf-  at  low 
red  heat ;  it  can  bo  prncipitate<l  and  weighed 
as  iodide  Tll,  platinichloride  TlgPtCIg,  and  ohn^- 
mato  TljCrO^.  Volumotrirallv ,  it  tan  he  esti- 
mated by  the  oxidation  of  thallouH  ^alt^^  by  \k't- 
manganatoor  by  titrating  with  thiu-^iili^hate  the 
iodine  set  free  in  accordance  with  th<>  follnwing 
n  ac  tion :  TlCl,  +  3K1  =  Tll  +  3K(;l  4-  Ij  (<  hem. 
S<)c.  Pr.)c.  1008,84,76). 
(;R(it'r  11. 

Mercury  in  its  is  cf  ncrally  ostimatcd  by 
dlitillatioii  with  quicklinx;  in  a  curmit  of  coal 
gas  or  carbon  dioxido.  The  decomposition  of 
the  mercury  comptniiulis  is  facilitated  by  mixing 
ooppcr  8tri{x<t  with  the  quicklime,  and  the  pre* 
senco  of  thw  reducing  agent  is  ossei\tial  in  the 
case  of  mercuric  iodide.  The  nu'reury  which 
distils  over  is  collected  under  water,  wafhefl, 
driecl,  and  weighed.  Ores  containing  only  small 
amounts  of  mercury  are  decomposotl  by  heating 
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with  iron  Blings  in  a  ixirf  olain  rmcible,  a,  having 
a  silver  lid,/,  wliioh  is  cooluU  by  a  wuter-jacket, 
6,  laid  apoa  it.  rh<^  rcury  condenses  on  the 
under  <«urfaee  of  the  :  il  .  cr  pluto,  /,  whiuh  is 
weigbt><i  before  and  a'l  r  tho  cxi)eriment  (r. 
HoUoway,  Analyst,  I'KKi,  :y,  §6). 

Mercury  is  8opar»t«nl  from  all  other  mrtah 
in  tho  wet  way  by  dis.solving  the  ore  or  alloy  in 
nitric  acid  or  aqua  re^ia,  diluting  ron  >i(l<  raljiy, 
precipitating  tho  sulphides  of  fJroup  II.  by  hydro- 
gen  sulphide,  n.'movmg  tho  arsenio-tin  sub-group 
by  means  of  yellow  ammonium  sulphide  {not 
sodium  sulphide  or  hydroxide),  treating  tho 
residual  sulphides  with  dilate  nitric  acid  (sp.gr. 
1'2-1*.'{),  and  (lissnlviiig  the  final  residue  in 
aqua  regia  and  filteringif  neooasary  from  sulphur 
and  Ie(u]  sulphate,   llie  meroury  can  be  re- 

precii)itated    by   aliTiO'-t   neut  nili^ini;   tlio  acid 

i)olutioa>  adding  in  suocossioa  ammonium  sul- 
phide, oaiiatie  soda  and  amuMmium  nitrate. 

'I'ho  caustic  soda  rtHli-^-olv<N  tho  sulj'hi'lo  initially 
formed  aa  the  soluble  double  sulphide  Hg(SNa)I, 
and  from  this  the  ammonium  nitrate  reprecipi- 
tat.'^  mercuric  sulphide  in  a  form  ^uital>lc  for 
coilection.  Tho  precipitate  is  vva^^hed  succes- 
sivelv  with  water,  alcohol,  and  carbon  disulphide, 
tiried  at  110**.  an<l  w.  ijlx  d  as  HgS.  (V^n-  nflu  r 
mt'thotls  of  bepamliiig  mercury,  see  Jaunasch, 
ZeiUrh.  anorg.  Chem.  1800,  12,  190,  and  309; 
and  St&faler,  Chem.  Zeit.  1007, 31»  610.) 


I  Lead  in  its  ores  and  alloys  is  nsnall3'  acparmtad 
from  other  metals  by  dissolving  tho  subatAnce 
in  hydrochloric  or  nitric  acid,  or  if  neceasAry  in 
a  mixture  of  the  two  acids,  and  evaporating;  do^^Ti 
the  solution  with  8ul]>hurio  acid  until  white 
fumes  are  evolved.  The  nuxture  is  then  cooled 
diluted  with  water,  and  the  lead  sulphate  quickly 
collected.  If  the  amount  of  kmd  Is  snmll,  al«v»h<d 
must  be  added  to  ccunpletc  tho  precipitation. 
The  lead  sulphate  thus  obt^inc^d  is  fr&ed  from 
siliea,  stAunic  oxide,  and  other  imptiritifs  by 
dissolving  it  in  an  exceii^  of  ammouiu  m  or  i«ocliu  in 
acetate. 

When  separated  as  lead  sulphate,  the  lead 
can  bo  estimated  volumetrically  by  boiling  thr 
precipitate  with  ammonium  carbonate  and  then 
dissolving  the  load  carbonate  in  acetic  acid.  The 
load  is  thus  converted  into  lead  acetate  which  is 
titrat<Hi  with  standard  ferrocyanido  usiag  as  imti- 
cator  drops  of  uraniom  acetate  on  a  porcdUun 
plate.  The  lead  may  also  be  repreoifntaied  as  oxa. 
late  from  the  acetate  subition  by  alkali  oxalate, 
the  washed  load  oxalate  being  then  anapended 
in  dilute  snlphurio  aeM,  and  titrated  with 
standard  iwrmantianatc.  From  the  .solution  of 
the  sulphate  in  sodium  acetate  the  lead  can  bt* 
precipitated  as  diromate  by  potasnnnoi  dic^iVK 
mate.  The  chromafe  b  cli^  iKed  in  diliit<*  nitri<- 
acid,  and  reduced  with  methyl  or  etbji  aloolK)!. 
The  solntioD,  rendered  ammoniaeal,  is  tnatCKl 
with  oxalic  acid,  when  lead  is  precipit«tc<l  an  ! 
titrated  as  above  with  standard  permaAgaiutte  (1;. 
Chem.  News,  1890, 73, 18 ;  J.  Amer.  Cnem.  80c. 
ISOO,  18,  737;  Zeitsch.  anal.  Clieni.  1;mY2.  }|. 
663).  Lead  may  be  separated  from  copper  by- 
electrolysing  a  solution  of  the  metals  in  dflvte 
nitric  acid  with  a  wo^k  current  (O-.'V-I  -.'^  ampcref* 
and  I'i  volts),  when  tho  lead  is  precipitated  ati 
dioxide  on  the  anorle  (a  platinnm  dish  with  on- 
polished  inner  siirfaf-e). 

Bismuth  is  separated  from  alt  otix  r  meta.l<) 
but  those  of  Group  IL  by  the  precipitation  of  it* 
sulphide  by  hydrogen  sulphide  in  a(  iil  v,  ,lntion. 
Tho  insolubility  of  the  sulphide  in  anuuonium 
sulphkle  separates  this  metal  from  arsenic,  aiiti* 
mnny,  and  tin.    Tlie  further  -•f]>'<r »( ioii  »<f  1.1  = 
muth  from  mercury,  copivr.  aiui  c^irluaum  pre- 
sents no  particular  difhculty,  and  is  effeotea  bv 
takhig  adviTitatre  of  the  solubility  oi  hismutli 
sulphide  m  nitric  acid  (sp.gr.  1-25).   nvtl  th«» 
precipitation  of  bismuth  oxycnloride  t>n  <lilutins 
con.siderably  an  acid  solution  of  bismuth  chlori<  1- 
The  problem  of  separating  bismuth  from  ita<i 
is,  hownver,  much  more  troublesome,  and  th<* 
following  appear  to  bo  most  trustworthy  methotl:, : 
(i.)  tho  separation  of  the  bismuth  ai  basic  nitrato 
and  the  solution  of  lead  nitrate  in  dilute  am. 
monium  nitrate  (J.  pr.  Chem.  1858, 7^  345) ;  ( i  i. ) 
the  distillation  of  the  mixed  sulphidea  in  a  cur- 
rent of  bromine,  when  bi-;nuith  bromide  i?"  volati- 
lised, leaving  behind  lead  bromide  (Jannajich, 
Praktiseher  £eitfaden  der  Gewiehtsanaly  se .  I  st  etl. 
155);  (iii.)  tho  {)ncij)itation  of  l-Umnth  u;^  the 
basic  formate;  a  repetition  of  this  oucxatioo  givee 
a  )>rt  eipitate  free  from  lead,  wbieh  m  disnolwed  m 
dilute  niti  1    .  id,  the  solution  almo^it  neutralis«Nl 
with  sodium  carbonate,  and  the  bismuth  then 
finally  precipitated  and  we^^bed  aa  pho«iphat<e 
Hi PO ,  (Stabler,  Chem.  Zeit.  1907.  3 1 .  61 .-.).  The 
lead,  in  the  tUtcate  from  tho  formate  a«pa- 
ntion  is  precipitated  ae  sttlphSds^  oonvwtnd  into 
sulphate,  nod  w.^  i»  «^  TO^  i,^^^ 
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of  wpantion  ff!9m  MMirate  fenilts  (Little  and 

Cdwn,  Analyst,  191".  nr,,  :w  \. 

Copper  is  aepantc-d  t  l  i  uu  the  metaja  of  Groups 
in..  TV.,  v.,  and  VI.,  by  precipitation  as  mdphiae 
bv  hydrn^f.ri  Kulphi<le  ii\  acid  solution.  In 
Ailo^ti  and  ores  it  is  genond^  soparated  from 
utuDony  and  tin  by  rendiring  tfieae  inBoItible 
by  th.'  iictiou  of  moderately  strong  nitric  acid. 
If,  however,  the  aulphidea  of  theae  metala  and 
uwum  ace  prweut,  tney  are  «rtraefeed  from  the 
precipitate  %vith  nlknli  sulphides  (not  auimonium 
sulphide).  The  in^Iuble  residue,  containing  the 
iulpbides  of  copper,  bismuth,  lead,  mercury,  and 
.iiimiuni,  Ls  treat«I  with  nitric  acid  [v.  Mtrcury 
•tuii  Bismuth).  CopjxT  in  readily  separatod 
frum  bismuth  by  means  of  ammonium  carbonate, 
which  prfci]>itates  ba«io  bismuth  carbonate, 
leaving  copper  in  solution.  The  separation  from 
cadmium  may  be  effected  by  one  of  the  following 
nii  thccls : — (1)  Hydrogen  sulphide  is  passed 
mio  a  boiling  tiolutioa  of  the  iiulphatcs  of  copper 
and  cadmium  in  dilute  sidphurio  acid  (1:4). 
Tbc  preri])iti**M  ("'>pp4rr  sulphid*',  ^v)iif  h  contains 
some  imduiium,  rcdiHsolvctl  iunilnc  acid,  and, 
after  eipellmg excess  of  the  ^^olmitytho  pMeipi- 
lation  13  repeated.  {'!)  The  copper  is  preci- 
pitated as  cuprous  thiocyauale.lcavini:  cadmium 
in  solution.  (3)  The  copper  is  eonverted  into 
potassium  cuprocyanide  K3Cu(CN)<,  with  a 
ronsiderable  excess  of  potassium  cyanide,  and  the 
(M-imium  precipitated  with  hydrogen  sulphide  or 
Ainmooium  sulphide  (compare  UHO  Browning, 
AiMT.  J.  Sd.  1893, 13]  46,  280). 

'rill'  followmg  volumetric  processes  for  copper 
4xe  employed  in  the  techoioal  analysis  of  tbo 
ene  of  this  metal,  (i.)  'Hie  mineral  ts  dissolved 
i:i  !i\ (Irochloric  ami  nitric  acids,  mid  the  solution 
Uuied  down  witli  sulphuric  acid  to  expel  the 
volatile  aeids.  The  fsoppn  is  precipitated  from 
the  boilin;;  i><)lutiun  by  introducing  a  ahcet  of 
alomiaium  and  rodissolving  in  nitric  acid  wiUi 
the  additson  of  bromine  to  destroy  nitrons 
fiimci  Tht.-  solution  is  neutralised  with  am- 
niuma,  acidiHed  with  acetic  acid,  and  treated 
with  exo^  of  potasdnm  iodide^  Wksn  the  lifaer- 
it*d  iodine  ia  titrated  with  standard  thiosul- 
phate  (Low,  J.  Amer.  Chem.  Soc.  1902, 24, 1082). 
'  a. )  A  solntion  *A  potassium  c vanide  is  standard- 
i*d  against  pure  copp^^r  foil  by  dissolving  the 
latter  m  nitnc  acid,  adding  bromine,  boiling  to 
expal nitrous  fomee  and  excess  of  bromine,  adding 
ammonia  till  stroniirly  alkaline, and  titrating  with 
the  cyanide  solution  until  the  blue  tint  dis- 
appears. The  copper  ore  is  treated  as  in  (L),  the 
copper  heinjr  preeipitate*!  by  aluminium,  re- 
'ii-«ol\  'jii  ill  uilric  acid,  and  the  resultingsolut  iurj 
titrated  in  manner  just  described  {v.  Brearlcv, 
fhem.  N\  -v  .  !  SUT  70,  isit).  (For  other  met hod.s 
of  separaiHiy  and  estiuiating  copper,  sec  ako 
Z(it£ch.  anorg.  Chem.  1896,  ii.  268  ;  Chem.  Soc. 
AUtr.  1901.  li.  lliT;  J.  Amer.  Chem.  Soc.  190.'). 
Ti,  1224;  Z'.-itsch.  anal.  Chem.  l'J07,  40,  128; 
f  Ami  r.  <  hem.  Soc.  1908,  .30,  760;  Cliem.  Zeit. 
I'm,  33,  263;  Amer.  J.  Sci.  1909,  (iv.)  27,  448.) 

(For  electrolytic  estimation  of  copper,  set 
p.  250.; 

Cadmium  is  separated  from  the  other  metals 
<i  Group  IL  by  the  methods  indicated  under 
("rpptTf  Uad,  &c.  In  the  pr*  sence  of  xinc.  Fox 
neommoidB  pieoipitation  in  a  solation  oon- 
Uining  triehloroaoefcio  add  (Obsm.  Soe.  Trans. 
1007,  91,  Wfy   Ekotiolartkally,  cadminm  is 


depodted  from  a  03rankle sdntikm  (0*7-1  -2  amperes 
and  4*8-6  volts);  the  use  of  a  rotatiiig  catiKKlo 
accelerates  the  rate  of  deposition  (compare 
Flora,  Amer.  J.  SoL  1900,^0,  268  and  392;  and 
Avery  and  Dales,  J.  Amer.  CSiem.  Soo.  1807, 19, 
379). 

Tin,  ttniimonp,  and  orraiife  are  separated 

from  the  remaining;  metals  of  Group  If.  by 
digesting  the  group  precipitate  at  80*  with  con- 
centrated yellow  ammomnm  solphide,  when  tiie 
sulphides  of  those  three  metals  ais.solve»^  leaving 
tho  other  sulphides  insoluble.  Copper  suljplwie 
is  appreotahly  soluble  in  this  solvent,  and  m  the 
presence  of  copper  it  Is  proferablo  to  use  sodium 
or  potasuium  sulphide,  but  in  tho  presence  of 
mercury  these  reagents  are  inadmissible,  owing 
to  formation  of  the  soluble  double  sulphide 
Hg(SK),.  In  the  presence  of  much  lead  a 
small  amount  of  tin  is  retained  in  the  insolufale 
residue.  Arsenic  rarely  occurs  in  alloys,  and 
in  these  subatauces  antimony  and  tin  aro 
separated  from  other  metals  as  insoluble  oxy- 
acids  (met^inti!nr>nic  and  niotastaimic  acids)  by 
the  Uic  of  nitric  acid  as  solvent. 

Arsenic  is  separated  from  antimony  and  tin 
by  distilling  the  hydrochloric  acid  solution  of 
the  three  elenieut^  with  fcrnma  chloride;  the 
arranio  is  volatilised  as  arsenious  chloride ;  this 
compound  is  collected  in  cold  water  and  tho 
arsenic  precipitated  as  trisulphide  (Fischer, 
Zeitsoh.  anal.  Chem.  1881,  21,  266).  Various 
modifications  of  this  method  have  been  intro- 
dnoed ;  the  distillation  is  carried  on  in  a  current 
of  hyilrogen  cliloridc  and  hydrogen  Bulphide, 
the  lattw  serving  as  the  reducing  agent 
instead  of  ferrons  chloride ;  the  volatifised 
arsenious  chluridiT  is  converted  in  the  cooled 
reoeiver  into  tho  trisulphide  (Piloty  and  Stock, 
Ber.  1807,  30, 1649).  (For  other  modifications, 
«ee  Gooch  ami  Danner,  Amer.  J.  Sci  [3] 
42,  308;  Andrews,  J.  Amer.  Chem.  ^oc.  1895, 
17,  869;  Rohmer,  Ber.  1001,  84,  33;  Morgan, 
Cli-       Sne.  Tran.-*.  VMi,  Hr>,  Km.) 

The  arsenic  niav  also  bo  separated  from  tin 
and  antimony  by  disaolTh^^  the  three  sulphides 
in  ammonincal  hydrogen  peroxide,  neutralising 
the  solution  mth  mineral  acid,  acidifying  with 
tartario  aeid,  and  precipitating  the  arseoio 
as  mairncsinm  ammonium  ar.-enato  by  tho 
a<lditiuii  oi  ammonia  and  magnesia  mixture 
(see  Qualitative  analysis). 

The  following  method  of  separating  arsenic 
and  antimony  in  their  ores,  Icadii  to  volumetric 
processes  for  tho  determination  of  these  elements 
(Tx.w,  .J.  .\mer.  Chem.  Soc  ]i)Ot].  2S,  1715).  TIk^ 
miiifcral  is  decuuj|»oteeil  by  hcutittj^  with  strung 
sulphurie  acid  (20  parts)  containiuf;  potassium 
hydrogen  sulphate  (1-4  parts),  an  !  I  ])art  of 
tJirtario  acid.  Thu  cooled  product  la  taken  up 
V  itli  350  c.c.  of  hot  water,  10  o.c.  of  strong  hydro- 
chloric acid,  nr-.d  grams  of  tartaric  acid,  and 
the  solutiou  i  aiLi  ited  with  hydrogen  sulphide. 
The  miud  sulphides  are  dissolved  in  aqueous 

Sotassium  sulphiile,  and  the  filtrate  evaporated 
own  with  10  c.c.  of  strong  sulphuric  acid  and 
3  grams  of  potassium  hydrogen  sulphate  untU 
the  sulphur  and  the  greater  part  of  the  free  aid 
are  expelled.  The  cooled  melt  is  dissolveil  in 
50  c.c.  of  strong  hydrochloric  acid  and  25  c.c. 
of  water,  and  arsenious  sulphide  precipitated 
by  hydrruren  suljdlude.  The  antimony  remaining 
k  the  ffltiate  is  pEedpitated  as  su^h^dejjy^  ^ 
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dilnting  iho  solution  and  passing  in  more  hjrdio* 

gen  sulphide,  'nicantinioiuous  Hulphido  is  ngnin 
uisitolvcU  iu  potajisium  sulphide,  the  liolutiou 
evaporated  nearly  to  dryness  with  strong  sul- 
phurio  acid  nnd  pula.Hsium  hydrogen  sulphate, 
the  melt  tlicuM>]ve«i  iu  diluk-  hydrochloric  acid 
and  titrated  with  standard  permanganate. 

The  arsenioua  sulphide  is  dissolved  in  warm 
aiiitmonium  sulphide,  and  the  solution  heated 
strongly  with  strong  sulphuric  acid  and  potassium 
hydrogen  sulphate  until  all  tho  sidphur  and 
nearly  all  the  acid  arc  expelled.  The  residue  is 
boiled  with  wat<  r  to  cxjkI  sulphur  dioxidi , 
neutralised,  and  titrated  with  standard  iodine 
aohttion  in  the  precenoe  of  sodimn  bicarbonate. 

Arsenic  inny  also  be  eslimated  iti  inineraLs 
(wliich  do  not  contain  uhoaphatcs)  by  fusing  tho 
powdered  ore  with  eomtin  oarbcmate  and  nitre 
or  sodium  jxroxitle,  i-xtracting  the  fused  iiia-sa 
with  water  and  precipitating  ailver  arsenate 
from  the  neutraliaed  eorathm.  This  precipitate 

i.*^  red i.s'« lived  in  nitrir  acid,  and  llie  amount 
of  silver  iu  it  determined  by  standard  thio- 
eyanate;  whence  the  quantity  of  aiMDie  pre- 
sent can  bo  rcatlily  caleuLited.  (For  other 
proccsaes  for  the  estimation  of  anenic  iu 
tedhnieally  important  materiab,  v.  darlc,  Chem. 
800.  Tran:<.  1802.  01,  12t  ;  Friedheim,  Zeitsch. 
anal.  (  hem.  IlMid,  44,  i>t>5 ;  iieath,  Zeitsch. 
anore.  <  liem.  1908,  59,  87 ;  Qoooh  and  Phelpn, 
Amcr.  J.  Sci.  1906,  (iv.)  22,  488  ;  McGownn  ni  l 
Floris  J.  Soc.  Chem.  Ind-  1905,  24,  265  ;  tvvng.  r 
and  Black,  ibid.  26,  1115.)  (For  tho  detection 
and  estimation  of  minate  quantitiea  of  anenio, 

Stpam^on  qf  fm  and  antimony.  In  the 
absence  of  any  large  amount  of  lead  or  other 
metal  giving  a  sulphide  insoluble  in  am- 
monium sulphide,  tin  and  antioMRiy  can  be 
separate*!  frotn  IheHo  metals  by  means  of  this 
reagent,  but  if  iea<.i  in  pretieut  in  considerable 
amount  the  tin  is  never  eompletely  extracted, 
a  jxirtinn  alwRyn  rcmnininj;  in  the  in.xohible 
rvtsidue.  Lu  this  eatie  it  is  preferalile  to  Me|>arate 
ont  the  tin  and  antimony  by  oxidising  them  to 
their  insoluble  hydrated  oxides  by  means  of 
nitric  acid.  These  oxides  when  fused  with 
caustic  soda  in  a  silver  crucible  yield  soiiium 
stannato  and  antimonate;  the  latter  of  these 
salts  is  practically  insoluble  in  dilute  alcohol 
( 1  vol.  alcohol,  2  vols,  water),  whilst  the  former 
is  readily  dissolved.  A  repetition  of  this  process 
with  tho  insoluble  antimonate  leads  to  a  com- 
plete scjuiration. 

When  present  as  sulphides,  these  metals  are 
oonvenfenuy  dealt  with  by  Hens'a  modification 
of  Ciark'p  inetho.].  'V\\v  .-sulphides  are  dissolved 
in  excess  of  ac^ucous  caustic  potash  containing 
potassium  tartrate;  the  solntion  is  gradually 
heatt  d  111  bniliri):;  with  cxefss  »)f  30  p.c.  hydrogen 
|M.-roxide.  W  hen  the  oxidation  of  the  sulpiiide^ 
18  complete,  excess     oxalic  acid  is  added  (15 

L;nun>  fur  1  •,'rain  of  mixed  iiirtal),  (be  liquid 
boiled  to  dciitroy  excess  of  hydrogen  peroxide, 
and  hydrogen  sulphide  passed  for  some  time 
through  the  hot  solution.  The  precipitated 
antimony  sulphide  is  dealt  Mith  as  described 
under  gravimetric  CAtimatioii8  (p.  180).  The 
iiltrate  is  tn\nted  uilh  sulphuric  at  id,  concen- 
trau-<l  to  a  small  bulic  (150  c.c),  and  electrolysed 
at  60°  with  a  ounent  of  0*2-<>*3  ampere,  and 
2*3  volts,  using  a  rotating  anode,  when  the  de< 


poaition  of  the  tin  is  eomnlete  in  about 
(Hcnz.  Zeitsch.  snorp.  Cnfm.  1IH)3,  \M.  1  ;  mnA 
Uahen  and  Morgan,  AnulyHt,  HK)U,  'ii,  3>. 

In  Clark'a  original  prooess  the  filtrat<>  from 
the  antimony  fiulphiile,  which  contains  >.t*tnT»ic 
tin,  in  mixed  with  yellow  ammonium  »iul phi^^le 
in  excels  and  aeidined  with  acetic  acid.  Afu  r 
some  time  tho  stannic  sulphide  is  college  ted, 
washed  with  a  solution  of  ammonium  nitrate, 
and  converted  into  stannic  oxide  by  ignition. 
In  accurate  work  tho  antimony  sulpt  lido  is 
redissolved,  and  the  oxahc  acid  sepArAtion 
repeated  in  order  to  obtain  the  last  tra*.  «\s  (  »t  t  m 
(compare  Camot,  Compt.  rend,  1886,  1U3,  2&8). 
(For  descriptions  of  other  mothod«  of  eetimating 
tin  and  antimony  in  their  ores  and  alloya,  h€*o 
J.  Soc.  (Jhcm.  Ind.  1892;  11,  662;  G.  W. 
Thompson,  J.  Soc.  Chem.  Ind.  ISM.  15,  179  ; 
T.  Brown,  jun.,  J.  Amer.  Chem.  Soc.  ison.  21, 
780;  Argenot,  Zeitsch.  angew.  Chem.  IIMM,  17, 
1274;  Levy,  Analyst,  1905,30,361;  Paoajotow, 
Ber.  1909,  42,  1296.) 

Tho  following  prooese,  due  to  Feacoe,  givers  a 
rapid  volumeteio  method  for  eetimatinK  tin  in 
its  oms.  The  mineral  i^ifu  1  f!  in  a  nickel  crucible 
with  about  20  parte  of  sodium  hydroxide  with 
the  addition  of  a  little  powdered  ohaieosd  ;  the 
fused  ma?^  is  dis,'<olye<l  (excepting  milieu)  Ln 
hydrochloric  acid,  and  the  solution  reduced  by 
the  addition  of  iron  rods  or  sheet  uekaL  T1h» 
stannous  chloride  tluis  produced  is  titrattxl  \\  iih 
hlaudard  itxiino  solution  in  prcsenoo  of  i»ufli- 
cicnt  hydroohlorio  add  (i  :  4)  to  invent  the 
oxidation  of  anyacwmic  or  antimony  whioh  mm,y 
be  preisent. 

Gold  and  pib/i'iMimave  separated  ehiefiy  m  the 

analytical  subgroup   containing  areenic,  Aiiti- 
mouy,  and  tin.    I*U8ion  of  the  sulphidcat  uith 
sodium  carbonate  and  nitre,  followed  by  extime-> 
'  tion  \\  \\\\  w  ater, removes  the  arsenic.  The  r«-,<<i«Jue. 
I  treated  ^\  ith  lino  and  hydrochloric  aci<i,  retlucct^ 
j  tin  and  antimony  to  the  metallic  htaie;  the  forxn«r 
i.s  dissolve  !  I>v  bniliug  hydrochloric  acid,  ami  t  ho 
I  latt'cr  by  niti  R  ami  tartaric  acids,\ihilst  goki  attil 
I  platinum  are  left.    Treatment  of  the  mixcMl 
metals  with  chlorine  water  removes  pold.  aiul 
:  dilute  aqua  rujia  then  disisolve.s  platinum,  jjail:*- 
I  dinm,  and  rhodium.  lYomthis  solution  platinum 
isprecipitat«dbyammoniumchlorideanu  akol.ol, 
I  and  from  the  Hltratc,  after  neutralisation  with 
i  sodiom  carbonate,  palladium  is  precipitated  mm 
cyanide  by  mercuric  cyanide. 

The  residue  from  the  aqua  regia  treat  mt-nt 
roasted  ui  the  air;  osmium  volatiliiw>8  a«i  the 
tetroxide,  ruthenium  sublimes  as  the  dioxido, 
whibt  iridium  is  left  (r.  Leidi^,  Compt  rrmd.  1 9uo' 
131.  (SSS  ;  and  Platini  m  MKTALs).  ' 

Molybdmum  is  procipiuted  as  sulphide  ]>re- 
ferably  from  a  sulpnnrie  acid  tolatkm  by  treat- 
ment with  hydro^ien  .Hulj)liide  urultr  preajtinfy. 
From  the  sulphides  of  the  copper-lead  suberoup, 
it  is  separated  by  digci^timi  with  sodiom  BaTphidi' 
undt  r  pressure,  when  the  molybdenum  p&^&^^s 
into  solution  and  is  reprecipitatcd  ae  aalphide 
by  dilute  sulphurio  acid.  Ifolybdenitm 
jmidc  is  '  i-iirit  '!  from  the  sulphidej>  of  ariii« 
roony  and  tm  by  dissolving  tho  latter  in  hydrv>- 
chlorio  acid.  The  sulphides  of  araeiue  and 
molybdenum  are  dissolved  in  hydroohlorio  ac/d 
and  potassmm  chlorate^  the  axiienic  precipitated 
bom  the  filtrate  after  adding  ammoom  ami 

maoneeia  mixture  as  magnewum 
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nr-rnate.  The  final  filtrate  is  acidifiod,  and  the 
mtfU  Uleaum  repreoipitated  as  miiphide.  Moly- 
bdeiium  W  Mjamted  from  phosphorus  in  a 
similar  manner.  From  tungsten  it  h  bi^t 
separated  by  heating  the  mixeil  trioxideii  or 
their  ftllwli  salts  at  250*^-270^  in  n  curront  of 
hydn^n  chloride,  when  the  molybdenum  is 
completely  vulatiliiMxl  as  the  additive  com- 
poond  HoOa^HCl,  while  the  tungsten  remains 
in  the  non-vo!atilp  r'-^i  !'!'  (Dcbray,  Compt. 
n-nd,  1858,  4(i.  1101  :  aiul  i'cchard,  ibid.  1892, 
lU.  173). 

rum  nmi  ttlbirium  fall  into  tho  analy- 
tical »ub-gruuL>  containing  arstiiic,  and  after  this 
ehttaaDt  liM  been  removed  as  niHgnei^iuin  am- 
monium arsenate  (v.  Molybdenum),  the  selenium 
and  tellurium  are  precipitated  by  reducing  Hgeiits 
sack  m  sulphur  dioxide,  hydrazine,  &c.  (i.)  Sul- 
phur, seleniain,  and  t<>llurium  are  si'imraifxl  by 
fusion  with  potassium  cyanide  in  a  stream  of 
hydrogen.  On  dissolving  the  mass  in  water  and 
prifing  Air  thioa|;h  the  solution,  the  potaesium 
teilitriae  present  is  deoompo.sed,  snd  tdhniniii 
is  precipitated.  When  the  hltratc  i.^^  acidified, 
the  })otajiaium  selenoovaiMtc  ^KCNije)  is  deoom- 
po.-w<l,  yielding  selenniiii.  (ii.)  He  mixed  di* 
oM<Je.s  I'f  x  lenium  and  tollunum  are  dissolved 
in  aqueous  caustic  potash ;  the  solution,  faintly 
acidified  with  hydrocUorio  acid,  is  diluted  to 
at  least  200  c,o.  with  Ixjiling  water,  rendere<l 
ioA  aminoiuacal  and  xeaoidified  with  aoetio 
acid.  After  90  minutes  the  tdlurium  dioxide 
'n  coUeded,  w  ashed  with  eold  water,  and  gently 
ignited  (Bruwuing  and  iilint,  Zeitseh.  anorg. 
CbiemriOOS^  6ilMy. 

(lohJ  from  all  other  mdfth:  rrduotion  of  an 
acid  solution  by  oxalic  acid  or  sulphurous  acid. 

Selemium  from  the  metal» :  reduction  with  sul- 
phurnn?  arid  in  hydrochloric  acid  solution. 

Gaolf  111. — The  metais  ol  Group  lila.  are 
wpantod  from  those  of  the  suoceediiM^  groups 
hy  prrxripitation  v\ith  ammonia  in  prc^cnee  of 
ammonium  ohloride  ;  the  metals  of  Group  1116. 
are  sepanted  from  those  of  tho  succeed  uig 
^rntip«  by  mrans  u{  uniinonium  sulphide  {v. 
Gti*4.ral  m^koda  <  /  t^tiiiHilion). 

Iron,  aiurHtniumf  chromium,  ufmtium, 
'jluxrinum,  and  cerium,  from  zinc,  mnngax'  f( , 
nickti,  cabidl.  Tht>  iiolutiuu,  which  must  contam 
imtk  kad  uranium  as  ferric  and  maiiio  salt^  is  I 
nearly  neutralised,  roixc^i  \sith  cxres.f  of  finely 
divided  and  recently  preeipitatcd  l)ariuin  car- 
Ixiti&te,  and  allowed  to  remain  in  a  closed  vessel 
at  the  ordinarv  temperature  for  some  hours 
With  occaj»ioual  agitation.  In  pru^-ncu  uf  uiukel 
and  cobalt,  ainiiimiium  chloride  should  be  added 
to  prevent  precipitation  of  traces  of  those  metals. 
Fdtcr  and  wash  with  cold  water.  The  precipitate 
ne  V  contain  f  erric,chromic,  alu  miniu  m,  glue  mum, 
eenc  and  uxanic  hydroxides,  mixed  \iith  barium 
carbonate ;  the  fil^te  contains  the  other  metals, 
together  with  .'^ome  barium.  In  both  cases  the 
b«num  oaa  be  removed  by  means  of  sulphuric 
acid,  hut  as  the  barium  md|^te  cacrieB  down 
•  mall  atnuuntg  of  the  other  metals,  it  is  [>re- 
ftxaUe  to  separate  tho  uctals  of  Groups  111. 
and  IV.  br  a  ckmble  precipitation  with  am- 
■ODium  sulphide  (Tr«  a  lv. '  11). 

Irtm  and  ofomsaium  from,  zinc,  manganesCf 

Olid  nutah  e/  me  nue- 
t'^d-'ng  f:rovp*.  The  solution,  whi  h  inu  1  con- 
tam  iron  a«  a  ferric  salt,  is  nearly  neutralised  by 


sodium  or  ammonium  carbonate.  In  presence 
of  iron  the  liquid  becomes  deep  red,  but  no 
precipitate  must  be  formed,  ijofliuni,  or,  better, 
ammonium  acetate,  is  added  in  sufficient  but 
not  excessive  quantity,  and  the  liquid  la  boiled 
until  the  precipitate  becomes  granular  and 
settles  niTiiillv,  I'rolongcd  boiling  makes  the 
precipitai^-  sinny.  Tho  liquid  is  liit*.Ted  uhikt 
hot,  and  tho  precipitate  is  washed  with  hot 
water  ;  if  the  liquid  in  allowed  to  cool  the  prc- 
ci])itiitu  ia  imrtially  ri;diri.si»lvc<l.  Tho  precipi- 
tate is  converted  into  ferric  and  aluminium 
oxides  by  igintion  ;  the  other  metals  arc  in  the 
tiltrate.  It  is  udviaablu,  ttud  in  pix-senco  of 
niekol  essential,  to  redissolve  the  precipitate 
and  reiicat  tho  process.  This  method  U  not 
available  for  the  separation  of  chromium. 

The  same  result  can  be  obtluned  with 
ammonium  formate  or  succinate. 

Aluminium  and  chromium  from  iron,  zinc, 
m<inifantae,  nickel,  and  cobalt.  Mix  the  solution 
with  a  moderate  quantity  of  pure  normal  potas- 
rium  tartrate,  then  with  pure  oanstic  potash  or 
so<la  until  the  i)reei])itate  re«lis8olve8,  a<ld  am- 
monium sulphide  in  alight  excess  and  allow  to 
stand.  Wash  the  ineoipitate  with  water  oontah«- 
mp  ammonium  sul[)hide.  Aluminium  and  ehro- 
mmm  are  in  the  filtrate,  the  other  metals  in  the 
precipitate.  If  iron  and  chromium  are  ahmnt, 
it  is  suffieient  to  add  the  alkaline  tartrate, 
excess  of  ammonia,  ammonium  chloride  and 
ammonium  sulphide. 

Separaiion  nf  iron  and  aluminiiiin.  Tho  fol- 
lowii^  methods  have  also  been  employed  (or 
this  important  separation.  (L)  PotMsmm  hy. 
droxidc  disf^uh  es  aluminium  hydroxide,  but  not 
ferric  hydroxide ;  tho  former  is  rcprccipitated 
from  the  filtrate  by  boiling  with  ammonium 
rhlorido  or  adding  successively  nitric  acid  and 
ammonia ;  the  iron  prt-cipitato  is  dissolved  in 
acid  and  repfeoipitatod  by  ammonia,  (ii.)  The 
two  metnlnt  nrf  preeipitatid  with  ammonia  and 
the  weight  of  thu  combined  oj^ide^}  dcl^^-rniiued. 
The  mixture  is  then  digeste<l  with  strong  hydro- 
chloric acid  (10  concentrated  solution  :  1  water) 
until  all  the  iron  has  dissolved  ;  the  presence  of 
free  chlorine  or  hydriodic  acid  assists  tho  solution 
nf  th"  ferric  o.xide.  If  alumina  pnnlominates,  it 
may  Ik-  tieees.mry  to  fuse  the  mixed  oxides  with 
potassium  pyrosulphate.  The  solution  is  satu- 
rated v\  ith  n3-drogen  sulphide  to  reduce  the  iron 
lo  thu  fcrrood  condition  ;  thu  excess  of  ihw  i»ul- 

[>hide  is  expelled  by  carbon  dioxide*  and  the 
iquid  titrated  with  standard  permanganate. 
The  proportion  of  aluminium  is  determined  by 
difference,  (iii.)  Iron  and  aluminium  may  al^ 
be  separated  by  treating  the  mixed  chlorides 
with  strong  hytlrochloric  acid  ond  ether  {equol 
vols.) ;  the  aluminium  chloride  is  precipitated, 
oolleoted,  washed  with  ethereal  hydrochloric 
acid  and  ignited  with  mercuric  oxide  (Gooch  and 
Haven-*,  Amer.  J.  Sei.  1890,  2,  4It>).  (i\  . )  The 
separation  of  small  quaoutioa  of  aluminium 
from  excess  of  iron  has  oeen  sucoessfuHy  effected 
by  the  use  of  jihenylhydrazine.  The  iron  irf 
tirst  reduced  to  the  ferrous  condition  b^  adding 
hychraohlorie  aeid  and  ammonium  bisulphite, 
and  tho  solution  almost  neutralised  with  am- 
1  mooia,  a  slight  excess  of  phenylhydrazinc  is 
then  added,  and  after  one  hour  the  aluminium 
1  hydroxide  is  coUectetl  and  washed  with  a  solu- 
( tion  of  phenylhydrazinc  stilpbitc.    In  this  May 
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alurniiiiniii  cuii  be  separated  from  iron,  man- 
ganojso,  calcium,  and  magneiuum  (Hum  and 
Oampbel],  J.  Amer.  Ghem.  Soc.  1890.  21.  77ti). 

tieparulion  of  iron,  uluininium,  and  phos- 
phoric acid.  Wbea  the  total  amount  of  thcso 
subfltanow  ia  snudl.  the  precipitate  obtained  by 
ammonia  is  ignited  and  weighed  (A^  Ft-.O;, 
+Al,0,+PiO«).  The  precipitate  is  thou  fukd 
with  aoditim  carbonate  and  suiea,  and  the  maw 
extracted  with  water  contuirung  a  little  um- 
moniu m  carbonate.  The  residue  ooQtaiuiii|(  iron 
and  aluminium  is  evaporated  down  with  snl> 
phuric  acid  to  di8M>lvo  the  iron  ;  the  solution  is 
rctiuced  with  hydrogen  sulf^e  ah  in  the  pre- 
ceding separation,  mkI  titrated  with  permanga- 
nate solution.  The  Kolxition,  whicli  contains  all 
the  phosphoric  acid,  is  evaporated  down  with 
hydiodiloric  acid  to  remove  tiUoa ;  the  reridne 
taken  up  with  water,  and  the  phosphoric  acid 
pimpitatcd  from  the  filtrate  m  magnesium 
ammonium  pho«phut4,'.  From  the  weight  of 
inafinesium  pyroj>ho.sphate  obtained  the  amount 
of  l*iO»  ia  dotenuincd,  and  the  AljO,  ia  obtain(Kl 
by  ainercnoo.  If  the  total  amount  of  these 
three  .sultstances  is  large,  the  original  Bolution 
may  be  divided  into  three  aliquot  portions,  in  one 
of  which  the  }>hu9phoric  acid  is  precipitated  as 
ammonium  piiospnomolylKlate,  in  the  second 
jiart  the  iruu  ij»  determined  volu metrically,  and 
from  the  third  the  total  preoipitate  (Fe,Os. 
^VltO„P,0.)  is  obtained  (oompue  Oookaey, 
^Vnalyat,  IWS,  113,  437). 

Chromium  is  readily  sroaiated  from  many 
mctaL*,  e.g.  aluminium,  by  conversion  into 
chromate,  which  is  uuL  precipitated  alkalis. 
This  can  t>e  done  in  one  of  the  followmg  ways, 
(a)  Make  the  solution  alkaline  with  caustic  potash 
or  soda,  saturate  with  clUorine,  and  then  heat  to 
expel  excess  of  gas,  and  decompose  h\  pochloritcs 
by  heating  with  ammonia.  (6)  Ammonium 
pennlphate  is  added  to  a  solution  containing 
rhrurniuui,  iron,  and  aluminium.  On  boiling, 
the  ohrouuum  is  oxidiMd  to  chxomate^the  acid 
set  free  dnrinff  oxidation  being  snlHcient  to  keep 
tlie iron  .uid  aluiiiiiirmi  in  h>1  i:  1  wi  (G.  v.  Knoire, 
ZeiUch.  auorg.  Chem.  Itf03.  iti.  lt;U7).  (For  the 
estimation  of  ohiominm  in  ehrondteaad  ohrome 

■tevl,  see  V(Aumilric  fccdon.) 

Aluminiutn  Jrom  chrimium,  After  chro* 
minm  liae  been  converted  into  ohromio  aeid,  the 
aluminium  may  be  precipitated  us  hydroxide 
or  as  phosphate  (v.  LkUrminaixon  of  metais). 
The  flltnte  is  acidified,  heated  to  boiling,  and 
sodium  thio»ulphato  added  until  the  chromium 
is  completely  rcduood ;  it  can  then  be  estimated 
as  phosphate  in  the  same  way  as  aluminittm. 

Uranidrn  is  srparat-  d  from  the  other  metals 
of  this  group  by  the  ^olubilit^'  of  its  hydroxide, 
sulphidok  ami  acid  uranates,  m  ammonium  car- 
bonate. 

Uranium  Jrom  tron  and  alumimum.  An  acid 
solution  oontainittg  amnxmivm  salts  is  mixed 

with  vxcf^m  of  rtmmonium  carbonate  antl  am- 
momura  Muipbidc  in  a  closed  tlank.  The  pre- 
cipitate contains  ferrous  sulphide  and  aluminium 
hydroxide ;  the  uranittm  remnin'^  dissolved  as 
the  double  carUmate  L'< *  <  ),,2(NH|)jC0j. 
The  filtrate  is  concentrated  ( iniM<lerably,  acidi- 
lied    with   hydro»:h!<»ri'''    ■"  111,  and  (h< 

uraaiuiu  precipitated  us  axunioimim  <Uurauatc 
with  amnioniH.  The  orecipitate  ia  ignited  and 
weig^isd  as  Or  this  oxide  is  tieated 


with  dilute  sulphurio  aoid  (1:6)  at  170°  in  an 
inert  atmosphere  (earbon  dioxide) ;  the  solu- 
tion which  contains  urauyl  sulphate  (2  mols.) 
and  urunow  n^hate(l  mol.),  u  titrated  with 
standard  permanganate  solution* 

1  ae.  |jKllaO«»0'03603U. 

Uranium  ores  are  treated  in  the  followimr 

way.  The  mineral  (U  5  ]  o  -d  'O  i  dl  olveu 
in  nitric  acid  or  aqua  rcgM,  odica  rcmove<l  by 
evaporation,  the  soluble  residue  extracted  writfa 
hydrochhmc  aeid,  and  the  met  d   (  f  the  copfx  r 

Soup  precipitated  by  hydrogen  sulphide.  The 
trat«}  is  oxidised  with  potaanum  onioratey  and 
tre^ited  successively  with  ammonium  phosphate, 
ammonia  (till  nearly  neutral),  and  aodium 
carbonate  in  exoess.  The  mixture  is  boiled  and 
sufficient  ammonium  chloride  added  to  decora- 
pose  oxcuiit  of  sodium  oarbonato.  The  preci- 
pitate, which  contama  dm  iron,  vanadium,  Jtou, 
w  washe<l  with  aqueous  ammonium  c<irlx:>nate. 
Tills  i>alt  ki  removed  from  the  filtrwte  by  boilixuK 
alone  and  with  nitric  acid.  Tin  eolation  S 
almopit  neutraiisecl  with  ammonia,  and  to  the 
boiling  liquid  are  added  tuucesaivuly  micro- 
cosmic  satt^  aodittm  tliio.-^ulphate,  aoatie  acid» 
and  finally  ammonium  acetate.  The  precipitate, 
uranyl  ammonium  phuc>phatc,iscollocted«igTUt«d, 
moistened  with  nitric  acid,  again  tgnttad  and 
weighed  as  (UO,),P,0^ 

Uranium  is  seiiorated  from  thorium  (njcid 
iron)  by  means  of  hydroxykmine  hydrocliloride» 
which  in  ammoniacal  solution  prciiri  pita  tea 
thorium  and  ferric  hydroxides,  leaving  the 
uranium  in  solution  (JannMoh  MmI  SolulliitK. 
Chem.  Zeit.  1906,  29,  248). 

Ccrfttm  is  separated  from  other  meials  by 
saturating  the  solution  with  sodium  sulphate,  th» 
salt  being  added  in  fine  powder.  A  crvRtalluK* 
double  sulphate  of  oerium  and  sodium  i»ojMMrate«, 
and  is  washeil  With  a  Saturated  KdutkNi.  of 
sodium  sulphate. 

Ofaetnum  is  precipitated  with  alumiumui  hx 
llroup  III.,  and  separated  from  aluniiuium  and 
the  oUier  metals  of  the  group  hj  one  of  the 
following  methods:  (i.)  A  saturated  ec^tition 
of  sodium  hydrogen  earl)onatf-  di  <.]vaB  out 
glucinum  hydroxide  from  a  precipitate  con- 
taining aluminittm  andfeiriohyCHOsiae^lcmvinf; 
the  latter  unafTeeted  (Paraons  and  Hame^ 
J.  Amer.  Chem.  isoc.  1900,  28,  1688).  (iL>  Alu- 
minium and  glucinum  chkwidea  are  aeiMatated 
l>\  saturating  their  Bohitiona  with  hydrt^en 
chloride  in  the  presence  of  ether ;  t^e  funnec  ia 
precipitated,  the  latter  remaining  dinsolwad 
(Amer.  J.  Sci.  [1]  11,  416).  (iiL)  The  avt  t^te« 
may  be  scpunittKl  by  the  use  of  hot 
acetic  acid,  from  w  hich  solvent  baslo  g^aeinfiiii 
acelat<i  t !l40(C0,-CH,),  separates  on  coolin- 
(rartvoiis  and  Ilobinsoa ;  ct.  also  Ulaa&jxiapzC 
Ber.  1906,  39,  3366;  and  J.  Amer.  Obem. 

180.".  17.  tiHS), 

Banuui  carbonate  decomposes  giucmusx 
chloride,  thus  sepanbting  tide  metal  from  ttmi 

of  Group  Tllb. 

VanaUtum  u  separated  from  tive  majority  o£ 
metallic  elements  by  fusion  with  flodtem  «««^ 
boiiate  and  potassium  nitrite;  the  vnna«Vium 
diooulvcB  in  water  as  sodmm  vatia<lati%  C*hio« 
mium  and  manganese  would  also  be  lofotul  ia 
the  aqueous  ezUaot,  but  from  tiieee  inetaLt 
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rtMcGiiiii  m  AepuAted  fay  the  ftdditkui  of  am-  i 

nonmm  sulphide  in  excess,  when  chromhim 
aad  nuingannse  are  precipitated  respectively  as  I 
hjdioxide  and  sulphide  Icavinc:  vanadium  in  j 
Mjlution  as  a  thiovanadato  (of.  Zcitsch.  anorg. 
Chem.  5,  :J81  ;  Compt.  reml.  1904,  138,  810 ;  , 
and  HiUe brand,  Amer.  J.  Sci.  [4]  fi,  209).  From 
arsenic,  vanadium  may  be  separated  either  by 
redooing  with  sulphur  dioxide  and  precipitating 
■jsenious  sulphide  with  hydrogen  .snlpliiiie  or  by 
iwaliqg  the  mixed  aulphidiee  m  hydtogoa  ohlonde 
•t  10^,  when  the  anenio  is  Toktuieed  <Fie1d 
and  Smith.  J.  AriKr.  Hiein.  Soc  ISDO.  18,  1051). 

Vaoaulium  is  aepaxated  irom  phosphoric  acid 
l>7  nddchig  vaiUMUO  acid  to  a  hypovaoadk  salt 
Mith  sul})hur  dioxide,  and  precipitating  the 
pkmdiQrm  as  phofphomolvbdate. 

Vaaadram  and  molybaenum  are  separated 
fiy  (h«"'  a'-T'Mii       hydroL^ni  .-ill] ilrjlr'  mi  vanadic 

]  irussurt*,  moly* 
j.[v<  :;iltated,  or  ani' 


aad  molybdic  acids  vind 
bdaaoia  sal|diide  being 


rnonium  metii vanadate  may  l'  pr  >  ipitatod  by 
the  action  of  excess  of  ammomuui  chloride 
(CHUm,  Amer.  Ghem.  J.  1S83, 5, 871) ;  the  latter 
Tr.  thod  serrei  to  a^avate  vanadhun  firom 
tuQ^ten. 

(For  methods  of  estimating  vanadium  in  iron 
and  steel,  gee  Brearhy  ami  ILljot^nn,  The 
Analysis  of  Steel  Works  Materials;  aad  Blair, 
The  Chemical  Aoalyns  of  Iron.) 

Tiingsien  is  separattKl  from  the  ninjnrity  of 
other  elements  by  fusiuu  v^tth  alkali  eari>ouate 
and  extraction  of  the  alkali  tungstato  with 
water.  This  extract,  whon  acidiGefi  with  nitric 
acid  and  cvaporatv<l  to  dryue^,  yi^ULi  tuugstic 
aeid  as  a  residue  insoluble  in  Miiter.  From 
arsenic  and  phosphoric  acids  tungstio  acid  is 
Aeparated  by  the  addition  of  magnesia  mixture, 
wnhA  precipitates  the  arsenic  and  i>ho8phorus, 
leaving  the  tungstato  in  sohition  (Gooch,  Amer. 
Lliem-  J.  1S71,  1,  412;  and  Gibbp,  ibid.  laSo, 
7,  337). 

The  tungsten  in  wolframite  may  be  estimated 
by  fusing  the  finely  powdered  ore  (0'6  gram) 
vitb  6  parts  of  fusion  mixture  in  a  platininn 
cmeible  for  half  an  hour.  The  fused  mass  is 
extracted  with  boiling  water  when  alkali  tiing- 
state  posses  into  solution  to^ctlur  with  silicate 
uhI  staonate.  The  insoluble  residue  coutaios 
iron,  manganese,  oalcinm,  and  maf^eshim  with 
-mall  amounts  of  colunihic  and  tantalio  acids. 
The  filtrate  is  evaporated  to  dryness  with  excess 
of  nitvie  add,  and  the  rendue,  after  heating  at 
120*,  is  i  xtract^'d  with  dilute  ammonium  nitrate 
sofaitkin  i  the  residue,  which  consista  of  tungstiu 
o^de  with  siliea  and  atamiio  oxide,  is  weighed 
and  till  a  tr.-atod  with  hydrolluoric  acid  aud 
wnghed  a^ain.  This  second  residue  ponaiste  of 
Umytfa  onde  and  stannio  oxide,  and  the  latter 
i5  volatilised  by  hfatirifi  repeatedly  with  am- 
mooinm  chkwide  until  the  weight  of  the  final 
fpsidae  (WO^)  is  constant. 

To  removf  tin  the  mixed  oxides  mny  ho 
^ited  with  zinc  powder,  and  the  residue,  after 
extraction  with  hydrochloric  aeid,  is  tungsten 
:  .  '  xide  (Angeoot,  Zeitech.  angew.  Ghem.  19, 

^or  other  aepaiationa  of  tungsten  from 
its  usual  associates,  see  J.  Anu-r.  Chom.  f^oc 
1900,  22,  772 ;  Zeitsch.  anora.  Chem.  1905,  45, 
39e:  Zeitwh.  anal.  (Jhem.  1908,  47,  37;  Bull. 
Soc.  Cliim.  190S,  J3»  »92,) 
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C!aliiiii6Hif»  and  lanialum  are  extmoted 
from  columbite  or  tantalito  by  fusing  the 
mineral  with  potassium  h^^drogen  sulphate  and 
extracting  the  fused  mass  with  hot  water  and 
hydrochloric  acid.  The  residue  is  treated  with 
ammonium  sulphide  to  remove  tin,  tungsti-n, 
and  a^ain  extracte<l  with  hot  hydrochloric  acid. 
The  hual  residue  is  then  dissolved  in  hydro- 
fluoric acid,  the  filtered  solntion  is  treated  with 
potassium  carbonate ■ :  i)otassium  tantalofluorido 
separates  in  acioiilar  crvstals  and  the  mother 
liquor  fomidies  potassinm  oolumbittm  o^- 
tiuortdc,  orystallisiiig  in  plat^-.s  (eompaxe  WcLos 
and  Landeoker,  Zeiteoh.  anoig.  Chem.  1909, 
64«  66 ;  and  Cheenean^  Cbmpt.  rend.  1909,  149, 
1132). 

Tilanium,  In  addition  to  the  prooeas  given 
under  the  estimation  of  titanium,  tids  element 

may  be  soparatr>d  from  iron  by  the  following 
methods :  (i.)  By  adding  ammonium  sulphide  to 
aa  alkalhie  tartrate  solution  of  the  two  elements, 

when  ferrous  sulphide  is  precipiUitcd  ((looeh, 
Amer.  Chem.  J.  1886,  7,  283).  (ii.)  By  precipitat- 
ing titanio  aeid  with  phenylhydrazine  (J.  Amer. 
Chem.  Soc.  1895, 25. 421 ).  Titanium  is  separated 
from  aluminium  by  boiling  with  an  aikaU  acetate 
and  dilate  aoetio  acid,  when  basie  titanium 
acetate  i>-'  pri  r  ipitated. 

Titanium  and  urconitim  are  soparatixl  by 
the  following  methods :  (i.)  A  solution  of  the 
elements  in  dilute  sulphuric  and  acetic  acids  is 
lioiK<d  fur  some  time,  Avhen  titanio  acid  is  preci- 
pitatetl  (J.  pr.  Chem.  1809,  108,  76;  Zeitsch- 
anal.  Chem.  9,  388).  (ii.)  Thp  ui  l  solution  is 
boiled  with  zinc  till  the  tittuiium  js  reduced  to 
titanous  salt,  the  zirconium  is  then  precipitated 
by  the  addition  f)f  pota.sMi»im  sulphate  (Compt. 
rend.  1863,  57,  298).  (iii.)  A  neutral  solution 
of  the  nitrates  is  added  drop  1^  dlop  to  a  boiling 
concentrated  solution  of  ammonium  sab'cylale 
(1;5H;.0),  the  Bolution  boiled  for  one  hour, 
concentrated,  and  the  procipitatwl  zirconium 
salicylate  collected  and  washed  with  am- 
monium salicylate  solution.  Titanium  sali- 
cylate is  soluble  in  hot  water  and  remains  in 
the  filtrate  (Dit  trich  and  Freund,  Zeiteoh.  anorg. 
Chem.  1907,  6«,  337,  348). 

Cfrinm  xa  precipitated  in  the  aluminium 
group  (XII.a),  and,  tc^ther  with  the  other  metala 
of  the  rare  earths,  is  separated  from  iron  and 
aluminium  by  nu  iii;  of  oxalic  acid  or  am- 
monium oxalate.  From  lanthanum,  praseo- 
dymium, and  neod3miiinm  it  may  be  separated 
by  sus|K'n(Hng  the  liydroxides  in  aqueons 
caustic  potash  and  passing  in  chlorine  until  the 
liqu  id  is  no  longer  allcaline.  The  eerinm  Tenuuna 
precipitat'  1  ai  the  yellow  hydrated  dioxide, 
whilst  the  other  hydroxides  are  dissolved 
(llosanderV  Various 'methods  have  been  pro- 
posed  similarly  based  on  the  oxidation  of  cerous 
compounds  to  the  cerio  condition  {v.  Ann.  Chem. 
Pharm.  131,  369;  Monatsk  1884,  6,  508;  Ber. 
35,  rrev 

Tlionum,  together  with  the  rare  earths,  is 
seimratcd  frotn  the  Other  elements  by  oxalio 
acid.   The  further  separation  is  eflfeeted  by  the 

following  mcthixl^: — 

(i.)  Mnnazite  sand  is  hcateil  with  concen- 
trated sulphuric  ac-i!  ut  Isn'^  200'»  for  2  to  3 
hours,  and  the  product  taken  up  with  water, and 
the  rare  eartlis  precipitated  by  the  addition  of 
oxalio  aeid.   The  precipitated  oxalates,  after  , 
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washing  till  fn-e  from  ]ihr>sphorip  acid,  are  i 
ignited,  and  tho  xesuitiug  oxkles  dissolved  in 
bydiochlorio  Mid.  The  exemm  of  aoid  h  ex- 
jiflled  by  cvajwration  at  lOf)**,  the  rc.-idue  rlis- 
solved  in  water  and  treatcxl  with  sodium 
thiosulphata.  After  12  houn  the  atdutkm  is 
boiled  for  10  minutos  and  filtorcil.  The  prr-  * 
cipitatc  contains  thorium,  but  contaminated 
wfth  cerium ;  it  is  tiierefore  rediwiolTed  and 
tho  precipitation  repeated  until  the  filtrate  gives 
no  precipitate  on  boiling  with  ammonia.  At 
thin  stage  the  {nrecipitate  is  ignitr<l,  fused  with 
sfxlium  hydrogen  sulphate,  tho  product  dis- 
tHilved  in  water,  and  the  thorium  finally  preci- 
pitated with  oxalic  acid,  the  precipitate  being 
ignited  and  Moiglnd  as  Th^V,  n-'rasenius  and 
lliniz,  Zeit«ch.  anal.  Chem.  .'iri,  543). 

(iL)  The  mixed  oxidates  obtained  as  before 
from  tho  monazito  sand  are  dt»composod,  and 
the  metals  converted  into  nitratrs  by  repeated 
eraporntion  with  nitric  acid.  '1  he  neutnu  sola* 
tion  of  tho  nitratos  is  dilutod  with  aqueous 
ammonium  nitrate  (10  p.c.)  warmed  to  80*, 
and  the  thorium  precipitated  aa  petoxide  by  tho 
addition  of  pure  hyarogen  peroxide  solution. 
The  precipitate,  which  contains  a  trace  of 
cerium  pcroxido,  is  filtt  ro<l,  washed  with  aqueous 
ammonium  nitrate,  ignited  and  weighed  as 
ThOj  (Benz,  Z<'it«ch.  angew.  CTiem.  1902,  15, 
297  :  compare  Chem.  Zeit.  1908,  32,  609). 

(iiL)  Precipitation  by  organic  acids,  (a)  Fu  marie 
aoid  pnreeipitates  thorium  fumarate  in  40  p.e, 
alcohol,  leaving  the  other  ran*  earths  in  m  Im : n 
(Metiger,  J.  Amer.  Chem.  Soo.  IWZ,  24,  1K)I). 
($)  m-Wtrohmmio  aoid  fat  aqveons  solution 
precipifatos  it.s  thorluiii  Halt,  the  wparution 
ocing  complete  in  tho  presence  of  aniline. 
Under  these  oondltions.  oerium,  praseodymium, 
neo<lymium,  and  lunthatuim  remain  in  solu- 
tion (Kolb  and  Akele^  Zeitach.  angew.  Chenu 
IfiOS,  18, 92). 

(iv.)  Boiling  with  potassium  azide  in  neutral 
solution  loads  to  the  precipitation  of  thorium 
hydroride»  the  salts  of  the  other  rare  earth 
metals  Iwing  unaffected  (Denni's,  J.  Amer.  f'hem. 
Soc.  1896,  18,  947).  Fusion  with  potassium 
hydrogea  fluoride  separatee  thorium  and  cerium 
from  zirconium,  for  on  rTtraction  with  water 
containing  a  little  hy«lri«gen  thioride,  potashium 
zireonofluoride  dissolve.^,  leaving  behind  the 
fluorides  of  thorium  and  oerium  (Chem.  News, 
1897.  75,  230). 

Maitffttntte  and  troii  are  separated  in  their 
allny^  (fermmnnpanesr,  ^e.)  by  diiwolving  the 
alloy  ill  LvdrtKhKiric  acid  with  a  little  nitric 
acid.  After  boiling  o£F  nitrous  fumes,  tho  solu* 
tion  is  filtered  and  dilutetl  with  boillus  water 
to  000  c.c.  Ammuuia  is  addetl  till  a  faint 
tlirbidit\  remains,  excess  of  neutral  anininnium 
ncelute  is  lliei^  fiuiekly  added,  and  the  solution 
boiled.  Tho  ba>sic  ferric  acetate  thus  precipi- 
tated contains  some  manganese ;  it  is  therefore 
rc<lissolve<l  and  the  sefiaration  repeati-^l.  The 
united  filtrates  are  treated  willi  exce:4:j  of 
bromine  followe<l  by  strong  ammonia  also  in 
excess  ;  the  liquid  is  vigorously  agitated  during 
the  addition  of  these  reagents,  and  then  he^te*! 
slowly  to  boiluif;.  The  precipitate  is  CoJlected, 
wasb*^!  with  lx>iling  water,  ignite<l  and  weighed 
asMnjO.  (compare'  Riga's.  Amer.  J.  8oi.  43,  135  ; 
fJooch,  Zvit  h.  anorg.  (liem.  1898,  17,  208 ; 
Breadey  and  Ibbotson,  Chem.  NeH7i»  1902,  82» 


209;  Zeitsoh.  anal.  Oiem.  TOO?  43,  382: 
Jannaach  and  Ruhl,  J.  pr.  Chem.  1905,  72.  1 ; 
Moors  and  Ifiller,  J.  Ainer.  CSiem.  Soc.  1908. 

30,  rm). 

Nickel  Jrom  cobalt.  The  solution,  which 
should  contain  but  little  free  aeM,  Is  mixed  with 

exee>i.s  of  pure  potassium  '\anirl-'  free  fr.-m 
cyauate  (the  ordinar>'  cyanide  i»  fused  with  char- 
coal, <lis8olved  in  water,  filtered,  and  evaporated 
in  a  silver  dish),  heated  to  boiling,  and  mixed 
with  a  iiulution  of  mercuric  oxide  in  mercuric 
cyanide.  The  prempttate,  when  washed,  dried, 
and  ignited,  leaves  a  rej^idue  of  nickel  oxide 
2<iO,  which  is  weighed.  (  ubalt  in  usually  deter* 
mined  by  difference;  but  if  direct  e^tioiatioii 
is  required,  the  tiltrat*!  from  the  niekel  b  eva- 
porated to  drvnes.s,  heated  for  some  time 
uith  strong  sulphuric  aoid,  and  tiie  cobalt 
estimated  in  the  solution. 

Nickel  can  be  separated  from  cobalt  aiid  ail 
the  other  metals  of  Groups  III.  and  IV.  by  pre- 
cipitation in  ammontacal  or  dilute  acetic  acid 
solution  with  <limethviglyoxime  {sff  EHimaiiou 
of  nickel).  If  ferric  salts  ats  present,  they  shouM 
bo  reducetl  to  the  ferrous  condition,  or  tarfjtrie 
acid  is  added  before  rendering  the  solution  alka- 
line ;  tho  organic  acid  prevents  the  co-precipita- 
tiou  of  iron,  chromium,  and  aluminium  (Braiick» 
Zeitwh.  angew.  Chem.  1907,  20,  1845). 

Caball  from  nickel,  (i.)  In  acetic  acid  aolutioo, 
nitIOS0•^•llaphtllol  precipitates  the  cobalt  a.^ 
cobaltio  nitroso-/3.naphthoxide  (Ilinski  and 
Knom'.  Ber.  18,  Hi)!!),  (ii.)  Cobaltic  hydroxide  w 
precipitated  from  a  neutirai  solution  of  the  two 
metab  by  barium  carbonate  and  bromine  water 
(Taylor,  Proc.  Manchester  Phil.  Soc.  1002.  1 
Ui.)  I),  (iii)  Small  quantities  of  cobalt  oan  be 
detected  and  estimated  fn  the  presence  of  niekel 
by  adding  t^,)  ji  neutral  solution  concentrated 
aaueous  ammonium  thiocyanatc  On  gKah-i^ 
with  any!  alcohol  and  ether,  these  orgMue 
solvents  extract  the  doiiblc  alt  (\IT,).ro{CNS), 
(blue  solution),  leaving  the  niolt.el  in  the  aqueogs 
solution  (Ber.  1901,  34»  SOBO  and  99I9y.  Zlne 
is  also  removpfl  with  the  cobalt. 

Cobalt  is  precipitated  as  double  nitrite  on 
adding  potassmm  nitrite  to  an  aeetle  a^  boI»o 
tion  of  the  two  metnl.s;  the  nickel     left  in  .'*olu 
tion  (Fischer,  Fogg.  Ann.  72,  477;  and  Fuuk, 
Zeitsch.  anal.  Chem.  1907,  40, 1), 

Separation  of  zinc,  manganese,  niektl,  unJ 
cobalt.  The  slightly  acid  solution  of  the  four 
metab  ia  treatra  with  sodium  carbonate  tOl  a 
permanent  precipitate  is  fornvd,  ^vhich  Ls  reilis?- 
solved  by  a  few  dro]>3  of  hydrtxldoric  acid  ; 
then  for  every  1(X)  c.c.  of  liquid  15  drops  of  tbe 
same  acid  pire  juMi  r^,  follo\ve<l  by  10  c.c.  of  20  |>.i- 
ammonnim  tbiocyMiatc ;  the  solution  huateii  to 
70**  is  then  saturated  with  hydrogen  sulphide : 
the  zinc  in  the  precipitat**  i.s  deter  mined  eilhrr 
as  sulphide  or  oxide.  Maugauew  is  st^pcmatevi 
from  nickel  and  cobalt  by  passing  hydiO|wn 
sulphide  into  a  solution  of  th»^ir  Halt.s  in  ar«>tic 
acid  containing  (txcmm  of  ammonium  acetate, 
when  nickel  and  cohilt  am  piwipitetod  as 
sulphides;  tho  filtrate  may,  however,  jrttll  con 
tain  small  amounts  of  these  metals.  The  eola- 
tion is  concentrated,  treated  with  ammoniaai 
sulphide,  and  then  with  acetic  acid.  A  further 
precipitate  of  nickel  and  cobalt  sulphides  u 
thus  obtained  («.  Tn-ad\\ell  and  Kiunm^ 
Zeitach.  anmcg.  Cban.  1801,  26,  lb4 ;  oompArr 
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J.  Soc.  Chem.  IncL  1908,  24.  238;  BuU.  Soo. 

Chim.  IWg,  (iv.)  3,  114). 

Ztnc  from  nickel  and  cobalt.  Add  excess  of 
pare  potMsiani  cyanide  mad  precipitato  the  sine 
with  sfxlinm  sulphide. 

Giu>i  I'  IV. — The  metak  of  this  f^roup  are 
•epMmted  from  thoao  of  tbe  following  group 
hv  prot  ipitation  with  ammonium  carbonnt*-  ff. 
Gttufal  tMihods  of  estimation).  The  liquid 
M  first  made  alkaline  with  anunonia  and  after- 
wards boated  to  boiliiig  to  ensnn  oomptete  pre- 
cipitation. 

Barium  from  calcium  and  Ktrontium,  The 
dilate  neutral  or  fpfblj^  arifl  solution  is  mixe<) 
with  excc88  of  fr t'<ihly  j>rt>pare<l  hydrofluosilicic 
ftcid  and  one-third  ita  volume  of  95  p.c.  alcohol 
allowed  to  ctand  twelve  hourn,  collected  on  a 
wvilEhed  filter,  waahed  with  a  mixture  of  equal 
part«  of  water  and  alcohol,  and  dried  at  100^. 
Cakiom  and  strontium  are  not  j^ecipitated. 

Barium  from  ttrtmHvm.  Ammonium  bichro- 
mat«'  and  ammonium  at-ctatp  an'  added  alter- 
oateljr  to  *  aolutioa  of  bariam  and  strontium 
■alta  oontMhing  ammonram  acetate.  After 
thp  «-  hours  the  pretijiitate,  BaCrO^,  is  washed 
ttith  ammomum  acetate  solution,  dried  at  180-, 
and  mvif^  (Kahan.  Analyst,  1906^  S3,  12; 
r.  Z«  It-of).  anal.  Cliem.  1  fW);"),  44,  743  J  J.  AnKT. 
Chem.  Soc  1008,  30,  1827). 

Banum  and  jrfronfnim  from  tudeinm.  The 
solution  is  nil.\c-<l  with  a  conn  ritnitcil  solution 
of  ammonium  sulphate,  using  60  parts  of  the 
latter  B»lt  for  one  part  of  the  mixed  aalte, 
heated  to  boiling  with  addition  of  a  small  quan- 
tity of  ammonia,  aad  the  precipitate  washed 
with  wttler  eonteinjiig  ammonium  snlphKteii  The 
HItrate  contains  the  calkin which  <MUI  be 
precipitated  by  ammonium  oxalate. 

Caldmm  fnm  ^frmlMMi.  OonTCft  the  metals 
ijtto  nitrates,  fvaporato  to  dryness,  and  extract 
« ith  a  mixture  of  equal  volumes  of  alcohol  and 
ether,  which  diMolvee  ealchim  Bitrate  bni  not 
jrtrrmtiam  nitrate. 

Cakium  from  Hrtmtiutn  and  hnriutn.  The 
nftrates  are  dried  at  140**  and  extracted  with 
nmyl  alcohol,  which  <liHaolve8  out  the  calcium 
leavuig  the  other  two  undissolved  {Brown- 
ing. AmfT.  J.  SoL  43,  liO,  314)l 

Calcium  from  ma^jnesinm.  The  calcium  is 
(>recipitated  by  ammonium  oxalate  (r.  Delermi- 
nation  of  metals)^  adding  sufficient  of  this  salt 
to  convert  both  metals  into  oxalates,  since 
calcium  oxalate  is  appreciably  soluble  in  a  solu- 
tion  of  magnesium  chloride.  In  very  accurate 
aeparatifms  the  precipitate  shoidd  bo  filtered  off, 
rediasolTed  in  hydrochloric  acid,  and  reprecipi- 
tated  by  adfling  exceas  of  ammonia  and  a  small 
MtMitity  of  ammonium  oxalate  (cf.  Kichards, 
Zeiteeh.  anorg.  Chem.  1901,  28,  71 ;  Zeitech. 
an<:»  rhem.  1908,  21p  602;  J.  Amcr.  Chem. 
tioc         31.  917). 

GaoUT  y. — MoffiuHutn  from  tikati».  The 
ma^esium  Ls  precipitated  with  ammonium 
pbi^fibate  in  the  usual  way,  the  filtrate  ovapo- 
tatea  to  dryness,  heated  to  expel  ammottinm 
the  n-sidn.  i  ,  ,i|K>rate<1  two  or  thn;e  timi  - 
with  strong  nitrio  acid  to  remove  hydrochloric 
mM,  and  toe  phoephorio  moid  removed  by  stann  ic 
C  Tidf  Iv.  Phcy<phoric  acid  from  im  tnU;  r.  (  Jibbs, 
Amcr.  J.  Soi.  [315,  114;  Neubauer,  Zeitsch. 
amtm,  Hbem.  1890,  0,  499;  Ck)oeh»  Zeiteeh. 
uSr^  Cbun,  1899,  20, 121). 


In  Rolutions  free  from  ammonium  aaltfl,  the 

magnejiium  can  be  preripitate<l  as  magnesium 
hytuoxido  by  the  addition  of  aqueous  barium 
hydroxide.  The  excess  of  barium  is  removed 
by  ammonium  carbonate  and  the  alkalis  are 
determined  in  the  filtrate.  Magnexium  chloride 
i.H  also  si  ]tarated  from  the  altuU  ohloridei  hjjr 
ignition  with  menniric  dxide.  when  mercunc 
cidorido  and  the  exccHs  of  oxide  volatilise,  leaving 
magnesia,  from  wh'wh  the  eolufaie  alkali  <diIoridee 
are  rfadtly  separate*!. 

Alkalis  from  viai/iif<ium.  (a)  The  flolutioa 
is  made  distinctly  alkaline  with  pure  milk  of 
lime  (calcium  hydroxide  suspended  in  water) 
aud  boiled  for  some  time,  care  being  taken  that 
it  remains  alkaline.  The  liquid  is  filteced,  made 
alkaline  with  ammonia,  and  the  calcium  pre> 
cipitated  by  a<idiug  ammonium  carbonate  and 
a  small  quantity  of  ammonium  oxalate.  The 
filtrate  is  acidified  with  hydroohlorio  acid  and 
evaporated  in  a  weighed  platinnm  dish,  heated 
to  ammonium  salts,  and  the  alkaline 

ohloridofl  weighed.  They  should  di.48olvo  com< 
pletely  in  water  and  should  give  no  precipitate 
when  mixed  with  ammonium  carl)oiiate  and 
allowed  to  stand  for  some  time.  U  any  calcium 
is  preeeni,it  most  be  removed  by  repeating  the 
treatment  with  ammoaiam  carbonate  and 
oxalate. 

(6)  Tlie  eolntion,  whieh  most  oontain  only 

potassium,  Rodium,  and  mairn.  iiun,  mixetl 
with  excess  of  oxalic  acid,  evaporated  tu  dryness, 
and  the  oxaiio  aotd  expelled  by  heating  carefully 
over  a  lump  until  white  fumes  cease  t'>  <  nine  off. 
The  n^duo  is  treated  mth  water,  when  potas* 
einm  and  eodinm  dimolve  as  oarbonatee,  whilit 
magnesium  oxidn  remains  undissolved. 

Alkalis  from  silicates,    (a)  The  finely  pow- 
dered  dlioate  (1  gram)  it  miRed  intimately  with 
an  equal  weight  of  ammonium  chloride  and 
i  eight  parts  of  dense  granular  oalcium  carbonate, 
I  and  heated  to  redness  for  half  an  hour.  The 
product  13  boiled  with  yvntfT  in  a  platinum  or 
I  silver  dish  for  two  h(jurs,  caro  being  taken  to 
I  make  up  the  loss  by  evaporation,  the  liquid 
is  filtere<1  an;!         residue  well  washed  with  hot 
vval*;r.    The  iiliriito,  which  coutaina  uidciuiu  and 
the  alkalis,  is  treated  in  the  manner  just  de. 
scribed.    In    this   method   of  decomposition, 
which  la  duo  tu  J.  Lawrence  Smith,  the  silicate 
is  decomposed  by  the  calcium  oxide,  which  is 
dissolved  by  the  fused  calcium  chloride  formed 
by  the  action  of  the  ammonium  chloride  on  tho 
calcium  carbonate. 

(6)  The  silicate  is  treat<xl  in  a  platinum  dish 
with  excess  of  sulphuric  and  hydroflnorio  acids, 
and  the  mixture  evaporated  on  the  water-bath 
until  the  mineral  is  «atirely  deoomnoeed.  The 
teroperatare  is  then  mised  to  drive  off  the 
greater  jmrt  of  the  suljihurio  aci<l,  and  the 
coolcxl  lesidue  exiiaoted  with  water.  The  sol* 
phatee  M»  eonverted  into  ohloridee  by  barlnm 
chloride,  the  metals  of  Groups  HI.  and  TV.  pre- 
cipitated by  ammonia  and  ammoniom  oarbonate, 
the  mngnesinm  removed  by  barium  hydroxide, 

ni  l  i!  \  •  -    rf  f*v    reagent  eliminate*!  by 

ammonia  and  ammonium  carbonate.  The  alkali 
oUoridee  remaining  in  the  iinal  ffltittte  are 
estimate<l  as  indicat<'<l  in  tlw  follnwing  section. 
Certain  native  silicates  of  the  undalusite  group 
are  not  decompooed  completely  by  th»  treat> 
ment  with  hydioflttoriA  acid;  these  minerab  . 

0^  2  -  J  by 
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may,  however,  be  broken  up  by  ignition  witb 
•niniouiiim  fluorifle. 

ifi)  The  alkali  and  other  metals  contained  in 
ft  refnotory  rilioate  may  be  Beparated  by  heat- 
ing the  mineral  with  Icjid  carl)on;ite.  The  pro- 
diiot  is  extracted  witb  nitric  aoid ;  the  lead 
removed  m  chloride  and  anlphidc,  and  the 
mctal.s  ill  solution  ilcalt  uith  in  (he  cu.stoniarv 
manner  (Jaunosch,  Zeitsch.  aaors.  Chem.  1895, 
8.  364). 

(d)  Silicates  of  difTfrfnt  typos  arc  decompn.sod 
by  fasion  with  borio  anhydride  folio  wed  by 
extfaetum  with  methyl  alooholio  hydrogen 
fhloriilo  and  evaporation  1<i  n-move  the  boric 
acid  83  volatile  methyl  borate  (Bor.  1895,  28, 
2822 :  Zeitflch.  anorg.  Chem.  1896,  12,  208). 

rodusinm  from  sodium.  Tbi-  metals  arr 
converted  into  chlorides,  which  are  evaporated 
to  dr^oiMs  and  weighed  together  after  drying  at 
150".  The  salts  aro  dissolved  in  water,  niixod 
with  platinic  chloride  in  sufficient  quantity  to 
convert  both  into  platiniohlorides,  and  evapo- 
rated nearly  ^nt  not  ([nit*'  to  drynf?;.'*.  The 
residue  is  then  treuLe<l  with  akoiioi,  which  dis- 
solves the  sodium  but  not  the  potaarinm  salt 
(v.  PotoMtum).  If  thf^  niixturo  is  evapomt<sl  (o 
complete  dryness  and  htiat^^d  no  that  the  sodium 
platiniohlorido  becomes  anhydrous,  it  diaaolvea 
with  diffiL'ulty  in  alcohol.  Under  some  condi- 
tiuiiii  rovtTHion  laivfa  place  and  sodium  cldoride 
8C|>arates  in  wiiitc  crystals  inadnblo  in  alcohol. 
In  this  c.iKc  the  alcohol  in  very  cnrcfnlly  evapo- 
rated and  the  residue  again  Iruated  with  platinic 
cUoddc. 

In  order  to  separate  small  quantities  of  po- 
taiiijuiu  from  large  quantities  of  sodium,  ad\  an- 
tage  may  lie  taiton  of  the  fact  that  potassium 
chlorido  is  more  soluble  than  sodium  chloritle 
in  strong  hydrochloric  acid  (Zeitsoh.  analvt. 
Chem.  1880,  IStJ).  The  dry  mixed  chloridos  arc 
thoroughly  moistened  with  concentrated  hydro- 
chloric acid :  2  cc.  of  the  acid  ia  then  addod, 
and  the  salt  thoroughly  crushed  and  8tirre<i  with 
A  glaaa  rod.  After  standing  for  a  few  minutes 
the  aoid  is  poured  oflf  into  a  small  dish.  Ten 
rf-i"  t  it  ions  ot  this  t  rent  tncnt,  usiii;;T  2  c.c.  of 
acid  each  time,  will  auihce  to  remove  all  polas- 
rium,  whilitt  the  greater  part  of  the  aodinm 
chlorldr  is  not  dissolved.  The  acid  solution  is 
evaporated  to  dryneM  and  the  potassium  deter- 
mined as  phtiniehloride  (CSiem.  Soe.  Traaa.  39, 
TiOr.).  I5y  ailnpting  this  plan  much  less  platinic 
chloride  is  required,  and  the  separation  is  much 
more  accurate. 

Liffn'uru  from  sodium  and  pokLMtum.  When 
a  lithia-containing  silicate  {t.g.  lepidolite)  is 
broken  up  by  one  of  the  preosding  processes 
the  precipitable  nu  tal.s  of  Crouj)s  f.-IV.  are 
first  removed  and  the  alkali  metals  convert^'d 
into  chlorides.  The  combined  oUorides  are 
iln'i  (1  and  weirded;  pnf.T<5sium  ia  estimnted  in 
one  }>ortion,and  in  a  .second  ]K>rtiun  the  lithium 
ia  estimated  by  extracting  the  ohloridea  with 
amvl  :d(  ohol  or  with  ether  iai  oh ol  saturated 
with  hydrogen  chloride.  Anhytlrous  lithium 
chloride  ia  soluble  in  ihcAe  media,  wherenn 
sodium  and  potu-  intn  ehloriiles  are  practically 
insolul)h^  thcrrin.  Lithium  chloride  has  also 
he«'n  Bepamtf'd  fronj  the  chlorides  of  the  other 
alknli  mctal.s  nnd  harium  by  dissolving  it  in 
boiling  pyridine,  in  which  the  others  are  in- 
soluble (Kahlenlierg  nnd  Krauakopf,  J.  Amer. 


Chem.  Soc.  1908, 30, 1 104).  (For  the  aeparation 
of  lithium  as  phosphate  and  fluoride,  »ee  Ann. 
Chim.  Phys.  98,  103;  fUL  29»  3;»2,  And 
Analyst.  lA,  209.) 

Ihthidium  and  casnum  arc  scjMirat«Ml  from 
each  other  and  Irom  potaariiim  by  taking  adv*n> 
tage  of  the  diffnenoe  in  the  aonihility  of  their 
jilatinichlorldcH.  Kuliidium  hydrofjcn  tartr.vtc  is 
more  than  nine  times  leaa  soluble  thaa  the 
csosinm  eali.  Cnaliim  earbonate  akme  of  the 
alkali  carlionates  is  .hoIuMo  in  alcohol.  Ca^iura 
uivea  riae  to  a  scries  of  sparingly  soluble  per* 
EaUdea  and  yidds  double  ehknridea  with  lead  and 
antimony  cnloridr=;  (r.  Wells.  Anicr.  .T.  ScL  43, 
[3J  17  i  and  Amer.  Chom.  J.  1901,  26,  265). 

oan  be  removed  from  • 
.'solution  in  two  ways:  (1)  By  evrt:i  r  inv;  l  i 
dryness  and  carefully  heating  over  a  lamp  untU 
all  fumai  oeaae  to  come  off.  (2)  By  ooocen* 
trating  the  solution  and  heatinfj  for  somo  tini<? 
with  excesB  of  strong  nitric  acid.  When  evolu- 
tion of  oxidM  of  nitrogen  ceases,  the  liquid 
evaporated  to  complete  dryness  and  the  nitrates 
converted  into  chloridea  by  repeated  treatment 
with  hydvoohlorio  add  if :  


B.  The  Estimation  of  Acid  Radvdn. 

Bromine  from  cUorint,   (a)  The  two 

ment.H  are  precipitated  by  excess  of  silver  nitmti- 
and  wei|^hod  together.  The  filter  ash  is  reoiovenl. 
the  precipitate  cautiously  hcuitt d  to  fusion,  ami 
a  portion  poun^l  into  a  wci^dicd  jx^rcelain  boat. 
The  boat  is  again  weighed,  hcatfxl  to  fusion  in 
a  current  of  dry  chlorine  in  a  gi&m  tube  until 
all  hrr>minc  is  eTpelled,  and  the  silver  chloride 
formed  is  weighed.  It  is  advisable  to  heat  in 
chlorine  for  a  further  period  of  ten  minutes  ami 
weigh  again.  The  loss  of  weight  multiplied  by 
4*223  gives  the  amount  of  silver  bromide  in  the 
weight  of  precipitate  treated  with  chlonne,  from 
which  the  quantity  in  the  whole  precipitate*  is 
readily  calculated  (v.  Indirect  m^h*>dji  of  df- 
tertniiuiiion). 

Thb  method  gives  accurate  reoulta  if  the 
proportion  of  biomine  ia  not  too  amall.  When 
a  small  quantity  of  hruniinc  Ls  tiiixcil  with  a 
large  quantity  of  chlorine,  the  former  may  be 
concentrated  by  takinf;  advantam  of  tlie  fact 
that  if  u  liiiiiti  d  quantil  .  if  .•silver  nitrat'  U 
added*  the  precipitate  will  contain  all  the  hro- 
mine^  bat  only  a  portion  of  the  dilorino.  In  one 

Sortion  of  the  nuhstance  the  two  tlernL-nt<>  are 
etormined  together  by  complete  preoimtatioo. 
Anotii«r  portion  in  aomewhat  dOnte  aohitioo  ii 

mixed  with  ;i  qmntitv  nf  --il'-i-r  Tiitmto  instifti- 
oient  for  complete  precipitation,  and  allowed  to 
stand  in  the  odld  for  aome  time  with  repeated 
apitatinn.    The  precipitatf^  i-  rollcctttl,  waished, 
and  weighed,  and  the  proportion  of  brominej 
determined  hi  the  manner  already  deaerihed.! 
The  'jinnh'tv  of  >-iIvfr  nitrate  which    h  luM  be  I 
used  de|»ends  upon  the  relative  i>roj^N>rtio£ts  o/( 
chlorine  and  bromineL    If  one  part  of  bromine' 
is  present  for  emry  1000  pirt  j  of  chlorine,  on^ .  | 
fifth  or  one-sixth  of  the  siJvcr  necesaary  for  com- . 
pl<-te  precipitation  should  be  ttaed;  if  one  paril 
to  )0,00(),oidyone-t4^nth  :  if  one ptfi  to  100,000^ 
only  uwO'sixtleth  (Fehliug).  ] 
(b)  The  solution  of  the  two  haladea  heaiKU 
at  70*-8<>*  is  treated  with  ammonium  persul.j 
pliate,  and  theUbcrateil  hroutine  votAt  dt«wNl  in  aJ 

current  of  air,  coilected  ia  jgfN 
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Mtimftted  u  tihrer  bromide  (Engel,  Compi.  rend. 
1894,  118,  12fi3). 

lodint  in  stparated from  chlorine  iu  Lxnctly  the 
same  w»y  M  momine  from  chloriiie.  The  loss  of 
weight  on  treating  with  chlorine,  multiplied  by 
2*569,  gives  the  weight  ot  Milver  iodide  in  the 
portion  of  precipitate  taken. 

Iodine  from  chlorine  or  bromine.  The  solu- 
tion is  slightly  acidified  with  hydrochloric  acid, 
mixed  with  palladious  chloride  until  precipi- 
tation is  complete,  and  ftUowe<l  t<j  j«tnnd  in  a 
warm  place  for  tweiity-fuur  or  furt>  -eiglit  hours. 
The  precipitate  of  palladious  iodide  Pdl,  is 
collected  on  a  weiphod  nit<  r,  uashc<l  with  warm 
M^ter,  and  dried  at  or  Ls  rtxluced  by  heating 
in  hrdxY^^i  and  the  metal  weighed. 

Iodine  can  also  be  lilxTntod  by  nitrons  acid 
and  estimated  volumetricaiiy   (v.  Volumeiric 

Bromine^  chlorine,  and  iodine  from  one 
anoUter,  {a\  The  three  elcmenta  are  precipi- 
tated and  weighed  together  in  one  part  of  the 
solutioa.  In  another  part  the  iodine  is  separated 
an  palladious  iodide  by  palladious  chloride,  or 
better,  nitrate ;  the  excess  of  palladium  is 
rejDored  by  hydrogen  Buiphide  and  exoen  of 
tine  ktttr  by  ferrio  snlpihate ;  and  the  dilorine 
and  brooiini-  in  the  Cltrutfi  an"  jirrcipitjited  com- 
fkitdy  or  fractiooaUy  and  the  bromine  deter- 
ininediii  llieiiwiuiflrpTOTioaaly  desoiibed.  The 
chlorine  is  estimated  by  diffcn-nco. 

(6)  A  dixeot  metbod  of  estimating  the  three 
bal^eiia  in  a  nixtQie  of  th^  aolabM  nltB  has 
1k-<:-m  iiivotfti 'ntf  1  by  Janaa»ch  and  his  coIIh- 
boratoxs.  The  process  in  its  present  staAO  of 
defdopmeni  a  sharp  separation  of  diMnne 
and  iodine,  bnt  the  results  for  bromine  are 
rather  low.  The  mixtoie  dissolved  in  25  co. 
of  vster  is  hofttod  to  boiling  with  aoetio  acid 
and  hydrfj^en  jK-roxide,  and  tlio  liberated  iodine 
expelled  by  a  current  of  c&rbou  dioxide.  The 
biomino  is  then  liberated  bv  adding  excess  of 
hvdfT'tren  peroxide  and  moderately  strong  sul- 
pbunc  acid  (5 :  3).  The  iodine  is  collected  in 
an  ammoniaeal  solution  of  hydrazine  sulphate 
and  the  bromine  in  alkaline  hydrazine  sulphate. 
After  acidifying  w  ith  nitric  acid,  the  iodine  and 
bromine  are  precipitute-d  as  silver  salt.n,  and  the 
chlorine  left  in  the  distilling  tia.-k  is  similarly 
precipitated  (Ber.  1906,  39.  19t>,  3t>55 ;  J.  pr. 
Chem.  1908,  78,  29 ;  ZoifMh.  anoig.  Oieni.  1. 
144  and  245).  (For  other  prt>ce«fe»  for  pppa- 
ratin;;  the  halogens,  stt  Voluiiutric  section ;  and 
M  m  T  1  13,  1;  Chem.  Soc.  Trans.  1893,  63, 
1051  :  ( <  mpL  mad.  1898»  126^  187 ;  Ber.  1889, 
32,  'Milo.) 

8ereral  indirect  methods  of  estimating  these 
three  elements  in  a  mixture  have  been  pro- 
poied.  They  are  based  on  the  methods  given, 
together  with  the  fact  that  the  radiclea  may  be 
precipitated  exactly  by  a  standard  solution  of 
filrvr  nitrate  and  the  precipitate  weighed,  the 
proportion  of  silver  and  halides  in  the  precipi- 
tate being  thus  determined  (v.  f^eeenius, 
Quantitative  Analysis,  sect.  5). 

Indited  Methods  of  DtUrnujMlion,  This 
estinuKtion  of  t«x»  or  three  hatogenx  in  a 
mixture  furnishea  a  good  example  ff  indin  i  t 
methods  of  analysis,  which  are  adopted  in  those 
caeca  vhMe  the  aepmtion  of  two  or  more 
coMtitnciite  ie  either  imponble  or  inoonvenient. 


The  calculation  of  the  lelfttive  proportions  of 

these  constituents  liceomes  possiblo  when  one 
can  obtain  aa  niauy  independent  relutioixyhips 
as  there  are  radiolce  to  be  determined.  The 
estimation  of  chlorine  and  bromine  [a)  is  a  ease 
iu  point.  The  luiis  of  weight  due  to  the  replace' 
ment  of  Br.(79-92)  by  C'l(35-46)  is  proportional 
to  the  amount  of  bromioo  present.  Let  «o  =* 
loss  of  weight.  Now 
CI 


35-40      ,  .         „  36-4fl,. 
lir^7n-92        hence  Br - 


or  Br  =s  i-797  w :  the  lotiS  of  wekht  mulli* 
plied  by  1-797  gives  the  quantity  m  bromine 

[  T'  sent. 

Similarly,  the  kakMLeas  in  a  mixture  of 
soluble  chloride,  bromide,  end  iodide  can  be 

calculated  from  the  following  data:  (i.)  the 
amount  of  iodine  preacnt,  aet  free  by^  nitrous 
add  or  hydrogen  peroxide  and  acetic  add; 
(ii.)  tlio  total  \\ei;:lif  of  mixed  silver  halides 
obtained  from  a  known  amount  of  mixture ; 
(iii.)  the  dhrer  required  for  the  complete  pre- 
cipitation of  the  three  halo^;ens  ;  thin  i«  obtained 
volu  metrically.  The  indirect  methoil  can  ako 
be  applied  to  the  estimation  of  sodium  and 
potassium  contaiiud  in  the  mixed  chlorides 
from  a  silicate  analysis  {v.  supra).  The  data 
required  are:  (L)  the  weight  A  of  mixed 
chlorifles  :  (ii. )  the  weiirht  B  of  chlorine  tlierein 
contained,  this  amount  bcinjg  determined  either 
^ravimetrically  or  volumetrically.  Let  x  and  y 
be  the  amounts  of  j>ota??Kiuni  and  sodium 
respectively,  then  tlieac  quantities  are  leatlily 
calculated  from  the  following  eqoation»,  where 
G,  K,  and  Na  represent  the  atomio  weights  of 
these  elements. 

These  indirect  methods  give  Uiitful  rosultd 
only  when  the  atomic  or  molecular  weights  of 
the  two  radicles  differ  ronsideraJily,  and  when 
the  quantities  present  are  approxiinat4;ly  equal. 
Moreover,  the  results  are  a£fecti>d  to  a  consider- 
alile  extent  by  eompaiatively  small  experi- 
mental errors. 

Cyanide  from  Monde,  Silver  nitrate  is 
added  in  pxeesn  !t>  an  nppn»ximat<  ly  2  p.c. 
solution  of  soluble  uyauide  and  cldoride.  An 
excess  of  normal  nitric  acid  is  now  added,  and 
the  mixturr!  containing  the  freshly  precipitated 
silver  salts  ia  distilled,  when  hytlrocyanic  acid  is 
cxiK'lled  quMltitativi  ly  and  estimated  in  the 
diHtillate  by  precipitation  as  silver  cyanide  with 
aciditiiHl  silver  nitrate,  drying  this  precipitate 
at  110**,  and  weiring  in  a  Gooch  crucible  or  on 
a  tared  filter  paper  (PUmmer,  Chem.  boo.  Trans. 
1904,  85,  12 ;  comTmre  also  Richards  and 
Singer,  Amer.  tliem.  J.  1902,  27,  20.11. 

Fhoapkoric  acid  from  mekdt,  (a)  The  nitric 
acid  solution,  att  free  as  possible  from  hydro* 
chloric  acid,  aipl  froe  froni  silicic  and  arsenic 
acids,  is  mixeil  with  excess  of  a  solution  of  am- 
monhim  molybdate  in  nitric  acid,  heated  gently 
for  a  few  minutes,  ami  tiltere<l  after  .stanillie/  for 
a  short  time.  Tho  precipitate  is  waHhcd  with 
dilute  nitrio  acid,  dissolved  in  aiumonia,  and  tlie 
jiliosplioric  acid  ]  tree  i  pita  ted  by  magnesia 
mixture.  This  method  is  more  e»peeittlly  ap- 
plicable when  the  quantity  of  pboephorie  acid 

is  idatively  small.    To  prepare  ammonium^ 

'  Digitized  by  Ljl 


198 


ANALYSIS. 


tnolybdat«  8uIution,  25  grams  of  the  salt  is  dis- 
solved  in  100  c.c  of  dilute  »miiic»iu*|Mid  the  solu- 
tion ponrrd  gradually  with  oonstant  and  vigorous 
agitiition  into  500  c.r.  of  a  mixture  of  3  vols. 
Strong  nitric  acid  and  1  vol.  water.  The  liquid 
is  heated  at  SO^  for  some  time  and  the  clear 
solution  drawn  off. 

{b)  By  stannic  oxide.  The  nitnc  acid  solu- 
tion is  ooncentrated,  mixed  with  faming  nitrio 
acid  boiUiig  at  86**,  heated  gently,  and  granulated 
tin  Added  gradually  in  qu*ntity  not  less  than 
four  times  the  «monnt  of  phosphorie  aeid  pre- 
sent. The  stannic  oxide  prodticctl  fornif*  an  in- 
soluble compound  with  the  phosphoric  acid. 
This  is  filtered  off,  washed  with  hot  wsiler,  dis- 
solved in  caustic  potash,  the  solution  saturated 
with  hydrogen  sulphide,  aciditie<l  with  acetic 
acid,  «nd  the  stannic  sulphide  removed.  The  fil- 
trate iK  rnnccntrati  (1,  any  stannic  sulphide  which 
separaiis  suLN»equrati^  is  removed,  and  the 
phosplK^riL-  acid  is  estimated  in  tiie  usual  way. 
The  original  filtrate  from  tho  stannic  oxide  con- 
tains the  metals  previouHiy  cuiabincd  with  the 
phoNphoric  aeid. 

(r)  The  nearly  neutral  solution  is  mixed 
Willi  ndver  nitrate  and  digested  for  i*onie  time 
with  excess  of  silver  carbonate.  The  phos- 
phoric acid  separates  as  silver  phosphate,  the 
nu'taLs  remain  in  solution  with  the  excess  of 
silver  nitrate  The  silver  w  removed  by  hydro- 
chloric n<i(i. 

(rf)  \\  hi'ii  thi-  phosphoric  aci«l  U  combined 
with  metals  which  form  phc^phatcs  tn.soiul>l)'  in 
water  but  soluble  in  acetic  acid,  the  solution 
is  nearly  neutralised,  mixed  with  sodium  or 
ammonium  acetate,  and  a  slight  excess  of  ferric 
chloride  containing  a  known  weiuht  of  iron 
added.  The  liquid  is  heated  to  Doiling,  the 
mixture  of  ferric  phosphate  and  l>asic  aeetate 
washed  with  hot  water,  dried,  and  heated  in  a 
platiiram  erooible  until  the  weight  is  constant. 

The  weii^dit  of  the  Jtrecipit^ite  ininu.^  the  known 
weight  of  the  ferric  oxide  gives  tho  phosphoric 
anhydride  "Ptpy  precipitate  ma^r  be  mois- 

tened with  nitrie  aeid  hefore  the  final  ignition. 

Fho»phoric  acid  in  silicateji.  In  the  analvsis 
of  silicates  {v.  supra)  the  phosphoric  acid  is 
found  tot'ethcr  uith  iron  a  i  l  ilnininiuni  in  the 
precipitate  produced  by  anaauuia  in  the  filtrate 
from  the  sflioa.  This  mixture  is  analysed  in 
aeconlance  ^\ith  the  method  Indicated  under  the 
separations  of  metals  (Group  III.). 

PAospAonur  and  tUietm  in  iron  and  steel.  'I*he 
iron  or  steel  borinr;.<  are  dissolved  in  nitric  aeid 
(lUI^Oa  sp.gr.  1'4:1H,0);  the  solution  eva- 
porated to  dr>'ne8s,  and  tho  residue  ignited 
OSVefuUy  until  all  the  ferric  nitrate  is  converte<l 
into  ferric  oxitle.  The  ignil<'d  re.'iidue  is  ilis- 
solved  in  concentrated  hydrochloric  acid  heated 
nenrlv  to  lioilini;,  when  the  ferric  oxide  and 
phosphate  j»«u»h  liilu  .Hulution,  leaving  insoluble 
silica.  The  solution  is  evajxtrated  to  dr\'ne88, 
m«»i»teiuMl  with  strong  hydrochloric  aeid.  ami 
taken  up  with  water  ;  t^e  .silica  is  coiitcted, 
ignited,  and  w<  ii.'l\<  <i.  its  purity  Iwing  tested  by 
treatment  uitli  hydrotiuoric  and  sulphuric  acids. 
The  phospiiuiic  n«'id  in  the  tiltmte  is  estimated 
by  either  of  the  following  metho<ls. 

(fi)  The  ferric  solution,  diluted  and  nlmo."! 
neutralised  with  ammonia,  i«  re<luce<l  with  .sul- 
phurous ftci<l  or  sodium  sulphite.  Hydrochloric 
acid  is  added  and  tho  excess  of  sulphur  dioxide 


expelled  by  boiling.  A  small  j><>rtion  of  the 
ferrous  iron  is  now  xeoxidised  witli  a  few  drop» 
of  bromine  water.  Ammonia  is  added  eare« 
fully  till  a  brown  preeipitate  is  formed  which 
becomes  green  on  stirring.  Acetic  acid  is  added 
till  the  precipitate  either  dissolves  or  becomes 
whiter,  and  the  .solution  then  heated  to  boiling. 
The  precipitate,  which  contains  all  the  phos- 

fthoros  as  ferric  phosphate  mixed  with  basic 
erric  aeetate,  is  di>,Milved  in  hydrochloric  aeid. 
the  solution  evaporated  nearly  to  dryness,  excet>s 
of  oitoic  acid  added,  and  then  magnesia  mixtoie 
and  ammonia.  Tlie  inafrnosium  ammonium 
phosphate  is  redissolved  in  hydrochlorio  acid 
and  rcprecipitated  in  the  prceonoe  of  oitrie  acid 
to  rc*niove  n  -mail  amoimt  of  iiun*  and  ignited 
and  weighed  as  MgjPjU;. 

(6)  filtrate  from  the  sili*  a  is  evaporated 
tf>  dryness,  the  residue  di.s8olved  in  dilute  nitric 
acid,  ammonium  nitrate  added,  and  the  trolution 
heating  to  boiling.  A  boiline  solution  of  am- 
monium molybdate  is  then  added  to  phosphate 
solution,  when  ammonium  phosphomolybdato  ^ 
preeipitutetl  quantitatively.  This  {woipitata  is 
re<liK'<ol ve<l  in  ammonia  to  which  ammonium 
nitrate  and  ammonium  molybdate  an-  added, 
and  reprecipitatexl  by  miding  hot  nitric  acid  to 
the  I>oiling  solution.  The  compound  is  now 
pure,  and  is  coUocteil.  \\a**heii  with  water  con- 
taining ammonium  nitrate  and  nitric  act*!,  and 
either  dried  at  leO'-lSO*  or  gently  ignite^l.  In 
the  former  case  it  w  weighed  as  (NHjJjPO^, 
I2M0O3  (containing  3-782  p.c.  PjOj)  or  m  the 
latter  as  P(05,24Mo(),  (containing  3-946  p.c 
PjOj)  {v.  Ber.  1878,11,1640;  Zeitech.  anorp. 
Chem.  JS!>:k  32,  144  ;  Amer.  Chem.  J.  3i,  1N>4  ; 
Analyst,  ll»0»,  .•?92 ;  Chem.  Zeit.  21,  442). 
Separation  of  phosjihoric  and  titanic  acids  (p. 
J.  Soc.  Chem.  Ind.  1895,  14,  443).  Extimation 
ol  phosphorus  in  phosphor-bronze  (r.  J.  A  mer. 
Chem.  Boc  1897,  10,  390}  in  phosphor-tin 
(J.  Soc.  ('hem.  Ind.  1008.  27,  127). 

6il*cic  acid  Jrom  litamc  acid.  The  silica 
and  titanium  dioxide  are  weighed  t<^i^li«r,  tiie 

mixture  fu.-^ed  with  a  somewhat  lar/c  >|iianfity 
of  potassium  hydrogen  sulphate,  and  the  cooled 
mass  extracted  wiUi  wat«.  Silica  is  left  un* 
dissolved,  titanic  oxide  dissolves,  and  can  be 
precipitated  from  the  hit  rale  by  ebuUitioo  (r. 
TUaninm). 

S'^l/'f't'I'^i.  If  the  sulphides  are  decnm 
posahle  by  hydrochloric  acid,  the  hydrugen 
sulphide  ia  absorbed  in  hydrochloric  acid  con- 
taining bromine  {v.  Dctrrmivntion  of  mrtnl<\ 
lnsoIul>lo  siUphides  are  decom|K)'^(Hl  by  gcuiiv 
heating  with  oqna  rtgia  or  with  hydrochloric 
acifl  and  bromine,  and  the  sulphuric  aciil 
oHtimatcil  in  tho  solution,  'i'he  latter  method 
gives  tho  total  sulphur. 

Sulphur  in  ctxU  and  cob.    The  tint-lv  ]var-  1 
(U>rc<l  material  (I  gram)  is  mixed  intimateiy  with 
1  gram  of  calcined  magne-^ia  and  0*5  gram  of  - 
sodium  earhonate,  and  ignited  In  dull  rdnf^.s  | 
in  an  o)m:ii  piutiiium  crucible  fur  1  hour,  the  , 
mixture  being  stirred  every  five  minutes  with 
a  platinum  wire.     The  niixtttre  is  then  hra»»«f 
strongly  for  10  minuter  uilh  1  j^ram  ot  am- 
monium  nitrate.    The  residue  is  extracte<l  with 
wulor  and  tho  sulphali'  determined  in  the  usukl 
wa\  (K.Hchka).    The  sulphur  may  also  be  deter- 
mined by  heating  the  coal  withiodium  or  jjota*- 
sium  carbonate  (4  parts)  alone,  and  extracting 

DiQitizeo  by  Lj^jk.i^l^ 
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t]»  »eddiM  with  hydrochlorio  acid  and  a  few 

drops  of  bmmino  (Nakaniura).  (fompare  also 
Zeitech.  angew.  Chenu  lUUo,  16,  idtM);  Chem. 
Zeit.  1906,  l2»  349;  J.  Rom.  Chem.  Soo.  1902, 
M.  457.) 

Sulphur  in  pt/rUe^.  Tho  p^Tites  ia  oxidiKod 
either  by  fusion  with  sodiwm  fieroxitle  and 
soiitim  carbonate  ur  hy  oxidatiun  with  nitric 
acid  and  bromine.  The^jc  proccs^st^a  convert  the 
Mllphur  to  9ulphat<^,  which  is  estimated  in  the 
usual  way  {v.  J.  pr-  Chem.  1S92.  f2]  45,  103  ; 
Zeit«:h.  anurg.  Chem.  0,  303,  i.e.  1896,  12, 
139;  J.  Soc.  Chrm.  Ind.  UKtS,  S4,  7;  dwni. 
Keira,  1906,  93,  213). 

Sulphuric  acid  from  all  other  acids  except 
hydrqfluanlicic  by  procipitatiua  with  btritun 
chlonde  in  presence  of  hydrochloric  acid. 

Sutphvnc  acid  from  hydrofiuo«ilicic  acid. 
The  solution  is  mixeti  with  excess  of  potassium 
chloride  and  an  equal  volume  of  strong  alcohol, 
filtered  through  a  weighed  filter,  and  the  precipi- 
tate of  jM*t  ;i-i.-ium  silicofluoride  (K^SiP,),  washed 
with  a  mixtuxe  of  equal  volumee  of  alcohol  and 
water,  and  dried  at  100».  The  solphurio  aoM  in 
the  filtnit'O  i.-i  estimatt'd  in  the  ittttal  Way  after 
evaMratioa  of  the  alcohoL 

TUamc  add  from  9itie*e  aeid  (v.  8i$ieie  and 
fnm  titanic  acid). 

Boric  add.  The  borates  of  the  alkali  and 
aUBalinft  earth  netaja.  when  heated  with  puru 
ineth\l  alcohol  (frw  from  acetone)  and  acetic 
acid,  evolve  ail  the  boron  present  in  the  form  of 
iDe«hyl  bmte  (b.p.  6<P*).  Thta  liquid,  when 
*dd("i  t-'i  ni'n-t  i.s  complctj-I \-  h \  - Irolvst-d 

and  the  bone  acid  set  free  combines  with  the 
ealcmm  ospde  forming  oakinin  boiate.  The 
decompr.sition  is  effertM  in  a  small  retort  fitted 
with  a  tap  funnel  for  introducing  further  quan- 
titiea  of  mthyl  akohoL  The  retort  iaeonnected 
with  ft  T^Titer  condenser  and  a  conical  flask 
c»>iiiiiiniiig  H  urighed  amount  of  qnioklime.  This 
liiiK:  is  carefully  slaked  befon^  th(5  distillation, 
and  tho  methyl  borate  dropping  into  the  conical 
hask  is  decomposed  and  the  boric  acid  taken  up 
by  the  lime.  The  contents  of  the  receiver  are 
rinse*!  into  a  ]ilatmum  dish,  and  tt  methyl 
alcohol  evaporatetl  at  as  low  a  temp  ratiin-  as 
pQatiUe.  The  residue  is  cautiously  ignited  to 
♦U*i«troy  calcium  acetate,  anil  the  inerfa*>i-  in 
w«  it;ht  of  the  liuie  reprot^ents  the  amuunt  of 
i"  *nc  anhydride  B|0»  ODtaloed  from  tho  borate. 
ItxfX/cmAi  of  lime,  aqueous  ammonium  carbonate 
ma  J-  be  used  in  the  receiver,  and  the  liquid 
poured  on  to  slaked  lime  (foom  a  kno>%-n  weight 
of  quicklime)  contained  in  a  platinum  dish 
(Zcit£ch.  anal.  Chem-  IkhT,       18,  364). 

VOLUMETKIC  MKTaoi>S. 

In  volumetric  analysis  the  proportion  of 


of  known  strength  la  added  gradaally  ontB 

the  yellow  colour  of  the  methyl  orange  just 
channel}  to  reil,  thus  imlicating  the  {x>iut  of 
neutralisation.  'J'he  volume  of  acid  required  is 
noted  ;  the  wei;,'ht  of  sulphuric  acid  which  it 
contains,  and  hence  tho  weight  of  mda,  which 
it  will  neutraliBc,  is  knou'n,  and  thus  tho  pro* 
portion  of  smla  in  the  substance  l-^  iletennined. 

In  order  that  a  reaction  may  t>cTvu  m  tho 
basis  of  a  volumetric  proci  ss,  it  must  be  rapid, 
simple,  and  definite,  and  not  com]ilicated  by 
secondary  reactions.  It  should  romalu  cou,slaut 
through  considerable  variations  in  conditions, 
and  shoidd  not,  for  example,  be  materially 
affccte<l  by  the  degree  of  concentration  of  the 
solution.  A  final  reaction  should  be  rapid,  per- 
fectly decisive,  and  should  only  require  a  slight 
excess  of  the  reagent  fof  its  production.  In 
many  ca.scs  a  third  substance  is  employed  to 
indicate  tho  completion  of  the  reaction,  and  is 
termed  an  indicator.  It  is  an  fnlemol  indietUor 
if  it  is  abided  to  the  bulk  of  the  h'i)\i!(l,  an  f  j-h  rnal 
indicator  if  drops  of  the  liquid  aro  romovod  and 
brought  in  oontaet  with  it. 

Tno  execution  of  volumetric  procc's.-^e.s  in- 
volves the  possession  of  accurately  gra<luatocl 
instraments  of  three  kinds,  vis.  flasks,  pipettes, 
and  biiretteH.  The  flasks  should  be  fitted  with 
well-ground  stoppers,  and  should  have  some- 
what  long  neoks,  the  graduation  being  not  hisber 
than  the  nii'Mle  of  the  nock,  in  onlcr  that  there 
may  be  sufficient  empty  space  for  efUoieat  agita* 
tion.  Flasks  holding  respectively  1000  e.e.,  flOO 
e.c.,  250  C.C.,  and  1(X»  c.e.,  are  u.sed.  Each  flask 
should  have  two  graduation  marks,  vis.  tho 
eoidaiiUnff  mark,  indicating  the  point  to  whieh 
tho  flask  must  be  filled  in  onlcr  tliat  it  may 
then  contain  the  particular  volume  of  liquid,  and 
the  deftvery  martt  or  point  to  which  the  flask 
must  be  filled  in  order  that  it  may  deliver  the 
given  volume  of  liquid  when  emptied  by  drain- 
ing. A  pipette  is  usually  a  oylindrioal  bulb 
terminating^  at  each  cn<I  in  a  tube,  the  lower 
of  which  is  drawn  out  to  a  jet,  uhiUt  the  end 
of  the  upper  tub<^  is  .s|i'.^)itiy  contracted  SO  that 
it  may  bo  rcailily  closed  by  the  forefinger  and 
the  flow  of  li<|uid  regulate<l  or  stopped  altt»gother. 
Usually  a  pipette  Ma  only  a  delivery  mark,  bat 
occahionally  they  arc  ^raduHte^I  t!iri>ughout  their 
whole  length,  and  then  take  the  form  of  a  some- 
what wide  tube  contracted  to  a  jet  at  the  l>ottom 
and  terminating  in  a  narrower  tube  at  tho  top. 
Tipottes  of  KM)  c.c,  o,e.,  25  cc,  10  c.c,  and  .*» 
c.c.  capacity  are  mo-t  generally  useful.  A  burette 
in  a  lo[\'4  IuIk'  of  uniform  bore,  12  to  15  mm.  in 
diameter,  grail uated  in  cubic  centimetres  and 
tentha  or  fifths.  A  convenient  ca|)acity  is  50  e.c. 
It  is  open  at  the  top  and  contracted  at  tho 
lower  end,  to  which  a  glass  jet  is  attached  by 


Hubntanoe  is  aaeertained,  not  by  separation  and    means  of  a  piece  of  narrow  indiariihln  r  tubing, 
aeigking,  but  by  determining  the  exact  volume  |  This  tubmg  is  nippe<l  by  a  spring  pinchcock, 
reagent  solution  of  known  concentration    which  is  opened  by  the  pressure  of  the  fingers, 


tho  flow  of  liijuid  iM-iiiL'  (luis 


z 


of  a 

required  to  produce  some  particular  reaction, 

seek  as  neatcalisation,  oxidation,  or  prccipita-  regulated.  A  better  plan  is 
tloii.  Tim  tennhiation  of  the  reaction  is  uidi-  to  insert  in  the  indiajmbber 
eateil  liv  >K>mc  end-reaction,  whit-h  is  usually  a  tubing  a  short  ))iece  of  ulafts 
production*  destruction,  or  change  of  oolour,  rod  the  diameter  of  uhich  is 
the  fomiation  of  a  perraaaent  precipitate  or  |  just  snfKeient  to  prevent  the 
the  oessatitni  of  the  formation  of  a  pnscipitate.  Hon  of  liquid  when  the  tub- 
In  determining  tho  strength  of  caustic  soda,  for  j  iug  remains  circular.  If,  however,  the  tubing 
iple,  it  u  ookrand  yellow  witii  nethvl  is  squeeied  out  laterally  by  the  pressure  of 
—  and  a  dilute  sedation  U  aolphurie  aeid  i  the  thumb  and  foie  finger  (Js^.  9)^^  ^han^el^ 


Fi.;.  li. 


200 


ANALYSIS. 


is  made  through  which  the  liquid  can  pass, 
and  by  inoieaaing  or  reducing  the  pressure,  the 
flow  of  liquid  can  be  regukted  to  a  nicety. 
Certain  reagents  act  upon  indiarubber,  and  for 
these  »  hoiette  with  a  glass  gtopoook  i^ould  bo 
ueed.  Thtt  form  is,  in  fact,  the  most  convenient 
for  all  i)uri)ose.s.  The  .st(i[K'oek  inav  ho  prc- 
veated  from  sticking  by  a  little  vaaelioe  or 
pumffin,  and  from  slipping  out  by  a  small  india- 
rubber  ring  passed  over  the  t-ap  and  rouml  the 
burette  tube.  Sometimes  the  tube  carrying  the 
Htopcock  is  not  in  the  same  line  with  the  burette, 
l>ut  is  bent  twice  at  right  angles,  so  that  the 
burette  jet,  although  stiU  rertioal,  is  one  or  two 
inehes  in  advanoe  of  the  bnrefeto  itself.  This 

form  is  useful  when  titrating  hot  liquids,  since 
the  risk  of  heating  the  burette  and  its  contents  ! 
is  redueed.   An  dtemfttive  method  is  to  have  | 
the  top  of  an  ordinary  burette  fiinnel-shAfxifl, 
which  admits  of  the  burette  being  slung  in  a  ; 
stand  by  the  funnel  without  other  support,  so  i 
that  it  can  he  tilted  from  the  vertraal  when 
titrating  hot  solutions. 

W  iu  n  a  burette  is  in  use,  it  is  important  that 
it  should  be  supported  in  a  virtieal  position,  i 
This  can  bu  done  by  uiuaus  of  a  clamp  altached 
to  a  statid  similar  to  a  retort  stand.  A  useful 
and  easily  conHtnicted  burette  stand  is  deaoribed 
in  J.  Amer.  Chem.  «oc.  1906,  27,  1442. 

When  several  diflisfeat  solutions  are  being  nsed 
continually,  it  is  convenient  to  have  the  scries 
of  burettoti  utttushcd  to  a  revolving  stand,  so 
that  eaoh  may  bo  brought  round  to  the  front 
\vhen  required.  Short  test-tuhes  iuvrrted  over 
the  tops  of  burettes  serve  to  keep  out  dust. 

Standard  »olutum$  should  bo  kept  in  well- 
stoppered  bottles  in  a  cool  place  protected  from 
bright  light.    Whcu  many  determinations  of 
the  same  kind  have  to  be  nm<le,  it  is  eonvenient 
to  keep  the  reservoir  of  standard  solution  at- 
tached to  the  bmetto  to  facilitate  the  filling  of 
the  latter.    A  glass  T-pieco  is  introduced  be- 
tween the  graduated  part  of  the  burette  and  the 
stopcock  or  pinchcock,  and  is  attached  by  means 
of  an  indiarubher  tube  to  a  tubulusatthc  bottom  , 
of  the  bottle  which  contains  the  standard  solution 
Mid  stands  on  *  shelf  above  the  bwette.   If  this  | 
Ixjltlo  has  no  tubulus,  a  glas.-^  tube  In-nt  twice  at  ' 
right  aoglesywith  one  limb  reaching  to  the  bottom  ( 
ofthe  txtttle  and  the  other  oonneoted  with  the  I 
l>urette,  is  fitted  into  the  neck  of  the  bottle  by 
means  of  a  cork,  and  is  kept  always  fall,  so  that  i 
it  aots  as  a  siphon.   l%ere  most,  of  coarse,  be  ' 
an  entrance  for  air  as  the  liquid  flows  from  the 
bottle.  The  tlow  of  liq^uid  into  the  burette  is  resu* 
fated  by  a  pinchcock  on  the  indiarubber  tabe. 
If  the  stantlarrl  solution  arts  \iy>ou  indiarnhh*  r. 
all  thvsc  connections  must  be  oonstructod  ot 
glass  tubing.    Burettes  may  now  be  obtained  I 
fitted  with  (h  i  inerand  Friedrich's  three -Avay  taps 
(compare  i?  ig.  12) :  ihvMe  are  readily  comiectcU  to 
reservoirs  and  filled  from  the  bottom.    Filling  , 
the  hurf  lt<-  from  the  bottom  avoids  the  forma- 
tion of  air-bubbles,  but  it  can  also   he  tilled 
from  the  top  if  the  tube  from  tiie  .<tock  l»ttlc  I 
in  lient  slishtly  so  that  the  licpiid  llows  ihnvn 
the  Hide  of  the  burette.    A  cotiveuient  form  of 
apparatus  for  this  nietho<l,  which  is  the  only  one 
:tvail:iMi   with  an  ordinary  tap  Inirefte  ^^■ithout 
u  bide-luhf  iittachment,  in  det<cril/*.d  in  t'lieiu. 
News,  llK)ii,  93,  71.    W  hen  the  standard  solu- 
tion alteta  if  exposed  to  air,  the  surface  of  the  , 


j  Uquid  may  be  covered  with  a  layer  of  i-  tified 
j)araffin  of  moderately  high  bodiqgigpoiut,  or  the 
neck  of  the  bottle  may  he  providecTwith  *  oork 
carrying  a  tul>o  containing  caustic  |^»ota.sli,  or 
!  alkaJiue  pyrogallate,  throu^  which  all  air  cator- 
ing  the  bottle  has  to  pass.  A  still  better  jpUn 
is  to  fill  the  upper  j>art  of  the  biock  bottle 
with  carbon  dioxide,  or,  if  tbo  nature  of  the 
sdntioa  permits,  with  coal  gas,  and  oomiect  it 
by  means  of  a  cork  and  tube  with  a  self-acting 
carbon  dioxide  apparatus  or  the  ordinary  ga<> 
supply.  When  solntkm  is  witiHfanwB,  earfeon 
dioxide  or  coal  gas  enters.  Th''  burette  .shouM 
be  kept  pcrmauently  attached  to  the  rcserroir  as 
ju8tdesoribed,andthe  top  end  of  the  burette  also 
put  into  communication  with  the  inert  gas  .<rupply. 

Qraduaixon  of  the  ingtmmenU. — Accurate 
ealibmtlon  of  the  measaring  vessel  is  of  course 
neceri.'^ary  if  correct  results  arc  to  be  obtained, 
and  it  is  never  advisable  to  trust  the  makers* 
graduations.  AU  the  instruments  should  be 
checked  before  being  taken  into  n^.  Althou;;h 
it  is  sufficient  for  most  purpoiics  if  the  relative 
volumes  of  the  ▼eesds  arc  correct,  they  should 
nevertheless  be  graduated  in  true  cubic  centi 
metres.    With  gas-volunietiic  apparatus  tbia 

f>rocodure  is  easentiaL  If  the  calibration  ia  per- 
ormed  at  a  tompcraturo  of  18**  20",  variations 
from  the  true  volume  resulting  from  ihe  ex- 
pansion of  the  glass  are  so  small  for  the  intccmis 
of  tfniyx  rntiiro  through  which  the  laboratory  is 
liiiciy  To  vary,  that  they  may  be  neglected. 

The  vessels  are  cheoiced  by  ascertaining  the 
weight  of  distilled  water  at  a  known  temperature 
which  they  will  contain  or  deliver  as  the  case 
may  be.  A  largo  beaker  of  distilled  water  is 
placed  in  the  bjuanee  room,  and  left  for  some 
hours  till  its  tempcraturo  has  become  constant. 
The  vessels  to  oe  calibrate*!  are  thoroughly 
cleansed  by  succcesivo  treatments  wiUi  ooncan* 
tratod  caustic  potash,  distilled  water,  and  a  wnno 
solution  of  chromic  acid  in  concent ratrd  sul- 
phuric acid,  and  then  rinsed  well  i»-ith  di^ttilled 
water.  The  flasks  are  then  dried.  A  namw 
strip  of  paper  is  attached  vertically  to  thr  ne<  k 
of  the  litre  flask  near  the  mark,  the  flask  phkccd 
on  one  pan  of  a  largo  balanoe  capable  of  re- 
sponding to  0-05  gram,  and  counttr{>oi>e<l. 
Weights  corresponding  with  the  weight  of  waicr 
vAiwn  at  the  temperatare  of  the  supply  in  use 
u  ill  occupy  1000c. c,  are  tin  ii  |>lace<l  in  ihc  pan  ; 
the  flask  is  fiUed  nearly  to  the  mark  with  water, 
and  water  is  gradnaUy  added  until  flask  and 
weights  are  in  equilibrium.  Any  water  ad> 
hering  to  the  insioe  of  the  neck  of  the  flask 
above  the  niailc  must  be  removed  by  means  of 
filt<;r  paper.  If  the  mark  on  the  luik  of  {'•>■ 
flask  is  tnus  found  to  be  in  error,  a  i«^-ucil  mask 
is  made  on  the  strip  of  paper  at  the  point  corrc* 
s|)onding  with  the  lower  edge  of  the  nu-nis-eus, 
the  glass  above  and  below  is  evenly  coated  w  ith 
a  thin  film  of  wax,  and  •  horiaoBtal  ring  is 
scratched  through  by  means  of  a  needle  pre- 
cisely on  a  level  with  tbo  pencil  mark.  Tbt' 
ring  is  covered  with  a  small  niece  of  filter  pajier, 
whii  li  is  moistened  with  hydrolhioric  acid,  care 
Ix^ing  t^keu  to  remove  air-bubbles.  .iVftor  a 
few  minutes  the  wrid  is  waj^beil  oil  and  the  w  ax 
n-moved,  when  a  now  mark  will  be  found  etched 
into  the  glass. 

In    calibrating    vohuMB   by  determining 
weights  of  water,  it  is  necessary  to  reduce  the 
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veight  to  vacuum  standard,  and  ihon  divide 
the  result  by  the  denBity  of  the  w»teir  in  order 
to  obtain  accurately  the  volume  in  true  cubic 
centimebres.  This  calculation  can  be  avoided 
by  wiaknig  uw  of  the  following  table  is — 
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1000 


to  obtaitt  tile  appurent  weight  (in  air,  when 

oTl€ 


sight!  ate  employed )  of  101)0  CO.  oif  water 

at  the  l^-mperatur*'  /.  r  <  \  ucjtli  ,  it  18*  the 
apparent  weight  of  1000  c.c.  in  1000  —  2-43  = 
99f *57  grama. 

The  litre  flask  hri\  in«  boon  gradu'iti  d  to 
contain,  it  should  uuw  L»o  graduated  to  deliver. 
The  full  flask  is  carefolly  emptied  aod  aJlcmed 
t"  lirain  for  a  drfinite  time — say  thiriv  Frconda 
— again  counterpoised  with,  the  water  adhering 
to  the  inside!,  tmd.  again  fdtod  with  a  further 
I'XX)  c.c.  of  water  in  the  manner  previously 
deacribcd.  The  other  iiosks  are  graduated  in 
the  same  way,  snbtracting  only  \x  from  600 
prani.>i  in  the  ease  of  the  500  c.u.  flnsk,  Jj-  from 
250 jnams  for  the  250  v.c.  flask  and  so  on. 

The  quantity  of  liquid  which  a  pipette  will 
iWirer  (k'j>t'nila  to  gome  extent  on  tho  manner 
in  which  it  is  eujptied.  A  smnli  (juantity  of 
liquid  always  remains  in  the  jet,  and  this  should 
not  be  !>lo\Mi  out.  Tlie  l>ost  j)ian  is  to  allow 
the  pipttt«>  to  L  iiipty  itself  whilst  hukl  vertically, 
•ad  then  to  let  it  drain  for  twenty  seconds  with 
the  point  of  the  pipette  just  touching  the  side 
of  the  receiving  vessel ;  but  the  method  of 
eiD|il^yiiig  epidoyod  in  the  oalibntion  mtist  be 
adheied  to  in  its  subsequent  use. 

To  test  the  accuracy  with  which  a  pipette 
has  been  graduated,  it  is  filled  to'  the  mark 
with  distilkd  water  at  an  observed  tempera, 
tars,  the  eontente  delivered  into  a  light,  tared, 
ttop[nTL^l  lla.sk,  and  accurately  weighed.  The 
(iperatioa  is  mwated  several  times,  and  from 
the  mean  lenlt  the  true  Tdume  is  calculated 
by  tting  the  table  pieTioady  given ;  for  H  is 

deerthatl<~      denotes  the  appmat  wvig^t  of 

Is^of  watcratl*,orl+ j^eqoabthe  volnme 

»t  I*  rK(  upicd  by  1  gram  of  water  weighed  in 
air  with  Ivass  weights.  11  the  mor  in  gnulua* 
tion  is  greater  than  can  be  allowed,  another 

mark  must  be  made  ;  its  jMisltiim  may  bo  found 
bv  repeated  triala,  a  a^p  of  paper  being  psste<l 
sloDi;  the  stem,  and  the  Tolumes  corresponding 

1'  \.irii«ijs  jK  iuil  nnirk.-^  iM  in^  fonml  as  al><>\c. 
ihe  new  mark  is  then  etched  in  with  hydro* 


A  convenient  raetho<l  for  directly  calibrating 
pipettes  i.s  described  by  Thorpe  (QaaatitatiTe 

Analysis).  Tlif  piywtte  w  hus- 
pended  from  one  arm  of  a 
belanee  by  means  of  a  clip, 
so  as  to  hang  jjerpendicularly 
and  imas  through  a  hole  in  the 
bottom  of  the  balance  case  or 
of  a  s]  ><■(  iall y  constructed  table. 
A  suitable  clip  (Fig.  10)  con- 
sists  of  a  stout  orass  wire  frame 
carrying  two  clips  of  sheet 
brass  clo.scd  by  sliding  collars. 
The  upper  end  of  the  piiiettu 
is  passed  through  the  lower 
clip  and  connected  by  caout- 
chouc tubing  with  a  glafw  stop- 
cock fixed  in  the  upper  clip. 
The  other  end  of  the  stopcock 
is  provided  with  a  i)iece  of 
caoutchouc  tubing,  to  which  a  ^iecc  of  thcrmo* 
meter  tube  or  a  piece  of  wider  glass  tube 
can  Ijc  att.a<  hr  i!.    The  wider  glass  tube,  which 
serves  an  a  mouthpiece,  in  iin»t  attached  to 
the  Hto]Koek,  and  the  pi|»ctte  is  fllled  with 
I  water  to  :i  short  di«tan< c  above  the  mark,  an<l 
thou  emptied  by  the  method  to  be  adopted 
in  its  subsequent  use.    It  is  then  counter* 
poised  on  the  balam  <■  \\  il  h  the  adhering;  water 
inside,  the  wide  tube  ix-iug  replaced  by  the 
thermometer  tube,  and  tho  requisite  weights 
placed  on  the  other  iwn.    The  pijx^tto  is  agaul 
nllod  to  a  short  distance  al)ovu  the  mark ;  the 
tliermometer  tube,  whieh  is  rlrawn  out  at  one 
end,  Ls  attached  nijaiu,  and  the  stopcock  is 
opened.     Water  drops  very  slowly  from  the 
end  of  the  pipette,  and  it 
cnn  be  am^sted  the  moment 
tho  balance  is   in  equili- 
brium.    Tho  level  of  the 
water  is  marked  on  a  piece 
of   paiMjr  guiiiuicd   lo  tho 
pilKlte,  and  a  new  rins 
etched    with  hydrofluoric 
acid. 

Tho  burette  is  ino.st 
simply  (alilirafed  by  the 
method  due  to  Uhtwald  with 
the  help  of  a  small  pipotto 
of  about  2  c.c.  capacity, 
attached  tt>  the  burette  as 
indicated  in  Fij?.  11.  The 
burette  and  |»ii)ettc  are  filled 
with  water  to  the  7X'ro  mark 
and  tho  mark  a  re.s|K'c- 
tively,  taking  care  to  leave 
no  air  bubbles  in  tho  tulM  s. 
The  clip  1  (or  the  tap  of  the  { 
burette)  is  ofiened  and  \vat<-r 
allowed  to  run  from  the 
burette  into  tht;  itijM  tte  till 
tho  level  b  is  reached.  The 
burette  reading;  in  then  no- 
te<l,and  the  pi|H'tte  emptied 
to  mark  n.  'I  'm  >  o|KTatious 
of  filling  th'  :  ,  'te.  taking 

a  burette  rca  im.',  atid  then  ciupt  \  Iml;  the  pii)ctte, 
are  reiRated  to  the  full  extent  of  the  burette  read- 
ings. Suppose,  for  example,  that  after  twenty* 
f-Mir  ii'liii-  1 1,.  l.-ir-ttr  re  idin-  U  10- 10  c  .  Tito 
burette  is  now  retillcd,  and  exactly  thu?  amoimt 
of  distilled  water  is  run  out  into  a  tarf$fJ^|^)4(|^;|fiG 
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weighed,  asin^  all  tho  precautions  that  would 
be  obaerved  in  an  actiml  titnition.  Frotii  the 
table  already  given  the  true  volume  of  this 
water  is  calculated .  Suppose  this  to  be  49-44  c.c. 
Then  the  volume  of  the  calibrating  pipette  must 

bf  =  2-i)i'A)  c,e.    'Ilu-  (lifTprences  Ijctwecn 

the  Huccesftivo  burette  readings  and  the  auo- 
oewivo  numbers  2  06, 4<12, 6*18 . . .  pve  «t  once 

tho  burrtfp  nrrors  at  those  intrr- 
vals,  duo  regard  being  paid  to  tho 
sign  of  tho  diiTeronM.  In  the  ex- 
ample qudtfd,  the  correction  to 
be  applied  fur  50  c.o.  is  obviously 
—0-05  c.c.  (set  J.  Amer.  CShem. 
Soc.  1900,  22.  149;  and  for  a 
moditicatiou  of  above,  J.  Amer. 
Chem.  Soc.  I'.Kii,  23,  484). 

A  better  (losi^^'n  for  a  calibra- 
ting piiiettc  i^  i^hown  in  Fig.  12, 
which  alno  illustrates  tho  Qreiner 
and  Frio!  rich  throe- wny  tap 
(Monseand  HIalock,  Amer.  (  hem. 
J.  1894,  1%  479). 

The  gas  bun'trs  il'  fribed 
under  Ous  annhim.^  mus  Im-  cali- 
brated in  much  the  same  \%'ay^as 
an  ordinary  bun  Ur,  l>y  filling 
with  water  or  iacri:ury,  drawing 
oflf  aliquot  portions  and  weighing 
them,  the  temperature  of  tho 
liquid  lx»ing  noted  and  the  appro- 
priate correction  ma<le  for .  x|i;ia. 
aion.  Any  error  thus  dtu^cu^d 
mnst  be  tisod  as  a  correction  in 
■ulj**f(|utnt  readings. 

Utandard  wUuioM.  —  The^ 
fonn  the  baait  oi  all  volumetric 
Murk,  ami  great  care  should  be 
exercised  in  their  prefMuation. 
When  ft  aoltttioa  h  nued  otdf  for  the  estinwtioa 
of  one  sulistancf,  it  may  l>e  conv iiiiciit  to 
adjust  iiu  strength  so  that  each  c.c.  is  equiva- 
lent to  some  simple  and  definite  quantity  of 
the  substance,  say  Onl  -r  iTii;  but  tor  ;;<  mral 

Eurposes  the  so-called  itifrmal  aolutioiu  should 
B  employed.  A  normal  tchUum.  contains  in 
J<)fM)  r.c.  the  cquivah^nt  in  pnun^i  of  th« 
active  substance.  A  solution  of  onc-t4;uth  thi.s 
strength  is  termed  ft  deetnormol  eolution,  ftml 
one  of  n  httndn  tlth  a  crntinortnal  solution. 
Thus  H,  normal  wilution  of  sulphurie  acid  oon- 
tfttns  49-04  grams  of  renl  acid  per  Utre,  ft  deoN 
normal  solution  of  iodine  contains  12  69  vjrams 
of  iodine  per  litre,  and  each  litre  of «  deciuormal 
solution  of  potassium  permaagftnftte  oontftins 
0-8  gram  of  active  oxy<jren. 

Standard  solutions  are  ustially  made  up  ap- 
prozimfttely  normal  or  deoinormal  as  the  oaae 
may  lie,  and  afterwards  accurately  standardised 
by  titration  against  a  weighed  amount  of  some 
pure  compound.  If  the  ii^ntiott  has  been  pur- 
posely made  rathi  r  ton  <  "HP"!itrate<l,  it  may 
then  be  nuitably  diluted  until  t  xactly  normal 
or  decinormal.  »Since  accurate  adjustment  by 
dilution  i.s  diflicult  to  effect,  and  in  ( <  rtain  <  ,k><*s 
inaflviMnble,  it  is  UMually  l>etter  to  avoid  tlu; 
pro<  <  ;<s  and  deU*rmine  a  /rietor  by  whieh  reftdings 
must  be  multiplied  in  onler  to  convert  them  into 
equivalent  readings  of  a  nftrnml  (tr  cleeinormal 
holuti(jn.  For  example,  if  1  c.c.  of  |»otaHsium 
permanganate  solution  is  found  to  bo  Oftpftble 


of  oxidiafatg  D'OOMSO  grams  of  iron,  then  since 
the  corresponding  flguro  for  a  decinormal  solu- 


tion  is  0'0055R5,  the  ])crmanp;anate  is  f**^'  or 

1008  times  decinormal,  and  when  using  it  to 
estimate  »  mbatftnee  of  oquiTslent  ae^  enob  as. 

of  penmuDgftnftte  will  oxidise  x  l-OO® 

grams  of  substanrc.  When  only  one  or  two 
litres  of  a  standard  solution  are  required,  and 
the  pure  reagent  is  at  hand,  the  exact  quantity 
may  be  weigned  out  and  diluted  to  the  appro- 
priate volume ;  e.g.  solutions  of  silver  nitrate  and 
potassium  dichromate  may  be  thtis  prepared. 

Jflauurenunis.—'Jn  measuring  out  solutions, 
Ac,  the  vessels  must  be  perfectly  dr>%  \\httb  i- 
inconvenient,  or  must  be  well  drained  an«l  then 
rinsed  out  with  ft  small  quantity  of  the  sola- 
tion  to  be  meenired,  which  is  silowed  to  ran 
away. 

To  road  correetly  the  level  of  the  liquid  in  a 

burette?  or  pifx'tte  requires  certain  jiroeautions. 
In  the  tir»tt  piaoe,  tiic  instrument  niu.st  be  held  in 
a  vertioftl  position.  Oniittftry  liuui<U  form  • 
concave  sunace,  or  meni««ctjs,  ami  the  reading 
should  always  be  taken  from  the  lowest  point  of 
this  curve,  except  in  the  case  of  very  dark- 
coloured  solutions,  when  the  upper  line  of  the 
surface  must  be  taken.  The  meniscus  must  be 
properly  illuminated,  and  on  a  level  with  the 
eye,  in  order  to  avoid  parallax.  The  best 
method  of  avoiding  this  error  is  by  the  vne  of 
a  burvtto  having  tho  graduation  marks  carne«l 
lialf>wfty  round  the  tube.  In  default  oC  such 
a  boretle,  use  may  bo  mftde  ftoeordins  to  Mohr 
of  a  piece  of  card  one-half  of  which  is  black 
and  uie  other  half  white.  This  is  Attached  to 
the  burette  by  nn  indismbber  Hng,  and  is  nd' 
justed  so  that  the  horiiontal  oili;*'  of  the  blai  k 
half,  which  is  lowest,  is  2  to  3  mm.,  but  nai 
moftt  below  the  menisoas.  The  lower  edge  of 
the  curve  thfti  apiK-ars  black  a</ain.Kt  the  vbite 
baoluround.  If  tno  card  is  too  low,  the  reading 
will  be  slightly  too  high.  The  little  damp  ana 
screen  dcsiiiucd  by  Uockfl  nrf  halted  on  the 
same  principle.  Some  burx-U<*.  are  provided  at 
the  back  with  a  dark  vertioal  line  on  a  milk 
nli»<!S  backgrouml.  When  the  eye  is  on  a  1«  v« ! 
H  tlh  the  lx»ttom  of  the  mcnisoua,  the  dark  line 
appears  to  be  drawn  out  to  two  fine  points 
which  just  touch  one  another.  By  means  of 
these  devices  accurate  readings  can  t<asiiy  b« 
tiJcen  even  without  using  ft  buiette  float. 

In  addition  to  the  i  rror  iti  i  1  r  t  to  all 
analytical  processes,  another  error  arises  in 
Tohinietrio  analysis,  owing  to  Tariations  in  the 
Corn  irifr:ii  ions  of  the  SMli;*i<in8  due  to  changes 
of  teuHicrature.  In  the  case  of  ^/lOHK^utiuns 
this  amots  the  results  to  the  extent  of  0-1  p.c. 
for  each  5*  variation  iri  temjierature. 
concentrated  solutions,  especially  those  of  the 
acids  and  alkalis,  the  error  is  greater.  The 
coeflicionts  of  expansion  of  certain  stnndanl 
solutions  have  been  determined  by  A.  ik'hulze 
(Zeitsch.  anal.  Chem.  21,  167). 

Errors  due  to  changes  of  temperature  mny  l«r 
eliminated  by  weighing  the  solutions  instead  of 
measuring  them.  The  liquid  is  contained  in  s 
licht  ^lass  bottle,  with  a  long  jet  dike  neck,  and 
a  tubuliis  at  the  shoulder  which  can  be  closcl 
by  tho  linger,  atui  the  flow  of  liquid  thus  rvgu- 

Iftted.  The  bottle  is  weighed,  the  solutiuti 
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poured  gnulually  from  it  until  tho  reaction  is 
c  'niplftv,  and  the  l>ottle  again  weighed.  The 
dtfiercnce  between  ibo  two  weighings  gives  the 
qnantiiy  of  Bolntkm  used.  Convenient  we-ight 
burettes  are  descrilx^l  in  Chcm.  News,  1877, 
35,        J.  Amec.  Oiein.  Soo,  1808.  30,  31. 

Yohmie^rio  motliodB  may  be  broadly  claasi- 
^1  as  r.  Methods  of  Saturation  ;  II.  Methods 
otuxjdation  aod  Reductkm ;  III.  Metbcxla  of 
IVecipitation ;  and  enmples  of  the  two  latter 
tvpra  of  prcKi'S-sc-s  arc  inclicaf^-d  ImIow.  (For 
nit-thixls  of  Batoration,  v.  Acwuuctby  asv 

ALKALmiTBY.) 

In  tho  following'  section  tin-  inithiKl.s  for 
preparing  and  standardising  tho  more  com- 
nmnlj  employed  solutioiu  are  firit  deeeribed, 
followetl  by  details  of  tho  various  \  ohuiK-lrif 
etOimatioas  for  which  these  eolations  may  Im? 
eonvenientljr  employed,  alphAbeiioaUy  ainanged 
Qnder  the  nanea  of  tbe  demeate  tbat  are 
determined. 

pRSPAKATioir  oir  SraxoAKD  SoLvnoira. 

PotoAsiutn  permawjatutte. 
Employed  aa  an  ozidtsing  ^ent,  usual  I  v  in 
dilute  eolphnrie  aokl  acdotton,  when  tho  i>cr- 
mangaaafee  deeompoaea  accovding  to  tbo  equa- 
tion: 

IKMnOj-j-SH^O. 

»K,SO«+21liiSO«+3H,0+60. 

Til.  oxidation  of  ferrous  sulphate,  for  ex- 
ample, lis  repre?iented  in  t  ho  following  »"*^"'i«t  ; — 

2KllnO, -i- lOFoSO, + 8H-SO4 

-  K,8O4+2IIiiSO,+6Fe,(S04),-|-8H,0 

and  of  oxalic  acid  thus  : 

«  KiS044-2Mn.S04-i-8U,O-t-llKX),. 
In  ocder  to  laoilitatc  oaloulatkNi*  theee  onda - 

tions  are  convcnifntly  oxprossod  as  a  trans- 
lereooe  of  oxygen  1  roni  one  uxido  to  another,  e.g. : 

10FeO  +  Mu,0,  =  5Ke,0,+2MaO. 

Tbe  ntilitv  of  permanganate  eolation  dc- 

fxnd.s  upon  thr  facts  thai  .sueh  oxidation  j)ro- 
ce^«eti  are  lumaUy  quite  easy  to  efiect,  the  end- 
pomt  being  iwidily  indicated  by  the  eolation 
•f-quinng  a  faint  fKrnmnciit  pink  tinge,  due  to 
tiie  prtssNioe  of  a  slight  exceaa  of  permanganate, 
vhieh  thna  aete  aa  ita  own  indicator.  Oxida- 
tion uynally  proceeds  rapidly  at  tho  onlinary 
t«mp(.rature,  but  solutions  of  oxalic  acid  must 
be  beatetl  to  60*-^.  It  is  most  eaeential  that 
*  considerable  excess  of  sulphurir  acid  should 
bepreaent  {alK>ut  5  c.c.  of  concentrated aoid  per 
100  ove.  of  solution),  since  otberwiee  tbe  a^atum 
becomes  turbid  owinjr  to  the  srparation  of 
manganese  dioxide,  and  the  deteruiination  is 
''poilt.  The  presence  of  hydrochloric  acid  in 
the  solution  nhouM  he  avoided,  if  possible,  since 
it  reacts  w  ith  the  |»eriaaiiganate  viuder  certain 
Circumstances,  particularly  in  the  presence  of 
icon  Halts.  The  error  that  thus  an.-w-s  can  bo 
ledooed  to  a  negligible  aiiiount  by  adding 
manganese  sulphate  to  the  solution,  and  titrating 
Tety  alowly  {tee  Iron,  p.  211). 

Prtpamtion  and  titration  oj  the  solution. — A 
decinorma)  solution  containing  3*16  gmms  of 
the-  lialt  per  htre  of  solution  is  most  convoniont 
f^>r  genial  oae  ;  it  is  most  readily  prepared  by 
goading  tl»  eoiid  topentedly  witb  anuJl  ainountB 


of  distilled  water  in  a  mortar  and  decanting  the 
solution  into  the  stoclc  bottle.  After  a  iliiy  or 
two,  tho  solution  is  filt'Crcd  through  asbestos, 
and  standardised.  If  kept  away  from  direct 
sunlight,  reducing  gases  and  dust,  it  retains  ita 
titre  for  a  lotig  time ;  ittt  spontaneous  decom- 
position is  largely  augmented  by  the  presence 
of  solid  dioxide,  whieh  explains  the  necessity 
for  tho  filtration  through  aaoestaa  (Amer.  Chem. 
J.  1896,  18.  401). 

The  sohitioi»  is  best  standardised  against 
electrolytic  iron«  auhydroua  aodiuju  oxalate,  or 
by  the  iodimetrio  method  of  Volhard,  nring  a 
thiosulphate  solution  uliieh  has  he<"n  recently 
titrated  against  puro  iodine.  (For  the  latter 
method,  see  Thiontlphate  wlMtion,  and  for  the 
first,  which  requiren  a  somewhat  complicate 
appamtua,  consult  Tread  well- Uall,  vol.  2,  81.) 

TUraUon  6y  aoeliwm  oaenhte. — ^Thia  method 
was  proposed  by  Sdren.sen,  and  its  accuracy 
has  been  fully  established  by  various  other 
obemista  (Zeitaob.  «igew.  Cfiem.  1002,  16» 
124  t  :  in04.  17.  230  and  269;  1905,  18,  1520). 
Tiie  puro  oxalate,  prepared  by  Kahlbaum  accord- 
ing to  tSorensen^s  direotions,  abouM  he  dried  at 
iOO*  fur  a  feu  hour-  1.  fnrf  -ne. 

Throe  or  four  portions  of  the  oxalatt;,  t^h 
weighing  about  0-25-0-30  grams,  are  dissolved 
in  an  excess  of  dilute  sulphuric  acid  ;  tho  solu- 
tions are  warmed  to  (jO^-mo",  and  titrat^'d  with 
the  permanganate  solution  until  a  faint,  per* 
mauont  pinx  eolouration  is  obtained.  From 
tho  relation  2Na,(j|04  =3  tho  value  of  the 
permanganate  solation  la  calculated  for  eaob 
titration,  and  tho  mean  of  the  oonoordant 
results  adopted  as  the  true  value. 

Ifany  other  methoda  for  standardising  per* 
mancranate  have  been  proposed,  e.g.  titration 
against  crystalline  oxalic  acid  H/J,04,2H,0, 
ammoniutn  oxalate  (NH4)jO,04,HtO,  ferrous 
sulphate  Fc«04,7H.(),  Mohr's  salt  Fc80,. 
(NH4),SO<,6HjO,  &c.,  which  altliough  at  times 
ooavanient,  are  less  accurate  than  toe  methods 
given.  Standanlisation  against  iron  wire  is  not 
to  be  recommended,  since  the  small  quantities 
of  oxidLnablc  impurities  present  consume  more 
]x>rman^anato  than  would  bo  re<iuired  by  their 
own  weight  of  iron,  and  tho  error  is  augmented 
l>v  making  allowance  fur  tho  actual  inm  contetit 
of  the  wire  (Zeitsclu  anal.  Chem.  1903, 42,  359  ; 
Zoitsch.  angew.  Chem.  1901,  14,  1233;  also 
Treadwell-llall,  I.e.). 

It  is  usual  to  express  the  concentration  of  a 
permanganate  soiutioa  in  terms  of  the  amount 
of  ;  1  it  can  oxidise;  thus  1  CO*  of  Jf/10« 
l!LMnU4  =  0-005586  gram  1' o. 

Potassium  dichromaic. 
A  solutiou  of  this  reagent  may  replaco 
permanganate  in  tbe  titration  of  femras  salts, 

uith  the  advantage  tlrii  can  be  used  in  the 
presence  of  either  hydruuhiurio  or  sulphuric  acid. 
An  excess  of  free  acid  is  essential,  the  oxidation 
of  ferrous  cldoride,  for  examide,  proceeding 

according  to  the  equation  : 

K,C'r-0,+6FeCl,4-  HUCl 

2KCl+2CrCI,-f6Fea,+7H.O 

which  is  eieentially : 

2CK),+6FeO  »  Cr,0,+3Fe,0,. 

A  decinocmal  sdutUm  obtained  ^^l^ff^J^^^^^ 
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^* Ijo'^*  =  4'908  grams  of  the  pure  dry  re- 

crystallised  salt  in  diHtilled  water  and  diluting 
the  Bolution  to  1  litre,  requires  no  further 
standArdiMtion.  A  stook  solution  of  approxi- 
niftle  strength  mvy  be  standardised  against 
<  \  i  r,il  \, (  ijj^licd  umounts  (1-0-1 -4  prani.s)  of 
pure  ierroiLs  ammouium  sulphate  by  a  siiuilar 
prooednre  to  that  deooribed  xmdm  the  standMtii- 
sation  of  iKTinaiiL  in  it  -  hy  so<.Iiuin  oxalaU'.  The 
titrations,  however,  are  made  in  cold  solution, 
and  the  dtlnte  milphiirio  ao«9  tuwd  should  be 
gently  hoilod  for  half  an  hour  to  cxjh'I  dis- 
solved air,  and  cooled  rapidly  iust  before  use. 
Sinoe  the  green  oohrar  of  the  omromio  salt  pro- 
vont«  the  excess  of  diclironiato  from  being  seen, 
an  external  indicator  is  necessary.  Ihovt  ot  a 
iOvIe  solntioo  of  potaasinm  f«me3raiiiae,  free 
from  ferrocyanide,  nro  |)lact'(l  oii  a  white  plafe, 
and  from  time  to  time  the  end  of  a  glass  rod, 
previously  dipped  in  the  titrating  flask,  is 
nrouplit  into  contact  with  a  drop  of  the  ferri- 
c\  ar)i(l(-.  As  long  aa  any  ferrous  salt  remains  a 
blue  precipitate  is  produced;  the  approach 
tlio  end  is  indicated  by  the  decrease  in  intensity 
uf  the  blue  colourntion,  and  when  very  near 
the  end  about  thirty  s(  ( imds  should  be  allowod 
for  the  colour  to  develop.  Thn  cnd-jwint  is 
reached  when  the  blup  eolour  ceajji's  U>  appear. 
The  ferrtcyaoide  solut  [  hould  bo  prepued 
only  when  required  l»y  dist^olving  in  water  a 
crystal  of  the  saJt  which  hm  been  rinsefl  to  remove 
superficial  ferrocyanide  :  the  yellow  colour  of 
the  drops  on  the  white  plate  should  bo  barely 
vii<ible  ;  if  the  fcrricyanide  is  too  concentrated, 
the  hltie  colouration  changes  through  TOlious 
•hades  of  green  into  a  brown  tint. 

Iodine,  Sodium  thiotvipkale,  and  Sodium  anenite. 

Decinornial  solutions  of  these  reagents  are 
frequently  used  in  conjunction  with  one  another. 
The  reaction  between  iodine  and  sodium  tIiio> 
sulphate  is'  essentially : 

2Na,S,0,,  I  I,  -  NajS^O,  i  iIXul 

although  under  certain  circunustauceb  oxidation 
to  tsulphste  proceeds  to  a  small  extent,  even  at 
the  ordinary  tom|)eraturc  (Picki  rintr ).  ^^'ln•n 
utfiu^  duciuurnial  solutions  the  tnti-point  us 
readily  indicated  by  the  appearance  or  dis> 
appearance  of  the  yellow  colour  of  the  iodine, 
provided  the  solution  undcrgoinf^  titration  is 
not  unduly  diluted  and  is  otherwise  colourless. 
The  production  of  a  bhit-  colour  \vhen  free 
ioilino  and  starch  solution  are  brought  together 
is,  however,  much  more  seuaitivei,  and  ifl  the 
method  usually  employed  in  asoertaining  the 
end-point. 

Prejmration  of  starch  solution, — About  1  gram 
of  powdered  starch  is  rubl>ed  into  a  past«  ^nth 
a  kttteoold  water,  and  slowly  added  to  200  c.c.  of 
boiling  water,  the  boiling  is  continued  for  two 
or  three  minutee,  the  solution  cooled,  and  after 
some  hours  the  clear  liquid  is  decanted.  The 
solution  will  only  !<<■<■})  for  one  or  two  days, 
unlew  sterilised,  when  it  is  conveniently  pre* 
served  in  small  bottles,  complet<'ly  filled  and 
I  Im  (  d  by  soft  rulilx  r  .^topfK-rri;  it  will  then 
keep  indeliuitely.  Starch  paste  prepared  from 
Gastine's  formula  (5  grams  starch,  OOl  gram 
mercuric  io  li^lr,  and  I  litre  w  tt.  r)  retains  it,s 
sensitiveness  for  a  long  time.    Addition  of  1  c.c. 


of  oil  of  cassia  to  a  litre  of  starch  liquor  it  abo 
recommeaded  as  a  preeervative. 

Seng&iven^  of  the  iodinc-Harch  reaction. — 
This  depends  upon  several  circumstances.  It 
is  ncc<^8aiy  to  work  with  cold  solutions,  pre* 
ferably  neutral  or  slightly  acid ;  the  prese«ioe 
of  jiiincral  acid  in  high  concentration  greatly 
impairs  the  aensitivencsa  of  the  reactitm,  since 
it  hyaiuiysoe  the  starch.  It  is  eesential  tiiat 
a  soluble  iodide  should  bo  present  (usually  this 
is  potassium  iodide)  in  moderate  amount ;  the 
best  eonoentration  of  potasrinra  iodide  to 
employ  almif  Y '1  "KJ,  since  tli'  naitivont-.-vs  of 
the  reaction  then  reaches  a  maximum  {see.  Zeitsch. 
anaL  Chem.  1902,  41,  486 ;  Amer.  J.  Soi.  1900, 
[iv.]  10,  151 ;  J.  Amer.  Chem.  Soo.  1909,  31, 
1038}. 

Good  ataioh  solntfon  first  yialda  •  pfak 

colouration  with  iodine,  which  more  iodine 
develops  into  the  blue  colour;  starch  wfaidk 
])roduce8  green  tints  riioold  be  rejected  (J.  Amer. 
Chem.  Soe.  1908,  ^^0,  31).  It  frequently  happens 
in  titrating  atseuiuus  and  antimonious  oxides 
with  iodine  tiiat  various  tints  of  red  make  their 
a|)])f  irfinco  inatnad  of  the  usual  blue  coloura- 
tion. Thiii  is  dne  to  impurity  in  the  starch  :  in 
such  a  case  one  or  two  grams  of  potassium  iodide 
arc  ad<led,  the  end -point  being  ascert«ined  from 
the  development  of  the  yellow  colour  of  the  iodine, 
and  then  confirmed  by  the  vtansh  (Amer.  J.  Bet 
1902.  [41  13.  370). 

For  tne  todhu:  Kuluiion  25  gram^  of  {mta?v-iuni 
iodida  are  dissolved  in  a  little  water,  12  7  i:rauia 
of  commercial  iodine  added,  and  the  niixtur'- 
shaken  till  the  iodine  has  diisiiolved  ;  iho  £>ulu- 
tion  is  then  filtered  through  asbestos  and 
diluted  to  1  litre.  It  shoidd  bo  kept  in  the 
dark,  and  protected  from  dust.  For  the  thto- 
sulphate  solution  the  crystalline  salt  Na^Og, 
5H,()  is  liissolvcd  in  di^ille<l  wat4*r,  using 
25  grains  per  litre,  and  the  solution  kept  away 
frctin  direct  sunlifzht  for  two  weeks  before  it  is 
standanluted.  It  then  retairm  it«  titre  for 
months.  For  the  sodium  arscnite,  4-94H  grams  of 
resublimod  arsenious  oxide  are  dissolved  in  a 
little  warm  sodium  hydroxide  free  from  iron, 
the  solution  rinsed  into  a  litre  flask,  and  made 
ju.nt  acid  to  i)hcnolphthalem  with  dilute  sul- 
phuric acid.  A  filtered  solution  of  HO  gnuns  of 
sodium  bicarbonate  in  600  e.e.  of  water  w  added, 
and  if  the  mixture  reacts  alkaline  to  the  phenol- 
phthaiein,  sulphuric  aoid  added  till  the  piuk 
colour  disa]>pear8.  This  solution,  when  minted 
to  1  litre  anil  thoroui;hly  mixed,  i.-  strictly  deci- 
nor  null,  and  keeps  indefinitely.  A  measured 
quantityof  the  JV/10-aTsakite8(HutioniadeiUTet«d 
into  an  Erlenraeycr  flask,  and  tVie  iodine  solu- 
tion run  in  from  the  burette  until  present  in 
slight  exoesB,  starch  paste  being  adaisd  nenriy 
at  tlie  finish  of  the  titration  (see  TsmarkB  on 
starch  above).    The  reaction 

As,0,+2I,-i-2HjO  ^  iVsjO^-f  4HI 

proceeds  to  eomnletion  in  the  sense  of  the  nppsr 

arrow  in  neutral  solution,  a  condition  secure*! 
by  the  presence  of  the  bicarbonate,  which 
neutral  nee  the  hydriodio  aoid  prodneed.  Sinee 

thr  solution  should  !«■  sjituralnl  witli  fftr'-?ii 
diuxitle,  it  is  advisable  to  stopper  the  £Uuk 
except  when  aetnallv  introduemg  the  iodine 

(J.  Ami  r,  riiem.  So.-.*i!M)S.  no.  :in. 

The  iodine  being  standardised,  the  ihui 
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sulpliaU:  cat\  be  direolly  titrated  agauut  it, 
preferably  by  running  tbe  iodine  into  ft  nMMVred 
rolnme  of  thioaulphate. 

Many  alternative  methods  have  been  pro* 
posed  for  standardising  iodine  and  thiosulphate 
solutions.  The  latter  may  be  titrated  against 
pure  iodine :  0-5  gram  of  pure  iodine  and  0*1  gram 
of  potassium  iodide  are  powdered  and  mixed 
t<^ther  in  a  porcelain  djah,  and  heated  on  a 
tand-bath  till  vapour  is  copiously  evolved  ;  the 
dish  is  then  co\  ^  i  ^  >\  with  a  dry  wnt<'li-j;la.s8,  and 
tbe  greater  part  oi  the  iodine  sublimed  on  to  it. 
The  waich-glMe  is  eoyered  wifh  •  eeeond  aeon- 
rately  fiftiiij;  glass  and  the  whole  weighed,  the 
veiglit  ol  the  glasses  having  been  previoiiflly 
found.  wliole  is  gently  placed  io  a  tolntioa 
of  1  'jjHm  of  y)Otasiijuni  iodide  in  lOr.c.  of  water, 
and  after  a  few  seconds  the  solution  is  diluted 
to  100  c.e.  and  tttrated  with  tha  tluosiilpbate. 

Thf  thiosulphate  may  also  be  ptanuardised 
against  permanganate,  it^lf  verified  by  reference 
to  sodivBi  oxalate^  One  or  two  granw  of  potas- 
fium  iixlidf-  are  dissolved  in  water,  acidified  with 
6  cc  of  hydrochloric  add  (1 :  d)  and  25  c.o.  of 
iteadaid  permanganate  addad.  The  iodine^ 
viudl  is  quantitatively  liberated  : 

Mn,n.  lOHT  =  2MnO  +  5K,0+KTj 
is  then  Ulrated  with  tliu  thiosulphato,  after 
dihiting  the  solution  to  100  e.0.  By  the  reven>c 
proww  of  calculation,  a  p«"rman£rnnato  solution 
may  be  btaudurdised  agaijiiijt  a  thiosulphate 
•olation  that  has  been  verified  by  either  of  the 
preceding  methods  (see  Standard imt ion  of  per- 
manganaie;  r/.Annalen,  1897, 198,333;  Zeitsch. 
ongew.  Chem.  1904,  17,  815  ;  Ann.  Chim.  Anal. 
9,  366;  Zeitaoh.  anoig.  Cham.  1906,  49, 

277). 

(For  the  use  of  potassium  dichromate  in  this 
connection,  see  Volumetric  eMimaiion  of 
(hrominm :  Zeiteeh.  anorg.  Chem.  1890,  19, 
427  ;  1906,  49,  277.  See  al-o  Copper  wndvr 
YoUmttric  etUmatiom.  for  a  gravimetric 
nrthod  for  standardising  jtodino  loIptSm,  conwJt 
J.  ScL  1909,  (iv.)  28. 33.) 


Tikmamt  Mende. 

Tills  rcat'ent,  introduced  into  vol  nMf'ric 
analysis  by  Knecht  (J.  Soc  Dyors  and  Culounsts, 
19.  THo.  6;  Ber.  1907,  40,  3lm,  is  a  powerful 
^.■ducing  agf-nt.  For  example,  a  hydrochloric 
aod  solutioa  of  ferric  chloride  is  quickly  and 
ananiilatiTely  reduced  in  flie  eold,  aooordmg  to 
HkB  oqnation : 

FeHj  +  Tirij  -  FtCl,  TiCl, 
and  the  end-point  is  reached  when  a  drop  of 
the  liquid  ceases  to  produce  a  red  colouration 
»ith  pota'-ainm  thiocj-anate.  Chroniic  acid  and 
cupric  saltd  may  \)G  similarly  estimated,  and 
abo  a  Urge  num)>cr  of  orgeoio  dyes. 

Fifty  cc.  of  the  commercial  20  p.c. 
solotiou  of  titauous  chloride,  which  usually  con- 
taina  a  Uttla  iron,  arc  mixed  with  an  equal 
TnlTitne  of  concentrated  hydrochlorio  acid,  boiled 
fur  several  minutes,  and  diluted  to  1  litre  with 
air-free  wat<^r.  The  solution  must  l>c  kept  pro- 
tected from  the  air ;  a  convenient  method  is 
figured  in  Sutton's  Volumetric  Analysis  (9th  o<l.), 
11.224. 

The  concentration  of  the  solatioa  is  fixed 
hf  titrating  against  a  known  qmnCity  of  either 
fmio  aalt  or  potaaainin  dictaromate.  In  the 


former  case  35  ^ranis  of  pure  ferrous  ammonium 
sulphate  are  dissolved  in  dilute  siilphurio  aeid 
and  the  solution  diluted  to  1  litre ;  25  cc.  are 
then  exactly  oxidised  with  dilute  permanganate, 
and  the  resulting  ferric  sulpliate  titrated  with 
the  titanoTis  chloride  until  a  drop  of  the  solution 
no  longer  gi\e8  a  red  colour  with  potassium 
thiocyanatc.  Inntead  of  using  this  '  sjHjt-out  * 
methotl,  10-20  co.  of  10  p.c.  potassium  thio- 
cyanate  may  be  added  to  the  ferrio  solution. 
If  the  HtandanliKation  bo  effected  with  potas- 
sium diohromate,  addition  of  the  indicator  to 
the  solution  iteelf  is  inadmbeible.  Nearly  all 
the  titanous  chloride  nece.sHary,  may,  however, 
be  added  at  once,  since  the  colour  ohaugea, 
throorii  orange  to  green  and  then  viblet,  anord 
an  indication  of  Iho  end-point.  Drops  of  solu- 
tion are  removed  for  testing  when  the  green 
oolour  has  just  disappeared  (J.  Soo.  CSiem.  Ind. 

1908,  27,  673). 

Puce  fmio  alum,  the  preparation  of  which 
is  deaerf hed  by  De  Konlnek  (BolL  Soo.  ohiu.  Bets. 

1909,  23,  222),  might  also  bo  employed  lor  thu 
standardisation. 

For  a  number  of  estimations  it  is  neoesiaiy 
to  employ  tltanoaa  solphate  instead  of  the 
ehlorimu 

SkmntHU  ehhriie. 

This  reat(ent  lia.s  long  been  emjiloyed  as  a 
reducing  agent,  but  the  oloeely  allied  and  more 
powerf idly  redneing  titanona  salte  araear  to  be 
displaeini,'  it.   Ferrio  salta  sw  easDjr  redooed 

in  hot  acid  solution  : 

2Feri,  1-  SnClj  =  SnH,  -|-  2FeClj. 

Iodine  in  cold  acid  Kolutiuu  oxidises  it 
qnaatitatively : 

88nC9,  +  2I«  —  Siil«  +  6aCl«. 

Ten  grams  of  pure  tin  in  thin  pieces  are 
heated  with  200  cc.  of  concentrated  hvdro- 
ohlorio  aeid  in  a  platinum  dish  nntil  dismiTed  ; 
I  f  r  n.  p;las3  flask  may  be  used  with  a  piece  of 
I  platinum  foil  touching  the  tin  to  promote  its 
I  speedy  solution.  Tbo  solution  is  dilnted  to 
1  litre,  and  preserved  out  of  oontaot  with  the 
air. 

The  solution  is  best  standardi.Hc<l  by  that 
process  for  whidi  it  in  afterwards  to  lie  employetl, 
e.g.  if  recjuirwi  for  iron  estimationi^,  by  titration 
against  a  known  amount  of  ferrio  chlori<le. 
Trie  latter  may  be  obtained  l»y  dissolving 
10*03  grams  of  bright  iron  wire  {'J\i'l  p.c.  iron) 
in  hy<uoohloric  acid,  oxidising  with  potassium 
chlorate,  expelliuij  the  excess  of  chjorine  by 
boiling,  and  diluting  the  solution  to  1  litre; 
25  cc.  are  conveniently  used  for  titrating  the 
above  solution. 

Several  method.^  have  been  projjoacd  for 
determining  the  end-point.  The  iron  solution 
containing  20-40  cc.  of  concentrated  hydro- 
chloric acid  in  a  volume  of  125  cc.  may  be 
titrated  nearly  at  the  boilirg-jioint,  15  cc.  of 
indicator  solution  (34  grams  ilgCl,-fO*05  gram 
Pt  as  chloride  per  litre)  being  added.  The 
end-point  is  reach(Ml  wlien  a  dark-cloud  of 
finely  divided  mercury  and  platinum  is  pro- 
duced (Amer.  Chem.  J.  1893,  15,  360).  Or  a 
dro])  of  the  Holutiori  may  be  mixed  with  am- 
monium molybdate  on  a  whito  plate;  the 
slightest  tmoe  of  stannow  salt  causes  a  blue 
cofoiuation.  An  alternative  is  to  f?Wj,»^»toosle 
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excess  of  stnMiioiis  chloride,  aod  titnto  bftok 
the  cold  solution  with  iodine. 

(For  the  atAndRitiiBation  by  means  of  iodine, 
Me  Velmmeiric  esiinuUitm  ti^  tin,) 

Silver  nitrate.  Sodium  cUoridtt  ond  Awi^ 

monium  thiocyanate. 

These  precipitation  reagents,  which  are  con- 
veniently roado  of  dccinorrnal  Btrength,  are  of 
irroat  service  for  the  volumetric  CHtiniation  of 
HilvtT,  copper,  mercury,  tlio  halogen  acida, 
cyanides,  and  thiocyanates. 

Silver  nitrate  w  used  cither  in  neutral  or  in 
nitric  acid  solution.  In  the  first  case  potassium 
ehviMnnte  is  employed  as  indicator  when  halogens 
are  being  estimated  (Mohr's  meth<Hl).  Silver 
chromate  is  decomposed  by  solutions  of  halogen 
salts  forming  silver  hallde  and  metalliochiomate ; 
consequently,  silver  chromate  cannot  permanen  1 1  y 
exist  in  the  solution  until  all  the  nalogen  ha.s 
been  precipitated.  The  first  drop  of  silver 
nitnte  in  excess  then  produces  »  permanent 
precipitate  of  silver  chromat«,  which  gives  a 
faint  red  tint  to  the  previously  pale-yellow 
liquid.  Tliia  colour  change  is  more  readily 
obsfTved  in  monoohromstio  light  (from  a  power- 
ful .sfKliiini  flame).  One  or  two  drojM  of  a 
lU  p.c.  solution  of  potassium  chromate  are 
added  to  the  solution,  vhieh  should  not  be 
unduly  diluted.  Silver  chromate  in  8olul»Io  in 
mineral  acid.s  or  ammonia ;  liuuce  the  necessity 
for  worlcing  in  neutral  solution.  An  alkaline 
solution  may  l>e  acidified  with  dilute  nitric  acid, 
and  then  neutralised  with  powdered  calcium 
earbonate.  Barium  must  be  absent  from  tiie 
solution,  since  it  procipitaf rs  the  indicate*;  it 
may  be  removed  with  sodium  sulphate. 

In  the  pretence  of  nitrlo  aoio,  silver  nitiate 
and  ammonium  thiocyanate  solutions  are  used 
in  conjunction  (Volhard's  method,  Annalen, 
1878,  190,  47).  The  addition  of  thiocyanate  to 
a  nitric  acid  solution  containing  silver  causes 
the  precipitation  of  white  silver  thiocvauate, 
and  the  eild>point  is  indicated  by  the  red 
colouration  produi  t  il  l)y  the  interaction  of  the 
first  drop  ol  thi<><  yaimte  in  excess  with  a  ferric 
salt  previously  intr(»dticed  into  the  solution. 
Tlic  tliiocyanate  should  always  lie  added  to  the 
silver  Holution.  The  ferric  indicator  is  prejmred 
by  adding  nitrio  aeid  (4 :  I  boile<I  to  e.xpel 
nitrous  acid)  to  a  saturatetl  solution  of  iron 
alum  until  colourless  ;  5-10  c.c.  arc  u.sed  in  the 
titration. 

Standanl  so<liuni  chloride  solution  is  used 
for  the  estimation  of  .Hil\cr  by  the  very  exact 
method  or^inaUy  due  to  Gay-Lussao.  *(For  a 
description  of  the  method,  v.  Assayixo.) 

Decinormal  silver  nitrate  is  obtaine<l  by  dis- 
solving 10-JK)  grams  of  the  pure  dry  n-erystal- 
lisod  silver  nitrate  in  water  and  diluting  the 
solution  to  1  litre.  If  it  is  to  be  used  in  con- 
junction v\ith  the  thiocyanate,  this  solution 
may  also  be  prepared  by  dissolving  10-788  grams 
of  pure  silver  in  a  slight  excess  of  nitric  acid, 
boiling  till  nitrous  add  is  expelled,  and  dilutu^ 
to  1  litre. 

The  thfooyanate  is  prepared  approximately 
decinormal  by  dissolving  the  salt  in  di>tille«l 
waUT  (8  grams  per  litre),  and  is  standardised 
against  the  silver  nitrate  solution,  25  co.  of 
Mhi<  h  arc  diluted  to  100  0.0.  and  titrated  as 
described  alx>ve. 


VoLmmsK  ERDCAiiosi. 

Aluminium.  IntHim  tn'ralh/.  The  neutral 
solution  is  boded  with  excels  of  potassium  iodide 
and  potasshim  iodate  for  twenty  mlnntes  in  a 

stream  of  hydrfi-jcn  ;  fhc  iodine  evolve<l,  and 
( i>iic<  tt-d  in  jxitA&siuui  iodide,  together  with  that 
which  remains  in  the  distiUhig  laafc,  is  titrated 

with  .y/IO-thiosuIphatc  (Anier.  J.  Sci.  UH)5.  20, 
181  ;  Zeitsch.  anorg.  Chem.  I1H)7,  62,  286): 

Al,(SO*),-f  6K1+K10a+3H  ,0 

-  «A1(0H ), + 3K  ^O,  -f  SI  r 

Aottmony.  AxTiiioinoira  socimoifR.  (a)  lodi- 

mctrirnlh/.  One  or  two  grams  of  Rwhclle  salt 
are  added,  the  solution  made  aiitaiine  with 
sodium  bicarbonate,  and  titrated  with  J^/10- 

iodine.    T.  =  Sb  (r.  Arsenic). 

(6)  Bjf  oxidation.  The  hot  hydrochloric  acid 
solution  (above  00^  Is  titrated  with  il^/IO-potas> 

slum  bromatc.  which  has  been  standardised 

against  a  known  amount  of  pure  antinion\  — 

3Sb(  1 ,  f  K }hO,  +  GH(1  =  SSKIs  +  KBr 4-3H ,0. 

The  end-point  is  indicated  by  the  bleaching  of 
a  few  drops  of  methvl  orange  added  to  the  hot 

s(»Iution  (Clirni.  Zeif.  1!X)3,  27.  74ft;  J.  Soe. 
Chem.  Ind,  iUOO,  25,  1181 ;  Chem.  News,  1907, 
95,  49). 

(r)  By  uridntion.  The  cold  solution.  fre«'ly 
acidified  with  hydrochloric  acid,  is  titrated  with 
y/lO-permanganate  (SSeitsdh.  angew.  Chem.  IMI, 
14.  1179;  J.  Amer.  ("hem.  Soc.  1907,  29,  66). 

Antimokic  suLimoifs.  fa)  Bf/  redmction  to 
t  he  tervalent  state,  and  estimation  by  one  of 
the  foregoing  processes,  deduction  may  l»e 
accomplished:  (L)  by  boiling  the  hydroohlorio 
acid  solution  with  sodium  sulphite  or  sulphuroos 
acid  (Zeitsch.  angew.  Chem.  18R8,  1.55);  accord- 
ing  to  Rohmer,  the  reduction  is  not  quanti- 
tativo  unless  a  gram  off  potaasium  bromide  is 
adde<l  (Bcr.  lfK)i,  34,  156,1);  (ii.)  by  Imi'ing 
the  sulphuric  acid  solution  (100  c.c  containing 
6  c.c.  of  concentrated  aeid  and  4  grams  of  Rocheilit 
salt)  with  1-<V-1-.')  ernms  of  |H^tassium  ioilido  till 
nearly  all  the  iotline  is  ex|X'lled,  exactly  i>le«ch- 
ing  the  remainder  with  dilute  sulphiuxius  acid, 
dilutinir,  rapidly  c(H)lini.',  and  nt  utriili**in(j.  The 
solution  IS  then  titrated  in  bicar)x>nato  solution 
with  JV/10-io<linc  (  Amcr.  .1.  Sci-  1892,  42,  S13V 

(h)  ludimfirically.  The  cold  S(»lution  con 
taining  20-25  c.c.  of  hy<lrochloric  aeid  in  a 
volume  of  100  c.c.,  is  mixetl  with  0*6-1 0  gram 
of  potassium  iodide  and  the  lilx^ratetl  icnline  ti- 
trated with  AyiO-thiosidphatti.  1,  =  fi>b  (Zcitscki. 
anorg.  Chem.  190B,  08»  SOS;  ot  M.  1908,  S7. 
:}37). 

Arsenic.  Aksenious  souttioks.  lodimftri- 
cally.  The  solution, containing  sodium  bicarbo* 
nate  in  excess,  is  titrated  with  jV/lO-io<line  as 
described  under  the  standardisation  of  iiNlme 
solution.  The  bicarl>onate  mav  with  advantage 
l>e  replaced  by  diaodium  hydrwen  phfttphaiir 
(J.  Amer.  Chem.  Soc.  1908,  30,  31). 

AicsENic  SOLUTIONS,  {(i)  Bjf  nducHon  with 
hydriodio  acid  as  described  under  Antiimtmjf,  and 
subsequent  titration  with  iodine :  no  Rochelte 
salt  is  necessary  (Amer.  .T.  Sci.  1900,  10,  151^ 
Reduction  may  also  be  effected  by  heating  the 
sulfthurio  ado  solution  with  sulphnrous  acid 
in  a  stojifH'red  bottle  for  an  hour,  diluting  and 
boiling  down  to  half  the  volume  to  expel  excess 
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of  solpbiirotui  acid  (Zeitech.  anal.  Chom.  1883,  I 
22,378;  Chcm.  N*  w8,  1880,  53,  221). 

A)  Jty  precipitation.  The  neutral  or  acetic 
fteki  floloiion  is  precipitated  with  exo«fl§  of  aOver 

nitrate,  and  the  pr^'  tpitaU'd  silvrr  arsenate  , 
ooIlecte<i,  Wivshod,  di«iolvf  <i  in  nitric  acid,  and  the  ' 
flilTirr  tit  niit  d  with  JV/lO-thiocyanatc.  3Ag= As. 

(c)  iorfiin^Yr,r  ;7/  /  (Zeitsch-anaLriit  iTi.  1900. 
45,  59ti;  comjk^u  Amer.  J.  Sci-  1900,  lU,  151). 
{Set  ako  Zeitech.  anor^.  Chem.  1900,  62,  123, 
for  a  method  suitiablfi  for  ■moil  qnantituiB  of 
amenic.) 

Bntam.    lodimetricaUy.    Exoeos  of  potas* 

finm  iodatp  is  added  to  the  faintly  ammoniacal 
jtLilution,  the  ]ireciijitateii  iodnto  washed  with 
ammonia  and  then  with  alcohol,  dissolved  in 
hydro<  hluric  acid  and  potassium  iodide,  and  the 
iodine  titrated  with  ^T/lO-thiosnlphato.  BI,— Ba 
(.1.  Amer.  Chem.  Soc.  1909,  31,  43). 

Bfsmuth.  (a)  lodimetrieaiiy.  The  solution, 
as  free  as  possible  from  mineral  acids,  is  mixed 
with  excess  of  i\r/2-pc)ta.'v'<iiim  chromate,  shaken 
for  10  minutes,  diiluted  to  a  known  volume,  and 
the  chromate  in  an  aliquot  part  of  the  filtrate 
from  the  bismuthyl  chromate  61,03-2003  is 
titrated  iodimetrically  (Zeitach.  anorg.  Chem. 
1 32,  362 ;  Zeitseh.  anal.  Chem.  1907,  46, 
223). 

(6)  AMbitmuth  ammonium  molj^idaU  (J.  Amer. 
(Iiem.  Soc  1903.  25,  907). 

BoroB.  (a)  «.  AasnfSitBT  jum  Alkali- 

ymtv. 

{b)  l^mdrkaUf.  The  reMtkm 

8KI+KIO,+<HBO,=3I,+3H,0+6KBO, 

if  quantitative  in  a  solution  tuiturated  with 
mannitol  (r.  Anu  r  T.  Sci.  1899,  8^  127). 
BromiDd  V.  a  aloyi 

Caleiain.  Bu  oxtdaiion.  The  oxalate,  preci- 
f'itatf-d  from  a  hot  sli<i;htly  ammoniacal  solution 
l*ee  Graviuulrtc  mdJuxU),  in  washed  with  warm 
vsier  till  free  from  ammonium  oxalate,  decom- 
posed with  hot  dilute  sul])huric  acid,  and  the 
oxalic  acid  titrated  with  A'/ 10< permanganate. 
The  precipitate  may  ah^o  be  (liamlved  in  dilute  | 
hydrochloric  arid,  jrram  <>f  manganese 
phato  a/ldetl,  uiid  the  holution  titrated  with 
pflnnaiii:anate  {v.  Amer.  C%ein.  J.  1905,  33,  600). 

Carbon.  C'ARnoN  dioxide,  p.  AcioomEY 
and  .VLKAiaMETiiv,  and  Gun  atutly«i4. 

Cyakookh  ACIDS.  Cyanates.  ITie  cold,  dilute 
solution  is  exactly  neutralised  with  iST/lO-hydro- 
chloric  acid  (using  methyl  orange  or  conco  red 
as  indicator),  excess  of  acid  is  adtlod,  the  solution 
boiled  for  ten  minutes,  cooled  and  titrated  back 
>*/10-sodjum  hydroxide.  Excess  of  A'/lO'Sodium 
hydroxide  is  then  added,  the  .s>hition  boiled  to 
expel  ammonia,  and  titrated  back  with  If/lO- 
hydrochloric  acid.  From  these  data  two  valnes 
for  the  cjanato  can  be  calculated,  which  serve 
to  check  one  eootber  (Chem.  Hvwm,  1906,  93, 
5;  compai*  Zeltfloh.  sageir.  Chem.  1901,  24, 
086;  J.  fioe.  Chem.  Ind.  1904,  23,  244). 

KCNO+2Ha+H,0  =  Ka+NH«C1+C0^ 

CYAKiiiKS.  {a)  By  precipitation,  (i.)  Excess 
of  3r/10'silver  nitrate  is  added  to  the  neutral 
^nnude  eolution,  and  then  a  little  nitric  acid, 
"nie  excess  of  silver  is  titrated  with  A'  lO-thio- 
cpraoaie  after  filt^Ting  off  the  sUvcr  cyatiido. 
(n.)  The  slightly  alkaline  solution  is  titrated 
witti  if/lO-ttlTor  aiteite  with  oonttant  stiixing 


tiU  a  permanent  turbiditv  is  produced  (Liobig, 
Annalen,  1851,  77,  102)/  Thu  marks  the  end 
of  the  reaction : 

2KCN+ AgNO,»KNO, + K  Ag(CN),. 
The  end-point  is  best  observed  by  adding  6-10 
drops  of  20  p.c.  potaaBttun  iodide  as  an  indicator. 
A  permanent  yellow  turbidity,  duo  to  silver 
iodide,  is  produced  as  soon  as  (he  ahove  reaction 
is  completed  (Ann.  Chlm.  Pbys.  1896,  (viL)  6, 
381). 

(6)  See  Ferrocyan idcji  {fi). 

FsBBiOYAXiDKk  (tt)  The  salt  is  reduced  to 
ferrocyanide  bv  boiling  with  sodium  hydroxide 
and  fi  rroua  sulphate  and  the  filtered  solution 
strongly  acidified  with  sulphuric  acid  and  titrated 
with  iv  10-{x>rmanganate  (v.  Ferrocyanideg). 
Redi:rti<)[i  may  also  be  efFecU.'<l  hy  boiling  with 
sodium  peroxide  (Arch.  Pharm.  232.  226). 

(b)  lodimaHeaUy.  The  neutral  mlntion  <80 
c.c.)  is  mixed  ^rith  3  grams  of  potas  in  m  iodide 
and  1*6  grams  of  zinc  sulphate,  the  mixture  well 
shaken,  and  the  iodine  titrated  with  if/lO-tldo. 
sulphate.  2K,Fe(CN),  T.,  fZeitsch.  ano^.  Cbem. 
1910,  67,  418 ;  compare  ibid.  67,  322). 

FEBBOCTAirTDBS.  (a)  ojtidation.  The  solu- 
tion is  strongly  acidifie<l  nitli  irl])hiirie  arid 
and  titrated  with  AV10-|xrmungaiuitu  till  the 
( olour  changes  from  ycllowish>green  to  yellowish- 
red.  If  any  difficulty  is  experienced  in  dcter- 
miniuL;  the  end-point,  a  drop  of  the  solution 
may  be  mixi-d  with  dilute  ferrio  <^<Mrkle.  A 
blue  colour  will  develop  whilst  any  ferrocyanide 
nsmains  (dc  Haen,  Annaleu,  1864,  91),  100; 
compare  Zeitsoh.  anofg^  Chem.  1910,  67,  418). 

An  excess  of  permanganate  may  also  ho 
addod,t he  excels  bemu  determined  iodimetrically. 
(For  details,  oonsnlt  Zeitseh.  anom.  Oiem.  1910, 
67,322.) 

{h)  Ihj  cotiur.sion  inlo  hydrocyanic  acid.  The 
ferrocyanide  solution  is  boiled  for  five  minutee 
with  iu  c.c.  of  A'^-so<lium  hydroxide  and  16  c.o, 
of  3iV-magneaium  chloridu,  100  c.c.  of  boiling 
AT/ 10- mercuric  chloride  are  then  added,  and  the 
boiling  continued  for  ten  minutes.  The  mercuric 
cyanide  produced  is  distilled  for  thirty  minute.*; 
with  30  c.c.  of  3i^*sulphuric  acid,  the  pruitsic 
acid  collected  in  26  c.o.  of  .A^-»odium  hydroxide, 
a  little  potassium  iodide  added,  and  the  cyanide 
titrated  with  .V  lU-silver  nitrate  (Feld,  (.'lu  ni. 
Zentr.  1903,  ii.  1398;  Analyst,  1008,  33.  201; 
1910.  36,  295). 

Thiocyakate-s.  (a)  By  pri  cipilnticm.  As  in 
standardising  ammonium  thiocyanate  solution ; 
the  thiooyanate  most  he  added  to  the  silTer 
tutraie,  aiid  not  vice  vered,  Binoe  nltzio  acid 
decomposes  thiocyanatcs. 

(6)  By  eridation.  The  thioeyanate  is  ti- 
trated in  concentrated  liydrochloric  lu  '.  l  -oln- 
tion  with  potassium  iudat4>,  iu  a  stoupered 
bottle,  with  Tigoioiui  shaking.  The  ena>pfldnt 
is  reached  when  5  c.c.  of  chloroform  ]>reviou8ly 
introduced  are  no  lougcr  coloured  by  iodine 
(J.  Amer.  Chem.  Soe.  1908,  90, 700); 
4CuCNS+7KIO,+  14Ha 

=  4('uS04  +  7Ka+7ICl+4Ha-f-6HsO. 
Oxidation  in  dilute  sulphuric  acid  solution  with 
pwmanganate  is  untruHtworthy. 

Cerium,  (a)  lodimriricaUy.  Ceric  oxide  is 
warmed  with  concentrated  hydrochloric  acid 
and  potassium  io<litIe  in  a  stopjiercMl  bottle  till 
complete  solution  is  effected.   The  liberated , 
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iodine  Is  then  tifrat  d  \\ith  i\r/'^-t^'0''^lp^*t® 
(Bansen,  Annalea,  1858,  105.  49;  also  Amer. 
J.  SoL  1899.  8.  m). 

2CeO,+8Ha-f  2KI  =»  2Cea,+2KGl+Is+4B»0 

(b)  By  caeidoiioH.  The  vasbed  ozftlate  is 

suspended  in  hot  dilnto  f^ulphuric  ati  1  l  ul 
titrated  with  ^iO>pcrmaiiganate  (f.  Calcium: 
Zeitsdh.  uuL  Gneiii.  1880,  19,  194 ;  Amer.  J. 
8ci.  1899,  8,  457). 

(c)  By  reduction.  The  cerium  is  oxidised  with 
Bodiom  bbmnUiate  in  boiling  ralphurio  acid 
solution  to  ccric  sulphate  and  the  filtered  solu- 
tion reduced  by  a  slight  excess  of  ferrous 
solplkate,  the  ezoesB  bemg  titnted  with  N/IO- 
permanganate.  Other  rare  earth  metals  do  not 
interfere  (J.  Amer.  Chem.  Soc.  1909,  31.  523; 
1910,  32,  642 ;  compare  (jompt.  rend.  1 S99, 
128,  101  j  Ber.  1900,  33,  1924;  Ber.  1903,  36, 
282). 

(d)  Other  mdhodA   (Zcitsch.  anofj^  Chem. 

1907,  M.  104;  1908.  50,  71). 
Chlorine  r.  Halogens. 

Chromium.  The  ohromivm  ahonld  be  in  the 

form  of  ohroniatf. 

(a)  lodimtiru  iilly.  The  chromatc  solution  is 
acidified  with  hydrtxhloric  acid  (5  c.c.  of  conccn- 
trated  acid  per  '\m  c.c.  solution),  1  or  2 grams  of 
potassium  iudido  added,  and  the  covered  lola* 
tion  alIo>ied  to  stand  for  15  to  20  minutes.  It 
ia  then  fliluted  to  400-500  c.o.  and  the  liberated 
iodine  titratwi  with AT/lO-thiosulphate.  3I,=2Cr. 
A  known  dichromate  solution  can  in  this  way  bo 
used  to  standardise  sodium  tbiosuIphAte  (J.  pr. 
Chem.  1868,  103,  362;  Zeiteoh.  uung.  Chrai. 
1899,  19,  427  ;  1906»  49,  277;  Zeitaoh.  angew. 
Chem.  HMH),  1147). 

(6)  By  rfdn^on  (i.)  \vi(3i  fenom  ammofdnm 
sulphate,  of  which  a  slight  excess  is  R<Med  to 
the  obromate  eolutioa  ooDtaining  sulphuric  or 
bydroohlorlo  acid,  the  exoeas  of  ferrous  wdt  being 
then  titrated  with  A'/lO-dirhroniate ;  (ii.)  with 
titanous  chloride  (v.  Preparation  of  standard 
mibdioMi  J.  Sbo.  Chem.  Ind.  1908,  27,  073); 
(iii.)  with  arseniona  onde  (Amer.  J.  SoL  1896, 
1,  35). 

Cl^nmivm  in  dk««iiM  afeet.  Three  grama  of 

ftMiiv  are  dissolved  in  35  c.c.  of  concentrated 
hydrochloric  acid,  and  the  ozcesii  evaporatiHi ; 
160  e.0.  of  strong  nitrio  acid  ere  added,  the 

boilinj^  oontirnied  til!  nn  more  browTi  fumes  arc 
evolved,  when  ail  chlorine  hm  bcon  expelled. 
The  ehcomium  is  then  oxidised  by  adding 
10  grams  of  potassium  chlorate,  and  the  solut  ion 
boiled  down  to  40  c.c.  to  dcuumposo  excc^  uf 
ehhnate ;  100  c.c.  of  water  are  added,  and  ono 
or  two  drops  of  hydrochloric  acid,  to  dissolve 
separated  uianganoso  dioxide.  The  chromate 
solution  is  boilfxl  to  expel  chlorine,  cooled  and 
litriit^'t!  .ueorditiL'  to  nut  hod  (i.)  above.  (For 
other  mcihodf*,  J.  Amer.  Chem.  Soe.  1!K)6, 
27,  1550;  1908,  30,  1116;  J.  Soe.  (  hem.  Ind. 
1907,  20,  1010;  Cliem.  News.  1}»04,  90,  320; 
91,  3  ;  also  Mangaxcnc  and  Vanadium  {v. 
infra).) 

Chromium  in  chromite^  The  valuation  of 
this,  the  only  iniix)rtant  ore  of  chromium,  i.s 
usually  effected  by  a  volumetric  method  ;  the 
fmely  powdered  ore  is  fuited  with  sodium  per- 
oxide in  a  nickel  omcible,  and  the  chromate  in 
the  aqueous  extract  estimated  as  described 
above,  after  boiling  for  ten  minutes  to  dooompMe 


excess  of  peroxide  (i-.  J.  Sw.  Chem.  Ind.  1896, 
15,  155,  436 ;  Chem.  2eit.  1897,  21,  3 ;  BoU. 
Soe.  Chim.  1909,  5,  1133;  Ch^m.  Neira,  1896, 

73,  1). 

Cotudt.  (a)  lodimetricaUy.  The  solution  i« 
mind  with  hydrogen  peroxide,  and  then  with 

so'lium  hydroxi<I»s  wlun  the  eobalt  is  preci- 
pitate<i  a.s  sor'quioxide  Co^O^,  whilst  nickel  i« 
simply  precipitated  as  green  hydroxide.  After 
boiling  for  a  niiuute,  the  iilack  ppt.  isduisoh  cd  in 
hydrochloric  acid  and  potassium  iodide,  and  tiw 
iodine  titnted  with  i7/10>thio8alphato  (Chem. 
News,  1900,  82,  6(1,  7!?  ;  1903,  88,  184). 

{b)  By  pruipiiaiton  with  ferrocyanidc,  ai 
d^ierib^  under  Nkbd  (b), 

CoIamUum.  By  reduction  aiul  xubsequeni 
oxidation  {v.  Zcitsch.  anorg.  Chem.  1909, 62,  383). 

Copper,  (a)  lodimetrteaUy.  The  eolation  of 
cupric  salt  ]ir- fi  r  il  ly  neutral  or  rontainini: 
acetic  acid,  is  diluted  to  iUO  c.c,  5  urama  ol 
potassium  iodide  are  addc<l,  and  the  libcraU-d 
iodine  titrated  with  i\r/10-thioeulphat4*,  usinj^ 
starch  paste  as  indicator.  If  more  than  25  c.c. 
of  thiosOlphato  are  required,  2-3  grams  more 
potas.Hiuni  iodide  should  be  added  (Amer.  J.  S«^i. 
H»U7,  24,  65;  compare  J.  Aracr.  Chem.  Soc, 
l\m,  24.  1062:  1905,  27,  1224;  see  «leo 
Methods  of  separation). 

2OUSO4+4KI  =  2K.804  4-I,+C'u  J,. 
(&)  By  titration  with  potassium  cyanide 
(Stcinbeck^s  process).  The  ammoniacal  coppt  r 
suintion  is  titratc<l  with  potassium  cyanide 
untfl  colonrlen  (p.  Chem.  News,  1897,  76,  ISJ^; 
Meth<HL<i  of  AtpttraUun  ;  and  the  arti<'lc  (  "rPKB). 

(c)  By  preciptiaiion  as  thiocyanate  aiul  e«ti> 
mation  of  the  precipitate  by  potassium  iodato 
in  hvdro  ill  ric  acid  solution  (r.  TA to-ymiafes ; 
and  j.  Amer.  Chem.  Soc  1908, 30,  760). 

(d)  By  oxUatitm,  The  oxalate  is  precipi- 
tated in  a  nitric  acid  solution  by  addih;:  xoe.<ii< 
of  ammonium  oxalate,  washed  and  titrat^-d 
with  i\^/10-permanganato  (Amer.  J.  Scd.  1909,  27, 
448). 

(e)  By  reduction  to  cujirous  salt.  To  the 
sulphttrie  or  hydrodil<mo  acid  solution,  10-20e.o. 

of  10  p.e.  jiota-siuin  thicx-yanate  and  a  little 
ferrou.s  salt  are  added,  wht-n  a  deep  red  coloura- 
tion in  produced,  since  ferrous  siJte  in  neid 
solution  are  partly  oxidised  by  euprie  s,i]t~ 
The  cold  solution  is  titrated  with  titanou-H 
chloride  until  the  rod  colouration  is  destroyed 
(Chem.  Soc.  Trans.  JlMt»i  S't,  im).  Or  a  slight 
excess  of  titanouH  eiUornie  may  bo  addeil,  and 
til  T  ill  l  back  with  standard  ferric  alum. 

fluorine.  Acidimetricnlhi.  Tlve  iluoride  is 
mixed  with  ten  timeis  \u  weight  ot  hutly 
powdered  and  ignited  quartz,  and  docom  ported 
by  warming  A\  ith  concentrated  sulphuric  a(  i-l  ; 
the  silicuu  fiuuride  evolved  pa&iC4  throui^h  a 
drj'  U-tubc  filled  with  glass  beads  and  imim  r-tHi 
in  cold  water,  in  order  to  remove  sulphuric  acid, 
and  is  then  abijorlHHi  iu  50  p.c.  alcoholic  potas- 
sium chloride,  which  precipitates  silicic  acid 
and  pota,ssium  silieofluoride,  leaving  liydxo- 
chloric  acid  m  the  solution  : — 

3SiF.+2H,0  =  2H,SiF,+SiO, 
H,SiF,+2Ka  =  K,SiF,^-2HC^ 

The  hydrochloric  acid  is  titrated  \slih  .V/r>- 
Bodium  hydroxide,  using  iacmuid  &a.  imiiuit'or. 
2HC1  3F,.  (For  fall  experimentid  detaiU, 
which  are  abeolately  esseatisl  in  order  to  obtain 
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■ccmate  results,  consult  Chetn.  No«^,  1879,  39,  ti 
179;  Am.-r.  .T.  Sri.  1900,  22,  329;  or  hovt'a 
Technical  MtthcKis  of  Ore  Analysis.) 

Gold.  lodimHricaUy.  The  auric  solution  is 
treated  with  potassium  io<Iitle  in  more  than 
sufficient  quantity  to  diHsolve  the  aurous  iodide 
fint  precipitated,  and  the  iodine  liberated  is 
r<tinifite<l  with  standard  thiosulphatc  (Amer. 
J.  Sci.  1899,  S,  20 1  ;  compare  Zcitisch.  anorg. 
Chem.  1899,  19,  63). 

Halogwu.  This  term  is  restricted  in  this 
curiuection  to  chlorine,  bromine,  and  iodine, 
fluorine  being  treated  separately,  siaoe  itA 
analytical  reactions  are  quite  different. 

Estimation  of  ralooens.  Iodine  is  esti- 
nutcfi  hy  .solution  in  potas-sium  iodide  and  titra-  i 
tiOQ  with  iV/lO-thiosulphate,  using  starch  past« 
as  indicator  (f.  Preparation  of  standard  talvtions, 
p.  205).  Bromine  and  chlorim:  an-  absorbed  in 
potassiuni  iodide  aolution,  sctiina  free  an  equi< 
Taknt  quantity  of  iodine,  nUch  m  titrated  with 
.V  i0.thiosiilphat<'. 

A  large  number  of  sab.stanccs,  e.g.  poroxidea^ 
eUoratM,  ehromates,  &c.,  may  bo  readily  deter^ 
r;iin*Hl  indirectly  by  dutillatiuu  with  concen- 
trated hydrochloric  aoid»  the  available  oxygen 
of  compound  setting  free  Ha  equiraknt  of 
chlorine,  which  absorlwl  in  potas.'^ium  iodide, 
ud  the  liberated  iodine  titrated  with  AT/iO-thio* 
nipkale.  It  fa  very  detirable  to  ezdade 
in  the  process  of  di-*t illation,  since  it  liberates 
iodine  from  the  hydrogen  iodide  set  free  in  the 
iceeifcr,  by  Uie  hydrogen  chloride  dfafcflling 
over  during  the  experiment.  The  apparatus 
detfaed  by  Bunsen,  the  originator  of  this 
•mlftieal  method,  fa  tbovn  in  Jig.  18,  The 


Fio.  13. 

euitiil  li.u<k  c.c.)  and  the  delivery  tube  arc 
gpjund  at  their  junction  to  fit,  and  the  joint 
made  with  caoutchouc  tubing  ;  a  ground-glass 
juint  vi  better,  a  spring  holding  the  two  parts 
t  ^ghtly  togeths.  The  mixture  is  npidlv  boiled, 
the  chlorine  passing  into  potassium  iocude  con- 
tamed  in  the  retort,  the  size  of  which  must  be 

i  i'ly  chosen  to  prevent  overflowing.  A 
different  receiving  vessel  is  shown  in  Fig.  13,  a. 
It  is  very  convenient  to  perform  such  dis- 
tillations in  a  current  of  car)>on  dioxide  or 
other  inert  gati,  and  various  designs  of  apparatus 
for  such  a  purpoM:  are  given  m  Amer.  J.  Sci. 
1^98,  6,  168;  Chem.  News,  1899,  79,  85; 
Chem.  Soc  Trans.  1892,  01,  87 ;  Zeitach.  angew. 
QmB.  1890,  477. 

The  appiratui  shown  in  Fig.  14  (Analyst, 
1906, 33, 1 17)  admits  of  the  a^adual  introduction 
of  a  liquid  reagent  during  owtfllation  in  carbon 
'l.oxide,  steam,  or  any  other  gas  or  vapour. 
Contamioatun  of  the  reageaUt  with  cork  or 
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funnel  to  the  distilling  flask  by  ground-glass 
joints. 

E>TIMATI«iN  OK  HALOGENS  IX  ILVLIDE  SALTii. 

By  precijuttUtoii,  (L)  Mohr't  method.  The  ncu> 
tnd  Motion  fa  titrated  with  ilT/lO-silver  nitrate 

in  the  presence  of  a  few  tirops  of  pota.>4Miuni 
chromate  as  indicator  (v.  Frevaration  oj  standard 
solutions,  p.  206).  It  fa  advisable  to  perform 
a  blank  experiment  under  i<l«  titical  conditions, 
to  allow  for  the  silver  nitrate  uecessary  to  bring 
out  the  reddish  ooloumtioa.  (it)  Follard^ 
mcthxL  The  nitric  acid  iolution  of  the  halido 
is  precipitated  by  adding  a  slight  exce;js  of  AyiO- 
silver  nitrate,  the  ezoesa  being  then  titrated  w  ith 
AT/lO-ammonium  thiocyannte.  .Silver  chloride 
must  be  iiltereu  oS  before  the  latter  titration  is 
performed,  since  it  reacts  with  the  thiocyanate 
(J.  Amer.  Cheiu.  Soo.  1907,  29,  2()9  ;  com  pare 
Zeitsch.  anorg.  Chem.  1909,  t)3,  330) ;  but 
silver  bromide  ajid  iodide  do  not  interfere.  It 

I  is  a<ivi.s!il>le  to  titrate  iodide  in  u  '■foijiK'red 
bottle  with  vigorous  shaking  when  adding  both 
the  silver  aohition  and  the  thiocyanate,  to 
minimise  error  due  to  occlusion.    It  is  more 

I  accurate  to  weigh  out  a  very  slight  excess  of 
pure  silver,  dissolve  it  in  ni^o  acid  (carefully 
expelling  nitrous  acid,  which  interferes  with 
the  indicator),  and  add  to  the  halide  solution 
than  to  measure  out  AVlO-silver  nitrate.  xKStvr 
vigorous  shaking,  the  excess  of  silver  is  then 
titrated  \(ith  a  dilute  thiocyanate  solution 
(1  c.c.  =  1  milligram  Ag). 

looioxs.  lodimeiricaUy.  (i.)  A  alight  excess 
of  potassium  iodate  is  added,  and  the  solution 
iiei  lified  with  dilute  sulphuric  a<  id.  The 
liberated  iodine  is  extracted  with  chloruforui, 
carbon  disulphide  or  toluene,  and  titrated  with 
A'/IO-thio.'ufjjhatc.  .\  weaker  acid  than  sul- 
phuric acid  may  be  employed,  e.y.  acetic  or 
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taitftric  acid.  Five-sixths  of  tho  iodine  found 
was  oricinaUy  preaent  as  iodiflc  (('hem.  Zeit.  1904, 
28,  ll'Jl  ;  Amer.  J.  Sci.  18U7,  3,  293  ;  J.  pharm. 
Chim.  1902,  16,  207;  J.  Amer.  Chom.  Soc. 
1903.  25,  1138).  This  method  is  available  in 
the  presence  of  bromide  and  chloride,  if  acetic 
acid  bo  employed,  (ii.)  The  solution,  contain- 
ing the  iodioe,  2  grams  of  pure  potassium  arsenate, 
and  10  0.0.  of  concentrated  sulphuric  acid,  is 
boiled  down  from  a  volunio  of  100  c.c.  lo 
36-40  CO.,  when  all  tho  iodine  ia  expcUed.  The 
MMoioiui  salt  in  solotion  U  then  titimted  vith 
^/lO-iodiiu!  (Amer.  J.  Sci.  1890,  39,  188).  Ah 
In  tho  prince  of  chloride  the  results 
•re  a  lit^  low ;  bromicle  oanaes  tbsin  to  be 
slightly  high.  (itL)  (v.  Chem.  Soa  Trani.  1895, 
47,  471.) 

BiTDIATIOllS  OW  BAL0OS98  tSt  OXTVAIAOBIT 

COMPOUNDS,  {(i)  By  nJutiion  to  a  halidc  salt 
and  determination  of  the  latter.  lodates  are 
ndaoed  by  adding  sulphurons  acid  to  the 
sulplnirii'  ackl  Milirimi  of  tl;.  i  i  late  till  the 
separated  iodine  is  redisaulveU ;  an  excess  of 
N/lO-aUnx  nitrate  is  added  to  precipitate  the 
iodide,  the  mixture  boiled  with  excess  of 
nitric  acid,  and  tiiially  tho  oxoess  of  silver 
titrated  with  JiT/lO-thioojanatc  Bnmaha  and 
cJdomtr/t  are  reducetl  by  adding  an  excess  of 
iron  tilings  to  the  sulphuric  acid  solution  ;  aft<»r 
an  hour,  excess  of  Jv/lO-silvor  nitrate  is  added,  > 
the  mixture  boile<l  with  nitric  acid  to  oxidise  tho 
ferrous  hhU,  and  tho  excess  of  silver  titrated 
(Amer.  Chom.  J.  1004,  32,  242). 

(ft)  By  reduction  to  a  halide  .salt  and  estima- 
tion of  the  reducing  agent  used  up  in  tho  process. 
With  cMorates  ana  bromcUes,  the  sulphurio  Mid 
solution  is  boiled  for  ten  minutes  witli  excess  of 
Htamlard  ferrous  $^iilphatc  in  an  atmosphere  of 
carbon  dioxide,  tlu-  .-ulution  cooled,  manganese 
sulphate  added  and  tho  unchaniiod  ferrous  salt 
titratetl  with  A^/I0.KMnO4.  Oi'e  =  UU,  ur  iJrU, 
(Zeitse)i.  anor^.  (  hem.  1904,  38, 110).  Bromaie* 
mav  also  be  reduced  with  arscnious  oxide  (Amer. 
J.  Sci.  1902,  14,  286).  Chlorates  are  reduced  by 
adding  an  excess  of  jV/lO.titanous  sulphate,  and 
after  three  minutes,  titrating  )>ack  with  ferric 
alum  (J.  8oo.  Chem.  Ind.  1908,  27,  434). 

(c)  JodimetricaUy.  Chlorates,  (i.)  By  dis- 
tillation with  conoeatrated  hydrochloric  acid. 
CIO,  =^  31,  ( Bunsen*t  method  ;  v.  Estimation 
of  haUMjrm  ;  Cham.  Soc.  Trans.  1892,  01,  S7). 
(ii.)  By  reduotion  with  oonoeutrated  h^dru- 1 
chlodo  aoid  and  potamitnn  Inromide  (CShem.  Zeit.  | 
IfO],  2"!,  727).  or  ^^ifh  jtota^sium  iodide  and 
diluto  sulphuric  acid  in  preseaoo  of  vanadyl 
miiphate  <Zeitaoh.  anal.  Chom.  1907,  46.  521). 
(Kor  other  nu'thod»,  «ec  Amer.  .1.  Sei.  1891,  42, 
220;  J.  Amer.  Chem.  boc.  1903,  25,  750; 
Zeiteoh.  anal.  Chem.  1907,  46,  308.) 

Jf  i/pix  hlorilf  A  sli(;]it  excess  of  A"10-sndium 
arsenitc  is  added  and  the  excess  titrated  with 
HT/lO-iodine,  or  the  hypochlorite  is  direotly  ti- 
ti.itrd  with  tho  ar^rnite  till  a  drop  of  tlie  f  lu(  i'  >r;  ' 
ceases  to  colour  starch-potassium  loilidu  }ja}>cr 
blue.  Aa  s  C90  (Pcnof'a  method ;  compare 
Chcni.  Zeit.  lfK)4,  28,  59). 

I'trddoralt-f.  The  concentrated  solution  is 
Kniled  with  a  large  excess  of  titanoiu  sulphate, 
the  rxrrs?;  oxidis.  d  witii  p<  rmancnnato,  and  the 
ehlundi'  pitKiuctni  is  titrated  as  usual  (Zeitsch. 
umirg.  Cltem.  1900,  62.  108;  Ghem.  Zeit.  1909, 
33, 759). 


Bromates.  The  subistanee  i.s  digeste  l  at  100* 
with  potaeaiam  iodide  and  oooceatFated  hydro< 
chknio  acid  in  a  stoppered  bottle,  nnd  the 

liberated    iodine    titrated    ■with    f  hiosulphate. 
BrO,  =  3I(  (oompaie  Zoitsch.  anoig.  Chom. 
19,  427). 

lodatr.^.  Tbe.w  are  .simply  added  to  a  f^light 
cxcees  of  potassium  iodide  solution,  acidihed 
with  lulphoxfo  or  hydraoUotio  aeid.  Mid  tlie 
libentediodinotitMted.  I0a«8lr 

Ebtdiatiors  mvoLvuto  Mixtitbes  of  tu 
FoBEOOiKO  Halide  Salts. 

Chloridt,  HjfpoMorUe  and  ChlonOc  The 
solution  M  tinted  with  H^/IO-aodram  araeiitt« 

hy  Penot'n  Tnethod  for  the  h;/pocfilorit<:  ;  the 
chlorate  is  then  estimated  in  tho  solution,  after 
acidifying  with  tulphnrio  add,  hy  rednctioo  with 
standard  ferrous  sulnhat^*,  and  the  total  chlorine 
th«i  titrated  by  Volhard's  method  (Compt,  retid. 
1896,  122,  449 ;  of.  J.  Amer.  Chem.  Soo.  1900, 
31,  525,  1273). 

Chloride,  Chlorate  and  Ferchlorate.  Chiorvdc 
ia  titrated  in  one  portion  of  the  eolation  by 
Volhanl's  methofl,  and  in  another  portion  nfter 
reducing  the  chlorate  with  ferrous  sulphate. 
For  pertkiendt  the  dry  substMioe,  mizea  with 
five  tinu'.s  its  Meiyht  of  })urc  quartx  sanfl  and 
covered  with  a  layer  of  the  same  2  cm.  deep, 
is  fused  in  a  platinum  crucible  for  half  aa  hour, 
cooled,  extracted  with  water,  and  the  total 
chloride  estimated  (Compt.  rend.  1896,  122, 
462). 

Chloride  and  Iodide.  The  t(J^il  h<Mloyen  is 
titrated  by  a  ftuitablu  method  in  one  portion  of 
solution,  and  tho  chlorine  ia  another  portioci 
after  rcmovini;  iodine  by  one  of  the  following 
mcthcxls  (Amur.  J.  Sci.  1890,  39,  293).  (i.)  Tu 
tho  neutral  solution  (400  c.c.)  is  added  lO  c.c. 
suljihurie  acid  (1:1),  2  frranis  ferric  sTdjiliJit*'. 
and  ."i  c.c.  nitric  acid,  and  the  whole  ln>ile-(i  tui 
aU  iodine  is  ox|}elIed  ;  1  ce,  nitric  acid  is  again 
added,  and  the  solution  again  boiled,  (ii.)  The 
ferric  sulphate  and  nitric  acid  of  method  (i.)  are 
reploceil  by  2  grams  of  pure  sodium  nitrite  (or, 
failing  this,  by  passing  into  the  solution  thi> 
vapours  generated  from  the  slightly  impure 
nitrite  and  dilute  sulphuric  acid). 

Bromide  and  Jodtde  (v.  num,  iodtdea). 

Bromide  <md  Chbuide,  Tne  mlutioti  in  acidi • 
fie<l  ^o  as  to  contain  25  e.e.  of  coneiMitrat^-.!  nitric- 
acid  in  a  total  voloue  of  100  cc,  ho*t«d  to 
boiling  and  boiled  for  one  minute,  the  momw 
of  heat  removc<l  an<l  air  h^urked  lhrttui;li  fhc 
solution  until  it  is  perfectly  coiourlesa  (aucl  lor 
one  minvte  longer).   Hie  bromine  ia  then  oom- 

Ijletely  ex|M  l!ed  tli.  residual  cAionWf  i^,  tit.rate<i 
iy  V^olhard'a  method.  The  tottU  htdoiftn*  mtu 
titrated  in  another  portion  of  etdutioB  f  J.  8oc 
riieni.  Ind.  1009,  28,  505). 

(For  a  very  accurate  but  more  elaborate 
method,  v,  J.  Amer.  Ckem.  Sois.  1907,  S0»  975  ; 
also  Zcitsch.  anor^.  Chom.  1898, 10,887  ;  Zaitaeli. 
anal.  Chem.  1900,  39,  81.) 

CUoride,  Bromide,  and  Iodide,  (a )  The  ftoMc 
is  decompo.wd  with  pota.«;>inni  iodate  and  acctio 
aciii,  the  ie>dide  extracted  with  chloroforro  mkI 
titrated.  'I  he  Womide  is  clojitroyed  by  bcdlmie 
with  r)A-nitrie  aeid,  any  io<iate  rt»maininj^  t,. 
decomposed  with  a  slight  tixoensii  of  i>.'tA^-v.-iiiiiij 
iodide,  which  excess  i.s  readily  deconiji«i.-i.  %l  bv 

boiling  «ith  nitrio  aoid,  and  the  roaidoal  cUoriJc 
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Hw  Mai  kailegtMt  iM  titrated  in 

another  portioa  of  aoliitkia  (J.  Anier.  Qmn. 

Soc.  m'i,  25»  1138). 

(6)  The  iodidt  is  destnyjred  by  boiltng  with 
ferric  sulphAte  and  siilphnric  acid,  and  the 
amount  of  ferric  salt  reduced  is  determined  with 
.V/l(Micim>mate.  The  iakU  halogens  are  deter- 
mined  by  \'n!hard*8  methtxl,  and,  in  another 
portion  of  K)iution,  the  icKli^le  ia  removed  by 
adding  hydrogen  peroxide  and  aoetio  aoid  and 
distilling  in  steam,  the  bromine  ecpHmtcd  as 
deverilxxl  under  Bromide  and  Chloride  and  the 
rtc«i<lual  chioridt  tteatad  (J.  Soo.  Chem.  Ind. 

l9Uy.  2S,  505). 

Iron,  i-'EBBuu^j  SALTS.  Jji/  oxidaiiolu  (a) 
The  cold  solution  is  strongly  acidified  witik  dilat6 
sulphuric  acid  and  titrated  with  JN'/lO-perman- 
f^anate.  This  simple  and  aoourato  method 
requirea  modification  when  hydrochloric  acid  is 
pccaent,  since  it  roacta  with  permanganate. 
This  side-reaction  can  be  practically  prevented 
by  adding  a  moderate  quantity  of  manganese 
soiphate  to  the  solution  and  titrating  very 
slowly.  A  solution  is  prepared  as  follows : 
67  grams  of  crystalline  manganoso  sulphate  are 
dissolved  in  water,  139  of  jpbotpbocio  aoid 
(9p.gr*  1*7),  and  190  c.e.  ted  tidplrario 

acid  (^p-;rr.  1-82)  &n'  added,  and  the  nnxture 
dilated  to  1  litre.  Of  this  solution,  25  o.c.  are 
added  to  the  fonms  aolutioii  to  be  titrated. 
TTi.^  j.hosphorlc  acid  kecj^s  the  ferric  solution 
colouxlesB,  and  thus  fafiilitaUw  the  observation 
of  the  sod-point  (Zeitseh.  anaL  Ghem.  1863,  1, 

;  rhem.  Zeit.  1889,  13,  323  ;  Amer.  Cheui. 
J.  im&,  34,  109;  Analyst,  1908,  33,  43,  and 
1909,  34,  306). 

th^  TV;-'  acid  solution  is  oxidised  .V  10- 
dichrumale  as  described  under  Frtparalion  of 
iiandard  tehAitma, 

Ferric  salts,  (a)  By  reduciiou  t  -  frrr  its 
wit  and  titration  with  permanganate  or  di- 
ehromate.  Reduction  may  he  eifectiKi  in  any 
of  the  foII«)\ving  ways:  (i.)  'J'he  ililnirif  acid 
Hulutiun  iii  heated  to  bulling  aud  ii^drojp^n 
solphido  passed  through  it  tnitil  tb(-  solution 
IS  cmnpletoly  colourles.s  ;  the  excess  ot  h\  Iroircn 
ttaiphide  in  cxpcllt'd  from  the  boiling  bolulion 
by  a  enrrent  of  carbon  dioxide,  (ii.)  The  nearly 
neoiml  solution  i.>  boiled  nith  tsulphurou.s 
acid  yr  ammouium  sulphite,  cictfs  Iwing  re- 
moved by  continued  boiling,  preferably  in  a 
current  oif  carbon  dioxide,  (iii.)  Eight  or  ton 
•JXmtiM  of  graniUated  zinc  art-  adde<l  to  the 
«arm  sulpEuric  acid  solution,  and  the  action 
aUoaed  to  continue  untU  a  drop  of  the  solution 
no  longer  gives  a  colouration  with  potassium 
i'(ji.»cyanate.  The  solution  is  coole<l,  filtered 
thro^di  glass  wool,  and  titrated.  The  use  of 
the  dne  •eopper  couple  is  preferable  (Analyst, 
IWl.  26,  225;  compare  Chcui.  News,  1908,  97, 
K^ttction  ttUkV  be  rapidly  effected  by 
pouring  the  liquid  timmgh  a  long  oohuBn  of 
»inc  (The  Joiif  >'  Reductor  (FL-  15);  Chcni. 
News,  1S88,  eo,  93  ;  Blair's  Chemical  Analysis  of 
Iran,  6tb  od.  94).  (iv.)  llie  h>'dioeUorio  acid 
^"!uti(>n  is  heated  nearly  to  boiling,  and  utannous 
cbiOTxle  (26  a.c.  solution)  added  drop  by  drop 
natO  the  scuation  is  eotomlese;  fo  o.e.  of 
*iturated  merourio  chloride  are  ad  !<  !  ti  It  >trov 
tic&mt  of  stannous  chloride,  thts  tioiutiun  diluted, 
manganese  sulphate  added  (v.  mpra),  and  the 
•sH  titnt«i  with  jr/lO-peraiMigitiate 


(Analyst,  1909,  34,  306).  (▼.)  Reduelion  by 
pofhJi  urn -hydrogen  in  boiling  acid  solution ; 
this  intcodaoes  no  foreign  sofastanoe  into  the 
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soltition  (Zcit.sch.  angcw.  C'hnm.  lfH>'j,  ]r>, 
424  ;  Analyst,  1904,  29,  34ttJ.  (vi.)  Utdudwn 
with  mmonu  sulpikate  (Amer.  J.  Set.  1006,  25, 
343). 

(b)  by  dinci  titration  iciih  a  rtducitiy  agent* 
(i.)  Titanous  chloride.  The  sxdphurio  or  hydro* 
chloric  acid  solution  of  the  ferric  mh  is  titnitMl 
an  dc^fcribed  under  Frfpanition  oj  )<taiidard 
goitUions,  u.  206.  (ii.)  Stannous  cfUoride.  The 
nearly  boning  hydrochloric  acid  ^f  ^I1:  i)  is 
titrated  aa  descrihed  under  Frcpaniiion  of 
iUutdard  mint  torn,  ]>.  206,  using  either  the 
mercuric  ehlori<ie  indicator  (Amer.  Chem.  J. 
1893,  15,  3tiO)  or  titrating  back  with  iodine. 

FRRROU8  IRON  IN  MINERALS  AND  ROOKS.  The 

onl^'  eatisfactory  method  conbii.st^  in  decom* 
posing  the  coarsely  powdered  t>uijiftancc  with 
sulphuric  and  hydrofluoric  acids  in  an  atmo> 
sphere  of  carbon  dioxide,  and  titrating  thu 
ferrous  salt  produced  (Cooke's  Method;  Amer. 
J.  Sti.  lstJ7,  44,  347;  we  aJw  .\mcr.  J.  Sci. 
1804,  48,  149).  The  old  method  of  heating  with 
dilute  sulphuric  aoid  in  a  sealed  tube  (Mit«cher- 
lich)  if  worthless  in  the  presence  of  .nulphur  or 
sulphides  (J.  Amer.  Chem.  Soc.  1900,  22,  626). 
(For  an  «xhMMti?»  disouirion  of  this  problem, 
V,  Hillebnuid**  Analysis  of  SiUmte  and  Carbonate 
Rocks.) 

Jrm  and  Ahtmniim,   After  weighing  the 

ignited  sesquioxides,  they  me  brought  iute  holu- 
tion  by  fusion  with  potassium  hydrogen  sulphate 
or  acid  potassiani  Inioride  (fdlowed  by  evapora* 
tion  with  sulphuric  «ci«!),  and  the  iron  ruduoed 
and  titrated  (Zeitscb.  angew.  Chem.  1906,  18» 
816). 

Iron  and  Titanium.  Ferric  salts  can  be 
reduced  with  sidphurous  acid  or  hydrogen 
sulphide  without  reducing  litamic  salts;  or 
redaction  of  both  may  be  effected  with  zinc  and 
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sul])huric  acid,  the  iitanous  salt  oxidis^  with 
a  alight  excess  of  bismuth  oxide,  and  the  /erroua 
salt  titrated  in  fhe  filtered  eolution.  To  estimate 

both  elements  iireeont,  one  of  the  preceding 
methods  may  bo  combined  with  the  reduction 
process  for  titanium,  described  later,  which 
would  give  the  total  iron  and  tit^miuin  {v.  also 
J.  Soc.  Chem.  Ind.  1909,  28,  189;  Analyst, 
1910,  36,  198). 

Iron  and  Vanadium.  Reduction  with  sul- 
phur dioxide  proceeds  with  the  vanadium  as 
far  as  to  the  oxide  Yfit ;  reduction  with  zinc 
carries  it  n«  far  as  V'jO;,  ;  hence  two  such 
rt'ductions  and  titrations  with  ]K-rniauganate 
furnish  data  for  cnlculatin;^  I  Kith  iron  and 
vanfuliuni  (Ainer.  J.  Sci.  IIMIH.  20,  7l>)- 

Lead.  JSy  precipiUition  (i.)  As  violybdaU. 
The  boiling  acetic  acid  sohitiun  is  titrated  with 
standard  ammonium  molybdate  (4-75  grams  per 
litre,  titrated  agaiubt  pure  lead)  utitil  a  drop 
of  solution  gives  a  brown  or  yellow  colour  with 
a  drop  of  dilute  tannic  acid  solution.  The 
indicator  not  being  very  sensitive,  a  *  blank ' 
experiment  should  be  made  and  the  necessary 
correction  allowed  for  both  in  an  assay  and  in 
standardising  the  solution,  (ii.)  As  ferrocyanide. 
The  cold  acetic  acid  solution  is  titrated  with 

SDtMdum  fenooyaoide  (10  ^ama  per  litre 
trated  against  pure  lead)  vmm  a  drop  of  the 
sohition  i)roduces  a  l>r  i^vn  colouration  with  a 
drop  of  saturated  iiraaium  acetate  solution ; 
a  < blank'  ezpoiment  ahoold  also  be  made 
(J.  Amer.  Chem.  Soc.  16,  650;  Chem.  Kew's, 
189fif  73»  18).  In  determining  lead  in  ores,  dec, 
it  is  luaally  separated  as  8Dl;^ate  and  diaBolTed 
in  ammonium  acetate  previous  to  titration. 
(For  a  comprehensive  review  of  methods  for  lead, 
«.  diem.  News,  IWS,  87,  40 ;  Qaa.  diim.  its! 
1896,  26,  i.  327  ;  «cc  als ;  M  fhods  of  eeparaiion ; 
and  J.  Amer.  Chem.  Soc.  1903,  25,  632 ;  1904, 
26,  118S.) 

Magnesium,  (a)  AcidimdricaUy.  The  mag- 
nesium is  precipitated  as  the  double  ammonium 
phoephate,  the  precipitate  wasihed  with  dilute 
ammonia,  and  then  with  aqueous  alcohol  till  free 
from  extraneous  ammonia,  dissolved  in  a 
measured  excess  of  JV/ 10- hydrochloric  acid,  and 
the  excess  titrated  with  .V/lO-sodium  hydroxide^ 
using  methyl  orange  for  indicator: 

Mg(NH4)P04+2Ha  =  ML'<'l,  +  lI,(NH,)r(), 

(Chem.  Zontr.  1876,  727  :  for  a  nicthud  Mhich 
obviates  the  use  of  aUohol.  t'.  J.  Amer.  CShem. 
Soc.  1!K)0.  22.  :n  ;  .v(c  also  Phogphortu). 

(6)  JvdimdncuUy.  The  magnesium  is  pre- 
oipitatcd  as  double  ammonium  arsenate,  dis- 
solved in  hydrochloric  acid  anil  jKitassium  iodide, 
and  ihe  iodine  titrated  (J.  Amer.  Chem.  6oc. 
1899.  21,  746;  Zdtscfa.  anaL  Chem.  1907,  46, 
711). 

Mangaaesc.  (a)  By  oxidatiun  with  perman- 
ganate. (  Volhard's  method,  modified. )  The  neutral 
chloride  or  sulphate  solution  containing  10  grams 
of  zinc  sulphate  is  heated  to  boiling,  1  gram  of 
freshly  ignited  zinc  oxide  added,  and  the  liquid 
titrated  with  A*/ 10- permanganate,  boiling  ami 
shaking  frequently  until  the  supernatant  liouid 
is  rcf'  :  I  ■  -c.  pure  t:lacial  acetic  acid  is  added, 
and  the  titration  slowly  finished  with  perman- 
ganate hi  the  hot  but  not  boiling  liquid.  The 
manganese  <  an  be  aoouiately  esknuated  from 
the  equation : 


3Mn04^MnjO.  =  5MnO, 
fZeitsch.  anal.  Chem.         48,  761 ;  Little  and 
Oaben,  Analyst,  1911,  86,  62). 

{b)  By  prcctpit<Uion  a«  dioridt  and  estimation 
of  the  available  oxygen.  Precipitation  may  be 
effected  in  one  of  the  following  ways  :  (i.)  By 
ad  Hnr:  bleach ing-powder  solution  and  calcium 
carbonate  io  a  hot  neutral  solution  of  the 
manganese  salt  containing  ferric  and  zino 
(Idoridea  (Chem.  Soc.  Trans.  1879,  36,  365; 
J.  Soc.  Chem.  Ind.  1891,  10,  333).  (ii.)  By 
boiling  the  solution  hi  oonoentrated  nitric  acid 
(quite  free  from  any  hydrochloric  n  id)  with 
potasmum  (or  preferably  sodiumj  chlonite. 
(iii.)  By  boimig  the  dilnte  sulphuric  acid  solu- 
tion   with    ammoninm    ]>ersu]phate  (Zeitj*ch. 

!  angew.  Chem.  1901,  i  i,  1149;  1903,  10,  UOa  ; 
Compt.  rend.  1902,  135,  966 ;  1908, 136,  449). 
Tlie  washed  preripitate  in  either  case  is  dis- 
solved in  a  .sulphuric  acid  solutiuu  of  standard 
ferrous  sulphate  or  oxalic  acid,  and  the  excess 
of  reagent  titrated.  The  precipitate  obtained 
by  method  (ii.)  is  deficient  in  available  oxygen 
(Amer.  J.  Sci.  1898,  6,  260),  and  the  standard 
solution  employed  in  the  final  titration  maat 
therefore  be  standardised  on  a  known  amount 
of  manganese  treated  in  a  .>*imilar  faiihion. 

(c)  By  conversion  into  permanganic  acid. 
(i.)  Tim  cold  solution  free  mm  hydrochloric 
acid,  and  contairnnu';  one  quarter  its  vohirn*'  of 
nitrio  aoid  (specific  gravity  1*42),  is  oxidised  by 
shaking  tmh  2-4  grams  of  sodinm  hi«nu«lijat<» 
for  three  minutes,  diluted  with  half  it.s  volunn.- 
ol  3  p.c.  nitrio  acid,  the  solid  residue  allowed 
to  settle,  and  the  permangank  aoid  eolation 
filtered  info  a  .'flight  excess  of  ferrous  sulphate  ; 
excess  of  the  latter  is  then  titrated  with  JH/Ui- 

I  permanganate  (IMngl.  poly.  J.  269, 22i ;  Cbem. 

'  Soc.  Trans.  1895.  07,  L'68  :  Chem.  New?.  1901. 
84,  209,  247;  J.  Amer.  Chem.  Soc.  1904,  26, 
793).  (ii.)  The  oxidation  of  small  quantities  of 
mangftnc^^e  may  ^)e  efTected  by  boilin;^  the  nitric 
acid  solution  with  lead  peroxide,  or  by  heatiim 
with  ammonium  persulphate  m  the  pnseoofTm 
a  little  silver  nitxate  (Clhen.  Kews,  1901» 
239). 

Manganese  in  Ferromanganesc  and  SteHs,  The 
foregoing  mctho<ls  a,  h,  and  c  (i.)  have  all  Ix-*.  !. 
employed  fur  ihis  purpose ;  method  c  (i.)  is  tiic 
simplest  and  probah^  the  most  aooaiate*  In 
method  a  it  is  neces-sary  to  remove  iron  frt>ni 
the  solution  ;  this  in  conveniently  performed  by 
adding  a  slight  excess  of  zinc  oxide  to  the 
solution  (r.  reierence.-;  j;iven  above  ;  al^o  J.  Amrr 
Chem.  Soc.  1902,  24,  243  ;  Ann.  Chim.  anai.  i9i»t>, 
11,  124). 

Mntxjnnffr  nnd  Chromium  occurring  t<n?crtli*r 

I in  steels  may  be  estimated  by  oxidibinir  witli 
ammonium  psnolphate  in  sulphuric  acid  flota- 
tion in  the  presence  of  silver  nitrate  ;  out 
portion  of  sulutiou  is  titrated  for  total  pernajLn- 
ganate  and  chromate  with  ferrous  sulphate.  mnA 
another  for  permanganate  alone  by  means  of 
arscnious  oxide  (J.  Amer.  Clicm.  Soc.  1905,  27, 
1660;  f.  aboChem.  News.  llMd.  8:J,  25  ;  19LKr>, 
91,  3  ;  Chem.  Zeit.  1906,  29,  987  ;  Chem.  ZmiU 
Rep.  1905,  29,  380). 

The  foregoing  bismuthate  method  c  (L)  nniT 
be  applied  in  the  preeenoe  of  molybdetimm,  tn  v'y. 
stem,  MofUum,  and  wnutdium ;  also,  with  certain 
precautious,  in  the  prcbence  of  chroinium  (Cyi^uta, 
News,  1901, 84, 247).  (For  estimating  manffmmmm 
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mtung$knsUdSt  v.  also  J.  il>oo.  Cheiu.lnd.  1907* 
SR.  345.) 

Mercary-  Bij  jir>  'j,i>ot;i>,i.  Mercuric  ni- 
irtte  u  ivadily  titraUti  with  A'/i<^-thiocyanftlo, 
ttdoir  fnrie  mtnte  m  indiefttor,  inovuled  that 
nitric  acid  iri  prosent  in  fairlv  high  concen- 
tration (Ber.  1901,  34,  3502  ;  1902,  36.  2015). 
CUoride  miui  be  absent;  if  neoenaiy,  the 
mnrnr\'  i^i  pn'ripilfttc*!  as  oxide  i^nth  sodium 
h}-droxicio,  auU  the  waslK-d  precipitate  tliMolvcd 
in  citric  acid. 

(6)  lodimeiricaUy.  The  mcrrTirii-  solution 
i^iWiO  c.c.)  containing  1  gram  of  pulaasium 
•  !i<if  is  made  alkaline  with  sodium  hjdroxidc, 
2-3  c.c.  of  40  p.c.  fortnalilehyde  added,  and  tlif 
whole  shaken  vigorously  for  two  minutes.  The 
wlution  is  Midtfietl  \^ith  act  tic  acid,  and  the 
rpdtjfod  mercury  is  dissolved  by  adding  an 
txtmi,  of  Jr'/10'io<liiie.  After  shaking,  the  cxceRf 
of  iodine  ahove  that  required  to  form  mercuric 
iodide  i?i  titratid  with  y  10-th iosulphato  (Ber. 
1906,  39,  3702;  lifOT,  40,  3276;  Bull.  Soc. 
cfaim.  1907,  [iv.]  1,  1169).  Meroncoiis  aalte 
require  a  preliminary  oxidation. 

(For  other  methods,  v.  Compt.  rend,  ISfiS, 
56,  '  {  riu  ni.  .Soc.  TiMU.  1892,  61,  364; 
Aicii.  i'harm.  241,  444.) 

MoiylKleiiuiiu  (o)  By  ndmOum  and  mSm- 
qucht  oandaiion.  The  sulphuric  acid  solution  < 
»  reduced  by  paMing  it  tbrough  a  long  colunm 
Af  amalgamated  sine  to  ft  MNnditidii  repi'teonted 
'  v  thf*  formula  Mo,0,  :  the  lifjuid  \?,  caught 
viirectij  in  ferric  colphate  BolutioQ,  which  re- 
vaSam  tiie  moAybdeiram  Mdt,  and  the  ferroa^ 
'olphftlf  firrxluccd  i«titi  if-  -1  with  '10- per  man - 
gaaate  (Amcr.  J.  Soi.  11HJ7,  24,  313;  compare 
Bv.  1905,  38,  804:  Analyst,  1907,  32.  260). 

\h)  IfjdiniffriraJti/.  'I  hc  solution  in  concen- 
trated hydrochloric  acid  is  boiled  with  *  alight 
«mm  ct  potaativuB  iodide  till  the  volnme  ia 
fnincf-fi  to  25  c.c,  uhfTi  complete  reductin?!  to 
the  condition  Mo,0(  is  effected.  The  ttolution 
»  cooled,  dilated  to  125  c.c,  0-5  gram  of  man. 
panese  pulphutf  Kldpd,  nnd  then  a  slight  rxcess 
of  A710-j»criuaiiiianat4> ;  .^/lO-araenious  acitl 
i<  aeit  added,  and  after  the  ftddition  of  tartaric 
M'id  antl  Kodiuni  bicarbonate,  the  excess  is 
titrated  with  iV/lO-iodine.  The  permanganate 
plus  iodine  and  iiui»iw  the  arsenious  acid  iiu  a.'-uro 
the  Mo,0,  present  (Amer.  J.  Sci.  1901.  12,  449  ; 
compare  tbtd.  1896,  2,  156  ;  1898,  6,  168). 

Molybdenum  in  SUfU  tmd  Alhifi{».  J.  Amer. 
(Vm.  Soc.  1904,  20.  675). 

RlekeL  (a)  By  dcmbU  cyuuidr  ft,nnotion.  A 
few  drops  of  10  p.o.  poteasium  iodide  art-  added 
to  Xhf  ci.Id,  sihiL'htly  Rmmoiiiaeal  nickel  solution, 
»nd  theu  a  fciimli  nuasurt*U  volume  of  silver 
nitrate  (1  gnuns  of  t^ilver  per  litre).  Stanilard 
potamium  cyanide  (25  grams  per  litre)  is  then 
run  in  with  stirring  till  the  precipitate  of  silver 
Kidide  just  disappears;  more  silver  nitrat*-  i-t 
added  till  a  very  faint  turbidity  is  produced, 
»bieh  is  then  djssolved  by  the  least  poasiblo 
(xcess  of  cyanide.  Tlie  relative  values  of  the 
nlm  nitraie  and  c^anido  sfdutions  are  deter* 
nned  by  a  prelimmary  experiment,  and  the 
(  inide  stan<lardised  against  a  known  amount 
^  pare  nickel  (or  pure  silver,  and  calculated  to 
famA\  The  meuod  ia  rapid  and  aoeurate 
'Chem.  NewB,  1895,  72,  92). 

(&)  Bf  prtcipitatioH.  The  hot  nickel  solu- 
tha  cootaming  f  eriio  eUaride  and  oitrio  aoid 


is  made  foubly  amnioniacal  and  titrated  slowly, 
I  stirring  constantly,  with  standard  potasaiiim 

ft  rTnr\  ariiflc  (20  nrrams  jier  litre,  titrated  n^jainst 
pure  lilt kcl),  until  a  droji  of  the  Holutiou  when 
acidified  with  dilute  acetio  acid  develops  a  gieen 
colour  in  five  minutes  (  I.  Amer.  rhcm.  Soc  1910, 
'  32,  757  ;  Bull.  Soc  chim.  1907.  4.  1163). 

A'lVW  i»  fitffl.  Metho<l  (6)  can  be  tliroctly 
applied  ;  method  (a)  ean  also  he  employed  with- 
out removing  iron,  niolyl>deruini.  or  chromium, 
if  a  sttffieient  exccw)  of  ammonium  citrate  or 
eo<lium  pyrophosphate  is  added  to  the  solution  ; 
or  a  iiunierate  amniuit  {2-3  grams)  of  each 
of  these  reagent-  tnav  be  added  (J.  Amer. 
diem.  8oe.  1007.  21».  1201  :  1908,30,  1116;  IHm, 
21,  854  :  (  hem.  Zeit.  l!H)s\  32,  1223).  (For 
modifications  in  presence  of  other  metab, 
V.  niem.  X<'ws,  IHOS,  78,  177,  100.) 

Nitrogen.   Ammonia  (f.  Acjdimktkv  and 
Alkalimetby). 

Hydrazine.  lodimeiricaUy.  A  moderate 
exce8.s  of  sodium  bicarbonate  or  sodium  acetate  is 
added  to  the  solution  of  a  hydrazine  salt,  which 
is  then  titrated  with  iV/lO-iodine.  N,H4=21 
(J.  pr.  (  hem.  1902.  66,  332;  1903,  67,  140; 
V.  also  Oazz.  chim.  ital.  1899.  29,  265). 

Hydboxylamike.  (a)  By  oacidatwiu  The 
solution  of  a  hydroxylamine  salt  ii  dowl^  added 
to  exce«.^  of  boiling  and  well  stirred  Trebling's 
solutioni  the  precipitated  ouproua  oxide  washed, 
dissohred  in  acid  ferrie  alum,  and  the  ferrous 
salt  titrated  with  perm in^te.  NHjOH  — Cu, 
(Chom.  Soc.  Trans.  1903,  83,  1394;  compare 
Ber.  1877,  10,  1940). 

(6)  By  T'diirlinn.  An  excess  of  titanium 
sesquisulpliato  is  added  to  the  acid  solution, 
and  the  ammonhim  salt  produced  is  eitlmated 
bv  di-'t illation  iHtli  sodinm  hydroxide  (Ber. 
1909,  42,  2695). 

NiTBAns.  (a)  Bff  reduetum.  The  solution 
is  made  strongly  alkaline  with  sodium  hydroxide, 
5  c.c  of  akonol  and  2*5-3  grams  of  powderetl 
]>evarda*fl  alloy  added,  and  the  flaak  connected 
with  !  disiilling  apparatus,  the  receiver  of  which 
contains  i-xeeflsof  A/2-hytlrochlonc  acid.  After 
standing  for  half  an  hour,  the  liquid  is  steam* 
distilled  for  an  efpml  length  of  time,  when  all 
the  nitrat<?  Iiah  lx*n  converted  into  antuionia 
and  driven  over  into  the  acid  ;  the  excess  of  the 
latter  is  then  titrated  (Zeitsch.  anal.  Chem. 
1894.  33,  113  ;  Analyst,  1910,  35,  307  ;  t;.  ahiu 
the  Gravimetric  section). 

ih)  lodimeiricaUy  {v.  Zcit.sch.  angew.  Chem. 
1890,  3,  477 ;  Chem.  Soc  Trans.  1891,  59, 
5.30  ;  Amer.  J.  Sci.  1892,  44,  117). 

NiTRfrKS.  (a)  By  oxidation.  The  nitrite  solu- 
tion  is  slowly  afhled  to  a  measured  quantity  of 
J\r/10-permanganate,  which  is  acidified  with  sul- 
phuric acid,  diluted  to  400  cc,  and  warmed  to 
40**,  until  the  colour  is  jtist  discharged. 
2HN0,  =  0,.  Otherwise,  the  cohl  dilute  nitrite 
solution  is  slowly  titrated  with  i^/10<permanga* 
nato  to  a  red  colouration ;  a  few  drops  of  sul- 
phuric acid  arc  then  a<lde<l,  followed  by  an  excess 
of  pormanganate.  The  liquid  is  then  strongly 
acidified  with  sulphuric  aeid,  heated  neariy  to 
Ixiiling.  and  the  excess  ^tf  perinaii>^';iiiate  titrate<l 
Willi  AyiO-oxalic  acid  (Amer.  Chem.  J.  1883,  6, 
388). 

(6)  loUwifricaUy.    Several   method*  haTC 
been  based  ou  the  reaction. 

2HI+8BMO.  -  l,+«N0+2:%%uzua  by  Gu. 
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It  III  necessary  to  perform  the  experiment  in  an 
atmosphere  free  from  oxygen ;  the  iodine  in»j 
be  (leterminerl  by  thi(H<ulphat«  or  annnite.  (For 
detAil.M.  r.  Vharm.  .1.  H>,  741 ;  ('hem.  Npwh, 
W),  114;  of.  Organic  anaii/»it.  Aromatic 
amines.) 

Osmium.  IcHmdrkeHif  (v.  C3iem.  Zento. 
1898,  ii.  05). 

Oxyvm.  Pkiioxidss.  {a)  lodmdrietMjf.  Snob 

pcroxiilcH  as  thoso  of  manganese  and  lead 
may  be  estimated  by  distillation  with  conoea- 
tnted  hydroohlorio  aoid,  and  eolleoting  the 

ohloritu-  cvcdvcd  ia  yK)tas8iutn  indidc  {IhiiiMfn's 
mdAod).  Finely  divided  peroxides  of  mamjanese 
reaet  quantitatively  with  cold  dilate  hjnliO' 
chl  ri'  ar\f]  and  potHs-siiim  irnlido  (fJhem.  Soc. 
Trana.  1880,  37,  128),  a  method  of  estimation 
that  Ifl  avidlable  with  the  peroxides  of  the  alkali 
and  alksH  earth  mrtalx,  which  tin  not  pivo 
satisfactory  results  l>v  the  liiiilillation  method 
(Areh.  Fliarm.  1902,  240,  437).  Hydrogflil  per- 
oxide mav  1h>  <l<-t*-rniJned  in  this  nuuuier 
(Analyst.  1888,  13.  r)2). 

(6)  By  rtduction.  Hydrogen  peroxide,  or 
peroxides  of  the  alkal  and  alkalinr  <  tirth  ?Ti«'tal8, 
may  be  dissolved  in  cold  dilute  and  and  titrated 
wito  itr/lO-permanganate,  which  loses  as  much 
oxygen  as  U  lost  by  the  peroxide  (v.  abo  Am-> 
V(^itifU:iric  tntihodit). 

(For  critical  reviews  of  methmlf,  fee,  v. 
Arch.  Vhnr'n.  22H,  432  ;  Anu  r.  (lu-ni.  .1.  190ft, 
3«,  117  :  Zi-itdch.  angfw.  ('hem.  UXJl,  14.  828; 
1908,  21,  589;  CTiem.  Zvit.  1906,  IJO.  1275; 
1907,  31,  1267;  &itach.  aual.  Uhem.  1908,  47. 
405.) 

Phosphoms.    Phosphokic  acid  (obthO»). 

(a)  (t>.  ACIDIMKTBY  AND  AlKALIMBTRY). 

(6)  AcidimetricaUy,  with  previous  precipita- 
tion, (i.)  The  precipitated  magnesium  am* 
monium  phosphate  (i^.  Gravimetric  «ec<to»)  is 
washed  and  titrated  as  described  under  Mag- 
ntMum,  p.  212  (Ztiltch.  anal.  Chom.  l^'is,  37, 
217;  Zeitach.  angew.  C3iem.  liM)5,  18,  655; 
compare  ZeitMdi.  «nal.  Cfiem.  S4,  33).  (ii.)  The 
]im'i|iitat*'  of  aniinoninin  j)hu.''|)h<iint>I\ iKlute  (r. 
Gravimetric  aeUion)  after  washing  is  dissolved 
in  e  slight  exoen  of  utandard  potaamum  hy- 
dn  VI  li  free  from  carlxtnatr,  nml  tht:  i  \'i 
titrated  with  standard  uitric  acid  using  phcnol- 
phthaMn  m  indicator.  One  noleenlar  propor- 
tion  of  P,0,  pr&'^cnt  as  (NH,),P04.1 2MoO,. 
requires  23  molecules  uf  K.O  in  pure  aqueous 
eaiutio  potash.  = 23K^  (J.  Aner.  Ghem. 
Soc.  1895, 17, 950 ;  1897,  19, 7€8 ;  J.  Soo.  Ghem. 
Ind.  1904,23.  1186). 

(e)  Bv  preeipUaiion.  To  the  Mention,  feeUy 
ecid  with  acdir  acid,  10  c.f.  of  10  p.r.  am- 
monium acetate  are  tuldcU  aud  jstatidard  uranium 
acetate  solution  (35  grams  ycr  litre)  nm  in  from 
a  hnrfttr  until  a  drop  of  tlu-  solution  pives  a 
brown  tulouratiuu  with  potsesmm  ferroeyanidc 
upon  a  white  tile.  The  solution  ia  heated  to 
boiling,  when  the  latter  reaction  will  no  longer 
take  place,  and  more  uranium  acetate  added 
until  the  brown  oolonnttion  is  obteined  once 
more,  e.g. : 

KH,K)^+rO,(C,H,0,),-f-NIf,i:,H.O, 

=  K('jH30,  +  2HC2H,0,  +  UO,NH,rO, 

In  analyi^ing  alkali  phosphates,  the  uranium 
i'liition  in  8tandar«liH<H|  n^uin^t  pure  pUassium 
dihydro^  phosphate,  while  •  soittfeion  of 


calcium  phosphate  in  acetic  acid,  standardiised 
ia«vi metrically  by  the  method  of  Woy  (Chem. 
^it.  1897,  21,  442),  must  be  used  if  the  uranium 
a<'i'tnte  is  to  Ix)  used  for  estimating  phosphatt.* 
of  the  alkaline  eartlis  (J.  Soo.  Chem.  Ind.  18V2, 
11,  328).  It  is  essential  that  titratione  should 
bo  made  under  toitditiuns  cli>!*ely  ajiproximatiiii; 
those  which  obtained  when  the  uranium  solution 
wms  standanlifled. 

PHOSPHOBt'S  IN   iRi.N  AND  STEEL.     T\\\^  lA 

usually  separates  1  as  ammonium  {diospho> 
molylslato  ;  it  may  then  be  titrated  aeeofvluii^ 
to  }j  (ii. )  above,  or  the  precipitate  iswa.sh<-^l  with 
dilute  ammonium  sulphate,  dissolved  in  &in> 
monia,  the  solution  strongly  aeidified  with 
sulphuric  acid,  reduee<l  with  zinc,  and  the- 
Mo^Og  solution  collected  directly  in  ferric  alum, 
the  ferrotis  salt  then  titrated  as  deeeribod 
undir  MohJ>denum  (Anrer.  J.  Sci.  1907*  24, 
313  ;  compare  Blair's  Analysis  of  Iron). 

Potanlnm.  By  eaeUaUcn.  The  acetio  mnAd 
solution,  free  from  ammonitiin  Rait.-,  is  evapo- 
rated on  the  water-bath  till  pa^ty  with  sodium 
cobalt initrite  solution  in  rather  largo  wxwww, 
cooled  and  .'^tirre<l  ^vith  50-100  c.c.  of  coM  wnt*-r. 
The  dipoto^ium  Hudiuuicobaltinitrite  iscollucted, 
on  asbestos,  washed  with  ecld  water,  and  then 
immersed  in  an  excess  of  nearly  boiling  per- 
tnanganate  solution.  After  5  minutes  the  sulu* 
tion  is  acidified  with  sulphuric  acid,  excess  of 
JV/lO-oxalic  acid  adde<l.  and  the  dear  sohition 
titratetl  with  permanganate.  'Ihe  peritian- 
ganate  is  best  standardiseci  against  a  pure 
]iotassiun)  salt.  The  oxidation  of  2  molecular 
proportions  of  K,NaCo(NO,),  by  permanganaU) 
requires  11  atomic  proportion  f  oxvg«i  ot 
4K  =  22H  (Amer.  J.  Sci.  1907,  24,  433  ;  com- 
pare Chem.  Soc.  Trans.  1900,  77,  1076).  (For 
another  method,  v.  (licm.  Zcit.  1895,  19,  301.) 

Selenium.  Selenious  a< m.  By  oxidaiiam. 
To  the  cold  solution  contain  iriK  '>  p.c.  by  volura« 
of  concentrated  sulphuric  acid  is  add»d  an  ex- 
cess of  iV/lO-jpermanganate ;  a  moderate  ezoees 
of  N/lO-iOMSe  aefd  is  then  added,  and  the 
titration  finished  ut  ~tCr  Ciff  with  permangMuite. 
28<  <),  »  Og  (Amer.  J.  SoL  1895,  60,  51). 

(For  Ml  cfitiieljr  diffetent  method,  «.  Amer. 
C-hem.  J.  1800, 18,  703 ;  Amer.  J.  6eL  1800,  7, 
287.J 

Sblbnic  acid,  toiimdrieattif.   (L)  The  ncid 

is  hoilcd  with  hydrochloric  acid  (25  c.c.  concen- 
trated acid  in  e  total  volume  of  75  c.c)  for 
10  minutes  in  a  Bunsen  distiUmg  apparatus  or 

one  of  its  various  inrKliflrritii  Tis.  ami  the  »  hlorine 
evolved  is  collected  in  potassium  ludidc  («. 
tupra,  VoiumHric  ulimation  of  halogens,  p.  900) 
SeO,  =  fAmer.  J.  Sci.  ISOa.  50.  4O0K 
(iL)  The  .solntKHi  («0  c.c.)  contaudng  20  cc.  of 
sulphuric  acid  (1:1)  and  1  gram  of  potuaiwa 
bromide  is  distilled  and  the  lilKTated  bromine 
collected  in  potassium  iodide.  SeOg  =  Br. 
(Amer.  J.  8ei.  1806,  80.  408). 

SKrJ  \!1  M  TN  T:iTTIf:n  •fTATK  OF  OXTI>ATtt>N. 
Jodi»u'lriniily.  This  is  efr*^  !^!  by  &  Buti^  it 
distillation,  the  tfiolution  (60  c.c.)  containing 
5  r.c.  of  citnecnt rated  h\ fir<"tehloric  aei<l  and 
1-3  graujs  of  potA*«siuiu  iodide.  The  s*'len.ium 
compound  is  rwluccd  to  the  element  itself,  an*i 
an  equivalent  nf  iodine  is  diftillcd  into  yiotii-^'-ium 
iodide  anil  titrated.    SeO,  ^  21,  aud  iwsO,  — 31. 

(.'Vmer.  J.  Sci.  lsnr>.  oo.  24<t ;  for  B  simpler  method 
n.  AmoB.  J.  Soi.  1886^  1,  31)L 

Digitizco  by  C_ji.jv.Kii>- 
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By  precipitation,  (i.)  The  nitric  acid 
solution  id  titr8t<*<l  «  ith  standanl  sodium  chloride 
until  no  farther  precipitation  i»  ub^rv  td.  (Fur 
iliiUib  of  this  v«y  exact  ineth<i<l,  v.  tho  article 
on  .A^'JAYiNO.)  A  nunib*T  of  devices  have  been 
described  for  rapidly  tiltering  a  portion  of  tho 
liquid  in  order  to  test  it  for  further  precipita- 
tion {Chonu  Soo.  Trans.  1908,  93,  1037  ;  Gazz. 
chim.  jtal.  I'iUli,  39,  ii.  240).  A  raotlified 
method  eonssi>st«  in  adding  a  slight  dcHcit  of 
sodium  chloride,  filt«rin!i  hikI  titmtinir  the 
ivuieiinmg  iulver  with  dilute  ammouiaui  thio- 
cranate  (J.  Amer.  Chem.  S<>c-.  is;i7.  !!♦.  814; 
r.  alao  Chem.  Soc.  Trans.  190(),  77.  232  ;  Zeitj»eh. 
angew.  Chem.  1904,  17,  W7).  (ii.)  Titration  may 
lie  effected  with  A^/lO-thiocyanate  as  desoribed 
undf r  Prrpnrafion  of  Handard  solutions. 

Sodium  {v.  C  hem.  Soc.  Trans.  1898,  73,  1G7). 
Solphnr,  Adds  of.  Hydrooek  sulphide. 
lodim^tricnUy.  The  ^aa  or  a  meaaure<l  volume  of 
solution  is  absorbed  m  an  excess  of  iV/lO-iodine, 
the  excew  being  afterwards  titrated  with  JV/IO- 
tkioauluhate.  =  I,.    Direct  titration  with 

iodin«  kftda  to  low  resaita  (Zeiteeli.  anal.  Oiem. 
190«,  45,  541). 

UxpBosirLiwraous  acid.  By  oxidation.  The 
•edfaiin  nit,  used  in  mdigo-dyeing,  oui  be 
oiiruated  by  dissolving  it  in  nir-frci-  water  in 
an  atmospiiere  of  carbon  dioxide,  adding  a 
drop  of  fetTouB  8aI|iliAte,  and  nnuiing  in  standard 
pJa-^sium  fcrricyanidc  .''ulution  until  a  blue 
colour  appears,  air  being  rigidly  excluded 
(bUdmS^  ugew.  CiMni.  190e»  18,  168)  s 

N«,S,0« + 2K,Fe<CN)«  »280,+2K,NnFe(CN)r 

If  neceasar>%  a  little  acetic  acid  is  added  to 
ensure  that  the  liquid  i^hal!  ho  acifl. 

Sulphurous  acid.  lodunetrieaUtj.  An  ' 
aqneooa  solution  of  ndplllir  dioxide  m  c.-^t  imntcil 
by  running  it  into  an  exeeas  of  Htantlanl  iodine 
iHilution  with  constant  stirring,  an<l  not  victt 
aeri^  •ince  that  method  causes  %  tepMatum  of 
due  to  the  side-reaction: 


SOj  +  4HI-S  +  2H20-f  2Tj 

( Annalen,  1887, 242,  M).  Sulphites  may  he  arcu  - 
wtdy  deteradned  by  adding  the  powdered  salt 
to  excess  of  JV/lO-iodine,  and  after  tho  decom- 
position is  complete,  titrating  back  with  N/li)- 
tluorai^phAta  (J.  Soc.  Ghem.  Ind,  1884,  3, 197 ; 
1888^  4,  303) 

8O,  +  Is+2H,0  =  H,SOj^2HI. 

SuifBUUO  ACID,  (a)  lodnmifically.  The 
feehlT        boiling  dilate  solpliftte  solution  is 

pr^ripitated  with  an  excess  of  a  solution  of 
hanum  chromate  in  hydrochloric  acid  (3-4  giaras 
BaCrO,,  30  c.c.  oonc.  HCl,  diluted  to  1  litre). 
Barium  sulphate  is  thuM  }irecipitated,  and  an 
equivalent  of  cliromio  acid  liberated.  Tho 
boiling  nhttiOD  it  ttenttaliscd  yith  powdere<l 
(fi.ilk  +  >  remove  excess  of  barium  chromate, 
\hd  ibe  chruaiic  acid  in  the  cold  filtrate  titrated 
lodimetricallv.  Cr(J,=SO,  (Amer.  Chem.  J.  1889, 
n,  Se?  :  C-hem.  Zeit.  1898,  22,  .357). 

(6)  By  pTfcipitatioH.  (i.)  The  boiling  sul- 
filMke  solution,  slightly  acid  with  hydrochloric 
•iHd.  is  titrated  with  .standard  barium  chloride 
until  no  nior«j  preeijiitate  is  jirixluoed.  Ea  SO, 
l<*hem.  News,  1889,  59.  41).  A  device  for 
readilv  ohsirvinu  (he  end-)Kiint  i'^  described  in 
^Vm-  Soc.  Irans.  1907.  91,  1370.  (ii.)  Method 
(i.)  my  be  nodiM  by  •ddmg  an  eaoeas  of 


barium  chloride,  and  determining  the  excess  by 

adding  sodium  acetate,  arctic  acid,  and  am- 
inunium  dichroniate,  and  titratmg  an  aliquot 
part  of  the  filtrate  with  iV/20-ferrou8  Kulphate 
(Chem.  Soc.  Trans.  V.m,  US,  2198).  (iii.)  The 
sulphate  is  ]>re<  ipitaled  from  dilute  si)lution 
with  excels  of  Ijenzidine  hydrochloride  solution 
as  benzidine  r-ul|)liate.  and  tlie  precipitate 
titrated  with  iV/iO-sodium  hydroxid<\  u:^ing 
methyl  orange  as  indicator  (v.  Zeitsch.  antiev^. 
Chem.  1907,  20,  9,  for  d(  tails,  corrections,  &e.). 
I  Thiosulphuric  a(  iu.  lodunetricaUy.  Thio- 
j  sulphates  arc  titratetl  with  iodine  as  in  stan* 
danlisint;  thiosulphate  solution  (r.  mprn,  p.  20r))  ; 
jiparingl>'  soluble  salts  are  suspended  in  water 
and  titrated,  shaking  vigoroiuiy  in  a  stoppered 
j  bottle  all  tho  time. 

'  Pkrsulphurio  acid,  (n)  By  oxidittion.  The 
solution  is  acidified  with  sulphuric  aeid,  a  con- 
siderable  excess  of  standard  ferrous  sulphate  is 
added,  and  then  100  c.c.  of  hot  dlstilletl  water 
(70®-~80**).  Excess  of  ferrous  salt  is  then  quickly 
titrated  \nth  J\r/10-permiuigaaate.  U,^,Oa=^ 
2PeO  (Chem.  Soc.  Abst.  190O,  ii.  45). 

(For  other  methods,  t'.  ('hem.  Zentr.  infK), 
436 ;  Amer.  J.  Sci.  1901,  12,  307 ;  Gazz.  chim. 
it*L  1902,  32,  ii.  383;  Boll.  6oo.  chim.  1003, 
30,  930.) 

TaUnrlanu  Xxlluruus  ooufoumob.  (a)  By 
tuidatum.   The  solution  is  rendered  alkaline 

with  sodi>im  h\<lroxiile.  an  e\ce«,s  of  .Y  'lO-jM-r- 
mangauate  is  added,  and  the  excess  estimated 
by  acidifying  with  sulphniic  acid,  adding  Ar/19- 
oxalic  acid  m  e\  ,  and  fitiishing  the  titration 
with  permanganate.  2TeOg=0|  (Chem.  Soc. 
Trans.  1891,  59,  238;  Amer.  J.  Sei.  1899,  8, 
122). 

(6)  By  precipitation  as  tetraiodido  in  mo- 
derately concentrated  sulphuric  acid  aolution 

(Amer.  J.  Sei.  1896,  2,  271). 

(c)  lodimeirioaUy  (t?.  Amer.  Chem.  J.  1898, 
20,  878). 

TKU-rRir  COMPOUNDS.  loditneiricnUy.  The 
tellurate  is  distilled  with  concentrate<l  hydro, 
chloric  acid  in  Bunsen's  apparatus,  tho  chlorine 
absorbed  in  pot-anKium  i(jdi<ie  and  the  iodine  set 
free  is  titrated  with  A'/lO-thiobulphate.  Telluric 
anhydride  must  be  previously  dissolved  in  con> 
centrated  potasshim  (not  sodium)  hydroxide, 
ainoe  it  is  scarcely  attacke<i  by  hytlrochluric 
aekl.  The  rednction,  which  proceetls  to  tel- 
Inrous  acid,  may  be  also  effeeted  by  distilling 
with  j)ol*»i*ium  bromide  ami  dilut<i  sulphuric 
acid  (Zeitsch.  anorg.  Chem.  1894,  7,  132). 

ThaUIum.  lodimetrically.  The  dilute  solu- 
tion of  thaiiic  salt  is  mixe<l  with  exce«  of 
potassium  ioflide,  and  the  iodine  liberate  <I  is  ti- 
tratetl  with  J^/lO-thiosulphate.  Tl  =  J,  (Compt. 
rend.  1902,  134.  655). 

Tin.  StAHNOUS  salts.  lodimttrintlh/.  Tho 
cold  h\  rlrochloric  acid  solution  of  the  stannous 
salt  w  titrated  with  iV/IO-iodine.  Sn  »  1,  (J. 
Amer.  Chem.  Soc.  1897,  19,  809).  Fr.?e  exposure 
of  tho  solution  to  air  must  bo  avoided,  sinoe 
stannous  salts  readily  undergo  oxidation ;  it  ia 
preferable  to  woric  in  an  atmoaphan  of  carbon 
dioxide. 

Staxn'ic  sAiiTS  must  be  reduced  before 
titration  with  iodine  ;  this  ma\  be  accomplished 
by  heating  tho  hy<lrochloric  acid  solution  with 
iron,  or  dieet  nickel,  or  with  finely  powdered 
antimony  (Chem.  News.  1901.  84, 167^.^^^  ^^  ^  ^^^^^j^ 
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Titanium.  By  rtduclion  and  sufmequent 
nidation.  It  is  difficult  to  obtain  aooumto 
results  with  ({uantitic8  of  titanium  dioxide 
exc»>edinp  0-15  ^^rani.  The  worm,  dilute  sul- 
phuric aoid  wiution  of  titanic  salt  is  reduced  to 
the  teryalent  condition  by  meMia  of  sine, 
aluminium-iiia'^n»'«ium  alloy,  or  zinc-aluminium 
aUoy  {Za,  9o  p.c.  Al  10  p.o.,  OMt  in  sticks), 
eoolfA  and  rapidly  Bltered  into  ferric  sulphAte 
Bolutioii;  the  cqiilv  il  nt  quantity  of  f-n  U3 
sulphate  ^oduoed  ia  titrated  with  ^10-periuan- 
ganate.  Ti  Fe  (Ghem.  Zeit.  1907,  31,  999 ; 
AmcT.  J.  StM.  1W8,  25,  130  ;  Analyst,  1910,  35, 
198;  compare  J.  Ainer.  Chom.  Soo.  Itt95»  17, 
878). 

7'  '  '!■  >/;;(  (iiifl  Iron  (c.  Iron). 

Tungaten.  By  reduction  and  sub&equenl 
oandiaum.  The  mlutlon  ia  redvced  by  sino  and 
hvdroc'hlorlf^  arid  to  a  condition  corresponding 
to  the  oxide  WO.,  filtered  and  titrated  with  a 
standard  ferric  aotutimi.  The  end-point  is  per< 
ceived  by  the  disappesrancf  (  f  t?^  intense  blue 
colour  of  the  intermediate  con)£>ound  correspond- 
ing to  W,0„  the  reaction 

Fe,0,-f  WO.  ^  W03  +  2FeO 

bemg  quantitative  (Ghem.  Soo.  Froc.  1900,  25, 
227). 

Uranium,  (a)  By  rtitutum  and  svbseqvent 
oxidation.  The  solution,  containing;  20  c.c.  of 
concentrat«<I  sulphuric  acid  ia  a  volume  of 
125  c.c,  is  poured  upon  100  grams  of  pure 
rinc  (in  sticks  2  cm.  Ions).  hcat»'<I  ru-arly  to 
buUini^  for  15  minuttai,  liltcn-d  into  a  largo 
porcelain  dish,  and  the  zinc  washed  with  cold 
ililutc  sulphuric  acid  (1  :  10  l»y  volume)  till  the 
total  volume  of  solution  is  300  c.c.  The  solution 
of  uranoua  sulphate,  which  should  bo  aea-j^ecn  in 
colour,  is  then  titrated  with  A^/ 10- permanganate. 
The  solution  can  also  be  reduced  by  passage 
through  a  long  column  of  amalgamated  zmc  ; 
in  either  caeo  the  reduction  proceeds  a  little 
too  far,  but  oxidation  to  the  uranous  state  is 
accomplishol  durinc  the  filtration  anfi  wa.'^hing. 
Uigh  results  arc  obtained  by  carrying  out  the 
experiment  in  an  atmoaphera  of  carbon  dioxide. 

gU(80«)t  »  iKUnO^  »  10FeS0«.  or  U  »  2Fe 

(J.  Amer.  Chem.  Soc.  lf>On,  31.  307;  compare 
ibid,  1901,  23,  685 ;  1906,  28,  1541 ;  Amer.  J. 
8ci  1003,  16.  229). 

(h)  loditfutrir.ilhi  (r.  Ber.  1904,  .37.  180). 

Uranium  and  Vanadium  {v.  J.  Amer.  Chem. 
Soe.  1906,  28.  1443). 

Vanadium,  (n)  By  rahul'mn  and  sttlscjiunt 
coeidaiion,  (i.)  The  vanadic  solution  containing 
anlphttrie  acid  is  boiled  with  aolphnr  dioxide 

until  the  coltiur  t<?  a  pure  Mue,  and  the  excess 
of  sulphur  dioxide  then  expelled  with  carbon 
dioxide;   the  aolntion,  containing  vanadium 

salt  corn'.sponflincr  tn  the  oxiile  ^^,0,,  is  then 
titrated  hot  with  A'/lO-fiermanganate.  (ii.)  The 
■ulphuric  acid  solution  is  passed  through  a  long 
column  nf  nmrxlir.imaf e<l  ■/.\n<\  and  the  reduced 
^ulution  collected  and  titrated  as  de8cribe<l 
under  Moit^enum  (v.  »upra,  p.  213).  In  this 
rase  mluction  proceeds  as  far  as  the  nxi'le  V,Oj 
(Amer.  J.  Sci.  19<»8,  25,  332;  compare  ibid. 
1003.  16,  389).  (iii.)  The  .solution  is  evaporate<l 
nearly  to  rlr\'iic^  tlir'-'-  tiin<  -  cnnrenfrated 
hytlrochlorie  ucid,  wiica  \  auutl\l  i;h]urulu  V'OCl, 
is  formed ;  hydrochloric  acid  is  removed  by 
evaporation  wjtb  sulphuric  acid,  the  solution 


diluted  and  titratini  with  lIT/lO-perntatlgpUiate 

(Ber.  I!K)3,  36,  3164), 

(fe)  Btf  reduction.  The  vanadate  solntion, 
hot  or  cold,  and  containiug  hydrochloric  oi 
sulphuric  acid*  ia  titrated  M-itb  standard  (2  p.c. ) 
stannous  chloride  (titrated  against  iodine)  until 
a  (lro{>  of  the  solution  gives  a  blue  colouration 
with  ammonium  molyodate.  Ke4lucti<Hi  pco- 
oeeds  a«  f ar  as  the  tetroxide  V^O^  (BulL  Soc 
ohim.  1908,  3,  620). 

(c)  lodimetricaUy.  (i.)  About  0-:M>-5  gram 
of  vanadate  is  distilled  with  l<5-2-0  grania  of 

twtassium  brotnide  and  30  c.c.  of  c(»ii(  cntrate».t 
lydroohloric  acid,  the  liberated  bromine  ab> 
eorbed  in  potassium  iodide,  and  the  iodine 
titrated  with  .V  10-thiosuIphate  ;  V  ,().,  -  Br„ 
the  reduction  proceeding  to  the  tetroxide  (Chem. 
Zentr.  1890,  i.  977 ;  for  other  iodimetrk)  methoda, 
r.  Amer.  J.  8eL  1806,  2,  18(K  356;  1002»  14, 
369). 

Vanadium  and  Chnmitm  («.  BulL  Soc.  duna. 

1904.  'Hii'v 

Vanadxum  and  I  ranium  (v.  J.  Amer.  Chem. 
fikw.  1906.  28.  1443). 

Vanadium  ami  Iron  {v.  Iron;  and  J.  Amer. 
Chem.  Soc.  1908.  30,  1229,  1233). 

Zine.  (a)  By  precipitation.  The  chloride 
solution,  containing  3  c.c.  of  concentrated  hydro- 
chlorio  acid  in  a  volume  of  250  c.c  ia  hc«ted 
nearly  to  boiling,  and  titrated  with  standard 
potassium  ferrocyanide  solution  (21-5  cmmj- 
per  litre,  titrated  against  pure  zmc)  until  ouo 
or  two  drops  of  the  solution  produce  a  brown 
colouration  with  uranium  nitmte  f,T.  Amer. 
Chem.  Soc.  1900.  22,  198  ;  1904,  2ti.  4  ;  190H, 
31).  225;  Zeitsch.  anal.  Chem.  1006,  44,  174). 
The  nraninra  nitrate  indicator  may  be  replaced 
by  ammonium  molylxiatc  (Chem.  Zeit.  190.%  21*, 
951).  It  has  been  recommended  to  add  excels 
of  ferrocyanide,  and  titrate  back  ^  ith  standarvl 
zino  chloride  (Zeitsch.  anal.  Clietu.  1896,  3o, 
460). 

(For  the  application  of  this  method  to  ore^ 
and  alloys,  v.  J.  Amer.  Chem.  Soc.  1907,  29, 
20.^) ;  (  hem.  Zeit.  lfK)5,  29,  961 ;  J.  Soe.  Chem. 
Ind.  1905,  24.  228.  1278.) 

(h)  AeidimeirieaUv,  As  for  Magnesium,  r. 
supra,  pb  212;  and  J.  Amer.  Chem.  Soo.  1001. 
23,  468. 

(«)  loditnOrieatty,  M  for  Jft^nesMma,  r. 
"upra,  pk  212;  and  J.  Amer.  Chem.  Soc.  190II. 

22,  353. 

CoLoaiMXTBic  Methods. 
These  methods  are  especially  valuable  for 
the  estimation  of  very  small  quantities  of  sub- 
stances, and  are  capable  of  giving  very  accurate^ 
reaultfl.  The  dcjpth  of  tint  produced  by  some 
charaoteristie  ooUrar  reagent  m  a  giver  volume 
of  the  polution  i.s  coni{»JirerI  with  the  tint  pxt>- 
duced  by  the  same  reagent  in  an  equal  Tclnme 
of  a  solution  containing  a  known  quantity  of 
til  ■  Mjl'  t  xnco  to  be  determined.  The  tint  in 
the  comparison  tube  can  be  varied  by  varying  the* 
proportion  of  the  substance  which  it  oontaina» 
and  when  the  tints  are  e<iual  (he  <|Urtntitic3  of 
the  substance  in  each  tube  are  also  cquaL  Tbc 
quantity  in  one  tube  is  known,  and  heoee  tli*t 
in  the  oilier  h  det^Tiuinod.  It  is  irujHirtant  that 
the  comparison  l>e  made  under  oomparabk  ouci- 
ditions  with  respect  to  degree  of  aoidity  or 
aUcalinity*  proportiott  of  thi  reagent,  and  th< 
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likb.  It  is  aLo  impoi'tuut  that  the  dupth  uf  tint 
dionld  not  be  nuiterMUy  affeoted  by  the  proscncc 
of  oth.  r  S4i1titc  mtntaiiMS  in  tho  •olntion  under 
examination. 

The  following  iabstaiiMS  mfty  lie  determined 
by  theso  riK.thods  : — 

Lead,  vith  hydrogen  suljihide. 

OOfptr,  with  nydrogen  sulphide  or  potassium 
fcnwyaniiio  (Cemclley,  Chem.  News,  32,  :i08). 

Iron,  with  potassium  ferrocyanide  (Carnelley, 
Chem.  Npw-s,  30,  257). 

Iron,  with  potassium  thiocyanato  (Thomson, 
Chem.  Soc.  Trans.  l»Hr>.  493). 

YanadtauB,  with  hydrogen  peroxide. 

Tltaninm,  with  hydxo^  peroxide  (Weller, 
Jkr.  15,2693). 

AmoiMlly  by  Nessler*a  solution  (v.  Water). 

Iodine,  in  solution  in  carbon  duiulphide,  or 
with  starch. 

Nitmtes,  by  phenolndphoiuo  aoid  teet 
(r.  Watkk). 

Nitrites,  bv  (i.)  m-phcnylcnediamine ;  (ii.) 
sulphanilio  add  wd  a-naphthylamin©  (r.  Watki?  ). 

Tho  principle  may  likewise  be  applied  to  the 
companion  of  colouring  matters,  provided  fhat 
the  0(4utioai  mo  sqflBeiently  daQted  {9,  Colobi- 
varaa). 

Ultimate  Axalysis  or  Carbon  Compounds. 

The  majority  of  carbon  compounds  contain 
carbon,  hydrogen,  and  oxygen,  or  oorbon,  hydro- 
g'-n.  oxN  ^'Ti,  and  nitrogvn  ;  a  smaller  number 
contain  one  or  more  of  the  lialogcns,  or 
solpbiif.  There  ■re  a  still  trntUler  number  of 
organic  df  rivativrvs  of  phosphoni.t,  arsenic, 
antimony,  silicon,  and  other  metalioidal  and 
metallio  elenmite,  and  the  metals  also  oocnr  in 
the  saltB  of  tuffsato  aokla. 

QmeiitaUve  j^mnatien. 

Carbon  is  converted  into  carbon  dioxide 
when  the  substance  is  heated  with  cupric  oxide. 

Hyiraten.  The  sufaetence  is  heatad  to  a 
temperature  hi  low  that  at  which  decomposition 
be^ns,  untd  all  water  existing  as  such  is  ex- 
pSed,  and  is  then  heated  wiu  finely  divided 
and  recr  ntly  i ignited  cuprio  oxide ;  the  hydrogen 
ii  evolve<i  as  water. 

mtroglB.  Many  carbon  compounds  contain- 
ing nifrotipn  evolve  this  element  in  tho  form  of 
ammonia  when  h<>atc'd  with  caustic  sotia  or  soda- 
lime,  but  this  test  is  not  applicable  to  nitro-, 
nitroso-,  axo-,  and  diar.n-  derivatives. 

Many  nitro-,  nitroHo-,  and  diazo-  derivatives 
evolve  oxides  of  nitrogen,  with  or  without  ex- 
plosion, 'Ahon  h<'af«Hl. 

Nitrogi  i  i  in  all  c  lasses  of  carbon  compountls, 
with  the  «x(f]>ti<>n  of  the  diazo-  compounds, 
may  be  detected  b^^  heating  the  substance  with 
metallic  sodium  or  potaissium,  together  with 
=-f>me  .Kodium  carbonate  if  the  suljstanc  is 
exploKivc.  The  nitrogen  is  converted  into 
alkali  oyani<le.  and  the  cooled  mass  is  extracted 
■with  water  and  the  cyanoiieu  d<_f«'<.ted  liy  tlu; 
I'ruanan-blae  test,  wliich  consists  in  adding 
fmrjoa  snlpihAte  to  the  alkaline  solution  aftet 
fitration.  uannitig  gently  and  then  a(  i<!ifyin',:. 
.Suroceiious  carbon  compounds  containing 
■nilphur  yield,  when  heated  with  sodium,  a 
thiocyanate,  and  the  Pru«sian-1il\ii'  (t-st  lannot 
be  used,  A  large  excess  of  potassium  is  rccom- 
mended  in  thisease,  whea  it  is  stated  that  snlphnr 


does  not  uiterfere  (Tiiuljcr,  Ber.  1899,  32,  3150). 
A  mixture  of  potassium  carbonate  (13S  parts) 
and  magnesitnu  powder  (72  parts)  has  been  re- 
commended for  general  uso  m  detecting  nitrogen 
even  in  the  ease  of  diazo-  derivat  i  v<  k  and  stable 
pvTTole  compounds  {v.  Ber.  1902,  35,  2523  ; 
Oazz.  chim.  ital.  1904,  34,  f21  This 
mixture  is,  however,  f<»und  to  take  up  nitruL'tn 
from  the  atmosphere  (£lUs,Chem.  ^evvs,  1910, 
102,  187). 

Halogens  are  detected  by  heatmn  the  sub- 
stance with  pure  lime  or  pure  soda-lime,  extract- 
ing with  water,  slightly  acidifying  with  nitrio 
aoid,  and  tostuig  with  silver  nitrate.  Highly 
nitrogenous  compounds,  when  lifted  with  lime, 
are  apt  to  yield  oaloium  cyanide;  hence  the 
supposed  precipitate  of  silver  halide  should 
always  be  tested  for  cyanide  (r.  Htparatum 
of  cyanide  and  eMorwfe),  unless  nitrogen  is 
known    to  ab.sent.     With    so<la-lnnO  no 

cyanide  is  formed.  The  substance  may  ahso  be 
heated  with  sodhun  or  potassinm  as  in  testing 
for  nitrogen ;  iodine  and  bromine  are  detected 
by  acidifying,  adding  chlorine  water,  and  shaking 
up  with  ^Moroform,  which  becomes  purple  or 
brown.  The  supposed  silver  chloride  should, 
however,  always  be  tested  for  cyamtie, 

MphU  and  ^OSphoniS  in  non- volatile  sub- 
stances are  detected  by  fusing  with  canst ie  soda 
or  potash  mixed  with  about  one-tifth  itn  woifiht 
of  potasrium  nitrate,  or  by  heating  with  sodium 
peroxide  diluted  with  sodium  carbonate ;  in 
cither  case  the  product  is  tested  for  sulphuric 
or  phosphoric  acid.  Volatile  or  non-volatile 
.s\il)>tanco8  mav  be  oxidised  hy  lieating  in  a 
sealed  tube  at  accor<ling  to  cir- 

cumstances, with  fuming  niteio  acid  ol  sp.gr.  1-5. 
Sulphur  and  phosphorus  arc  oxidised  to  sul- 
phuric and  phosphoric  acid  respectively. 

Sulphur  is  also  detected  by  heating  the  suV*- 
etanee  with  sodium,  extracting  with  water,  and 
adding  sodium  iiitroprusside,  when  *  brilliant 
violet  colouration  indioates  the  pieeenoe  of 
alkaline  euljthide.  . 

Arsenic  and  antimony  are  detected  by  fusing 
the  substance  with  equal  wd^hts  (jf  sodium 
carbonate  and  sodium  peroxide,  extracting  witJi 
water,  acidifying,  and  passing  in  hydrogen  sul- 
phide. Other  approi>mte  testa  for  these  two 
elraoents  may  be  applied. 

Quantitiittrr  A (rrnu'naf'y>yf 

Carbon  and  hydrogen  in  absence  ol  nitrogen, 
halogens,  &c.  ,  , 

Tho  simplest  and  mof-t  convenient  metliml 
for  general  purposes  is  to  burn  the  comix>und  in 
a  glass  tube  in  a  current  of  oxygen,  assisted  by 
cupric  oxide  ;  the  carbon  is  converted  !i\t(>  car- 
bon dioxide,  which  is  absorbed  by  caustic 
potash ;  the  hydrogen  is  converted  into  water, 
which  is  al»>-orl)ed  by  caloium  chloride  or  con- 
I  contrated  sulphuric  acid-  ^ 
Erlenmever's  modification  of  Von  Babo  s 
'  furnace  is  frt  (juontly  employed.    I  tic  lu  at  is 
1  supuliwi  by  a  row  of  20-25  Bunseu  burners, 
each  of  which  is  provided  with  a  tap  and  a  per- 
forafcd  collar  for  regulating  the  supply  of  air. 
Tho  rtamea  strike  the  under  side  of  a  semicircular 
fireclay  or  sheet-iron  trough  or  gutter  in  which 
th<-  Combustion  ttiHe  rests  on  a  layer  of  magnesia 
or  asbestos.    Inclined  at  an  angle  over  this 
gutter  on  either  dde  is  a  row  of 
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by  which  the  flame  is  reverberated  upon  the 

np{)or  jmrt  of  tin*  iih\<s  fulic,  whicli  is  tluis 
heatecl  oil  round.  Each  tile  can  be  puiltii  back 
and  reeted  against  an  iron  rail  which  mnn  down 
t'ach  side  of  tho  furnace,  and  thu-^  any  |Mirt  uf 
iho  tube  can  be  readily  uxamined,  aud  more- 
over the  tiles  can  be  made  to  assist  in  regulating 
the  tcinperatiir<\ 

la  Hofmann'd  furnace  tho  tube  i»  heated  by 
two  doaUe  rows  of  perforated  <^lindrieal  fire- 
clay burners  placed  over  (irilii\;irv  tish-tail 
bnniers.  The  tube  rests  ui^^Jii  the  tup  uf  a 
central  row  of  much  Hhorter  bumen>.  The 
bumer«  are  infloxeil  by  fljit  vrrticnl  tiles,  and 
Hat  tileti  arc  laid  horizontally  on  the  tijp. 

In  the  Olaser  fumaoe  the  heat  is  provided  by 
a  row  of  Bunsen  ^turners.  The  tube  is  sup|H)rted 
by  a  series  of  Hcmicircularperf  orated  iron  plates, 
plaoed  cloM)  togeUier.  Tne  flamee  strike  the 
DOttom  of  thoRP  plates,  and  then  pass  throui;h  the 
perforations  and  Htrike  against  tho  fireclay 
covers,  by  which  they  are  reverberated  on  the 
tube,  sn  that  the  latter  is  heated  from  tho  top 
and  sides  hh  well  as  from  the  bottom.  The  tube 
is  usually  wrappe<i  round  wiUi  wire  gauze.  This 
furnace  will  trive  hii^her  temperatures  than  tho 
Krlenmeyer  furnare,  liut  consumes  more  gas. 

A  more  modern  type  of  combustion  furnace 
which  gives  very  high  temperatures  with  a  small 
consumption  of  gas  has  been  introduced  by 
Fletcher.  The  furnace  itself  consists  of  six  se- 
parate hoUow  fireclay  blocks  6  inches  in  Iragth 
and  of  the  same  height,  which  are  placed  end 
to  end,  so  as  to  give  a  total  length  of  3  feet. 
The  combustion  tube  is  supported  on  a  fireclay 
trough  placed  along  the  top  of  the  row  of  furnace 
blocks  which  are  each  pierced  along  one  side 
with  five  holes  loading  to  a  hollow  space  im- 
mediately below  the  trough.  The  main  gas- 
supply  pipe  is  a  brass  tube  of  square  section 
which  is  niaed  about  1|  inch  above  the  stone 


Tn,  16. 

I)ene)i  l>y  terminal  brass  supports;  it  carries 
jWrty  burners  projecting  at  right  angles  from 
it  in  a  shinting  din<  tion,  .so  that  their  nuj^zlcs 
reach  upwanis  to  the  jwrforations  in  the  furnace 
blocks,  the  centres  of  thc.M'  hol.-^  l.cin'r  »lM,iit 
S|  inehes  above  the  IxMu  h.    I'kch  lurnuce  block 
is  therefore  heate«l  by  five  bumeis,  and  rever- 
beration is  ensured  by  small  semicircidar  fire- 
clay arches,  three  of  which  fit  looseh  „n  each 
of  the  funmee  blocks.    Owing  to  ih.  ir  oblique 
position,  the  burners  are  readily  kept  clean,  the 
braas  heating  arrangement  is  quite  separate 
from  the  earthenwHrc  furnace,  and  the  tAps  and 
lower  parts  of  the  burners  are  proteetwl  from 
the  heat  of  the  furnace  by  a  btaas  shield  running 
Along  the  whole  length  of  tho  main  gaa  pip^ 


'  The  fnmaoe  ean  be  built  up  in  shorter  leittUis 

by  usitiL,'  fewer  of  the  furnace  blookt,  o(  Vmch 
tu-o  aru  represented  in  Fig.  16. 

To  avoid  the  neoeasity  for  using  an  india- 
rubber  .stopjMT  Intween  the  combust i(»ii  tuU- 
and  tho  watcr-al>8orjption  apparatui«,  .Mart-k 
suggests  a  mercury  jomt  made  by  drawing  out 
the  combustion  tul>e  to  a  conical  end,  and 
fixing  ruunil  this  a  knee  tube  by  means  of 
asbestos  and  fused  silver  chloride.  The  knee 
joint,  which  is  loosclv  tilled  with  silver  nhlx>n. 
tits  intu  a  Ix'll-shaped  tube  dipping  under 
mercury  (J.  pr.  Chem.  1907,  (2]  76,  180). 

The  eombu.stion  tube  shiuiM  consist  of  in- 
fusible potAsh  or  Bohemian  gla^vs  1*5-2  mm. 
thick,  with  an  internal  diameter  of  12-15  mm. 
It  should  be  of  suf  h  a  length  that  it  projects 
about  2  cm.  from  each  en«i  of  the  gutter  or 
t  rough.    Pieces  of  copper  wire  game  aboat  2  em. 
broad,  heated  in  a  flame  to  n'move  erease,  are 
rolKti  up  into  plugs  w  hich  tit  moderately  tightly 
in  the  tube,  and  one  of  these  plugs  is  pusherl 
into  the  tulw  to  a  distance  of  about  25  em.  from 
one  end.    'i'he  tulx?  in  then  tilled  with  freshly 
ignited  granular  cuprio  ozido  to  within  6  or  6  cm. 
of  tho  other  end,  and  a  second  plug  is  inserted. 
The  granules  of  cupric  oxide  should  bo  fairly 
regular  in  size,  and  1*5-2  mm.  cube.  Anothiv 
plug  about  10  cm.  long  is  made  by  rolling  a  piece 
of  copper  gauze  round  a  stout  copper  wire  12  cm. 
long,  and  bending  the  projectmg  end  of  the 
latter  into  a  loop  oy  means  of  which  it  can  be 
withdrawn  from  the  tube.    This  ]>lui;  is  plaoed 
in  the  other  end  of  the  tulw  behind  the  boat. 
Tho  end  of  the  tube  nearest  to  tho  copper  oxide 
is  fitted  with  a  diir  oaimtohoac  stopper  perforated 
to  receive  the  tube  of  the  absorpt  ion  aiqtaratus; 
the  other  end  is  dosed  by  a  similar  stopper,  aiuoh 
carries  a  ]rieoe  of  tttbing  of  veiy  nairow  boie, 

whic  h  is  (onneotedwithtMapporataaford^rvs 
the  oxygen. 

The  snbetanee  to  be  analysed  is  contained  in 
a  platinum  or  porcelain  boat  about  70  mm.  long 
and  8  mm.  deep,  of  such  diameter  that  it  slide* 
easily  in  the  oombnatkm  tabe.  It  nay  oob> 
venicntly  be  inclosed  in  a  amiU  irell*ooilmd  tabs 
w  hile  being  weighod. 

The  water  ia  absorbed  by  nanulated  aiihy> 
dfona  caldnrn  ehloride,  which  m  treated  wlUi  a 


Fio.  17. 


current  of  dry  carbon  dioxide,  and  then  with 
a  current  of  dry  air  to  oonvert  any  ooloiam  oibde 
present  into  carbonate,  and  thua  prevent  ttie 

absorption  of  carbonic  dioxide. 

The  calcium  chloride  is  contained  In  a  U'tabe 
provided  with  smnll  side  bulb  for  CQOdeming 
the  water,  the  tube  from  this  bulb  fitting dtfOCih 
into  the  cork  in  the  combustion  tube,  whilet  t£p 
other  limb  of  the  U-^"be  is  closz-d  |»y  n  caoutchouc 
cork  carrying  a  narrow  tube  bc-nt  at  a  riv:bt  angle  j 
and  oonnmted  with  the  |»taeli^|»yjft(J^,j(t^[J 
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•ad  19%   In  the  alMenoe  of  the  tide  bnib,  eaoh 

liinli  of  tho  tubo  is  cltw<i  by  a  caonti  huuc  c<irk 
caxT}  ins  &  oarrow  tutw  beat  at  a  right  angle, 
€00  of  tMM  tabes  fitting  diroetlv  into  the  oork 
of  thf  combustion  ttiT)o,  an<l  the  othi  r  iM-iiii; 
connected  with  tho  putatih  bulbe.  A  Hinall  tt  st- 
talM^  S-3  on.  long,  plaoed  in  the  up^x  r  part  of 

the  first  limb  of  the  U-tubr,  coIU'cts  the  L'rtiit.  r 
part  of  the  water,  and  thiu  proteota  the  calcium 
cUocide  (Ko.  1,  Fig.  17).  (For  other  focns  of 
ealoam  chloride  tul>oM.  r.  Chom.  Soo.  Froo.  1908, 
21;  87;  Chem.  Zeit.  X907,  31,  342.) 

A  U-tube  oooAttaikig  pumice  nioutened  with 
rtrong  sulphuric  acid  may  also  Ik^  ihimI  to  collec  t 
the  water,  but  bulbs  tilled  with  the  acid  must 
not  be  naoA,  sinoe  it  dissolyw  en  ^>pteeiable 
quantity  of  carbon  dioxi<ft'. 

Hie  carbon  dioxide  iH  absorbed  in  a  strong 
aohtioQ  of  potMBhun  hydionle  made  by  dia* 


1.  t. 

Fig.  18. 


wiving  this  substance  in  an  e^ual  quantity  of 
'  wmtor.  The  aohition  ia  oontauied  m  *  potash 
bulbs,'  of  which  there  are  many  forms.  Geisj^ler's 
form  is  the  moat  convenient,  since  it  wUl  stand 
oo  ita  own  baae  (No.  2.  Fis.  18).  Lieb(g*a  original 
font  (Na  1)  ia  atill  oaad,  but  the  move  recent 
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form  devised  by  Bender  (Fig.  19)  secures  cfncient 
ab«orption.  and  is  convenient  for  weighing,  as 
it  stands  either  on  its  own  baae  or  on  aa  aim* 
toinium  foot. 

The  Geissler  or  Liebi^  bulbs  must  contain 
such  a  quantity  of  eaoatio  potash  solntion  that 
it  \ra«hf9  up  to  a  certain  extent  in  the  last 
bulb,  but  yet  ia  not  Buflic  i<  tit  to  till  tho  large 
first  bulb  in  case  *  vaeuum  is  produced  by  rapid 
shsorption  of  the  s&s.  In  addition  to  the  potash 
halbs,  a  U-tulx'  tillod  with  granulated  soda-limc, 
vilhalayer  of  calcium  chloride  2  cm.  deep  in  tho 
opper  part  of  each  limb,  is  used  to  absorb  tho 
lart  traces  of  the  gas  and  any  small  quantity  of 
moisture  that  may  be  given  ofl  from  the  Oanatio 
]'  iiV'h  -/ihition.  Two  such  soda-lime  tubes  may 
1"  u  i  in  I  .U<»  of  potash  bulbs.  ( For  other  forms 
"f  carbon  dioxide  absorption  tvd>es,f.  Chem.  Zeit. 
15W5,  29,  6fl9  ;  1907,  31,  342  ;  1908,  32,  77  ; 
Amer.  Chem.  J.  1906,  35,  300  ;  Ann.  Chim.  anal. 
1907,12^318;  Chen. Soo.  FMo.  190Q, 2«»  182.) 


The  tnbe  eontainhig  the  soda-lime  is  eon* 

nected  with  a  U-tulx-  filled  with  calcium  chloride, 
to  protect  the  ab»orptiou  apparatus  from  mois- 
turo ;  thb  h  espt^  ially  noedial  when  the  air  is 
drawn  through  the  apparatus  by  means  of  an 
aspirator. 

The  oxygen  or  afr  used  in  the  oombustioa  is 

freed  from  carlx"!!  dioxide"  by  parsing  through  a 
strong  solution  of  caustic  potash.  If  comprMsed 
oxygen  ia  empikyyed,  %  ia  MTiaable  to  pass  it  first 
through  a  short  length  of  heated  combustion  tube 
contaming  ouprio  oxide,  in  order  to  bum  out 
any  carbonaceous  impurity.  The  air  or  oxygen 
is  then  dried  by  passing  through  tlry  calcium 
chloride  or  through  pumice  moistened  vrith 
concentrated  aulphurio  acid,  tho  Kame  deaio- 
eating  agent  must  be  used  to  dry  the  gas  SS  is 
employed  to  collect  the  water  productnl  during 
the  combwtlon. 

The  oxygen  is  drie<l  by  passing  it  through 
two  long  U-tubes  containing  calcium  chlorine. 
Instead  of  tho  (J-^ubes  we  may  use  a  tall 
cylinder  with  the  lower  half  filled  with  aoda>Ume 
and  the  upper  with  calcium  chloride. 

Tho  oxygen  required  for  combustions  in  the 
open  tube  may  be  prepared  from  potasHium 
chlorate  and  magnanese  dioxide  and  stonxl  over 
water  in  gasholdera  of  moderate  capacity.  I'he 
can  may  also  \io  generate<l  as  required  by  tho 
fuUowiiig  method,  which  furnishes  the  gas  under 
sufficient  pressure  for  use  in  combtistions.  A 
solution  of  25  grams  of  potassium  permanfi;anato 
in  500  c.e.  of  w  atcr,  ancl  50  c.c.  of  sulphunc  acid 
is  introduced  drop  by  dixip  into  a  litre  tla.sk 
containing  500  c.c.  of  hydrogen  peroxide  (lU 
vols.),  "nio  gas  contains  chlorine  and  onone, 
uhich  are  remove<l  during  its  passage  through 
the  purifiers  (BulL  Soo.  Chim.  1907,  £4]  1, 501). 

The  operolion.— The  tnbe  hi  pfiieed  hi  the 
furnace  and  oonneoted  at  one  end  with  t]i<  dry- 
ing apparatus  and  at  the  other  with  the  calcium 
cUonde  guard  tube,  but  not  with  the  abaorotion 
apparatus.  It  is  gradually  heated  to  recfness, 
a  ounent  of  dry  oscygen  is  passed  through  for 
half  an  hour  to  remove  all  moisture  and  organio 
matter,  and  the  tul>e  is  allowi d  to  cool.  V>Tien 
a  combustion  tube  is  being  used  for  the  first 
time  or  after  a  long  intenral,  it  b  advisable  to 
carry  <nit  a  blank  experiment  by  putting  on  the 
absorption  apparatus  and  heating  the  tutje  for 
aome  time  in  a  atream  of  dry  oxygen.  If  the 
tube  is  ready  for  the  analysLs,  the  weight  of  the 
absorption  tube  an<l  apparatus  should  be 
constant.  The  solid  or  non-volatile  liquid  sub- 
stance is  now  weighed  into  the  platinum  boat, 
which  is  introducetl  into  the  tube  by  removing 
the  long  copper  plug  at  the  back,  and  the  latt4>r 
is  then  replace<l.  The  front  end  of  the  tid>e  is 
then  connected  with  tho  absorption  apj>aratU8, 
and  the  other  end  is  connected  with  the  drying 
tul>es  and  the  oxygen  reservoir.  The  bnmem 
under  the  front  part  of  the  tube  are  now  lighted 
and  the  temperature  gradually  raised  until  tho 
tube  is  at  a  dull-red  heat  to  within  12  cm.  of  the 
boat.  Tho  tube  in  contact  with  tho  stopper  at 
the  front  end  should  Ix^  ho  hot  that  it  can  only 
just  be  touched  by  tho  finger,  and  this  tempera- 
ture should  be  maintained  throughout  the 
operation  by  regul:it  ing  tho  first  two  burners,  in 
order  to  prevent  condensation  of  moisture  with- 
out decomposing  the  stopper.  If  any  water 
i  ahoahl  ooiid;Bnae,it  may  be  volatilised  lg^l>^g  ^^^^^^^^ 
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one  of  the  )iot  tiles  oloet'  over  the  tttbe.  The  last 
two  or  three  burners  iimler  the  long  copper  plug 
at  tho  back  aro  now  lighted  and  the  temperature 
gxadiwliy  xw^ed  to  dull  redness,  wliilst  at  tho 
Kamo  time  tho  copper  oxide  is  heated  to  within 
(>-6  cm.  of  the  boat,  and  a  current  of  oxygen  is 
pMsed  through  the  tube  at  the  rate  of  a  bubble 
every  two  scjconds.  One  of  the  burners  under 
tho  boat  is  then  lighted  and  the  boat  very 
gradually  heated,  combustion  being  remilat<»d 
so  that  the  bubbles  passing  ir.to  the  potash  bulba 
o&n  easily  be  counted.  When  the  substance  is 
completely  carbonised,  llu-  tviDjKTatvire  of  the 
boat  ia  raised  and  the  curcont  of  o^'goa  iucreaaed 
to  a  babble  per  second.  Towarmi  the  dose  of 
the  0|MTfition  tho  l>ont  is  hoatcd  to  redness  and 
a  somewhat  more  rapid  current  of  gas  is  passed. 
It  is  not  necessary  to  heat  the  tnlw  above  red- 
ness,and  a  higiier  temperature  produces  distor- 
tion. When  oombustion  is  compiete»  the  current 
ol  oxygen  is  oontimied  for  a  sbort  time  to  drive 
out  all  carbon  dioxide  in  !  n  oxidise  any  reduced 
oopper.  When  the  oxygen  bubbles  through 
the  potadi  bnlbs  at  the  same  fate  as  through 
the  dryinfi;  ftpparatus,  the  oxA'grn  reservoir 
is  disconnected  and  a  current  of  air  is  dra\vn 
through  the  iriiole  apparatus  to  expel  the  oxygen. 
At  th  •  same  time  the  tube  is  gradually  cooled 
and  Id  ready  for  a  second  operation.  If  tho 
tube  is  caierally  heated  and  cooled,  it  may  lie 
tisod  for  a  vrrv  largo  number  of  analyses.  The 
absorption  apparatus  is  diisconnectcd  and 
wei<;hed.  All  the  weighings  should  bo  made 
without  the  plti':,'s  of  caoutchouc  tubing  and 
glass  rod  which  are  uned  to  prut^^'ct  the  contents 
of  the  tubes  and  bnlbs  from  the  air.  When 
several  nnfllyes  are  lM>ing  ma<le  of  substances 
which  bum  only  with  difficulty,  tho  entire  heat- 
ing may  with  advantage  be  carried  out  in  a 
current  of  oxygen,  and  some  saving  of  time  is 
effected  by  weighing  the  absorption  apparatiis 
filled  with  oxygen. 

Volntilo  liquids  are  inclosed  in  a  small  thin 
cylindrical  glass  bulb  3  cm.  long,  with  a  capillary 
nieok,  readily  made  by  drawring  out  a  pie*  e  of 
wider  tubing.  II10  bulb  \b  weigned,  heated,  and 
the  capillary  IuIkj  immersed  beneath  the  liquid. 
As  the  tube  cools  a  sinall  ([unntity  of  the  litpiid 
enteia.  This  is  heated  to  boiling,  and  when  tho 
air  is  expelled  the  end  of  the  tube  is  again 
placed  in  tho  liquid,  and  \vhen  the  vapour  con- 
denses the  bulb  is  complcttily  lillod.  If  the 
liqnfd  is  very  rolatile,  the  eapiilar>-  end  may  be 
sealed  before  weitrhinR  the  tube,  but  nsnally  tliis 
is  not  necessary.  The  bulb  is  placed  in  the 
boat  with  the  capillary  end  open  and  direeted 
tinvrirds  t!i('  ((tiipcr  oxldr.  foiubvir-tion  is  con- 
ducted as  already  described,  but  much  |;reater 
care  n  required,  espeeially  if  the  liquid  is  very 
volatile-.  Till-  fr«riit  part  of  the  copper  oxi<le 
must  be  quite  red-hot  before  the  liquid  begins 
to  volatilise,  and  it  is  advisable  that  the  bulb 
bo  empty  i)cfot.'  tln'  (nppr  oxide  near  tlio 
bont  is  heated.  With  an  uou  gutter  sulticitnt 
heat  is  conducted  to  vapourise  volatile  liquids, 
but  in  oflir-r  cnni'-'i  a  vt  rv  I*iu'  fliune  may  l>e 
used,  or  one  ol  the  hot  tiivn  umy  l>t>  held  over 
th«^  boat.  In  all  cas-cs  it  is  difficult  to  prevent 
(iilfusion  of  vnpotir  intn  th'-  baric  of  the  tube  and 
even  into  tlie  drying  HpiMiriitu!*.  Tho  long 
copper  ping  at  the  ba<  k  ineron.sos  the  speed  of 

the  current  by  decreasing  the  diameter  of  the 


pa.ssago,  and  the  narrow  diameter  of  the  enti 
tube  assists  in  a  similar  manner,  but  in  all  cases 
of  tho  analysis  uf  a  volatile  substance  a  slow 
current  of  air  should  be  iiassed  almost  from  tUv. 
bednning.  T-«ter,  oxygen  should  be  pa.-s<  d.  but 
nul  too  soon,  otherwise  an  explosive  muLturo 
may  be  formed.  The  open  tube,  m  fact*  doee  not 
yield  such  satisfactory  results  with  volalil. 
liquids  as  with  other  subntancc^s,  lind  in  Much 
cases  combustion  should  bo  made  by  the  follow* 
tng  method. 

Lid>ig^»  crujinal  method  at  modtjUd  by 
Bufuen.  Granular  cupric  oxide  and  some  of  the 
finely  divided  oxide  are  heated  strongly,  and 
while  still  hot  are  placed  in  flasks  with  long  necks 
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which  are  then  tightly  eorited.  The 

tube  is  drawn  out  at  onf»  end  in  tho  manner 
shown  in  the  figure,  and  teuh d  at  the  point  a, 
A  layer  of  granular  cuprio  oxide 
about  10  cm.  long  hrst  intro- 
duced by  placing  the  oombustion 
tube  in  tho  neck  of  the  flask  (Fig.  21) 
containing  it,  and  then  2-3  cm.  of 
tho  finely  divided  oxide.  The  sub- 
stance (about  0-5  gram)  is  now  intro- 
duced from  a  long  narrow  weighmg 
tube  which  can  m  inserted  into  the 
mouth  of  the  eondiustiim  tube,  and 
6-6  om.  of  the  finely  divided  oxide 
is  added  and  intimately  mixed  with 
tho  substance  by  means  of  a  lon  j 
copper  virot  the  lower  end  of  which 
has  two  twtets  like  a  corkscrew  (Fig. 
22).  The  \Nire  and  s'u\(-<  of  the  tul>e 
arc  rinsed  with  some  of  the  oxide,  and 
the  tube  is  filled  with  the  granular 

oxide  to  within  f)-^5  cm.  of  the  toj),  and  a  ])lug  of 
cuprio  gauze  inserted.  Every  care  nuist  be  taken 
to  prevent  absofption  of  noistnrc  by  the  cuprie 


Fm,  21. 


Fio.  22. 

oxide.  Tlie  remainder  of  the  operation  is  con- 
duct«jd  a»  describe<l  above,  and  when  combustiou 
is  complete  the  drawn-ont  end  of  the  tube  is  con- 
nected with  a  drying  apparatus",  the  tip  {.roken 
oil  inside  the  caoutchouc  tuk-,  ami  a  current  of 
oxygen  and  afterwards  of  air  psssed  through 
the  apparatus. 

In  whichever  wa^  the  combustion  is  iuaJ<3  ti 
is  found  that  the  percentage  of  hydrogen  t« 
al\vay.*i  nlKHit  0-1-015  too  high,  a  result  attri- 
butcil  to  the  flilticulty  of  perfectly  drying  the 
cupric  oxirle,  &c.  It  is  frequently  Stated  that  an 
oix'n  tube  rarely  gives  correct  results  the  first 
time  it  is  U8e<l ;  but  this  is  solely  due  to  neglect 
of  the  precaution  of  first  heating  In  a  current  of 
oxygen  (p.  218). 
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Oombutikm    with   lead  eAromafe.  Sab* 

sUnoes  such  lt  ij  liiti  n  -inx,  Sec.  which  are 
oxidised  with  givat  di&cviity»  should  be  burnt 
wHh  lead  dmnnate,  or  in  ezfcreme  oases  with 
Ifad  chromaie  contuiniiiK  10  p.c.  of  polaftsium 
bichromate;  theee  oxidiiiiug  agents  can  be  em- 
vfoyed  in  eitiier  open  or  dosed  oomlniBtioii  tobea. 
The  rhromatc  is  pnciitilHted  liy  adiling  potas- 
6xam  bichromate  to  a  tsolutiou  of  lead  nitrate, 
waahfld,  dried,  fused,  and  then  granulated.  It 
M  heated  immediatoly  VK'fore  b<'iiig  u.«e(l,  and 
the  tube  is  filled  in  tho  same  manner  as  with 
copper  oxide  io  B.  The  effioiencv  of  the  lead 
chromate  depends  mainly  on  the  fact  that  at  a 
high  temperature  it  fuses.  After  being  used  it 
is  neated  Mith  nitric  acid  in  order  to  remove  tho 
reduced  ozidea»  aad  is  WMhed,  dried,  and 
again  ignited. 

Cum  and  hydrogen  In  pmmti  of  Bttrogen, 
halofens,  &c.  When  nitrogen  is  present  it  in 
partly  converted  into  nitrogen  oxides,  which 
are  absorbed  by  the  OIllRtie  potash.    In  order 

Tvo;i!  thi'^  source  of  error,  the  front  of  the 
tuLc  LuiUiuiis  plugs  of  copper  wire  gauro  or  a 
UyvT  of  rrranuliat<^  metaluc  copper  12-15  cm. 
in  length  rtnluced  in  carbonic  oxido.  The  copper 
M  heated  to  redness  throughout  the  operation, 
and  the  nitrogen  oxides  »ro  decomposed  with 
riiiorption  of  oxypen  and  liberation  of  nitrogen. 
A  eilTer  gauxc  nlug  is  preferable  to  the  copper, 
because  u  the  latter  is  reduced  in  hydrogen,  it 
is  apt  to  retain  water,  and  if  in  methyl  alcohol, 
it  may  also  contain  carbon  (Zeitsch.  anal.  Chcm. 
1906,'14.  741). 

Perkin  (Cliem.  Soc  Proc.  1880,  37,  457) 
employs  precipitated  manganic  oxide  made  into 
a  pa?te  with  n  saturated  solution  of  |>otas.sium 
chromate  containing  10  p.c.  of  dichromato,  dried 
and  fenuuilated.  A  lajor  of  this  mixttiTe  15  em. 
long  IS  placed  in  the  front  of  the  tube  and  heatrd 
to  20(r-250°  C.  AU  nitrogen  oxides  are  ab- 
wcbed,  but  if  the  misetme  is  neated  too  strongl  v 
they  are  partially  expelled.  After  each  analysa 
the  manganic  oxido  is  heated  more  strotudy 
vhilii  a  eunent  of  air  ie  peaaed  fhiooi^  the  toM, 
and  the  nitrogen  oxidee  HO  moce  or  kes  oom* 
pl^dy  driven  off. 

The  halogens,  when  |ment,  form  halide 
cnpp^r  aalts,  which  are  somewhat  volatile  and 
are  liabje  to  be  carried  hito  the  absorption 
^ppanAm.  In  such  oiscs  the  front  la^rar  of 
rnpj-cr  TT:n\-  1^  re])laced  by  eilver  f<»il  or  gauze, 
utucii  decomposers  the  nitrogen  oxidci?  and  al»o 
absorbs  the  halogens.  Compounds  of  this  kind 
may  also  be  burnt  by  means  of  lead  chromate, 
(r.  mpfxi),  or  a  mixttue  of  tho  substance  with 
lead  chromate  may  be  placed  m  a  porcelain 
fxat  and  burnt  in  a  current  of  oxypen  in  the 
U4>iul  way  (c/.  Amtr.  Chem.  J.  1900,  35,  531). 

Bulphar  forms  Hxilpbur  dioxide,  which  is  ab> 
borbe*!  by  caustic  pota.-h.  Compounds  contain* 
iag  ihis  tlemeut  may  Ix;  bunit  with  lead  chro- 
■Mte,  care  being  taken  that  the  front  of  the  tube 
h  not  too  hot ;  or  the  front  of  the  tube  ma^' 
eootain  a  soroewhit  longer  layer  of  manganic 
oxide  and  |K)ta.s>iutn  chrornat<*,  the  front  half 
beiog  kept  at  200®-250*  to  absorb  nitrogen 
oxides,  whilst  the  rear  half  is  heated  to .  dull 
redness  and  abeorba  the  auli^nr  dioxide 
(Man.  (.«.). 

Ai    presenu    of  a  ooniaci 
The  tiee  of  a  speoU  comhoetion 


fnmaoe  maj'  be  obviated  by  bringing  a  mixture 
of  oxyj^en  and  the  vapour  of  the  organic  suli- 
stanoe  heated  to  a  suitable  temperature,  into 
contact  with  some  aotire  matmial,  mch  as 
platinum,  platinise<l  quarfz,  ^ilafinined  asbestos, 
palladium,  or  oven  finely  divided  copper  oxide. 
This  process,  which  has  been  applied  stteocasfuily 
by  Dennstedt  and  his  collaborators  to  a  varied 
series  of  organic  substances,  is  carried  out  in  a 
hard-glass  or  quarta  combustion  tube,  about 
86  em.  in  length  and  10-18  mm.  in  diameter, 
the  contact  material  being  placed  about  tho 
middle  of  the  tube.  PlatmiNd  quarts  is  pra- 
pirrd  by  Boaking  thoroughly  clean  and  dry 
quartz  fragments  in  an  alcoholic  solution  of 
pyridine  platinichloride  and  igniting  them  over 
the  blow.pi}X'.  A  layer  of  about  ?>  cm.  of  this 
material  can  be  used  in  the  comlnution,  or 
platinum  foil  or  wire  may  be  employed,  one  of 
the  most  efficient  forma  of  this  metal  being  a 
six-rH\  (>d  .star  of  platinum  foil,  about  10  cm.  in 
length.  'I'ho  combustion  is  most  oooTenientfy 
( ffi  cte<l  in  R  doublo  supply  of  oxygen.  Tho 
boat  containing  tho  substance  is  placed  in  tho 
hard -glass  inner  tube  (18  em*  ttl  length)  shown 
in  Fig.  23,  which  is  open  at  one  end  and  at  the 
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other  terminate<l  by  a  witle  capillary  tube, 
through  which  a  current  of  dry  oxygen  can  be 
intromioed.  This  inner  tube  has  a  cuameter  of 
about  14  mm.,  and  oxygen  can  be  pnasod  through 
tho  annular  space  by  means  of  tho  T*tttbe  fitthig 
over  the  capillar^'  tube  as  shown  in  the  figure. 

By  means  of  this  apparatus  tho  supply  of 
oxygen  rei^uired  for  vaporising  and  buruingthe 
sawtanoe  ean  be  carefully  regulated.  When 
the  organic  compound  contains  nitrogen,  sul- 
phur, or  halogens,  a  large  boat  containing  lead 
peroxide  is  luaeed  in  the  combustion  tuoe  and 
heated  to  300"»-320**.  The  suljjbur  is  absorbetl 
in  the  form  of  lead  sulphate,  and  may  ho  esti- 
mated  bv  extracting  the  lead  jiero.xido  with 
5  p.c.  sodium  carbonate  solution, and  estimating 
the  sulphate  in  the  filtrate.  Tbe  estimation  ot 
chlorine  and  bromine  may  be  similarlv  effected. 
Iodine  is  not  entirely  absorbed  by  load  peroxide, 
and,  accordinglv,  'molecular'  silver  must  be 
employed  to  talce  up  this  clement  (Dcnnstedt, 
Zeitsch.  angew.  (liem.  1905,  18,  1134  ;  10,  517  ; 
Chem.  Zeit.  iyU5,  2'J,  52 ;  1909,  33,  ; 
Analyst,  1905,  135;  Ber.  1908,  41.  600;  Bau. 
mert,  Ber.  1007,  tO,  3170).  Walker  and  Black- 
adder  recommend  a  lurnaci;  iiO  cm.  lung,  with 
g;nnular  copper  oxide  partly  placed  in  the 
combustion  tube  and  partly  mixed  with  tho 
weighed  substance.  The  combustion  is  carried 
out  in  about  30  minutes,  and  the  tube  ean  bo 
heated  with  Bunsen  burners  on  an  ordinary 
workiuz  bench  (Chem.  News,  1009,  OS),  4  ;  rf, 
Marek  J.  pr.  Chem.  1906,  73,  350) 

EkUrkal  nuihod.  In  this  pcooees  the 
eleotrio  onnent  is  used  aa  the  source  of  heat,  and 
piatinum  as  the  catalysis  A  Denn^  m^r^^^^I^ 
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tube  k  employed  to  oontftin  the  bo«t  s  wHih  the  |  dkvop,  and  the  abHorptimi  apimntas  te  titled 

weijrhed  substance,  and  iho  spiral  of  plafimim-  on  to  tho  outer  end  of  ihe  nickel  tulx*  pe.  A 
iridium  wire  if  j  ia  wound  round  a  poicelain  or  |  divided  stream  of  oxygen  is  employed  as  in  the 
quarts  tobe  held  in  position  in  the  oorabuation  |  Dennatedt  prooeM»  and  tiie  time  reqiiii<ed  lor 
tul>c  by  a  nic-k'l  tuho  de,  pnssing  throu<^h  the  roniplrt^  OOmhmtioil  Tfiea  from  15  tO  40 
indiarubber  stopjicr  c.    The  coil  is  heatod  to  i  minutes. 

vadnem  by  the  passage  of  the  oomnt  throngh  I     The  oonnuaptkm  of  eleotrioal  energy  in 


this  meUiod  of  carrying  out  oomhnatibnB  is 

f<mall,  amounting  to  about  3*6  amperes  at 
64  volts  (194-4  watts)  during  the  time  when 
the  highest  tempentoie  is  ODtefaied  (Breteau 

and  I>;rona,  BuU.  Soc  chim.  1908,  [4]  3,  15  ; 
cf.  B.  Blount,  Analyst,  1905,  30,  29 ;  Morse  and 
Taylor,  Amer.  Chem.  J.  1906,  33,  601 ;  Morse 

an.l  (Jray,   Amer.  Hiem.  J.  Sf),  451  ; 

C'arrasco  and  Planchcr,  Gazz.  chim.  ilal.  llMXi, 
36,  492  ;  Lippmann,  Chem.  Zeit.  190o,  29,  487, 
174;  Tucker,  J.  Amer.  Chem.  Soc  1907,  29, 
1442). 

Nitrogen.  This  element  is  determined  in 
the  form  of  ammonia  (Will  and  V'arrentrapp, 
Kuffle,  Kjddahl),  or  in  the  form  of  nitrogen  gas, 
wluch  is  collected  and  measured,  the  weight 
being  calculated  from  the  Tolume  (Dumas,  M*z- 
>\ell  Simpson). 

A.  WiUand  Varr entrap method.  The  sub- 
stance ia  heated  with  socla-iinie  and  the  nitrogen 
is  evolved  as  ammonia,  which  in  al>iriorhed  in 
h^'droehloric  acid  and  precipitate<l  as  ammo- 
nium platiiiichloride  or  estimated  volumetri- 
cally.  This  method  is  not  applicable  to  azo-, 
diaso-,  nitro-,  and  nitroso-  doiivetivei,  end  to 
certain  albuminoid  substances. 

Sodadime  in  prepared  by  slaking  2  parts  of 
good  quicklime  with  a  htronir  sohition  of  1  part 
of  sodium  hydroxide  free  from  nitrates  or  sul- 
phates. The  mixture  is  dried  by  heating  in  an 
mm  vessel,  granulated,  and  pnscrvid  in  well- 
dosed  bottles.  A  mixture  of  equal  jparU  of 
calcium  hydroxide  and  anhydrotM  sodram  ear- 
bonate  ma}'  also  be  used. 

A  glass  tube  about  60  cm.  long  and  12  mm. 
diameter,  sealed  at  one  end,  is  filled  to  a  depth 
of  alioul  .'j  cm.  \sh\\  a  mixture  of  anhydrous 
o.\uliu  acid  and  granular  soda-lime,  and  a  short 
plu);  of  reoently  ignited  asbestos  is  inserted. 
Till-  -uli-tatii  e  i-  iiitimately  mixed  with  cuflicient 
tiiiuiy  powdered  soda-lime  to  form  a  layer  about 
15  em.  long,  and  is  quicidy  introduced  into 
the  tube.  The  mortar  i.s  rin.sed  with  a  small 
quantity  of  soda-lime,  which  is  also  put  m  the 
tube,  and  the  latter  is  then  filled  with  granular 
Moda-linu'  to  within  5  cm.  from  the  « nd  and  a 
loose  asbestos  plus  inserted.  The  tube  i.^  tap^Mxi 
to  form  «  ehennel  over  tho  powdered  tioda-linie 
for  th''  fM-ajK"  of  the  i;ase.>J,  and  is  plac  (h1  in  a 
luruaue,  which  may  be  considerably  shorler  than 
that  used  in  the  estimation  of  hydrogen  and 
oxygen.  Tlic  combustion  tube  is  uttju;}n<l  by 
iiit  aiis  of  u  iK-rtoratcd  cork  to  an  up[)aralus  for 
absorbing  tuu  auimonid.  Thi.s  may  cumiist  of 
the  bulM  offiginally  doviaed  by  Will  and  Var- 


rentrapp,  or  of   en  ordinary  bolb  U-tiibe. 

Winkler  haa  devised  a  combination  of  bulb 
and  llask  which  is  especially  convenient  for 
estimations  by  titration,  sinee  the  liquid  need 
not  bo  transfer! e<i.  Ordinary  dilute  hydro- 
chloric acid  or  a  definite  volume  of  stAndjard 
acid  is  placed  in  the  bulb.  The  tube  is  greduelly 
henicd  i<)  n-dm-ss,  lK-gii\ning  at  the  end  neitr 
the  U*tube,  and  when  deoompoeitioa  is  com- 
plete the  ottlie  eeid  at  the  back  is  heated,  and 
the  ammonia  in  the  tube  is  driven  out  by 
the  current  of  carbonic  oxide  and  carboia 
dioxide.  The  excess  of  acid  is  then  ilfitw  iliiiMwl 
by  standard  alkali;  or  the  liquid  is  evapc»ratr<! 
with  plstinic  chloride  as  in  an  ordinary  eisiima- 
tion  of  ammonia,  and  the  nfeeipdtate  is  waMhe<l 
with  ether  containing  a  small  quantity  of  nl<  oht'l. 
dried,  heated  in  a  crucibio  tUi  completely  decom- 
posed, and  the  nitrogen  calculated  from  the 
weight  of  the  residua]  platinum.  Pt— The 
nitrogen  frequently  forms  volatile  baac^i  other 
than  ammonia,  and  hence  the  platinum  prC' 
cipitate  cannot  bo  weigheil  a.n  such.  The  ratio 
of  platinum  to  nitrogen  is,  however,  the  same  in 
all  cases.  The  precipitAtc  is  washed  with  ether, 
because  if  such  bases  are  fNtesent,  it  may  be 
soluble  in  alcohol. 

It  is  im{K>rtant  that  the  front  jmrt  of  the  tobe 
be  heated  sufficiently  to  secure  oompieto  decom- 
position, but  the  temperature  must  not  be  too 
high,  otherwise  part  of  the  ammonia  it«*elf  is 
decomposed,  and  the  results  are  too  low.  Sub> 
stanoes  rich  in  nitrogen  should  be  mixed  wink 
some  pure  sugar  in  order  to  dilute  the  ami 
and  prevent  too  rapid  absorption. 

Varioos  modifications  of  Wfll  and  Vi 
trapp's  methcxl  have  been  introduced  in  order 
to  make  it  more  generally  apnlioablc,  but  tbeee 
processes  have  besn  snperseoed  by  KjeldaWi 
method  (r/.  RuflBe,  Chem.  Soc  Traoa.  1881,  89 
87 ;  Arnold,  Ber.  1885,  18.  806). 

B.  JDemas*  meMod.  In  tiuspcoeeas  the  hydro- 
gen and  carbon  are  burnt  by  mcana  of  cupric 
oxide  and  the  liberated  nitrogen  coileoted 
and  meamired.  A  glass  tube  80  cm.  long,  12  to 
15  mm.  iliameter,  sealecl  like  a  te^^t-tulu-  at  ,.!io 
end,  is  tilled  to  a  length  of  12-15  cm.  with  dry 
sodium  hydrogen  carbonize,  4  cm.  of  oopne 
oxide  is  added,  and  then  an  intimate  mixture 
of  the  substance  (0-3-0-t)  gram)  with  cupric 
oxide,  then  the  cupric  oxide  used  to  clean  tlM 
mortar,  a  layer  of  craiuilar  cupric  oxidt*,  and 
dually  a  layer  of  reduced  grauuiat«d  copper  or 
copper- w  ire  gMiM  not  less  than  15  cm.  in  length. 
The  tube  is  ooniieoted  bjr  meant  of  a  oorik  and 
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beol  tabe  with  sn  apparstm  for  ocdimtiiig  the 

nitro^ten.  Thf  soiliuin  hydrogen  rarbonatc  is 
fint  Heated  uatil  ail  air  u  exi)cilcd  and  the 
tMbiag  gas  is  completely  absorbed  by  potash 
Htlution.  The  copii<  r  i-  t!irn  h(  afrrl  to  redness, 
lbs  hoMt  being  gradually'  applied  to  the  whole 
tvbeasfarwitheearbonite.  When  combustion 
(oaxtl,  thr  ( r<r^  nnatc  is  affain  heated  until 
ail  the  nitrogen  liati  been  expcUed. 

The  OKWl  oonvenient  form  of  apparatus  for 
i^^fPf^jf^  tiie  nitngcn  in  that  devised  by  H. 

ischiff  (Zeitsoh.  anal. 
Chcm.  7,  430),  or  a  simi- 
lar form  described  by 
Groves  (Chem.  Hoc. 
Trans.  1880,  37,  600). 
The  former  consists  of  a 
burette,  a,  titted  with  a 
he»vy  foot  and  provided 
with  a  stop-cock,  <",  at 
the  top.  (JioBe  to  the 
bottom  is  a  tabulos,  6, 
inclined  at  an  angle  of 
about  45**,  and  on  the 
other  side  is  another 
tubuluB,  a,  connected  by 
means  of  a  caoutchouc 
tube  previously  soaked 
in  jMotiflin  with  a  globu- 
lar reservoir,  b,  wfich  is 
attached  to  the  burette 
b  V  a  clip,  and  the  height 
of  whioR  is  readily  ad' 
justed.  Mercury  i« 
|)oured  into  the  burette 
through  the  lower  tabu- 
lus  to  a  height  of  2  or 
3  mm.  above  the  lower 
opening,  and  tilO  reaer- 
Fia.  2&  voir  i-H  then  filled  with  a 

solution  of  caustic  pot- 
«i*h  in  its  own  weight  of  water,  the  lower 
tubtjhis  lioing  closed  with  a  cork.  The  stop- 
cock m  ojitncd  and  the  reservoir  raised  until  the 
burette  is  completely  filled  vrith  the  alkaline 
solution.  ITie  stopcock  is  th-  ri  d  iHod  and  the 
reservoir  lowered  to  the  bottom  ot  the  burette. 
Tha  lobahia  may  now  be  opened  without  the 
mrTTur^'  or  alkaline  solution  bein^  forced  out. 
When  the  air  ha^j  been  expelled  from  the  com- 
boation  tube  the  end  of  the  deliviry  tube  is 
inJWTted  through  the  tubuhis  and  the  nitrogen 
coUrcted.  At  the  cloiie  of  the  operation  the 
tempcraturs  of  tha  |^  is  allowed  to  become  con- 
stant, the  reservoir  i.«  raided  so  that  the  le\ d  (tf 
the  liquid  is  the  same  a.M  in  the  burette,  anfl  the 
volume  of  the  nitrc^n  is  reatl  off,  together  with 
the  temperature  and  the  height  of  the  baro- 
meter. The  weight  of  the  nitrogen,  P,  is  then 
emulated  from  the  vohtma  by  meaaa  d  the 
foffnmfab 

P    V(B—/)0  001251 
*^  (V-f"0W36tJ<)760' 

wkiiu  V  is  the  ohsenred  yolufiie,  B  the  height 
of  the  barometer.  /  t- tj  ion  of  aqueous 
vapour  at  the  temperature  <,  and  0-001251  the 
aeight  of  1  ce.  of  nHvogen  at  0^  and  780  tnm. 

(Tatt<TJE:in  fZf  it  ."h  ?iiinl.  Oiem.  24,  57) 
coUects  the  uitrugeu  in  an  apparatus  similar  to 
Sjdiifl*e,  bofe  not  graduted.  A  bent  tnbe  of 
snail  Ajmrnrim  oonpletely  filled  with  water  is 


attaohed  to  the  jet  of  tho  burette  by  moans  of 

caoutchouc  tubing.  By  closing  Iho  Ir-^rr 
tubulus,  raisuiu  the  potash  reservoir,  and  upcniug 
the  stopcock,  the  gaa  is  drtven  over  into  a  gradu- 
ated  tube  .^tandinjj  over  water,  and  is  measure<I. 
The  errur  ciui-  to  the  unknown  vapour  tension  of 
the  potash  .<i)hition  is  thus  avoided,  but  the 
vapour  tension  of  the  water  at  the  [>arlieuhir 
temperature  must  of  course  l)c  taken  into 
account.  Other  forms  of  apparatus  arc  de* 
scribed  by  Zulkowaky  (Annalen,  1876,  182,  200; 
Ro«*oe  and  Schorlemmer's  l'hemi.stry,  3,  pU  1, 
74)  and  Schwara  (Ber.  1880,  13,  771). 

('.  MaxicfU  Simpson's  modification  of  Dmnm'' 
mdhvd  (Chcm.  Soo.  Trans.  1863,  6,  290 ;  Auiialen, 
1855,  05,  74).  In  order  to  avoid  tho  formation 
of  carbonic  oxide  and  nitric  oxide,  the  substance 
is  burnt  with  a  mixture  of  ouprio  oxkle  and 
mercuric  oxide.  Into  a  tube  similar  to  tiiat 
uf^ed  in  Dumas'  method  is  introduced  about 

12  grams  of  manganese  carbonate  or  granulated 
magnesite  mixed  with  2  grams  of  precipitated 
mercuric  oxide,  followed  by  a  plug  of  asbestos. 
Another  gram  of  mereuiAo  oxide  fa  hitroduoed, 
and  then  an  intimate  mixture  of  O  o  gram  of  tho 
sttbstauce  w  ith  45  parts  of  a  previou^y  prepared 
uid  thorouglily  dry  mixture  of  4  |)orta  m  ignited 
euprie  oxide  and  5  parts  of  precipitated  mtTcuric 
oxide.  The  mortar  and  the  sides  of  the  tube  are 
rinsed  with  a  similar  mixtnre  and  another  as- 
Iji^-tos  plug  is  introduced.  A  layer  of  granular 
cuprio  oxide  about  0  cm.  in  length  and  a  layer  of 
nol  Ises  than  20  cm.  granulated  cop|>er,  kept  in 
jx^sition  by  another  asbestos  plug,  till  the  n-- 
mainder  of  tho  tube.  After  the  air  has  been 
expelled  by  heating  the  manganese  oartwnate  or 
magnesite,  the  tube  is  gradually  heated  to  recl- 
ness,  beginning  from  tne  front.  Tho  mctailio 
copper  not  only  deoompossa  nttrogen  oxides,  but 
also  absorbs  the  excess  of  oxygen.  The  ga,^  is 
colleuted  as  in  Dumas'  method,  the  magnesite 
or  manganese  carbonate  providing  the  carbon 
dioxide. 

Certain  organic  com|>ounds  {e.g.  hy  di'oaroma- 
t  ic  series),  when  analysed  for  nitrogen,  evolve  a 
portion  of  their  carbon  an  methane,  which,  being 
burnt  only  inijjerfectiy,  add»  to  tlio  volume  of 
the  nitrogen.  In  these  oases  lead  ohromate  is 
recommended  as  the  oxidising  agent,  nr  the 
subistanue  may  be  mi&ed  with  cuprous  chloride 
and  copper  oxide  (Haas,  Chem.  Soio.  Ftoc  1900^ 
22,  81). 

V'arious  modifications  of  Dumas'  process  have 
Ijeen  proposed.  Thudichum  and  Wanklyn  use  a 
mixture  5  parl« of  normal  sodium  carbonate  and 

13  {tarts  ot  fused  potassium  bichromate  in  place 
of  »MKlium  hydrogen  carbonate.  CJrovts*  (f.c), 
with  a  view  to  usmg  the  same  tnbe  repeatedly, 
places  the  mixture  m  carbonate  and  bichromate 
in  a  i^mall  tube  connected  Avith  the  combustion 
tube  by  an  indiarubber  joint.  The  portion 
of  the  cupric  oxide  mixed  with  the  substanoe  is 
separated  from  the  layer  renminiufr  alway-;  in  the 
tube  by  means  of  a  tight  plug  of  asbestos  and 
cop])er  gauze,  the  latter  keeping  a  free  pa^^sage 
for  the  ga.^. 

The  combustion  tube  may  be  open  at  both 
ends,  the  rear  being  conneoted  with  an  apparatus 
for  generating  carbon  dioxide,  hut  special  pre- 
cautions must  be  taken  to  obtain  this  gas  free 
ficom  air  {v*  W«dngton»  Chem.  Soo.  Tmna.  1882, 
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Tho  carbon  dioride required  lor  tliiamodifica-  ;  need  V.c  used.    Th.-  rnpprr  oxide  koeps  the  eat- 
tion  of  Bum  as'  proces-s  mny  bo  gcneratctl  in  a  |  luwwtcd  tube  from  coUaping  when  heftted. 
Kipp's  apparatus  by  thu  actiuii  of  hydrochloric  i      In  many  OMe«,  especially  with  nitre-  denva. 
aci(i  on  marble  or  calcito.    These  minerals  ,  lives,  the  j,'as  cencrated  in  the  pxhaustcd  tuU- 
Hhoul<!,  howevpr,  U-  }.oiled  with  water  before  i  ia  a  mixturo  ot  nitrogen  with  mtrio  oxide,  the 


bcin^  used,  in  order  to  fret?  them  from  air.  The 
dioxido  may  also  be  penerated  by  dropping  a 
foncontrnt^'d  solution  of  potassium  carbonate 
{ijp.gr.  l  o)  into  a  mixture  of  water  and  con- 
centrated sulphuric  acid.  A  convenient  ap- 
paratus in  which  to  effect  this  operation  is  shov^'n 
in  the  accompanying  figure  (Young  and  Caad- 


woll,  J.  Soc-  Chem.  Iiul.  IHOT.  2(*,  IS4).  The 
carbonate  solution  fluus  from  tljc  dropping 
funiu  l  into  the  mercury  trap  and  out  into  the 
W'oulff'H  bottle  through  the  small  hole  a.  The 
rate  of  evolution  is  regulated  by  the  exit  tap, 
and  «  is  A  safety  tube. 

Tn  both  liumaA*  method  and  Simpson's 
mofhticatiun  the  combiwtion  tube  may  lie  drav^-n 
out  at  the  front  end  and  connccte<l  with  a 
Sprengol  mercury  pump  by  gla8i<  tubing  joined 
by  tnhort  jiieces  of  eaoMtehouc  tul>ing,  the  joinUs 
l>eing  Burroundcd  by  short  wide  tubes  filled 
with  water  or  glycerol.   A  bulb  is  blown  on  the 


Fio.  27. 


latter  being  sometimes  present  in  oontridrrabfe 

quantity.  It  is  advisable,  therefore,  to  de- 
compose the  nitric  oxide  by  using  either  a 
layer  of  rednoed  copper  or  a  long  plug  of  silrcr 
gauze  placed  between  the  copper  oxioe  and  the 
exitf  and  by  keeping  this  material  heated 
throughout  the  combustion* 

Liquidu  in  which  nitrogen  is  to  bo  detrrnuned 
may  be  enclosed  in  bulbs  which  are  dropped  into 
the  oomtrauttion  tnbes  as  m  tlie  delflnnination  of 
hydrogen  and  oxygen. 

The  copper  oxide  used  in  nitrogen  deter- 
minations siiould  be  prepared  by  heating  metaUio 
copper  in  air  and  never  by  ignition  of  t!ie  nitrate, 
since  iu  the  latter  case  it  ia  apt  to  cuutaiu  i>Aaic 
nitrates  whidl  evolve  nitrogen  on  beating. 

The  copper  u«ed  in  nitrogen  det<'rminatioiis, 
&c.,  should  not  bo  reduced  iu  hydrogen,  ainco  it 
is  liable  to  occlude  this  gaa.  It  may  bt  redm  od 
in  the  mixture  of  carbon  monoxide  and  carbon 
dioxide  obtauied  by  heating  oxalic  acid  with 
strong  Bulphorio  acid.  Plugs  of  copper  gauze 
may  also  be  reduced  by  heating  thorn  to  retliiosa 
and  dropping  them  into  a  tcst>tube  containing  a 
few  drops  of  formic  acid  or  methyl  aJ(  >  <  <  '  Tim 
reduced  copper  is  carefully  dried  at  it>U°-ilO*. 

When  no  carbonate  is  used  and  the  eaa  is 
simply  pum[>ed  out  of  the  tube  and  collecl^l 
over  mercury,  it  consista  of  a  mixtore  of  oar- 
bon  dioxide  and  nitrogen.  If  the  former  i§ 
estimated  by  ab.sorpliou  with  caustic  }H>taj.h.  a 
determination  of  the  carbon  may  be  combii^ 
with  that  of  nitrogen. 

Jaunasch  and  Meyer  have  described  a  method 
for  the  simultaneous  estimation  of  carbon,  hydro- 
gen, and  nitrogen  (Ber.  188G,  19,  949  ;  Annalen, 

1886,  233.  n?.")  ;   Zeitsch.  anal.  ('Ikui.  1887, 
86 ;  c/.  BulL  6oc  chim.  lUOS,  33,  951). 

1>.  KjMakV*  method  (Zeitwh.  anaL  dwm. 
1883,  22,  3GG).  The  6ul>stanoe  is  hcat<-.l  with 
conceikLrateil  »ulphuric  acid  to  a  temperature 
approaching  the  iwiling-point  of  the  latter,  and 
w'hen  decomiKKsition  is  complete,  an  excess  of 
solid  putiisiiium  permanganate  m  a<ided.  The 
nitrogen  is  thus  converted  into  ammoniiun 
milphatc,  which  is  then  distilled  \uth  excess  of 
alkaJi  and  the  ammonia  collected  and  estimated. 
This  uR  thod  is  economical,  loqtiitea  no  eon- 
bustion  furnace  or  special  apparata",  rapid, 
and  requires  comuaratirely  little  attention,  so 
that  a  large  nnmlwr  of  determioatians  can  bo 
cnrrirf!  on  at  the  same  time.  The  substance  nf*-*! 
nut  be  m  a  vcrv  fine  state  of  division,  and  tlM 
method  is  especially  suitable  lor  Uqoid  and  pasty 
Bubstanccji  such  a.-  extracts. 

it  is  important  that  the  sulphuTK'  acid  em> 
ployed  for  these  determinations  should  be  pro- 
tected from  ammonia,  and  the  canstie  soda  -ohj. 


horizontal  part  of  the  glass  tube  at  the  end  near  tion  should  be  «ell  boiled  in  order  to  expel  any 
the  eonibuj^t  ion  tu)x*,  and  this  bulb  ia  kept  cool  '.  ammonia  which  it  may  contain.  "  *' 


The  purity  of 

during  the  ojKration,  and  serves  to  condense  the    the  reagents  is  best  ascertained  by  making  an 
_._  *       J    fi«_  ^  t   .     cjjperiment  with  pure  sugar.    Lf  a  t«tu^  quantity 

of  ammonia  is  present,  the  same  quantity  of  thn 


water  which  in  formed.   The  oomhustion  tube  is 

ijiadi'  \  a'.  u(ju>,  iiiid  uhcii  no  more  air  Lssues 
Irom  the  end  of  the  pump,  the  combustion  is 
eondooted  in  the  ordinary  way,  the  gas  which  is 

e\ohed  1><  in^  pumped  out  by  tlic  SpiMUt  l  pump 
uud  collected  iu  a  suitable  tube.    No  maguesite 


reagents  should  be  used  in  each  experiment,  and 
a  correction  made  for  the  ammonia  M'hich  they 
contain. 

In  Older  to  prevent  bumping  during  disiilkt  ion, 
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1  Ismail  piece  of  zinc  may  be  placed  in  the 
ti&«ik,  but  it  is  essential  that  the  soda  should  }>e 
free  from  nitratos  and  nitrites,  which  would  be 
leduocd  and  yield  ammonia. 

The  time'requirod  for  the  operation  be 
considerably  shortened  by  uaidg  sulphurio  add 
conuining  'galpbitrio  aoliydnde  or  phoaphorio 
inhvdride. 

The  method  as  ihos  oarried  out  is  appUoable 

If)  iiU  --ulastanees  which  can  1h>  aiiah  s(hI  f>y  Will 
•nd  Vaimitrapp's  proceed*  and  to  manjr  otheni. 

Heffier,  HoUnrag,  and  Horgen  (Zoitaoh.  f. 
rh  m.  ^,  432)  tn-fit  10-1  •.'j  grains  of  .substance 
« ilk  20  cc  of  a  mixture  of  4  vols,  ordinary 
stdphnrio  acid  and  1  toI.  of  jFnniing  aeid,  and 

2  <;t8>ii'^   "f  pho-^phorus  pentoxide.  Krcti^^lr-r 
Zeitsch.  aoaL  Chem.  IH^  24,  453)  uses  sul- 
phone  acid  containing  200  grama  of  phoBph<wuB 
pi'nf ox'uli*  ]n  r  liln'. 

Wilfarth  (Chem.  Zentr.  [3]  10,  17,  113)  finds 
thai  the  oadda^m  of  the  organic  matter 
ukea  place  much  more  rapidly  in  presence  of 
oertain  metallic  oxides.  Mercuric  oxide  is  the 
most  efficient,  but  cuprio  ozi^  anawen  almost 
(^Tiallv  wf'll.  Tho  formor  produces  mercuri- 
Mimoniuni  cierivativetj,  which  aru  not  readily 
deoompr»serl  by  caustic  floda,  and  hmoe  the 
iilkaliru  li'iiiid  must  be  mixed  with  some  potas- 
uum  auiphiiie  to  decompoHc  the  mercury  com- 
pounds. The  mercuric  sulphide  formed  makes 
th<  liquid  boil  regularly  \\Ithout  the  addition 
of  zmc.  Ulsch  recommoiuLs  the  use  of  ferrous 
sulphate  instead  of  potassium  sulfdiide;  it  may 
be  added  Ix  fore  the  can<rtie  t^oda. 

WarirjL'ton  (Chem.  A'cws,  1885,  62,  162) 
nmotes  nitrites  and  nitrates  by  ix>iling  with 
feiTDOs  sulphate  and  hydrochloric  acid. 

With  a  view  to  secure  the  nnluction  of  nitro- 
dcriTattvea,  Ac.,  and  thus  make  the  process 
ipnerally  applicable,  Asboth  (Chom.  Zentr.  [3] 
17,  161)  mixes  0'5  gram  of  the  substance  with 
1  }?rara  of  pure  sugar  in  the  case  of  readily 
oxktieaUe  oompounda,  and  with  2  grams^  of 
befttoic  acid  in  the  oaae  of  nitrates  and  similar 
denvati\e.^.  Mo-^t  jjrobably  tho  Ix-nzoic  acid 
first  forma  nitro-  derivatives,  which  are  after> 
wards  redooed.  He  adds  Roohelle  ndt  with  the 
caiL-tjc  «xla  in  ordt  r  to  jirt-vi-nt  prcoipitatifjn  of 
maoganofle,  &c,,  and  thus  avoids  bumping 
dttfimr  distillation.  With  theae  modUcationa 
ilu'  in(  lh<xl  is  applicable  to  all  nitrogen  com- 
pounds except  those  of  the  pyridine  and  quino- 
fine  aoriea.  B.  Arnold  (ib.  p.  337)  uses  0-5  gram 
■  f  Anhvdnms  cnpric  Hiilphato  an  l  1  crram  of 
'Tw^j^llio  mercury  in  place  of  the  oxides  as 
reoominended  by  Wilfarth,  and  heats  1  gram  of 
the  .■>ulr»tance  with  these  and  20  c.c  of  siili  hnric 
actd  containing  20-25  p.c.  of  phusuhurio 
oxide. 

r.  AmoM  (Arch.  Pharni  21  7s-,)  confirms 
A5both'8  titatenititits,  but  fiu<L^  that  m  a<idition  to 
pvridine  and  quinolinc  compounds,  aao>  deriva- 
•ires  and  nitrites  >ieM  unsatisfactory  results. 
He  beats  0*5  gram  of  sui)stance  with  0-5  gram 
of  aal^drona  OQprie  sul]>hato,  I  gnun  of  metallic 
Diercurr,  2  prams  of  phosphoric  oxide,  1  tjrani 
of  sugar,  and  in  osuse  of  nitrates,  &c.,  2  grams  of 
benzoic  acid,  ami  20  c.c.  of  sulphuric  acid. 

Tlf  itmair  and  Stiitier  (Hep.  Anal.  <  h  i  i  5. 
222  i   Zcitsch-  uiiai.  Chem.  1886,  26,  5^2J  n^e 
about  0-7  gram  of  mercuric  oxide  and  20  c.c  of 
ralpfauric  arid,  with  a  small  fnutment  of  paraffin 
\OL.  1.—T. 


in  the  case  of  substances  rich  in  fat.  The}- 
regard  the  use  of  phosphoric  oxide  aa  unneoes- 
sary,  and  the  use  of  fuming  sulpborio  aoid  as 
undesirable  on  aooonntof  ita  liability  to  contain 
nitrogen  oxides. 

Jixlltmuer  (Chem.  Zentr.  [3]  17.  433)  nses 
phenoldulphonic  aeid  in  place  of  lMM>/.oio  acid, 
and  reduoee  with  ziuo  dust.  Ho  thus  obtains 
good  results  even  with  nitrates.  Reitmair  and 
Stutzcr  (Hep.  Anal.  Clu  m.  7,  t)  find  that  the 
nitrate  must  be  somewhat  finely  divided;  0*5 
to  IH)  gram  of  the  substance  is  mixed  with 
50  c.c.  of  .snlphurio  acid  cont<iinin^  20  jirams  of 
phenol  per  litre,  allowed  to  stand  for  a  short 
time  with  oceasional  agitation,  mixed  with  8-3 
r;rams  of  dry  zinc  powder  and  1  or  2  drops  of 
metallic  mercury,  and  heated  in  the  usual  way. 
Conversion  into  ammonium  sulphate  requires 
one  and  :t  half  hours. 

A  mobt  important  improvement  in  the 
Kjeldahl  proeesa  doe  to  Gunning  (Zeiteoh.  anal. 
Chem.  28,  188),  con.'<ist:<  in  the  addittDii  of 
{HitasHium  Hulphate  to  the  conoeutratcd  ^<ui- 
{)hurio  acid.  The  sdution  of  potassium  hydro- 
m'lt  .siilpliaic  in  concentratod  .sulpluirio  acid 
L»oik  at  a  temperature  consid(Tably  above  the 
boiling-point  of  Hm  strong  acid  and  the  oxidation 
of  the  organic  matter  is  lli  rrl)  ,  L-n  atly  facili- 
tated. V^iouH  oxidising  and  catalytic  agents 
may  be  mnployod  in  conjunetion  with  this 
mixture,  and  the  following  are  among  the 
many  which  have  l)ecn  sug^c^ted  in  addi- 
tion to  tho.Hc  already  mentioned:  platinio 
chloridt>,  ferric  cldoride.  manganese  dioxide, 
magnesia,  and  sodium  phosphate.  The  use  of 
potaesium  permanganate  h&a  now  boon  abano 
doned,  and,  in  the  case  of  refractory  .substances, 
oxidation  is  now  generally  induced  by  the 
cataljrtio  action  of  meronry  or  its  oxida  The 
following  proceHs  is  described  by  Dyer  (Chem. 
Soc.  Tran-s.  18')5,  67,  811).  The  substance 
(0*5-6  grams)  is  introduced  into  a  round- 
bottom<xl  Jena  fiask,  and  heated  gently  with 
20  c.c.  of  concentrated  sulphuric  acid  containing 
a  small  globule  of  mercury.  After  the  initial 
action  has  subsided,  the  temperature  is  raised  to 
boiling,  and  in  Iff  mhiutes  10  grams  of  potasrium 
sulphate  are  adde<l,  and  the  boiling  continual 
till  the  solution  is  dear  and  colourless.  'Tho 
flask  is  dosed  with  a  looeely  Htting  bulb  stopper, 
from  the  internal  projection  of  \Nhich  the  con- 
densed sulphuric  acid  drops  back  into  the  flask. 
There  is,  therefore,  little  loss  of  aeid  except 
through  reduction  to  sulphurous  acid.  The  pro- 
duct is  rinsed  into  a  capacious  Jena  distilling 
flask,  rendeied  strongly  alkaline  with  sodium 
hydroxide,  with  the  audition  of  a  pmall  quantity 
of  sodium  sulphide,  and  the  liquid  distilled  in 
a  current  of  steam,  the  ammonia  being  collected 
and  estimatetl  in  the;  u.siial  way. 

When  nitrates  are  present,  Jodlbauer's 
modification  is  emplovod,  but  the  phenol  may 
conveniently  be  replaced  by  salicylic  acid. 
Whon  the  solution  of  this  eubstanee  in  concen- 
trated sulphuric  acid  is  poured  quickly  on  to 
the  wei^'hed  material,  the  lo.ss  due  to  the  forma- 
tion of  lower  oxides  of  nitrogen  is  avoided,  and 
satisfactory  results  are  obtaine<l  even  when 
ammoninm  nitrate  is  present.  This  circum- 
Htancn  is  of  groat  importance  \n  connection  with 
I  the  analysis  of  compound  fertili.sers  containing 
I  both  ammoninm  salts  and  alkali  nitrates.  The  _ 
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zinc  and  nicrciirv  ftm  afldod  while  the  solution 
is  still  cold,  uiul  iho  former  nu'tal  allowed  to 
dissolve  iMjforc  the  mixture  is  hcatt'd.  Other 
reducing  agents,  Huch  an  sugar  and  aodium 
tliiosidphate,  may  l>e  U8C<1  either  alone  or  in 
coniunction  with  zinc.  By  the  aid  of  thin 
modified  proceaa  satisfactory  results  are  obtained 
in  the  analysis  of  organic  nitro-,ftzo-,and  hydrazo- 
derivativcs.  It  ha«  not  been  found  possible  to 
obtain  correct  estimations  of  nitrogen  in  sodium 
nitroprusside,  phcnylhydrazine  and  its  deriva- 
iivoH,  and  in  mixtures  containing  large  projjor- 
tions  of  chlorides  and  nitrates  {cf.  J.  Amer. 
(  hem.  See.  17,  r,(i7  :  Analyst,  1905.  314;  Ber.  \ 
1905.  38,  559 ;  Chem.  Soc.  l*roc.  1901,  25,  351  ; 
1903,  27,  988). 

The  literature  of  nitrogen  determinations  is 
extremely  voluminous.  Summaries  of  contribu- 
tions to  this  subject  will  be  found  in  Zeitsch. 
anal.  Chem.  1884,  23,  551  ;  24,  439  ;  25,  424  and 
571 ;  20,  249 ;  and  Chem.  News,  1888,  67,  62, 
ct  xfq.  In  addition  to  the  references  already 
given,  paiKTS  relating  to  Kjeldahl's  process  may 
be  found  in  Zeitsch.  anal.  Chem.  24,  199,  388,  , 
and  393  ;  25,  149  and  166  ;  20,  92  ;  27,  222  and 
398. 

Chlorine,  bromine,  and  iodine. 

By  lime.  A  tube  about  40  cm.  long  and 
7  mm.  diameter,  sealed  at  one  end  like  a  test- 
tube,  is  filled  to  a  <lepth  of  5  cm.  with  pure 
granulated  (juicklinie.  The  substance  is  weighefl 
into  the  tube  an<l  mixed  with  finely  jx>wderetl 
lime  by  means  of  a  copper  wire  twisted  at  the  end 
like  a  corkscrew.  The  wire  and  tube  are  rinsed 
with  lin)e,  the  tube  is  fille<l  to  within  5  cm.  of 
the  open  end  with  granulated  lime.  The  tube 
is  gradually  heated  to  redness  from  the  front. 
When  cold  the  contents  of  the  tube  are  dissolved 
in  water  slightly  acidified  with  nitric  acid, 
filtered,  and  the  halogen  precipitated  by  silver 
nitrate. 

In  the  case  of  iodine  the  substance  is  dissolved 
in  water,  filtered,  mixtxl  with  silver  nitrate,  and 
finally  acidified,  in  onler  to  avoid  liberation  of 
iodine.  A  further  precaution  consist^s  in  adding 
a  little  sodium  sulphite  before  each  addition  of 
nitric  acid. 

When  thq  substance  contains  nitrogen,  cyan- 
ides may  bo  formed  ;  but  this  is  avoided  by 
using  pure  soda-lime  in  place  of  lime.  If  the 
lime  contaiiui  sulphates,  some  sulphide  is  liable 
to  be  produced.  (On  the  preiwration  of  pure 
lime,  set  Zeitsch.  anal.  Cliem.  4,  51  and  15,  5.) 

Liquids  are  cont.uino<l  in  small  bulbs  with 
capillary  openinir^.  which  are  dropped  into 
the  tube  before  filling  up  with  lime.  The  tube 
must  be  very  gradually  heated,  and  should  be 
longer  than  usual. 

Carius' 8  mdlujd  (\n\\fi\(.w,  1800,  110,  1  ;  1865, 
130.  129  ;  Bor.  1870,  3,  097).  The  substance 
is  oxidised  by  heating  with  nitric  acid  in  sealed 
tubes  in  presence  of  silver  nitrate.  In  many 
cases  acid  of  sp.gr.  1-2  and  a  temperature  of 
r20''-200*  will  Hufiicc ;  but  substances  which 
are  more  iliflicult  to  oxidise  require  acid  of 
sp.gr.  r42,  mixed  in  six^eial  cases  with  some 
potassium  dichromate,  or  the  fuming  acid  of 
sp.gr.  1*5  may  bo  used.  If  necessary  the  tubes 
may  be  heated  as  high  as  300**.  The  tpiantity 
of  acid  used  should  not  l>o  more  than  twice 
that  theoretically  required  for  complete  oxida- 
tion, and  the  tube  must  not  contain  more  than 


4  grams  of  nitric  acid  for  each  50c.c.  of  its  vohimi*. 
If  the  ojK'ration  is  prolonged,  it  is  tlesir»bl«r  to 
reduce  the  pres.sure  in  the  by  of>oninK  it 

from  time  to  time  by  heating  the  capillary  end 
of  the  previously  coole<l  tube  in  a  llame  iintd 
it  softens,  when  the  gas  forces  its  way  out. 

llie  weighed  substance  is  enclosed  in  a 
narrow  tul>c  of  thin  glass  of  such  length  that 
it«  mouth  projects  above  the  nitric  acid  in  the 
tube,  ami  the  acid  does  not  come  in  contart 
with  the  substance  until  the  tube  is  sealed. 
The  tul)e8  used  should  be  about  15  mm.  in 
diameter  and  1*6-2  mm.  thick  in  the  glaHR. 
After  introduction  of  the  substance  they  are 
drawn  out  to  a  capillary  tube  with  thick  walU, 
which  is  then  scaletl.  The  sealed  tuljes  are 
heated  in  a  pressure  tube  fumaee  tilted  at  on** 
end  so  that  the  capillar^'  ends  of  the  tubes  <lo 
not  come  into  contact  with  the  liquid.  After 
being  hcatetl,  the  tubes  should  on  no  account 
bo  removed  from  the  protecting  iron  or  stwl 
tube  until  they  have  been  opened-  For  this 
purpose  the  tubes  arc  held  in  position  by  >nean« 
of  a  cork  collar  through  which  the  capillary 
ends  project  out  of  the  furnace.  The  capillary 
end  is  first  gently  warmed  to  volatilL-te  any  c<.»n- 
deniMKl  acid,  and  then  heated  more  stronjily 
until  the  gases  under  pressure  blow  a  hole 
through  the  softened  tip  of  the  sealetl  capillary. 
In  thia  operation  the  oressure  of  the  imprisoned 
gases  is  very  groat,  and  it  is  extremely  dangerous 
to  attempt  to  open  the  tube  with  a  file.  The 
tube  fumaee  should  only  be  used  for  this  pur- 
pose within  a  well-prot<.'cted  enclosure  (Fig.  28), 
so  as  to  minimise  the  personal  risks  arising  from 
explosions  of  the  heatetl  tubes. 


Fio.  28. 


The  silver  salt  formed  is  rinsed  out  of  the 
opened  tube  and  treated  in  the  usaal  way. 

I'^or  the  estimation  of  iodine  in  organic  com-  , 
pounds  this  method  is  to  bo  preferred  to  the  ! 
lime  process,  but  as  the  silver  nitrate  and  silver 
ioilido  frequently  form  a  fused  yellow  mass, 
the  mixture  must  be  extracted  thoroughly  with 
hot  water  in  order  to  remove  the  former  salt. 
The  silver  halide  obtained  by  the  Orius  method 
is  collected  in  a  t-artnl  Gooeh  crucible,  wTtstbo^i 
successively  with  water  and  alcohol,  dried  at 
100*,  and  weighed. 

SUpanow^s  inrthod.  The  substance  is  hoDcii 
with  alcohol  (20-40  c.c.)  and  sodium  is  added 
at  such  a  rate  that  a  vigorous  reaction  is  main- 
tained.   A  large  excess  of  the  metal  i.-*  e*'»enti«| 

XCl+2Na  +  C,H,0H  =  XH  4NftCl  fC.HjONa. 
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Wltu  aU  liie  sodium  htm  dissolved,  20-40  c,c.  of  j  acid  or  phosphoric  acid  estimated  in  the  usual 
wtitrr  are  added,  Uid  the  alcohol  rcn)ove<l  by  j  way. 


di^n!!;\fi<inL  The  aqueous  solution  is  acidified 
»itii  nitric  acid,  and  the  halogen  estimated 
ir^vimctrically,  or  volumetricallv  by  Volhard'a 
method  (Ber.  1900,  30,  4056;"  tf,  Bacon,  J. 
JuacT.  Qxom,  Soc.  1909,  31,  49).  By  uniiig  t  he 
Utter  method  and  weighing  the  mixed  silver 
baiidcs,  the  two  halogem  can  be  estimated 
inilirwtly  in  the  same  compound. 

Pringnhtim'js  method  consi-sta  in  burning  the 
tr^anic  substance  with  so<iium  peroxide.  Corn- 


Many  non-volatile  substances  may  l>c  oxi- 
dised by  heating  w  ilh  pure  concentrated  caustic 
potash  solution,  diluting  with  t\vicc  the  voluuM 
of  water,  and  treating  with  a  current  of  chlorine. 
After  complete  oxidation  the  solution  is  acidified, 
heated  to  expel  chlorine,  and  the  anlphurio  or 
phosphoric  acid  determined. 

Arsenie.  The  estimation  of  thia  element  in 
organic  compounds  has  recently  acquired  in- 
creased importance  owing  to  the  application  of 


(oundjt  containing  more  than  75  p.c.  of  carbon  |  these  substances  in  therapeutics.  One  of  the 
iff  mixed  with  18  parts  of  this  oxidising  agent,  |  earliest  methods,  <lue  to  La  Costc  and  Michaclis 
And  those  with  50--76  p.o.  of  oarbon  with  16  ^  (Annaten,  1880,  201,  224),  consisted  in  mixing 
jMUta  Substances  cotttaining  less  than  25  p.c.  |  the  suhstenoe  with  aoda>llme,  and  heating'  the 
of  <-arbon  are  niix<'<I  with  sugar  or  naphthalene,  ]  mixture  in  a  stream  of  air  nr  oxyg«'n.  'Vhr 
«od  treated  with  1&-18  parts  of  the  praoxide,  j  residue  was  dissolved  in  nitric  or  hydrochloric 
Hw  nixtiire  is  placed  in  a  steei  emeiUe  sur- 1  acid,  the  anento  preeipltated  as  muphide,  and 

afterwards  coii\ <'rt<'<l  into  magnesium  [lyro- 
arsenate.  Monthoulc  recommends  destroying 
the  organic  matter  with  nitrio  add  oontaining 
magnesium  nitrate,  when  a  fmnl  ii»nition  leads 
to  the  formation  of  magnesium  arsenate  (Ann. 
Chim.  anal.  1904,  9, 908). 

Prinvishcim  oxidises  the  off^anic  nr^fenic 
derivative  with  sodium  peroxide,  and  estimates 
the  arsenic  as  magncdnm  p3rToarsenata  (Amor, 
('hem.  J.,  1904.  31,  38fi}. 

The  following  procedure  has  been  shown 
to  be  appiieabfo  to  the  onanio  arsenioal 
drugs  now  on  the  market.  Pho  snhstance 
(0-2-O'3  gram)  is  mixed  with  10-13  graiuii 
of  sodium  peroxide  and  sodium  carbonate  in 
equal  proportions,  the  mixture  Lont^id  cjently 
in  a  nickel  crucible  for  15  miuutoii,  and  the 
temperature  then  raised  to  dull  redness  for 
5  minutes.  The  product  is  extractid  with  water, 
25-31  c.c.  of  siUphuric  acid  (1:1)  added,  and 
t  Ik-  .%lution  concentrated  to  I0<)  c.o.,\vhen  1  ^am 
of  pota-^sium  iodide  is  luMed  and  the  liquid 
boiled  do\ra  to  40  c.c.  Aft^cr  destroying  any 
trace  of  iodine  with  a  few  ilropa  of  sulphurous 
acid,  the  solution  i-*  diluted  considerably  with 
hot  water,  and  the  arsenic  precijjilutvd  as  aul 
phide.  The  precipitate,  after  washing  three  times 
with  hot  water,  is  dissolved  with  20  c.c.  of 
A'/2-8odium  hydroxide,  and  the  filtered  solution 
treated  with  30  c.o.  of  hydrogen  peroxide  (20 
\  ols.),  the  excess  of  this  reagent  being  d^troyed 
by  heating  on  the  water-bath.  A  few  drops 
of  jjhenulplithalein  are  added  followed  yucces- 
Bivoly  by  11  0.0.  of  sulphuric  acid  (1:1)  and  one 
gram  of  notaasiiim  iodide;  the  solution  ii 
evaporateif  down  to  40  c.c.  and  the  pale-yidlow 
colour  removed  by  sulphurous  acid.  Cold  water 
is  thenadded,and  thodiluted  solution  neutralised 
with  2A'^-Bodium  hydroxi  li  ,  and  just  acidified 
with  sulphuric  acid.  The  arucuite  solution  is 
now  titrated  with  standard  iodine  solution  and 
starch  in  the  ]ire.~eni  <■  <jf  sodium  h\  drOi.'eu 
carbonate  or  sodium  phosphate  (Little,  Cahen, 
and  Monian,  Ohem.  Soo.  Trans.  1900,  OS,  1477). 

Antimony.  When  present  in  orjanie  eom- 
pounds,this  element  may  be  estimated  liy  aciiii- 
tying  the  prodnet  of  the  sodium  peroxide  fusion 
{v.  Arsrnt'c,  supra),  and  precipitating;  as  sulplude, 
this  precipitat4i  l>eing  collected,  washed,  and 
weighed  in  the  manner  indicated  under  Oravi* 
metric  determinations. 


nmnded  by  water  and  havin;;  a  jX'rforated  lid 
through  which  a jdowiug  iron  wiru  is  thrust  to 
essse  ignitioo.  Tne  produet  is  extracted  with 
»a!t  r,  a<  idified  Adth  nitric  acid, and  the  halogen 
«»tu&ated  in  the  usual  way  (Ber.  1903, 34i,  4244 ; 
I9M,37,3M;  1006^38,2409;  Amer.  Chem.  J. 

31.380;  c/.  Moir,  Chem.  Soc.  Proc.  1007. 
13.233;  Baubignv,  BuU.  Soc.  chim.  1908,  (iv.) 
31W0). 

Sulphur  and  phosphorus. 

Son-rcitUtU  tiub«tavces.  Pure  caustic  potash 
ii  fused  in  a  ailver  dish  with  about  one-sixth  its 
»e!?ht  of  potassii  rn  nitrate  and  a  little  water. 
When  cold  the  substance  is  weighed  uito  the 
di^,  which  is  again  heate<l,  the  suMtanoe  being 
miied  with  the  alkali  by  rne>iTis  of  a  siher 
rpatuia.  Whcu  oxidation  is  complete,  the  lua^ 
i-  allowed  to  cool,  and  is  then  dissoi\  ed  in  water 
icifiifi»d  with  hydrochloric  ni^id,  and  the  sul- 
{ihiuic  ur  phosphoric  acid  eatimattd  in  the  usual 
•ay. 

Cariu?i^$  iiuiltod  is  carried  out  exactly  a.s  in 
uio  e^im«tiou  of  the  halogens.  Sulphur  is 
:)xidi8ed  to  sulphuric  acid  and  phosphorus  to 
shosphoric  acid.  It  is  advisable  to  remove  the 
greater  part  of  the  nitric  acid  before  precipita- 
iag  bariuoi  sulphate  or  nugnemnin  ammoiuuni 
)bo-^phate. 

Another  method  applicable  to  volatile  and 
Mm -volatile  substances  is  as  follows : — Into  a 
mnbustion  tube  40  cm.  long,  sealed  at  <me  end, 
s  introduced  2-3  grams  of  pure  mercuric  oxide. 
:h*n  a  mixture  of  the  .«uUstance  with  etjual  pro- 
IMnioos  of  mercurio  oxide  and  pure  anhydrous 
lodium  eatbonate,  and*  the  remainder  of  the 
:ul''-  is  lill»'<l  with  sodium  carhormtc  mixed  with 
I  amall  quantity  of  mercuric  oxide.  The  open 
and  of  toe  tube  la  dosed  by  a  oork  carrymg  a 
ilass  tulx-  dipping  tmdcr  water,  in  which  the 
aocuij  is  condensed.  The  tube  is  carefully 
Mated  BO  that  tiie  frtrnt  layer  of  sodium  oar> 
Lionate  is  red  hot  lx-f<>rc  the  uV  t  in  l>rgins  to 
.tiiatiiise.  The  substance  is  then  rapidly  heated, 
»  llkat  deeompositioo  is  eomplete  m  about 
iftr<  n  niLniite?),  and  finally  the  mercuric  oxide 
it  the  rear  end  of  the  tube  is  heated  until 
>xvgen  issues  from  the  end  of  the  deUverv- 
ube  (Kuv-fll,  ni.  ni.  Soc.  Trans.  1864,  7,  212  ; 
\.  ft.  Cbenn.  l8i>5,  tH,  230).  The  contents  of 
he  eoolsd  tabe  are  dkatdTeid  in  water,  a  small 
loantity  of  bromine  water  a<lded  to  oxidise  any  i 


ulphide,  the  solution  acidified  with  hydrochloric  1  Oxygen.  No  satisfactory  method  bas  yet 
dd,  boiled  to  expd  bromine,  and  the  rali^pltario  \  been  devised  for  the  direct  detcnninati(^ 
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elenient,  and  it  is  usually  ostimatod  by  differonco 
(i;.  V.  Baunihiiucr.  Aimalen,  90,  228  ;  Zeitsch. 
anal.  (Iiein.  5,  141  ;  Stromeyer,  Atmalen,  117, 
2il ;  MitwchtTlich,  Zi'ilHch.  anal.  Cbem.  0,  13«; 
7.  272;  13,  74,  and  ir»,  371;  lAdenburg, 
Annalen,  135,  1 ;  Maumon^,  Compi.  rcud.  65, 
432  ;  and  Cn-lin.  ZciLscb.  anal.  Ghttm.  18,  I), 
Proximate  analyst  of  carbon  eompoands. 
Tho  mothods  to  bu  adupbod  for  the  separation 
of  tho  comitituoQts  of  aay  parlieiilar  mixture 
will  (lt-)X"iid  entirely  upon  tho  nature  of  the 
mixture.  It  is  only  possible  to  (li'scri})e  the 
general  methods  which  are  found  to  be  most 
useful  in  organic  Analysis.    To  a  certain  limited 


extent  these  operations  are  applicable  to  the 
aoalya' 

tana. 


ptoxiinate  aoalyaiB  of  complex  inoigaaio  mix* 


Fraclianal  diMiUation  is  available  for  the 
separation  of  liipiid^  which  differ  conHidocably 
in  their  iioiling  points  {v.  DiaxuXATlOK). 

Distillation  in  a  current  of  steam  is  fre- 
qucntly  employed  as  a  method  of  proximate 
analvaU.  In  this  way  volatik  orgaoio  acids 
ean  oe  separated  from  volatile  bases  by  steam^ 
(listillinir  the  mixture  in  the  jiresenoe  of  mineral 
acids.  On  the  other  haad*  volatilo  bases  are 
separated  horn  orf^aide  aeida  by  diatillmg 
in  steam  tho  mixiuro  of  these  substance.^ 
rendered  alkaline  by  sodium  or  potassium 
hydroxide. 

Fractional  prccipiUilion  may  bo  employed 
for  the  separation  ol  Mubstanoos,  some  of  which 
are  preoipitated  by  a  given  reagent,  whilst  the 
others  are  not:  or  for  the  separation  of  suh- 
stancos  which  differ  in  the  order  of  their  preci- 
pitation, lit  ^  example,  silver  nitrate  is  added 
in  successive  small  qtiantitieH  to  a  solution  con- 
taining an  iodide,  bromide,  and  okluridc,  the 
fint  portion  of  the  precipitate  contains  the 
greater  part  of  the  iodine  ;  the  middle  {xjrtion 
oontaiju>  the  greater  part  of  the  bromine ;  ami 
the  last  portion  the  greater  part  of  the  ohkwine. 
Tn  a  similar  manner  or<rani<'  w^vU  can,  not  un- 
frequently,  bo  separated  by  taking  ailvantagc 
of  clifforonces  in  tne  onler  of  their  precipitation 
by  silver  nitrate  or  lead  acetate.  In  these  eases 
the  separated  precipitates  can  bu  suspended  in 
mter  and  decomposed  by  hydrogen  mlpliide, 
when  tho  acids  are  again  UImt  if 'h!. 

Fraciional  crt/siaUiiMtion  may  be  adopted  in 
the  case  of  substances  whioh  differ  in  their  solu- 
bility in  one  and  the  same  solvent.  The  solution 
i-t  eonoentrated  somewhat,  and  the  crytituls  which 
separate  an  removed  ;  th(^  mother  liquor  is  still 
further  concentrated,  and  the  seoond  crop  of 
crystals  is  removed,  this  process  being  repeated 
as  often  as  the  case  demands.  The  least  soluble 
compound  is  mainly  in  the  first  crop  of  crystals ; 
tho  most  soluble  is  in  the  last  mother  liquor. 

Fractional  mturalion  is  an  analogous  pro- 
cess, but  is  of  more  limited  application.  It  was 
employed  by  Liebig  for  the  sepMation  of  volatile 
organic  acids.  Tho  mixture  of  acids  is  mixed  with 
a  quantitv  of  oanstio  soda  or  potash  insnfiioient 
for  oompute  saturation,  and  b  then  distilled. 
Tho  aci<lH  of  hi_dH-r  molecular  weight  are  tirst 
neutralised  aud  converted  into  salts,  which  of 
oourae  remain  in  tho  retort,  whilst  the  acids 
of  louer  moleeular  weight  are  found  in  the  fn  c 
state  in  the  distillate.  Anything  like  complete 
separation  is  only  to  be  obtained  by  many  re|)e- 
titions  of  this  prooeaa. 


Fradional  goluiion. — ^The  most  usefnl 
most  generally  ajiplirfih|t>  metho*!  i  f  pr .  xiniate 
analysis  is  based  upon  the  different  xdubditka 
of  various  substances  in  different  menstnia. 
Tho  mixture  i;  treated  Kuceessively  nitli  various 
solvents,  ca»lj  of  which  dis.solves  tjonu-  of  the 
eoiuitituonta,  but  leaven  the  others  unriisNoIved. 
Advantage  may  also  Im-  tAkcn  of  tl,'  i'  t<-i  that  the 
solubilities  are  ii\  iiiaay  c&tucA  inoiijtitsd  by  u  rise 
of  temperature.  Further,  if  two  subafeanoes  differ 
eon.si<lerably  in  their  wtlubility  in  one  and  the 
same  liquid,  they  may  be  separated  by  treatment 
with  snooeanve  smaJl  quantities  of  the  liquid, 
whieh  removes  the  more  solidjle  f"'>Tn]ix»und  but 
leaves  tho  greater  i)art  of  tho  olli' t  aii<iL>*.solvt?tL 
The  following  is  a  list  of  the  solvi  uts  commonly 
employed,  with  indioationB  aa  to  their  goaefal 
properties : — 

Water  dissolves  many  MUts  and  acids  ;  in- 
organic and  organic  alkaliii  ami  their  salUs ; 
carbohydrates,  gums,  certain  alcohols,  poly- 
hydric  phenols,  and  other  highly  oxiaiaed 
carbon  compounds  which  are  not  readily  aolu- 
ble  in  alcohol,  ether,  Ac.  On  the  other  hand,  it 
(Uie.s  not  dissolve  the  earbonates,  phosphates, 
oxalates,  and  certain  other  salta  of  tho  iMmrter 
metals.  Very  many  organio  anbstanosa  aw  m- 
solulilo  in  this  litjuid.  it  !■  composes  the  hHK«gf>n 
compounds  of  acid  radicles  and  certain  other 
compounds,  and  eonverte  many  normal  mntinilio 
salts  into  basic  salts,  {mrtof  fhaaeidpaaBiiiginto 
solution  in  the  free  state. 

Dilute  aoida  will  dieac^ve  many  aatts,  and 
a  bo  gome  oqffoun  anbatanoM  wlikli  aro  inaohible 
ill  water. 

Aloeliol  dimdvea  many  aalta,  oaoetic 

hydroe^rVxm ^,  fatty  nrid-,  r^sin.^,  and  a  very 
large  number  of  carbou  oompounds.  It  reacta 
witn  many  haloid  suhettttttion  derivativaa^  nad 
h*-nce  is  not  a  suitable  aolvent  for  tlua  oImb  of 
conujound-H. 

Ether  <lis8olv(^  a  few  salts,  and  is  an  exoe4- 
l<"nt  solvent  for  hydrocarbons,  fats,  n-siii-.  alkn- 
luidji,  and  almost  all  organic  (M>mpoun«ls  which 
are  insoluble  in  water.  It  reaots  with  very  few 
substanee??,  and  Itails  at  a  low  temperature, 
that  it  can  rcaddy  l>o  di^tilled  off  and  Ihv;  dis* 
solved  aubatance  recovered. 

Benzene  dis-solves  iodine,  sulphur,  pht-r-;- 
phorus,  oils,  fatd,  wax,  camphor,  rmiuei,  oaoui- 
ohoao,  gutta-percha,  &c.,  and  iseapaeially  useful 
as  a  solvent  for  haloid  derivatives,  on  which  it 
has  no  action.  la  certain  instances  this  hyciro- 
carbon  may  be  replaoad  by  iti  hfimninigwi, 
toluene,  and  the  xylenes. 

Carbon  disulphidc  shares  with  ether  tho 
advantage  of  being  readily  volatile.  It  ahovld 
always  ho  purified  from  dissolved  sulphur  before 
being  used.  The  best  plan  is  to  mix  it  with  a 
sntaU  quantity  of  white  wax,  and  then  distil  off 
the  disulphide  on  a  water-bath.  It  disaol\-ea 
sniphur,  phoephorus,  iodine,  fats,  essential  oiln, 
resins,  caoutehoue,  &c.  ;  hut  its  solvent  iiowers 
are  comparatively  limited,  and  almost  ail  malts 
and  very  many  oarbcm  compounds  are  inaohihi^ 
in  it. 

Light  peUoloujtn  coosista  of  the  more  vc^atile 
hydrooarbons  of  the  paraffin  series.   It  iMeiKra 

in  eommeree  in  several  varieties  iiii  1'  r  diffcTfUt 
names.  Feln^um  ether  boils  at  lio^-tiu^ ;  ptitu^ 
kum  bauem,  alb  7€M0^s  l^^rolii,  al  W^-IftP. 
nuy  am  esMlkBt  aolvsnla  for  oils  aiKl  Cats,  but 
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diasolve  very  few  other  compountls.  ThriM; 
irradM  of  iiuht  petroleum  ftro  now  obtainnblo 
for  ase  as  r! vents, l>i *iliqgfeBpeetiv«ljr*t  4tt*-60*, 
60°-«0*,  and  »U*-iUU*. 

Chlorofonn  ftttdily  dinolvMi  oib,  fate,  and 
•iniOar  ^ubstanct-'',  and  u  mpeeully  naofnl  m  a 
solvent  for  alkaluiiLi. 

The  ohloflo-  derivatives  of  etiume  and 
thylene  have  \>ecn  intrtMluwd  oh  useful  non- 
uitlammablc  solvents  for  oils,  fats,  or  rcsbitui ; 
these  liquids  give  a  widi  ran^"  <  ,{  boiliog-pointH 
*nd  solvent  at-tion  (Koller,  7th  Congr«»f«  A{ij)Ii('(l 
rhena^trv-,  1909).  A  largo  number  of  uthtr 
acdvents  are  applied  in  certain  special  cases,  and 
among  those  more  commonly  employed  may  be 
mentioned,  acetone,  eth^l  acetate,  amyl  alcohol, 
pyridine,  aniline,  and  nitrobenzene. 

The  treatment  of  a  solid  with  a  volatile 
•oh-ent  must  be  conducted  in  a  special  apparatus, 
ev-«pecially  if  tho  liquid  is  to  bo  heated.  VariouM 
forms  of  apparatos  have  been  devised  for  this 
{.•urpose,  mt  then  is  none  more  efficient  than 
that  of  Soxhlft  (Din«l.  poly.  J.  232,461).  It 
cooaaste  of  a  short  wide  test  tube  (x),  open  at 
tha  top  tat  elaiBd  a*  tbo  bottom,  to  which  is 
•ealed  «  nanower  tafao  (■)  which  oaa  ba  fitted 

A 


Fm.  29.  9^0.  30. 

into  •  amall  wek^ied  flaafc  by  means  of  a  cork. 
(V*romunicatirn  N't  wren  the  i«  o  t  iibes  is  made  hy 
iDeans  of  (1)  a  narrow  eido  tube  (*)  which  c»|H'ii8 
into  the  bottom  of  the  wider  upper  tube,  forms 
■    •T'hon.  and  (Ifscends  through  the  lower  tube  ' 
ii-arJy  to  tht'  bottom  of  the  flask;  and  (2)  a 
wider  sidt-  tube  (*)  which  enters  the  upper  tube  I 
m-^rthc  top  and  the  lower  tube  near  the  junction 
I  Ftg.  29).   A  wt  ighed  quantity  of  the  substance  ' 
to  be  tjreated  w  placed  in  a  cylinder  of  filter  ; 
paper  open  at  the  top,  and  inlaroduced  into  the 
upper  tube,  or  the  bottom  of  the  tube  is  packed 
with  purified  cotton  wool,  and  the  substance  is 
placed  upon  this.    A  quantity  of  the  solvent 
rather  more  than  sufficient  to  fOl  the  nftpeor  tnbe 
tu  thf  level  of  the  Ix-nd  in  the  siphon,  is  plac.-.l 
m  the  flask  and  heated  to  boiung  by  meami 
of  a  water-bath.  The  upper  tube  is  attached  ) 
U)  a  reflux  condeurfcr,  care  being  taken  that  tho 
cofkdenaed  liquid  falls  directly  into  the  cylinder 
centainin^       tobetanoe.   The  vapour  pasaes 
up  the  wulo  >ide  t  ul  .  .  in  condensed,  fallH  upon  ' 
tke  Hobstaace»  aud  liltera  through  the  paper  or  ! 
eottaa  wooL  Aa  soon  aa  the  liquid  tiaea  to  the  I 


I  bond  of  the  siphon,  thu  latter  draws  off  the  clear 
solution  into  the  flask,  and  the  Iiqtiid  is  again 
volatilised  whilst  th<^  dissulved  matter  remains 
I  in  the  flask.    The  proc<-s.s  gouii  on  automatically, 
I  and  the  subataace  can  be  oxtracte<l  many  timea 
with  a  small  quantity  of  liquid.    \\'hen  extrac- 
tion is  complete,  the  ikuik  is  conne<:ted  with  an 
I  ordinary  condenser,  the  liquid  is  distilled  off, 
and  the  residue  dried  and  weighed  if  necessary. 

A  convenient  apparatus  for  treatment  with 
solvents  in  dishes  has  l>een  described  by  A.  W. 
1J1\ th  (ni.-ni.  Soe.  Trans.  1880,  37.  HO). 

lu  umuy  cAtma  substances  in  soluliuu  caa  t>c 
removed  and  sepuuted  by  agitating  the  liquid 
,  with  some  non-miscible  solvent.  The  alkaloids 
:  and  many  amines  can  bo  removed  from  aqueous 
solutiotus  by  means  of  ether,  whilst  metallic  salts 
are  left ;  fatty  substances  can  be  removed  from 
liquids  by  means  of  light  petroleum,  and  ho  on. 
Extractions  of  this  kind  are  best  made  in  a 
i  sepaiator  consisting  of  a  somewhat  wide  tube 
I  oonbtaoted  at  one  end,  which  is  fitted  with  a  cork 
or  NtopixT,  whilst  the  other  end  is  drawn  out 
into  a  narrow  tube  provided  either  with  a  atop* 
code  or  an  indbonbbef  tabe  and  a  pinoh*eook 
(Fig.  30).  'Fill  li  jnid  and  tlio  .solvent  can  bo 
oompletely  mixed  by  agitation,  and  after  they 
have  separated  the  lower  layer  oan  be  drawn 
off.  If  it  i.s  re(julred  to  ri'move  the  supernatant 
liquid  in  this  or  any  similar  case,  a  sotnewhat 
narrow  tube  ia  bent  twice  at  right  angles,  and 
one  limb  is  fitted  by  means  of  a  rk  into  a  dis- 
tilling or  other  flask,  which  is  cumiected  with 
an  a8]>irator,  whilst  the  other  limb  of  the  tube 
in  placed  in  the  liquid.  When  tho  aspirator  is 
set  in  action,  the  liquid  is  drawn  over  into  the 
fiaak,  from  which  it  can  be  distiUed.  With  care 
a  very  accurate  separation  can  be  made,  and 
the  tube  is  readily  rinsed  by  drawuig  some  of 
tiie  Ireeh  solvent  tnrough  it.  This  method  may 
bo  rendered  approximately  quantitative  bv  eali- 
brating  the  above  cylindrical  separator  (Fjg.  30). 

The  uucroficope  is  of  the  greatest  service  in 
ascertaining;  whether  a  siibstnTMr  ifi  a  single 
compound  or  a  mixture,  and  a  microscopic 
examination  d  the  various  products  obtained 
in  the  course  of  a  proximato  analysis  alTnrds 
valuable  information  us  to  the  extent  to  which 
separatioa  has  been  effected. 

ESTWAnOX  OF  RADIOUtS  OOHM01II.Y  OO0U&< 

■nro  nr  Oboasio  Gomfouhdb. 

In  thid  .section  it  is  only  possihlo  to  indicato 
briefly  a  few  of  the  most  g(;neral  methods  b^ 
whieh  certain  typical  radicles  jwesent  in  organic 
compountls  can  be  estimated. 

Hydroxy  1.  A  known  weight  of  the  hydroxylio 
compound  is  treated  with  excess  of  magnesium 
methyl  iodide  (Grignanl's  reagent),  and  tho 
amount  of  methauo  evolved  ia  measured  in  a 
gaa  boxetto  (Fig.  81). 

BOH-fCH,MgI^ROMgI-fCH,. 
Tho  organic  m-icrnevinm  comymund  is  dis- 
solved in  dry  amyl  etie  r  «>r  pheneloku  ami  if  tho 
hydroxylio  compound  is  t<>oin.*9oluble  in  either  of 
these  solvents,  it  may  he  di->c.K  rd  mdrx  |>\  l  idine. 

(Hibbert  aud  8udlMm>U'»h,  t  hem.  hoc.  1  rann. 
UMM,  85,  tt33;  and  Zerewitinoff,  Ber.  1007,  40, 
202:?.) 

This  process  bus  been  extended  to  the 
catimation  of  aulphydiyl-  (SH>,  ingfl^, 
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•inuio-  groups,  and  l<w  all  Active  hydrogen 
fttoms  (<i^.  Bar.  1908,  41,  2233  and  3025). 


Fn.  31. 

MethoxyL 

The  eetimation  of    methoxyl,  a  radicle 

present  in  many  naturally  occurring  organic 
eompoondsy  ia  *  generally  acoomuliithcd  by 
Zeisel'B  method,  which  omudsta  in  heating  the 
6ul)>t-.in(e  \uth  loiitrnt r iti"*!  hydriodio  acid  or 
with  a  mixture  ol  thin  acid  and  acetic  anhydride. 
Methyl  iodide  is  evolTed  and  absorbed  in  alco- 
hiOlio  silver  nitratr,  with  the  result  that  silver 
iodida  is  |»recipit«tcd,  each  molecular  propor- 
tion of  ihiB  aubatanoe  being  cquivaleiit  to  one 


b  iQ,  32. 

iiH-llioxyl  group.  Zeis*  I's  ui  iL:iniil  a]>i>;iralus 
(Monatah.  IhSO,  0,  Usy;  ihSti,  7,  406)  hat*  Ik-cu 
modified  subMequentlv  hy  M^veral  invtstigaturs 
(M  P.  UTibtTj;.T,  Monut  '!i.' IS5»4,  15,  0<>4  :  P.  rkin, 
Chcm  iSuc.  Iruiui.  19U3,  83,  1307  ;  iicbiic.  Her. 
1008.  39,  1142;  Docher,  Ber.  1009,  30,  2806; 
Hewitt  and  Muon  ,  f'l,.  in.  Soo.  Tran.i.  1«H)2,  81, 
31S).  Of  the»«  moditjcutioaa  PerkinB  (lie.  32) 
is  prubably  the  simplest ;  it  consista  of  a  distil' 
ling  flask,  A,  with  a  very  long  neok  (20-26  cm.) 


heated  in  a  glycerine  bath  at  130^-140*,  a  cunmt 

of  carbon  dioxide  being  passed  through  the  mix- 
ture  of  substance  and  concentrate<l  hj>(.lriudic 
acid.  The  heathig  is  continued  for  one  hour, 
and  the  temperature  finally  rais4.>d,  so  that  the 
hydrioilic  acid  boils  gently,  but  without  du»- 
tillitig  into  the  side  tul>e  of  the  distilling  fiaitk. 
The  metli}  !  iodide  U  collected  in  two  flasks,  b, 
containing  alcohoUc  Hiiver  nitrate.  The  precipi- 
tated silver  iodide  m  treated  with  uitric  aci(i, 
the  alcohol  evaporaleii,  and  the  precipitate  col- 
loct^nl  mid  Weighed  ill  the  usual  manner. 

ZciHel's  method  and  its  modificatiou-i  arc: 
apj)liealile  to  tho  P'^tiuiatioii  of  elhoxyl,  l>ut  the 
ret>ult8  obtained  are  geucrolly  Ivs^  accurate;. 

BbthyL 

A  further  moditication  of  Zeiwl's  method 
renders  it  available  for  the  estimation  of  methyl 
groups  attached  to  nitrogen.  The  sulxstanoe  is 
heatt^'d  with  concentrated  hydriodic  acid  and 
tlry  ammonium  iodide,  and  the  methyl  iodide 
evolved  de^It  with  in  tho  manner  indicated 
above  (Uenig  and  H.  Mever,  Ber.  18^,  37, 
319:  MonateL  1894,  15,  613:  1895,  16,  599; 
1897.  18,  379 ;  Kirpal,  Ber.  1908, 41,  830). 

Aeetyk 

It  is  only  poesible  in  ooroparativ«ly  few  oaseii 

to  delerniine  with  certainty  by  idtiinat*-  an/il  \  -  - 
the  number  of  acetyl  groupi$  existing  in  oxygenic 
compounds.  For  example,  the  mono-,  di-,  and 
tri-  ftei  tyl  derivati\ e.i  of  tlie  trihydrow  fn  uz«  ae3 
have  approximately  tho  same  percentage  com* 
position.  These  and  other  siimlar  aoetyl  deri- 
vatcs  are  hydroly.^iblft  by  standard  cau.-t  ■ 
alkalis  employed  in  alcoholic  solutiom»,  even 
when  they  are  not  readily  attacked  in  aqueous 
solutitins  (Benodikt  and  Ul/.er.  Monai.-^h.  ]S>*", 
8,  41;  Van  iiomburgh,  Itec.  trav.  chim.  18S2. 
1,  48;  R.  Mever  andHartmann,  Ber.  1905,  38. 
3956).  Acid  hydrolysis  may  lie  cmploved  in  a 
large  nuuiber  oi  ca^^es  u,nd  the  volatile  aoetic 
acid  di.stilled  into  ntatidard  alkali,  the  exoen 
of  which  is  determined  by  alkalimetry.  Aerorti- 
ing  to  Wenxel's  process,  the  acetyl  derivative 
is  first  hxdrolysetl  by  moderately  stztmg:  eul" 
phurie  ac  id  (1  :  2H,0),  and  the  mixtun'  trtMtf  il 
with  mono^odiuiQ  phoisphate  and  lx>Ued  Uuusi 
to  dryness ;  the  ^;ulphuric  acid  is  fixed  a*^ 
sodium  sulphate,  and  the  jueiie  aei-l  i-  »Ustill«'^l 
into  a  known  excess  ot  st^mdard  alkali,  the 
distillation  l^euig  carried  out  under  re(.luc<^l 
pressure  (Mooateb.  1893,  14,  478;  18ir7.  IK. 
059). 

The  destructive  action  of  strong  suli>huri< 
acid  on  organic  compounds  may  be  avoicitxl  by 
tho  use  of  we  aromatic  sulphonic  acids  as  hydru- 
I^-tic  agents.    The  acetyl  compound  is  dmillcd 
'  in  steam  in  a  10  p.c.  solution  of  benzenosul- 
phonic  acid  or  one  of  the  naphthalencsulphonu; 
acids;  the  di.-^tillate,   which   contains  all  th<* 
I  acetic  aoid  furnished  by  the  hydrolysis,  is  titrateti 
I  with  staadwd  baihiiii  hydroxide  (Siidbocotuth 
!  and  ThonuM,  Chem.  8oa  Trans.  1905^  HI, 
1752). 

A.  G.  Ferkin  hydrolyses  the  acetyl  compound 
Mir  li  .dcolmlic  sulphun't  acid,  .uidiiii;  fn-h  al  i'h<.>l 
;  from  time  to  time.    The  ethvl  acetate  obtaiutnJ 
I  in  the  distillate  w  then  hydrolyeed  with  a  known 

ami'imt    of   .vtandard   caiistit    alkaH,  Hi;d  th 
I  excess  of  the  latter  ascertained  with  standard 
!  aokl  (Chen.  8oe.  Trans.  1904,  89,  1465;  1905. 
;  87, 107 ;  1907,  91, 1290K     ^  , 
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Qntanl. 

In  many  rasr-n  ih.-  number  of  carlxixyl 
iCO}U)  groups  m  au  organic  compouad  can  be 
determined  uf  tiw  analysis  of  it»  nentnJ  »alt«. 
Ft  this  purpose  the  silver  salts  an*  {jencrally 
st^^lttUxl,  as  they  arc  usually  nnliydruuH,  ami 
imiicato  the  normal  basicity  of  iIk*  organic  acid. 
Tri  -  arnniat  ii  li\  'Iroxv-carboxylii'  a<  ida  (e^.  1 :  5- 
(iiaitn>-/*-hy(in>xy benzoic  acid)  take  up  two 
Atoms  of  silver,  one  rr  plai  iiig  the  carboxylic, 
and  the  other  the  phenolic  hydrogen.  Some 
silver  saltd  of  organic  acidif;  are  sensitive  to 
li^'ht,  and  otiien  are  very  explosive.  The  more 
stable  ones  can  be  analysed  by  diri  (  t  ignition 
and  weighing  the  residual  silver,  la  otlier  cases 
the  Mganic  matter  must  Ijc  destro^'od  with 
nitric  acid,  and  the  silver  estimated  M  ofaloride 
m  the  acid  liquid. 

Other  metallic  mUls  arc  frequently  craployetl 
in  determining  the  basicity  of  carljoxylic  acids, 
and  it  is  advisable  before  arriving  at  a  final 
o^nclonoa  to  estimftte  tbe  metals  in  a  series  of 
Uifse  compounds. 

If  the  molecular  weight  of  a  carboxylic  acid 
is  known,  the  basicity  can  often  1h»  determined 
by  titration  with  aqueous  or  alcoholic  8o<lium, 
potai^ium,  or  bstrium  hydroxide;  the  indicators 
irpnerally  <  tii]>Ii>y(  d  are  phenolphtiMkla,  methyl 
ocaom,  aad  lacmoid. 

The  fdUbwing  indirect  method  hns  been 
recommended  (P.  C.  Mcllbin*  v.  Am.  r.  C'hi  iu.  J. 
1894,  16,  408)  lot  the  estimation  of  oarboxyl 
eroaps.  The  fliibetanee  (I  gram)  is  dissolved 
ill  *-xc»'s-i  (if  alr  olmlic  jK»ta.-<h,  llio  al< ohol  l>eing 
at  least  V3  p.c.  The  aolution  i»  saturated  with 
carbon  diozide  mtH  the  exoess  of  alfcsli  is 
ipitated  a«  carlmiirttc  or  bicarbonati*.  The 
precipitate  is  collected  and  washed  with  alcohol, 
the  filtamte  is  distilled  to  remove  thesdvent, 
and  the  rcsi.luf  coufaiiihia  the  jwtas.^ium  salt 
of  the  organic  acid  is  distilled  with  10  p.c. 
«qutH>u9  ammonium  ehloride,  the  ammonia 
c\t<\\-:\  'sting  CHtiniatod  in  th^  n nal  \Siiv. 
t«*ch  nif'l'  cular  pruportum  oi  amiuonia  corre- 
sponds with  one  carfxjxvl  group.  This  method 
If  .ipflicable  to  the  weaker  fatty  acids. 

Carboxvl  can  be  estimated  by  a  method 
bsssd  on  ue  f oUoving  resodoii  t — 

6R'C0,B+5KI+KIO«-6R-00tK+3It+3H,O 


The  weii^ed  snbstanco  is  digested  for  12  honm 

with  an  aqueous  Rohitioii  of  {nirf  ]>ota6sium 
^  tudidi;  and  iodate  in  a  8ti>pt>crt.Hl  ve^^'^el.  The 
I  mixturo  containing  the  liberated  iodine  iB 
rinsed  unto  the  generatiti^^  vess<«I  of  a  gaa 
I  volumeter  and  treated  with  alkaiine  hydrog^ 
{  peroxide,  when  the  oiqrgen  evolved 

I,  i  2K0H  +  H,0,-2Kl+2H.O+0, 
is  a  m^uture  of  the  carboxyl  groups  originally 
present  (fiCO,H  ^  30j)  (Baumann-Kux,  kitsch, 
anal.  Chem.  1893,  32,  120;  Annalen,  1904,  335. 
4;  cf.  (irogor,  Zeitsch*  angew.  Chem.  1800,  3, 
353,  385).  It  should  be  noticed  that  aoidio 
substuiKc.s  nut  coiitainiiiL^  carboxyl  groups  {e.g, 
jiiorio  acid)  liberate  iodine  from  the  iodide* 
lodate  mixttne. 
Carbonyl. 

The  carbonyl  group,  whether  weseat  in 
aldehydes  R<X>*H  or  kstottse  R<X)*R',  ean  be 

detected  by  means  of  the  following  coh)ur- 
reaotioQ.  An  atj^ueous  or  alooholio  solution 
of  the  sabstanoe  is  treated  with  a  0-S  to  1  p.0. 

solution  of  the  hydrochloride  of  an  arotJiatio 
meta -diamine  (meta-phenylenediamiue  or  its 
homologues),  when  in  a  few  minutes  an  intense 

green  iluoreaoence  ia  developed,  which  attains 
its  maximum  intooiuty  after  two  hours.  All 
aldehydes  give  this  reaction,  but  the  mixed 

ketones  una  kctnnic  acids  df)  nnt  (Windiaob, 
Zeitach-  anal.  Chem.  1888,  27,  5UJ. 

Practically  all  aldehjrdes  restore  the  colour 

to  the  fftllouinfr  snhition  (SrhifT's  ro<if,'<'tit).  A 
litre  f>f  U  lU  p.c.  magenta  holuttua  in  dcculouxisod 
bv  adding  20  c.c.  of  sodium  bisulphite  solution 
(30'Be.)  followed  aft<  r  one  hour  hv  10  c.c.  of 
concentrated  hydrocldoric  acid.  (For  the  ex- 
ceptions, cf.  Bitt6,  Zeitscb.  anal.  Chem.  1H07, 
3r>,  375.)  The  reaction  has  also  U>en  utilise*! 
quantitatively  (McKay  Chase,  J.  Amer.  Chem. 
Soc.  1000,  SB,  1472;  Sehimmel  ft  Go.,  Ber. 

1007,  my 

Phony lliyiiraiino  cuuduiisud  with  uldchydod 
and  ketones,  yielding  phonylhydrazones.  When 
the  mixturo  is  trt'atcd  with  Fchlini^'ri  sohition 
(70  grams  CubO|,oH;jO,  itoO  ^rania  Kochello 
salt,  and  2G0  grams  KUU»tn  2  btres).  the  excess 
of  phenylhydnutine  is  decomposed,  evolving 
nitrogen : 


Fio.  33. 

while  the  phenylhydrazone  remains  unchang(Hl.  known  vohimeof  i'Vhling's  siihition  is  introduced 
The  estimation  is  carrictioutina  flask,  B,  connect-  ami  covered  witli  a  layer  of  jK-troleum  to  preveutr 
edwitha  earboo  dioxide  generator,  A(Fig.  33).  A  i  the  oaustio  potash  from  absorbing  the  curbou 
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dioxide.    A  blank  oxpcrimeili  M  firat  made 

with  the  Btaiulard  fculiition  of  jvhenylhydraiino 
hydrochloride  and  aqueou-s  f^odiniii  acctutc,  the 
nitrogen  evolved  on  heatinc  the  solutions 
together  bein^  collected  in  a  Scniff's  nitrometer,  | 
r.  The  exiHTinient  is  then  repcatetl  with  the  i 
same  solutions  of  phenvlhydrazinc  and  sodium 
aeetAte  jilua  the  oarUmyl  compound ;  the 
difference  between  the  two  volumes  of  nitropen 


anil  tr.iccg  of  uxtdea  of  nitrogen  by  pinBtng  tho 
mixeil  gases  through  alkaline  perman;:r?tnnt<- 
solution.  Half  the  nitrogea  measured  in  the 
gas  burette  corresiwnds  with  that  originaily 

present  in  the  ainiiiu-acid. 

In  the  fast'  of  tlic  aromatic  primary  aiiiiiio, 
the  acid  solution  of  the  base  is  carefully  dia.aM>> 
tised  at  0®  with  stHiidiml  sodium  nitrite  ;  the 
end-point  is  reached  uhni  a  drop  of  the  solution 


collected  is  a  nKii.sun.'  of  the  carbonyl  jm  scut  '  gives  a  blue  lolour  »>n  starch-iodide  pap<'r 
in  the  coniiwund  (Strarhi 


181)1,  12. 
;  Watson 


Monat^h 

524;   1892,  13.  lMM»  ;    l.S<i:i,  14,  270 
Smith,  Cheni.  News,  •>;{,  83). 

Whoa  the  ouboayi  compound  (e.g.  pvTU?ic 
acid)  condenns  many  with  pbenylhydrasine 
nr  its  hydrochloridi'  iti  aquctjus  solution,  the 
exceaa  of  this  bate  c«a  bo  estimated  by.  adding 
ezoeas  of  ilT/IO-iodtno  MlntioB,  snd  tttmting 
the  remaining  iodino  with  HfandHn.!  sul{)hnr(>U8 
»cid  or  thiosulphatc,  usinc  starch  aa  indicator. 

estimation  is  bMed  on  the  following 
imct  ion : — 

C^Hj  NH  NH,  i  2I,=3HI  f C^H^I+Nj. 

The  phenylhyilrazone  is  not  allc-ctod  by  the 
iodino  solution  (K.  v.  Meyer,  J.  pr.  Cbem.  1B87, 
[2]  36,  116;  c/.  Ft  trcnko-Krit«chenko,  1?*  r. 
1901,  34,  1699;  and  Aooaloo,  1906,  ;i41, 
IS.  150). 

Organic  amines. 

The  organic  aiiuues  arc  divisible  into  ihreu 
classes,  primary,  seocBldwyt  MUl  tertiary, 
containing  their  nitrogen  atoms  combined 
n^pectivmy  with  one,  two,  and  three  orffanic 
gnupl*  IHiMe  groupH  may  be  either  alipTiat 
or  aromatic,  and  the  reactions  of  each  of  the 

thrtH^  ehisses  of  amines  depend  very  largely  on  '  amine  can  frequently  I 
the  nature  of  the  organic  groups  to  wWch  the  "''^  P™*™***" 

baaio  nitrogen  atom  is  attached. 

Primary  amines.  The  primary  amino- 
group  C'NU,  may  be  detected  by  the  carbyl- 
amine  reaction  (Uofmaun*  £er.  1^70.  3,  767), 
irrespective  of  the  nature  of  the  oi  ^imic  group, 
which  may  be  either  Bli[)hatic-,  aromatic,  or 
hydroaromatio  (c/.  Monat^h.  1896,  17,  397). 
The  tMt  eoiumte  in  warming  the  sabiitanee  in 
alcoholic  solution  with  rldoroforni  and  cavistic 
potash,  when  a  oarbylaminc  (iso-nitrile)  in 
pro<luccd,  which  has  a  imugent  disagreeable 
odour : 

IMIN,  ;  (  HClj  I  aK(  >H-R  Nr-i  :iK<T-f  3H,0. 

The  primary  amines  all  interact  with  nitrous 
acid,  but  the  aliphatio  bases  are  immediately 

converted  into  hydroxyl  d(  ri\ativcs  (alcohols), 
whereas  the  aromatic  bases  furnish  diazo- 
derivatives  from  which  the  nitrogen  is  evolved 
iaj>idly  on  warming  or  dowly  at  the  ordinary 

temperature. 

in  the  case  of  the  aliphatic  primary  amines. 

this  nitropcn  can  h<"  ooUeotod,  and  the  amount 
uidicates  the  proportion  of  amino-  groups 
{ircsent.  As  nitrons  acid  itself  decomposes 
r«\ulily,  evolving  oxides  of  nitrogen,  Stanck 
recommends  the  use  of  nitrosyl  chloride,  obtained 
by  adding  fuming  hydrochloric  acid  to  40  p.e. 
aqueous  Hodiutn  iiitnt<-  (Zi  itseh.  physiol.  Chem. 
190(h  46,  203).  I  lu^  reagent  can  be  mixetl  with 
saturated  salt  solution  without  undergoing 
d«  foni|M»Nit ion  ;  tin  aliphatic  amino-rnrJ»oxylie 
acjiln  (glycine,  &c.)  can  lie  readily  dc€oni]XMjed 
by  it  in  a  cumMit  of  carbiMi  dioxide,  and  the 
nitrogen  evulved  is  freed  from  the  former  gas 


The  soiUum  nitrite  solution  may  bo  staadArd  iMHi 
with  either  potassium  permanganate,  sodium 
sulphanilatc  (NH,  C,H4'SO,Na,2H,0)  or  para- 
toluidine  (c/.  Green  and  Kideal,  Chem.  News, 
1H84.  49.  173  ;  Kinmcutt  and  Kef.  Amer.  Cbem. 
J.  1886b  6,  386;  Zeitaoh.  ansL  Chem.  188(1.  S5, 
223). 

Ealimation  of  imino^roiips  in  seeondary 

amintit.    A  weighed  quantity  of  the  substance 
is  mixed  with  a  Imown  excess  of  acet  ie  anhydride, 
either  alone  or  dHnted  with  dry  xylene  or 
dimethylaniJino   (Rull.   Soc.   chiro.    1892,  [3] 
7,  142 ;  Chem.  Zeit  1893.  17»  27.  465).  After 
1  one  hour. water  is  added  and  the  mixture  warm«Hl 
j  under  a  rff!ux  apparatus,  so  that  no  «iihy<lri'l«' 
is  loat  by  evaporation.    The  solution  is  then 
titrated  with  standard  barium  hydroxide  and 
[)henolphthalem    indicator.    The    amount  of 
acetic  acid  present  indicates  the  exo^  of  acetic 
anhydruie  left  over  from  the  aoetylatkm  oi  the 
I  secondary  base. 

The  tertiary  amines  and  the  quateriiar\ 
i  ammonium  salts  do  not  give  the  reactions  of  the 
jirimary  and  secondary  amines,  but  the  total 
amount  of  l>ui»ic  uitrt>gcu  present  in  an  organic 

bo  asoertained  by  the 
rifstic  saltH  of  tin-  l>A.~r 
The  aurichlorides  and  plntinichioridoi>  may 
frequently  be  employe*  1  for  this  purpoae*  m 
these  double  salta  on  ignition  leave  «  rwsiHuf 
of  the  metal,  each  atomic  proportion  of  gi>kl 
corresponding  to  one  basic  nitrageD  ifctom. 
while  a  similar  quantity  of  platintim  roTTfsjK»nd* 
with  two  ba#*ic  nitroL'"'n  atoni-*.  In  the  majority 
of  oases  thest*  doulde  >alt.s  iui\  r  r<  r«}K'ct  iv  dy  the 
general  formnla-,  KH<  l,.\n(  1,  and  (KH(.l),Ptl  1,. 
and  arc  obtained  in  the  anhydrous  con- 
dition; yet,  fin  certain  instances,  hyd  rated 
forms  are  known  and  sometimes  the  salts  them- 
selves have  an  anomalous  comjiositioD  not 
corresponding  with  the  general  formid;**. 
Evidence  obtained  in  this  way  should,  if  poesiblr, 
bo  supplemented  by  the  analysis  of  other  saIt.->. 
and  for  this  purpose  the  ferrichu»rides,  chromat<'>^, 
oxalates,  thiooyanat«».  ferrocyanide;},  picrat««, 
and  nicrolonates  have  been  employed,  as  well 
as  the  commoiMr  nitmtesg  snlphates,  «ad 
liaUde  salts. 

Gas  analysis. 
The  experiments  of  Gay-Lussac  establi<ihod 
long  ago  tno  value,  from  a  scientific  point  of 
view,  of  the  determination  of  the  voluroctrio 
composition  of  gases  and  tile  pro^liu  tj*  formed 
by  their  interact  ion  :  but  it  is  Onlv  within  rec^>nt 
times  that  the  methods  of  gas  aaal  \  .^i-^  hasc  l»wn 
applietl  to  any  great  extent  for  IccUiucaI  pur- 
poses. The  value  of  sttoh  determinations  i:*  im>w 
generally  recognised  on  account  of  the  informa- 
tion which  they  give  respeetine  the  etticiimry  i  if 
combustion,  tbD  progress  of  op*  rat  ions  in  whieb 
gases  are  coosaiiMd  or  produced,  oud  the  like. 
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With  few  exceptions  the  volumetric  auU  nut 
the  grsrimetric  composition  of  the  gas  is 
raqoired,  and  the  nieasuronicnt«  are  essentially 
oieainiremcnts  of  volumos.  The  gas  to  bo  ex- 
amined is  confine<l  over  mercury  or  water  in  a 
suitable  ooeMuring  apparatus,  and  its  composi- 
tion is  determined  ( I )  by  trc^itmcnt  with  ap- 
{tropriate  abttorbing  reagents  and  measurement  of 
the  contraction  produced ;  (2)  by  exploding  with 
uxygcn  or  hydrogen  and  mewmring  the  eontnu;- 
tion  ;  (3j  l>y  ex)>lii.lin;i  with  uxy>;rn  <>r  hy<lri)^a'n, 
meaauriug  the  contraction,  and  then  treating 
vfth  abaorbing  reagents,  and  meMoring  the 
e<  cotul  contraction.  Suli)luir  flioxMi"  >\ni\  notno 
other  gaeoe  soluble  in  water  are  estimated  by 
tHimtkm,  &  definite  rolttme  of  the  gaa  being 
<lrawn  through  a  nit-asured  quantity  of  ii  statuLird 
M^utkm,  the  excels  of  whieh  is  afterwards  de> 


The  highly  rrfinod  and  iiecuraf^'  nn-tliods  of 
gas  analysis  employed  for  purposes  of  research 
are  of  little  vaJne  for  teehuoal  purixwes  on 
account  of  the  lensth  of  time  requin-d  fur  their 
execution.  Information  respecting  those  methods 
may  be  found  in  Bunsen's  Gasomotnaohe 
Methwlen,  2nd  ed.  1887;  Sutton's  Volumetric 
Aaal\-6is,  »tli  ed.  1904  ;  Dittmar's  Exercises  in 
Quantitative  Analysis,  1887 ;  Hempcl's  Qas- 
snal}  tL>che  Methoden,  3rd  ed.  IDOO ;  Travers' 
Kxpenmental  Study  of  Gases,  1901 ;  t*.  alsu 
Thomfts  (Chem.  Soc.  Trans.  187!«,  35,  213),  and 
M*=>y*T  and  Seubort  (Chem.  8t>c-.  Trans.  18!4, 
4o,  dt^l).  in  this  article  onlv  those  methods 
«91  bo  deooribed  vriiieb  aienvMkblo  forteehnic&l 

purposes. 

JIoMitrements. — The  volume  which  a  given 
mass  of  gM  OOOVpieB  depends  on  the  t<^'ni{x  ri- 
turc,  the  pressnre,  and  tne  {iroiHjrtion  of  mois- 
ture which  it  contains.  The  ti^mperaturo  is  as- 
certained by  moans  of  a  thcnuometer  •ttechod 
to  or  suspended  near  to  the  meBsnrinfr  ves.wl. 
Measurements  are  usually  uiadu  under  atmo- 
spheric  pressure,  and  this  is  determiiied  bv  means 
of  a  barometer  placed  in  the  room  in  which  the 
analysis  is  macb.    The  siphon  barometer  is  a 


convenient  form  of  instrument  for  the  purpose, 
and  should  stand  on  the  table  closd  to  the  gas 
apjmratus.  In  caw  the  level  of  the  mercury  or 
water  in  the  measuring  tube  is  higher  than  that 
in  the  trough  or  the  attache«l  tul>e,  the  triu>  pres- 
sure upon  the  gas  is  given  by  the  height  oi  the 
barometer  minus  the  difference  between  the 
mercury  level  inside  and  outside  the  tube.  If 
water  is  used,  the  height  of  the  wmler  oolnmn 
divided  by  13  6  gives  the  height  of  the  corre- 
s|X)nding  column  of  mercury  with  sufluient  ac- 
curacy. It  is  better  to  eliminate  this  correction 
by  adjusting  tiie  liquid  lO  th«t  it  ia  »t  th»  MflM 
level  both  inside  and  outcido  the  tube,  ^rbkih  is 
easily  done. 

The  gmn  must  be  either  perfectly  dry  or 
saturatcHi  with  moisture.  If  an  indctinite 
qoaatity  of  water  vapour  is  present,  accurate 
measurements  are  impossible.  It  is  more  eon> 
venient  to  niea.<^nro  tho  ga.**  when  moist,  and 
hence  if  the  gas  is  confined  over  mercury  a  few 
drops  of  water  are  intcodooed  when  the  tube  is 
hllcd  with  the  mercury  and  this  water  is  taken 
up  by  the  gas.  Under  these  conditions  tho  sur* 
rovnoing  jiimssuie  is  balaneed  partly  by  the  gas 
and  partly  by  tho  aqueous  vapour  which  it  r  ti- 
tains,  and  in  order  to  ascertain  the  pri^iAuro 
which  the  gas  itself  is  under,  the  tension  of 
rtq-joous  vapour  at  the  particular  tempemttire 
mubl  bu  subtracted  from  the  beifibt  of  tho 
barometer.  The  formula  for  leaiioing  the 
volume  o*^  ga!i  to  tho  standard  tempcsature  and 
pres.'snrc  [{)°  and  760  mm.)  is: 

V  „V  +  278x(B-/)      Y  M  VX(B-/) 

in  which  V  is  the  actual  reading;  f,  tho  tempera- 

tun-;  /,  the  tension  ttf  aqueous  vap«mr  at  the 
temperature,  t;  and  H,  tiio  height  of  the  baro- 
meter. The  reduotioa  of  the  height  of  the 
barometer  to  0*  is  necessary  for  accurate  calcula- 
tion, but  uiay  usually  be  omitted.  The  following 
table,  abbreviated  from  Bun.'*en's  CiRsom-  trischu 
Methoden,  gives  the  value  of  1  +U'0U366<  for  the 
ordinary  range  of  temperature  : — 


1  I- 

^  1 

lot  j 

number 

leg 

1  QO 

1-00000 

1 

0-00000 

IP 

1-04026 

0-01714  1 

21° 

1  oTr.sn 

,  i 

1-00306 

0-001&9  1 

12 

1-04392 

0-01867  1 

22 

1-08052 

0-03363  : 

'  2 

1-0073S 

0-00317  ! 

18 

10ft758 

0-oaoio  1 

23 

1-08418 

0-03610  [ 

3 

1-01098 

000474 

14 

1-05124 

0-02170 

24 

10S7S1 

4 

1-01464 

0^)0631 

16 

1-06490 

1  0-02321  t 

25 

1-09150 

0-1)3602  ! 

\  5 

1<01830 

OK)0788  1 

le 

1-00866 

0<tt471  1 

26 

KKWIO 

0-03048 

6 

102196 

0  00(W3 

17 

1-06222 

0-02621 

27 

1-09882 

0-04093 

I 

1-02562 

0-01099  . 

18 

1-06688 

0-02771 

28 

1  10248 

0-04237 

1-029S8 

0-01S63  ' 

10 

1<00064 

OKOOSl 

29 

1-10014 

0-04381 

9 

1-03294 

0-01407 

20 

1-0782D 

0-03008 

30 

1-10080 

0-04624 

10 

1-03660 

0-01661  i 

When  the  estimations  are  made  rapidly,  and 
only  approximate  results  are  required,  the  eor> 
P  et  ions  for  temperature  and  jm  s.siiro  are 
umittodt  siaoe  it  may  be  assumed  that  they 
remaitt  constant  during  the  analysis. 

Tlie  fffllowin^;  plrin.  deseribe*!  by  Winkler, 
reoden  the  use  ot  the  barometer  and  thcrmo- 
mstsr  onnooessary,  and  maltes  the  calculation 
■ueh  simpler,  it  is  an  adaptation  of  William- 


son  and  Bussell's  method  of  always  measuring 
the  Tohime  of  the  gas  at  the  same  degree  of 

elasticity.  .\  tube  alxiiit  1  metre  lon<:,  dosed 
at  one  cud  and  graduated  to  120  c.c.  in  tenths, 
is  moistened  tntemally  with  a-few  drops  of  water, 
and  m'Ti  ury  is  |)<>uml  in  in  such  <|Uantity  that 
when  the  tube  is  inverted  tho  mercury  stands 
somewhat  higher  than  lOO.   The  volume  whieh 

100  C.C.  of  air  measured  at  standard  temperature  , 
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its  •otual  volamo  varies  in  the  aame  ratio  as  |  the  bottom,  »nd  is  ooiuteoted  by  »  oaoutohofio 

vnlumo  of  gas  to  l)o  nn-n.surerl.    'I'lu-  two    ^^j|„  a  similar  butt k-  contamin 


and  fMCcsBure  uhould  occupy  under  the  conditions 
dsactibsd,  is  calculatod  iroin  tlie  expros^sion  t 

»    <T<0~ 4-6)100X(273-H|  ^  (7flO - 4-5)100Xlt 0  OOaOflQ 
273(B  -/]  B-/ 

and  air  is  oarefidly  intro<Iuced  into  the  tube  until, 

when  the  mercury  is  at  the  same  level  iasido 
and  outside  the  tube,  it  stands  exactly  at  the 
ca]eolato<l  volume.  The  tube  now  contains  a 
quantity  of  saturate<l  with  moisturr,  which, 
under  stautlard  c  onditions,  w  ould  occupy  iCH)  c.c, 
but 
the 

tubes  are  allowed  to  staml  hido  l>\  wide,  and 
when  the  levels  have  been  projK  rlv  adjusted  in 
each  case  the  voliiinc  of  tli<-  <^as  to  Ix-  measured 
and  the  volume  of  the  ajr  in  the  coiux»ariBoa  tube 
are  read  off.  The  volume  (under  ^  standard 
ronditioas)  of  the  gas  under  exiamination  is 
obtained  by  the  x'ro  port  ion 

V.  V  • .  V  '  •  V  ' 

in  which  V  is  the  aotual  volume  of  air  in  the 
comtM|ritM)a-tttbe ;  \\,  its  volume  under  i>tAndani 
oonditions»  which  ia  always  100;    \\',  the 

observed  volume  of  the  yas  tu  l)c  iiit  a.-urt  <l  ; 
and  Vo',  it^s  volume  under  staudafd  coaditious. 
During   the   operations  the  temperature 

sliouM  i>c  ki/pt  as  coiistaiil  as  [lo.Hijililc,  and  tlu- 
readings  should  bo  taken  rapidly,  otherwise  the 
iwoximity  of  the  body  will  eause  variations  in 
flif  tf>mperuture  of  the  ga.s.  It  is  an  advantage 
to  have  the  measuring  tube  surrouuded  by  a 
wider  tube  which  is  filled  with  water.  The  most 
aceuratr  n)etho<l  is  to  taki-  tlio  rradinj^s  through 
a  carefully  levelled  telescope  (a  cathctooieter)  at 
a  distanoe  of  about  five  or  six  feet.  This  also 
avoids  p.nrallax.  Thn  nioasurin^  tube  must  be 
kept  vertical,  and  when  water  is  the  confining 
liquid,  sufficient  time  must  Ijc  given  for  the 
liqtiif!  to  run  dowii  the  sides  of  the  tube.  Not 
unfrcquontly  this  requires  several  minutes. 

Jteagents, 

All  liquid  reagents  should  be  aatturated  with 
the  gases  which  tlu-y  do  not  absorb  chemically. 
It  is  desirable  that  the  tensions  of  these  gases 
in  the  liquids  should  be  approinraately  equal  to 
their  tensions  in  the  leases  \\liirh  are  to  be 
analysed,  in  order  to  avoid  exohau^^  between 
the  gas  and  the  absorbing  liquid.  This  is  best 

tsccuf  1  by  going  throu;^h  the  proee.s,s  two  or 
three  timee  without  making  measureraente, 
whenever  the  pipettes  have  been  freshly  filled. 

T-iqiuMs  used  fur  tlu-  analysis  of,  nay,  flue  gases, 
should  not  bo  used  for  gosos  ol  a  different  oha- 
vaoter,  «.e.  which  contain  the  oonstituente  in 

Veiy  different  i)io[Mjrliuns. 

Bromint  tmUr  is  used  for  absorbing  olehnes. 
It  should  bo  well  saturated  with  bromine  and 

kept  in  the  dark. 

Cuprous  chloride  is  made  by  dissolving  50 
l^ranis  of  cuprio  oxide  in  hjrdroohlorie  aeid,  add- 

mg  60  :.'rams  of  copper,  and  boilii- -  t'>r  some 
time  with  as  little  exposure  to  air  U6  ixjisible. 
riie  solution  is  then  diluted  to  1000  c.c.  with 
h\ 'Irorhloric  ac  id  of  sp.gr.  l-!2.  and  allmNcii  to 
leaiaia  in  contact  with  metallic  co|>im  r  m  a  closed 
vcHsol  until  the  soluttoa  becouus  colourless. 
This  solution  attacks  mercury  rapidly. 

CvprnHo-ammonium  chloride,  obtained  by 
dissolving  cuprous  eblorido  in  ammonia,  does 
not  attaelc  mercury. 


Tlie  stock  solution  is  ma<le  by  dissolviiw 
200  grams  of  cuprous  chloride  and  250  grams ^ 
ammonium  chloride  in  750  c.c.  of  water  ;  it  is 
kept  in  Btopjx.*rocl  bottles,  and,  when  required, 
mixed  with  one-tbird  its  volume  of  aroiXM>iu« 
solution  (sp.gr.  0-91). 

Hydrogen  is  olitained  by  the  action  of  <liliite 
sulphuric  acid  on  ^ure  uuo.  Tlw  graaulAted 
zinc  may  bo  placed  m  a  small  bottle  fitted  with 
a  eajjillary  delivery  tul>e,  whieh  can  be  cluse<l  I«y 
a  tap  or  pinch^eock.  The  bottle  has  a  tubulus  at 


taming  dilute  sul- 
phuric acid.  The  latter  bottle  is  raised  so  that 
the  acid  runs  on  the  nne,  and  the  aetion  is 

allowed  to  proceed  nntil  the  air  is  completely 
expelled  from  the  first  bottle.  The  tap  is  theu 
closed,  and  the  aeid  is  driven  back  into  tne  aeoood 
bottle  by  thr-  pressure  of  the  hydrozf'n.  It  is 
advisable  to  keep  the  second  bottle  at  a  slightly 
higher  level  than  the  Brst,  to  avoid  any  chance 
of  air  leaking  in.  One  of  Hempel's  tubulatoil 
absorption  bulbs  answers  adnurAl»iy  (Fig.  41). 
The  line  is  nttache<l  to  a  cork,  w  hich  is  inserted 
in  the  tnbulus  of  the  tir.^t  bulli.  and  th<-  'm 
introduced.  When  all  air  id  exptlkd.  th«j  capU- 
lary  tube  is  cloned,  and  the  acid  is  ilriveu  up  into 
the  second  bulb,  so  that  the  pii-tte  is  aivraya 
charged  w  ith  hydrogen  under  pressure. 

Oxfj'j*  n  is  obtained  in  a  pure  state  by  heating 
potas-sium  chlorido  without  manganeso  dioxide, 
i'ho  powdered  chlorate  is  contained  in  a  glasd 
bulb,  the  neck  of  w  hich  is  drawn  out  to  form  a 
narr(»w  iblivery  tube. 

riiusjjhuru.s  is  employ  vd  in  the  form  of  nam>w 
stick.s,  which  an;  made  by  melting  it  under  warm 
water  and  draw  ing  it  up  into  narrow  glass  tubc,^ 
The  up{»er  en<ls  of  the  tubes  are  closed  by  the 
finger,  and  they  arc  plunged  into  cold  vrat«r, 
when  the  phosphorus  solidifies.  It  may  aLso 
be  used  in  a  granular  form,  obtained  by  whn.king 
the  phosphorus  vigorously  with  warm  wntw  in  a 
well-dosed  iiafik  until  it  solidities. 

Cawtie  potntfh  (or  scdn)  for  Oiaat*s  apparatus 
is  dissolved  in  three  part^  of  water,  and  the  solu- 
tion l»pt  in  well-stoppered  bottles.  Hempel 
uses  a  solution  of  caustic  potadi  in  two  parts  of 
water,  whieh  will  absorb  forty  times  its  volume 
of  carbon  dioxide.  It  majr*  however,  be  used 
someidiat  more  dilute,  and  is  then  leas  liabks  to 
attack  the  glass. 

FurMoUol  is  kept  in  the  solid  state,  aud  only 
disBobred  immediately  before  being  used.  Oraat 
rceommends  a  solution  of  25  grams  of  j  ■  r  j  illi  «I 
in  a  small  quantity  of  hot  water,  nuxeii  ^Ith 
ISO  CO.  of  a  solution  of  1  part  of  caustic  aoda  in 
n  part«  of  water.  Hempel  uso=«  a  mixt\ir«»  <.f 
26  0.C  of  a  20  p.o.  solution  of  pyrog&Uoi  with 
76  9.0.  of  33*3  p.e.  eaustio  potash  aolntion. 
This  quantity  will  absorb  200  c.e.  of  nx--^--:-]. 

Sulphuric  acid  of  sp.gr.  l'i>4  1:5  used  as  a 
drying  agent  and  for  tae  absorption  of  nitrogen 
oxide.^.  Acid  of  the  sam**  strength  mixed  vitli 
so  luueh  snlphurio  anhytLrule  tnat  it  rfmaios 
liquid  at  the  onUnary  tem{x>rature  but  soUdUfies 
if  eooied.  is  nsed  for  absorbing  ethyleoA  and 
other  by drooar  bolts. 

Water,  ^^eh  is  very  largely  used  for  con- 
fining  the  cofe^.  .should  I>o  well  saturat<-vl  with 
air,  out  should  not  contain  carbon  dioxide- 
Distilled  water  is  preferable,  but  any  potable 
water  of  good  quality  may  be  used. 
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Standard  soltition^i  used  in  the  estimatioa  of 
gaies  by  titratioa  are  known  as  normal  gas 
ioluiiotus  when  they  are  of  such  Btrength  that 
1  c.c.  of  the  solution  is  equivalent  to  1  c.c.  of 
the  gaa  under  standard  conditions.  A  normal 
gas  solution  of  iotlino  for  the  estimation  of 
sulphur  lUoxido  would  contain  11-333  grams  of 
iodine  per  litre,  and  the  thiosulphate  solution 
use^l  in  conjunction  with  it  woulcl  be  of  equiva- 
lent strength. 

In  many  caaoa  it  is  the  weight  of  the  absorbed 
constituent  per  cubic  metre  or  cul>ic  foot  of  gas 
that  is  n^quiretl,  and  the  ordinary  standard 
solutions  may  be  used. 

Methods  of  estimuiion. 

Ammonia,  bv*  titration. 

Benzene,  by  absoqition  in  fuming  nitric  acid 
boiling  at  86  ,  the  nitrogen  oxides  being  then 
removed  by  caustic  {K)ta8h.  Fuming  nitric  acid 
also  absorbs  carbon  dioxide  and  carbon  mon- 
oxide. Like  the  oletines,  benzene  is  absorl>ed 
by  fuming  sulphuric  acid  and  by  bromine  water, 
and  in  fact  no  absorption  method  is  at  present 
known  bv  means  of  which  benzene  and  the 
olefines  can  be  seimrated  (Ber.  1888,  21,  3131). 

Carbon  dioxide,  by  absorption  in  potassium 
or  stxlium  hydroxide. 

Carbon  monoxide,  by  absorption  in  a  satur- 
atetl  solution  of  cuprous  chloride  in  hydnx^hloric  | 
acid  or  ammonia.  It  seems  (Ber.  1887,  20,  , 
2754)  that  these  solutions  are  liable  to  give  oil  ' 
fiart  of  t  he  dissolved  carbon  monoxide,  espi'cially 
after  they  have  been  used  repeatedly.  The 
error  is  less  with  the  ammoniacal  solution,  and  is 
rt<luce<l  if  the  solution  remains  in  contact  with 
the  gas  for  some  time.  The  cuprous  chloride 
s'>lution  should  always  be  tolerably  fresh,  and 
should  be  saturated  ^vith  hydrogen,  nitrogen, 
and  the  other  gases  which  usuallv  occur  with 
carbonic  oxide  (Ber.  1888,  21,  898).  If  the 
amount  of  carbon  monoxide  is  small,  it  should 
be  converted  by  combustion  {v.  Hydrogen)  into 
carlx)n  dioxide,  which  is  afterwards  absorbed 
by  causlic  potash.  If  the  amount  of  carbon 
monoxide  is  large,  the  greater  part  may  be  ab- 
sorbed by  cuprous  chloride,  and  the  remainder 
removed  by  combustion  and  absorption. 

The  estimation  of  small  quantities  of  carbon 
monoxide  in  air  or  other  comparatively  inert 
gaaes  can  be  effecte<l  by  nasi>ing  the  dried  gas 
over  solid  iodine  pentoxide.  At  temperatures 
var\-ing  from  40*-l.'iO**  the  following  reaction 
occurs:  l,O4+5C0=5C0,  +  I,.  Either  of  the 
volatile  prtxlucts  can  bo  estimated  :  the  iodine 
volu metrically  by  standard  thiosulphate,  or 
gravimetrically  by  absorption  in  a  weighed  tube 
containing  copper  powder  ;  the  carbon  dioxide 
mav  be  absorbed  in  standanl  barium  hydroxide, 
an<l  the  excess  of  the  latter  titrated  with  oxalic 
acid.  If  carbon  dioxide  is  present  in  the  gas 
ander  examination,  it  is  farst  removed  by 
potaasium  or  barium  hydroxide.  Below  60**  no 
hydrocarbon  except  acetylene  reduces  iodic 
anhydride.  .At  higher  temjieratures  several 
un,-Naturated  hytlrocarbons  have  an  appreciable 
action.  Ethylene  hinders  the  oxidation  of 
carbon  monoxide  by  the  iodine  jMjntoxide.  'I'ho  i 
process  'in  applicable  to  air  containmg  one  part 
of  carbon  monoxide  in  30,000,  and  is  used  for 
e»timating  the  monoxide  occluded  in  steel 
(Gautier,  Compt.  rend.  1898,  126,  871,  1299 ;  1 


Jean,  ihid.  1902,  135,  746  ;  J.  .\mer.  Chem.  Soc. 
1900,  22,  14  ;  1907,  29,  1589 ;  Ann.  Chim.  anal. 
1910,  15,  1). 

Hydrogen  is  converted  into  water  by  combus- 
tion with  air  or  oxygen,  and  the  volume  of  the 
hydrogen  is  represented  by  two-thirds  of  the  con- 
traction consequent  uiwn  combustion.  If  the 
gas  is  confined  over  mercury,  an  excess  of  pure 
oxygen  is  introduced,  the  volume  read  off,  and 
the  pressure  on  the  gas  retluccd  considerably 
below  atmospheric  pres.sure  by  lowering  the 
mercury  in  the  level  tube.  The  lower  end  of  the 
explosion  tube  is  closed,  and  combination  is 
initiated  by  passing  a  spark  from  a  coil  l)etween 
the  platinum  wires  which  are  fused  into  the  tube. 
The  pressure  is  restored  to  the  normal,  and  when 
the  gas  has  cooled  the  volume  is  again  read  off. 

When  the  gas  is  conlinwl  over  water  it  is 
almost  im]x>saiblo  to  obtain  satisfactory  com- 
bustion, and  it  is  much  more  convenient  to  pass 
the  combustible  mixture  over  gi'utly  heated 
sjwngy  palladium.  This  is  pn'i>ared  by  dis- 
solving about  two  grams  of  {wlladium  chloride 
in  a  small  quantity  of  water,  adding  a  small 
quantity  of  a  saturatecl  solution  of  sodium 
formate  and  sodium  carbonate  until  the  re- 
action is  alkaline.  About  1  gram  of  long 
and  very  soft  asbestos  fibres  is  introducecl,  and 
the  pasty  mass  lh  tlried  at  a  gentle  heat.  In  this 
way  the  asln-stos  is  obtaine<l  covered  with  very 
finelv  divideel  palladium.  After  being  completely 
dried  at  100*,  it  is  carefully  washe«l  with  water 
to  remove  soluble  salts  and  again  drietl.  Some 
of  the  fibres  are  moistened  and  twisted  into  a 
thread  about  1  cm.  long,  which  is  then  intro- 
duced into  the  middle  of  a  stout  capillary  tube,  K, 
about  15  era.  long  and  1  mm.  internal  diameter. 


Fia.  34. 


and  this  tube  is  bent  at  a  right  angle  at  each  end. 
or  in  any  other  way  convenient  for  its  attach- 
ment to  the  measuring  apparatus  containing  the 
gas.  One  end  of  the  capillary  is  in  communica- 
tion with  the  gratluati'tl  tulw;,  A,  and  the  other 
with  a  l)ulb  pi|Ktte,  c,  tilled  completely  with 
water,  into  which  the  gas  is  iw.ssed.  A  small  gas 
or  spirit-lamp  flame  is  arranged  to  heat  that  part 
of  the  capillary  which  contains  the  asbestos. 
When  th«;  other  gases  have  been  estiinate<l,  the 
mixture  of  hydrogen  and  nitrogen  which  remains 
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is  mixed  inth  air  l>y  luwrring  the  I  \  1  vesHcl 
until  the  jirofsim-  is  hulliciently  rodueetl,  and 
then  puttin<:  the  muasuring  tube  in  com- 
miinifation  with  the  air.  The  stop-cock  is  then 
closed,  the  a-Hbestofi  verv  L'<^ii(ly  heated,  and  the 
gas  passed  slowly  through  the  "capiikry  iut<j  the 
bulb  and  back  again  throe  or  four  times.  When 
oombiution  is  complete,  tlie  vdttine  of  the 
residual  gas  is  measured. 

Tliin  method  may  bo  employed  in  estimating 
hydroffcn  in  the  praeenco  of  methane,  since  the 
latter  IS  not  burnt  under  those  conditions,  pro- 
viding that  the  temperature  does  nut  cxceod 
WO*  (J.  Soc  CJhem.  Ind.  1903,  22,  »25 ;  1905, 
24,  1202;  ZeitRoh.  aiigew.  Chem.  1903,  16,  695). 

The  palladinLsed  asbestos  can  be  UBe<l  in 
promoting  tho  combuation  of  oartKm  monoxide. 

Drehaohmidt  (Ber.  1888,  21,  3245)  prefers  a 
platimim  tube  20cm.  long  and  2  inni.  thick,  with 
a  bore  0*7  mm.  diameter.  The  bore  is  tdmoet 
eloeed  by  the  ioaertion  of  a  palladium  win  ez« 
tending  through  the  wholo  length  >  f  ihe  tube. 
I1ie  tuho  is  attached  to  a  burette  and  an  absorp- 
tion  pipette  in  the  same  manner  as  the  glass 
tuhe ;  to  0  c  rn.  are  heated  to  redness  by  means 
of  a  iiati  tlame,  and  tho  gas  is  pasaed  backwards 
and  forwards  until  there  is  no  further  alteration 
of  volume.  No  ex])Io.siunH  occur  even  ^^■^th 
mixtures  of  hydrogen  and  oxygen  containing 
only  a  slight  excess  of  the  latter. 

Hemi)el  has  applied  the  well-kno«Ti  absorp- 
tion of  hydrogen  by  palladium  to  tho  estimation 
of  this  gas.  Pure  palladium  is  indifierent 
towards  hytirogen  in  the  jirrscnrc  nf  methant' 
and  nitroeen,  hut  when  it  coutain.s  a  little  palJa- 
dious  oxide  combustion  of  some  of  the  hydrogen 
occurs,  and  tho  heat  ponemted  enstin  s  the 
absorption  of  the  remainder.  l'alla<liuni  spoiigo 
is  heated  and  allowed  to  cool  slowly  so  that  it 
becomes  su|>erfi(  ially  oxidised.  A  U-tube  of 
4  laui.  intcfuftl  ciiamoter  and  20  cm.  total  length 
is  charged  with  4  grams  of  this  oxidised  sponge 
and  maiutaiued  at  W-KK)"  by  immersion  in  a 
beaker  of  hot  water  ;  this  tube  is  interposed 
between  tho  gas  burette  and  a  pipette  filled  w  ith 
water.  Tho  absorption  is  effected  by  siphoning 
the  gas  backwarUa  and  forwards  through  th«» 
palladium  sj^jnge. 

Hydrogen  chloride,  bv  titration. 

Hydrogen  sulphide,  by  titxation. 

Hydrocarbons  oUwr  than  olciines  are  osli- 
mated  by  combustion,  preferalily  with  oxj'gen 
over  mercury  under  reduced  jjressure.  Accty- 
li  lie  and  benzene  may  bo  burnt  over  palladium, 
but  loquice  a  somewhat  high  temperature. 
Methane  cannot  be  burnt  in  tnis  way  even  in 
presi  iu  e  of  hvdrogen.  The  combustion  of  this 
film  i.H  elleoteu  by  mixing  it  with  a  considerable 
quantity  of  air  and  aspirating  the  mixture 
throu;,'h  a  i<hvvi  tube  containing  cupric  oxide 
heated  to  redness  in  a  small  combustion  furnace, 
tho  carbon  dioxide  which  is  produced  being 
ftliNciflKd  in  .standard  Ijaryta  ^ohition,  which 
is  afterwards  titrated  with  standard  oxalic 
acid. 

T>rehsclinii.H  fltuls  fB.  r.  21.  3219)  that 

a  mixture  of  methane  and  oxyson  can  readily  bo 
burnt  in  a  platinum  tube,  ae  above,  if  the  fetter 
is  hrat.d  i<»  hriL'hf  refiners.  The  c<»ntruetion 
is  obwrveti,  and  the  carbon  dioxide  formed  is 
removed  and  i  hv  volume  again  measuied. 

mtrle  OxMa  is  converted  into  peroxide  by 


I  admixture  with  oxygen,  and  the  peroxide  is 
j  al)sorlxxi  by  caustic  potash.  th<'  excess  of  oxygen 

b(.*ii>gafterwardsabsorbod  h\  alkaline pvTogaUate. 

Nitric  oxide  may  also  ahsorb<Mi  \jy  a  cun* 
I  oontrated    wjlutiou    of    ferrous    sulphate,  but 

this  method  dooa  not  givo  such  satisfactory 

rfv,,:i.. 

Nitrogen  peroxide  and  nitrous  anhydride,  by 

titration  ;  by  absorption  with  sulphuric  acid  of 
sp.gr.  1*84;  or,  in  absence  of  earlx^n  dioxide 
and  other  absorbable  gases^  by  abeorpUon  with 
caustic  potash. 

Oleflnes,  by  absorption  wiUi  fuming  sulphurio 
acid,  acid  vaix>urs  being  removed  oy  caustic 
potash ;  or  by  absorption  in  bromine  water, 
bromine  vapours  being  aftorwaniB  removed  by 
caustic  potash. 

Oxygen,  by  absorption  with  alkaline  pvro- 
'  f^allate.  If  the  oxygen  Ls  present  in  greater  pro- 
portion than  20  p.0.  a  small  quantity  of  oarboa 
monoxide  is  evolved  from  the  pyrogallol  during 
absorption,  and  h»'!iee  tlie  results  are  ^slightly  t<K> 
low.  After  treatment  with  pyrogallol  the  flas 
may  be  passed  into  the  cnproos  ehloride  buTba 
in  order  to  rem  v  any  cau-bon  monoxi<le  that 
may  have  been  lurmed.  Usually,  however,  this 
error  has  no  material  influence  on  the  reaoHa. 

Oxygen  may  als'O  be  absorVied  hy  pho-iplKirus, 
and  this  has  the  advantage  that  the  prcscnoo  of 
carbon  dioxide  is  without  mflueooo  on  the  rwolt. 
The  temperature,  however,  must  not  l>e  below 
18*,  and  tho  absorption  is  prevented  by  the 
presence  of  ammonia,  oleflnes,  and  other  hydro- 
carbons, alcohol,  &c. 

iSodium  hydrosulphito  has  been  recommeadod 
as  ao  abaorlwnt  for  oiygen*  the  xeaotKm 

Na,g/>«+H,0+0»SNaHSO, 

taking  place  readily  at  low  or  hi^h  temperatures. 
T!ie  Hohition  contains  50  gramn  of  the  salt  and 
40  c.e.  of  sodium  hydroxide  f5  :  7)  in  250  cc.  of 
water,  and  is  used  in  a  ])i|Hrtt<-  tilled  with  rails  of 
iron-wire  gau^e  (Rer.  liMXi,  'M,  2<)t>!>). 

Oxygon  may  aitio  be  estimated  hy  combustion 
with  hydiogen,  either  explosively  hy  the  spark 
or  over  palladium-asbestos,  llie  hydrogen 
.should  bo  evolved  from  commercial  *  pure  '  zinc 
and  pure  dilute  sulxihuric  acid,  OT  in  spocial  casijs 
from  magnesium  and  sulphuric  acid.  One-third 
of  the  contraction  consequent  upon  combustion 
gives  tho  volume  of  the  oxygen. 

Sulphur  dioxide,  by  titration. 

In  the  ordinary  gases  flues,  generatoni, 
&c.,  tho  constituents  are  cf^timated  in  tlie  follow- 
ing order :  Carbon  dioxide,  oleEnes  and  benaane, 
oxygen,  earbon  monoxide,  hydrogen,  nwlliaiie, 
nitrogen  (as  residue  or  by  difTerence). 

If  acid  vapours  are  present  together  with  one 
or  more  of  the  above  gases,  the  order  of  afaoorp- 
tion,  Ac.*  must  be  <letermined  by  onoamataaoea. 

JftfNiralHs  and  menifpiitafMm 

Collecting  mmples. — ^The  gas  to  bo  analysed 
is  usually  drown  from  the  flue,  chamber,  by 
aspirating  it  through  glass  tabes,  which  may  be 
termed  conducting  tuhes.  \Vlien  (he  tem|Kra- 
I  ture  is  high,  ]X)rcelaiu  tubes  may  be  used  ;  or  if 
the  gas  MS  no  add  propertiee,  iron  tnbea  can  be 
on  j'h''  ed.  When  sample.*^  are  -  mti  tantly  taken 
from  the  same  flue,  &e.,  it  is  couveiuent  to  have 
a  short  piece  of  oureelain  or  iron  pipe  oemented 

into  the  wall  and  closed  at  the  outer  end  witK.  a 

Digiti/ea  by  Ljv-jv.* 
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^ug»  vrhish  is  readily  reiuoved  when  the  sample 
M  talian.   In  omm  where  the  gMea  are  originally 

at  a  high  temperature  and  ])<)ssibly  in  a  stat*'  nf 
putial  diflsociatioa,  it  is  important  to  draw  the 
wunfh  dowly  thronf^  a  aonMwbat  long  tube  m 
unler  th-\t  the  jja,-*  may  cool  slovl  ,  ,  ^iiui-  rapid 
cooling  of  the  gases  may  leave  them  iu  a  partially 
dasoeiated  condifckm  and  thtu  lead  to  erroneouB 

The  sample  may  be  conToniently  collected  in 
tlw  mea wiring  apparatus  itself  ;  but  where  this 
is  not  possible,  a  cylindrical  ^^lasM  tube  a,  (h  i  vn 
out  at  the  upper  end  and  connecteti  with  a  stop- 
cock and  capillary  tube,  and 
drawn  out  nt  thr  lowfr  end  and 
connected  by  c^Luutchouo  tubing 
with  a  nmilar  tube  B,  open  at 
thr>  top,  makes  a  convenient 
sampler.  The  collecting  tube 
may  with  advantage  bo  pro- 
vided  with  a  stop-cock  at  the 
bottom.    The  a  U  com- 

pletely tilled  with  water  or  mer- 
cnry  by  raiFing  B  to  a  lii<j:her 

U level,  antl  the  upper  stop-cock 
ifl  dosed.    The  capillary  tube  is 
conntM^to<l  with  the  conducting 
tube,  and  the  vessel  b  is  loworeu 
so  that  when  the  stop-cook  is 
slowly  opened  the  gaa  is  dra>%'n 
into  A,  and  the  water  or  mercury 
Vn.  30.     coUeots  in  b.  When  a  is  filled  the 
stop-cooks  are  dosed.   The  ^as 
is  readOy  transferred  from  A  to  the  meaaurmg 
vesad  by  raiaiiig  B  Mid  OMvfolly  opening  tJu 
■top-oock. 

In  all  easm  the  air  ia  tlw  oondnoting  tube 

must  be  exp-Ued,  ami  this  is  doi\e  by  placing  a 
T*tobe  betwera  the  end  of  the  tube  and  the 
edfeetinir  veaid.  This  T'pleoe  ie  oonneoted 
\*ith  an  asjiirator.  and  the  tubr  fi]lr>d  with  the 
gaa  before  the  stoD-cookof  the  coUwting  vessd  is 
opened.  When  ttie  ooUeeting  ytitd  pto^ded 
with  a  thre«--way  cock,  the  aspirator  may  be 
MUinected  directly  with  the  latter.  Various 
forms  of  aspirator  may  be  naed.  When  the 
volume  of  gas  to  Ije  aspirated  is  nmall  (r  7.  in 
removing  air  from  the  conducting  tube),  a  ^iniall 
indiambber  eapiiatii^  pump  is  very 
Ear  luger  qnantttiea  of  gas,  glaaa 


Vn.  36. 

with  a  tubulus  or  stop-cock  at  the  bottom  | 
and  a  tul>e  or  Kto|>-cock  at  the  top.  or  similar 
veKSfclaof  hhcut  zinc,  may  be  uiitxi  ( Figs.  'M>  and  .'{7). 
Dwy  are  filled  with  water,  the  upper  tube  iM-inu 
connected  with  the  tube  which  pa.H,Hca  into  the 
fine,  and  the  %vater  is  allowed  to  How  from  the  tap  , 
ai  41m  bottom.    The  volume  of  gas  aspirated  is 
determined  by  measuring  the  volume  of  wafer  ' 
which  flows  from  the  aspirator,  and  oorrectiu^  1 


this  volume  for  temperature,  &c.,  in  the  uaual 
way  {v.  Abpiratob). 

Wiieti  aspiration  is  to  bf  continued  for  a  lonsz 
time,  one  of  the  various  forms  of  water  pump 
may  be  used.  The  yolnme  of  air  aspirated  in  a 
eiven  time  with  a  given  pressure  of  water  mav 
be  determined  once  for  all  by  direct  measiurc- 
ment,or  a  email  gas  meter  may  bo  plaoed  between 
the  pump  end  the  vend  into  wbkh  the  gas  is 

If  the  gas  has  to  be  Icept  for  aome  time  before 

aiuilysis,  or  if  it  hiis  to  be  transported  from  one 
placu  to  another,  it  may  be  colleoied  in  glass 
tubes  which  have  previottdy  been  drawn  out  at 
each  end.  As  soon  as  the  tubes  an*  fuU,  the  cihIs 
are  close*!  by  istoptH-rs  of  iudiarubbcr  tubing  ami 
glass  rod,  or  are  nermetically  aeded  iiy  fnaion. 
If  the  quantity  of  gas  is  large,  cylindrical  zinc 
vessels  with  conical  ends  closed  by  indiarubbw 
corks  answer  very  well. 

(For  f)tlier  forms  of  gas-sampler?,  r.  .T.  Soe. 
Chem.  Ind.  1889,  8,  176;  1903,  22,  190.) 

Kstimatkmt  6y  ftfraAtVim. — A  measured  quan* 
tity  of  the  appropriata  standard  solution  is 
placed  in  a  flask  or  a  WouHf's  bottle  littod  with 
two  tulx<s,  ot\e  of  which  dipa  into  the  liquid  and 
is  connected  with  the  tube  placed  in  the  flue, 
&c.,  whilst  the  other  ends  just  below  the  cork 
and  is  connected  with  an  as|)irator.  After 
aspiration  has  been  continued  for  a  sufTieient 
length  of  time,  the  excess  of  reagent  is  deter- 
mined by  titration.  The  volume  of  gas  aspirated 
is  determined  by  the  volume  of  water  which  has 
run  from  the  aspirator  or  by  moans  of  a  gauge 
attach(!d  to  the  aspirator.  This  volume  of 
water,  however,  represents  a  volume  of  gas 
mtoimted  with  moistUTe  and  at  a  temperature 
and  pressure  which  must  be  determined  by 
means  of  a  thermometer  attached  to  the  aspirator 
and  a  barometer  in  eloae  proximity  ;  the  volume 
under  standard  conditions  is  calculated  in  the 
usual  way.  In  calculating  the  percentage  com- 
podtion  of  tbei^,  it  most  be  borne  fai  muid  that 

the  original  volume  of  the  jras  was  the  sum  of  tlie 
vohime<i  of  the  absorbed  constituent  and  the 
voliitTK;  which  has  paased  into  the  aaphrator. 

If  K,  is  the  volume  of  the  absurlH'd  <j;aa,  and 
7,  the  volume  which  has  passed  into  the  aspira* 
tor,  both  under  atuuuvd  oonditiona,  then 
100  X  V,   .   . ,  , 

y     y  =  ix5r  cent,  of      by  wuttme. 

This  nwthod  may  be  applied  in  the  eetimatioA 

of — 

Ammonia,  by  absorption  in  sulphuric  acid 
and  titration  with  alkaU. 

Carbon  dioxide  (in  small  quantities),  by 
abiiorption  in  standard  bwyta  solution  ancl 
titration  with  oxalic  add. 

Chlorine,  by  absorption  in  n  '^tnndard  solu- 
tion of  arsenious  oxide  in  sodium  carbonate, 
and  subsequent  titration  with  iodine  after 
saturating  with  carlxtn  dio.viilc. 

When  hydrochloric  acid  and  chlorine  occur 
together,  the  latter  »  determined  separately  in 
one  quantity,  and  a  fsccond  quantity  is  absorbt^l 
in  the  solution  of  arseniouii  oxide  in  sodium 
carbonate  free  from  chlorine,  and  the  total 
cldorine  is  determined  by  titration  with  sllv#»r 
nitrate,  using  Volliartl's  thiocyanato  rnetliod. 
In  eaJeulating  the  percentage  composition,  it  is 
important  to  reraemljcr  that  I  vol.  of  chlorine 
j^oduces  2  vols,  of  hydrochloric  acid^  ii^uo  by  Ccj 
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Hydrochloric  acid,  by  absorption  in  Botlium 
carbonate  and  titration' with  silver  nitralt«,  or, 
in  nbacnce  of  carlwn  dioxide  ami  otluT  acids, 
by  absorption  in  ptandard  cauBtic  jwtash  or 
Bo<la,  and  subsequent  titration  with  an  acid. 

Hydrogen  sulphide,  by  absorption  in  standard 
iodim-  and  titration  with  thiosulphatc  ;  or  by 
absorption  in  bromine  water  and  gravimetric 
estimation  as  barium  sulphate. 

Nitrogen  oxides,  by  absorption  in  acidified 
permanganate  solution  of  delinit©  strength,  the 
ffan  being  passed  until  the  solution  is  just  de- 
colourised. This  method  gives  the  amount  of 
nitrogen  oxides  in  terms  of  their  re<lucing 
lX)wer. 

Sulphur  dioxide,  by  absorption  in  standard 
iodine  solution  and  titration  with  thiosulphate, 
or  by  absorption  in  bromine  water  and  gravi- 
metric estimation  as  barium  sulphate.  The 
latter  plan  may  be  a*lopted  when  the  proiwrtion 
of  sulphur  dioxide  is  very  small  and  a  large 
volume  of  gas  must  bo  aspirated. 

Metuuring  and  abitorplion  apparatwt.—Ol^ly 
those  forms  w  hich  have  come  into  general  use 
ami  are  of  wide  applieal>ility  will  be  described 
here.  Descriptions  of  the  numerous  other 
modifications  will  be  found  in  Winkler's  Chem. 
Unters.  dcr  Industrie-Gaae ;  Winkler  and 
Lunge's  Technical  Gas  Analysis  ;  and  in  Zeitech. 
anal.  Chem.  . 

An  extremely  convenient  device  which  is 
applied  to  almost  all  the  forms  of  apparatus  is 
the  three-way  stop-cock.    This  has  the  usual 


somewhat  large  cylindrical  bullw  communicating 
at  the  bottom  by  a  eurve<l  tulje.    The  tmlbs 


Fia.  38. 

transverse  bore,  but  the  plug  itself  is  elongated 
in  the  form  of  a  tul)e,  the  Iwrv  of  which  is  con- 
tinued in  a  curved  direction  through  the  plug 
and  opens  at  the  side  in  the  same  plane,  but 
in  a  direction  at  right  anirle.s  to  the  transverse 
bore.  By  means  of  this  tap  two  tuUiS  can  l>e 
made  to  communicate  with  one  another,  or 
either  of  them  8cparat«-ly  can  l>e  put  in  com- 
munication with  a  third  tul>o  or  with  the  air. 

Oranl's  app<irniu^. — The  measuring  IuIk*  or 
burette  con8i»ts  of  a  cylindrical  bulb  terminating 
at  one  end  in  a  capillary  tube  and  at  the  other 
in  a  narrow  tube  of  uniform  bore  graduated  in 
tenths  of  a  cubic  centimetre.  The  total  capacity 
of  the  tube  from  the  zero  to  the  capillary  is  100 
e.c,  and  the  lower  end  of  the  tube  is  connected 
by  caoutchouc  tubing  with  a  '  level-bottle,'  the 
height  of  which  can  readily  Ix*  adjusted.  The 
burette  is  enclosed  in  a  cylinder  which  is  filled 
with  water  at  a  constant  temperature.  The 
capillary  from  the  upper  end  of  the  meaj^uring 
tube  is  cairieil  hori/ontally  along  a  wooden 
BupiHjrt.  Other  capillary  tulles  providetl  with 
etop-cocks  art^  fused  into  it  at  right  angles  and 
communicate^  bv  means  of  very  abort  lengths 
of  stout  in<liarul)lx>r  tubing  with  the  absorption 
pipettes,  each  of  which  consists  of  a  pair  of 


FiQ.  39. 

nearest  the  capillary  tubes  arc  fitted  w  ith  short 
lengths  of  glass  tubing  so  that  a  large  surface  of 
the  reagent  may  be  exposed,  and  the  other  bulbs 
receive  the  liquids  when  they  are  driven  out 
from  the  first  bulbs  by  the  gas.  Any  number 
of  bulbs  can,  of  course,  be  attached  to  the  main 
capillary,  and  at  the  end  of  it  there  is  a  three- 
way  tap  communicating  with  the  aspirating  tube 
or  with  the  air. 

The  three  absorption  pipettes  indicated  in 
Fig.  39  are  generally  filled  respectively  w-ith 
solutions  of  caustic  potash,  alkalmo  pyrogallate, 
and  cuprous  chloride,  and  serve  for  the  estima- 
tion of  carbon  dioxide,  oxygen,  and  carbon 
monoxide. 

The  burette  is  filled  with  water  by  placing 
the  liquid  in  the  level-bottle  and  raising  the 
latter,  and  the  stopcocks  are  then  closed.  The 
absorption  bulbs  arc  rather  more  than  half  tilled 
with  the  liquid  reagents,  and  by  opening  the 
stop-cocks  and  placing  the  level-bottle  below  the 
apparatus  the  liquids  are  drawn  up  so  as  to  fill 
completely  the  bulbs  connected  with  the  capil- 
laries.   The  stop-cooks  are  then  closed. 

The  burette  is  Hlletl  with  water  up  to  the 
capillary  tul)C  by  raising  the  level-bottle,  and  the 
far  end  of  the  capillary  tube  is  connected  \rith 
the  tube  along  which  the  gas  is  to  be  conducted. 
The  lower  end  of  the  three-way  tap  is  connected 
with  an  indiarubber  a*ipirator,  and  the  air  is 
removed  from  the  conducting  tulx;  by  aspirating 
the  gas  through  it.  The  level-bottle  is  then 
lowered,  the  tap  is  tumtni  through  90*,  and 
the  gas  is  drawn  into  the  burette.  When  a 
suflicient  volume  has  cntere«l,  the  tap  is  clo}*e<l. 
the  levels  inside  and  outside  the  burette  are 
a<ljusted  by  raising  the  level-bottle,  ami  the 
volume  of  the  gas  is  read  off  as  soon  as  the 
temperature  is  constant.  If  it  is  desired  to 
operate  upon  exactly  100  c.c.the  gas  is  dra'w-n  in 
until  the  water  is  a  little  Ijelow  the  zero,  the  tap 
is  closed  and  the  level-bottle  is  raised  so  that  the 
gas  is  slightly  compres-seil  and  the  water  rises 
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above  the  rero  (time  having;  Ikto  ^iven  for  the  I 
bquul  io  run  duwii  from  the  sideti  of  the  burette), 
UkI  the  mdlarubber  tnhc  is  dased  by  a  pinch- 
cock.  The  level-bottle  L>  again  lowered,  and  by 
cAutiously  opening  the  pinch-cook  tilft  wtAvr  m 
allowed  to  descend  exactly  to  the  zero,  and  the 
pinch-cock  is  closed.  The  tap  at  the  end  of  the 
iiMia  Mpilluy  is  opened  for  en  instant,  .so  that 
the  excejjs  of  pas  may  escape  and  the  100  c.c. 
reoiaiiinig  iu  the  burette  may  bo  at  atmospheric 
pteasure. 

In  order  to  lirin^  the  ^as  into  anj'  one  of  the 
eheorptiou  bullts,  thi-  levfl-lxjttle  id  raise<l  and  I 
the  tap  of  the  ]Mirticular  bulb  is  opened.  The 
pat  passes  into  the  bulb,  and  by  altomnti-ly 
raaing  and  lowering  the  level-bottle  the  ^oa  can 
be  pa«»ed  backwardii  and  forwards  several  timee, 
care  being  taken  that  the  abeorbiug  liquid  does 
not  pass  through  the  stop-cock.  The  cas  ia 
finally  drawn  on  so  that  the  absorbing  liquid 
joft  reaches  the  stop-cock,  the  latter  ia  clMod, 
and,  ^ter  readjusting  the  levels,  the  volume  of 
gas  it  again  read  ofT.  After  making  the  neces- 
sary CQReotions,  the  decrease  in  voiome  ie,  of 
eoom,  fho  ▼ohiine  of  the  gas  wliicii  hu  been 
ebeorlx-d.  The  order  in  which  tho  al).sorbinj; 
liquids  should  be  applied  has  already  been 
given  (p.  236). 

Lunyc  lia.-i  added  to  this  apparatus  a  caj)il- 
iary  tube  with  palladium  asbestos,  for  the 
rstimatioo  of  hydrogen,  eonneeted  vttli  a  bolb 
iiniilar  to  the  absorption  bulbs,  but  containing 
wetcr  oolv.  llie  apparatus  also  contains  a 
snell  spint-Iamp  eamed  by  »  moraUe  lod  for 
heating  the  palladiniB  tfbeiUM  (DiqgL  vofy.  J. 
1882.  245, 612). 

Sodera  has  introduced  a  modification  of 
Orsat's  apparatus  suitable  for  the  analysis  of 
mixtaros  containing  only  small  proportions  of 
eonbostible  gases  (e.g.  ehimney  gases).  In 
this  riryiificatinn  the  cuprous  chloride  pipette  ] 
and  the  palladium  combustion  tube  are  replaced 
hy  a  oomboation  pipette,  tiM  only  abemption 
pij^r-tt/-;  j>rc«cnt  being  those  containing  caustic 
{N^ta-h  and  alkaline  pvTOgallate.    1'ho  carbon 
(JK>xi<le  is  first  »'>timated  by  means  of  the  former, 
and  th<'  cfjrnfiu^f  il)lf>  f;aKf.s  burnt  by  y»a.Hsin^»  an 
tkctric  currfut  (o  amperes)  for  a,  short  time 
through  a  platinum  spiral  in  the  combustion 
pipette.    The  contraction  is  note<l,  and  the 
carbon    dioxide    prmluced    is    estimated    by  < 
absorption  in  the  caustic  potash.  Theee  «bta 
give  the  proportions  of  carbon  monoxide  and 
hydrogen    originally  present  in  the  gaseous  | 
mixtore.    The  residual  oxygen  nmy  now  be  i 
estimated  by  absorption  in  the  alkaline  pyro-  ! 
gallate  (Chem.  News,  1904,  89,  61).  ' 

Bonf.  and  WhetUr^s  apparatus  is  a  simple 
form  of  gas  apparatus  capable  of  giving  accurate  i 
renHsinth  almost  all  gaseous  mixtures  ordinarily  | 
nut  with  in  technical  practice.    Tho  working 
Uqaid  is  mercury,  and  the  apparatus  conaiste  of  i 
ths  fallowing  jmrts  :  ( 1 )  A  water-jacketed  com- 1 
bination  of  measuring  and  pros.Huro  tiiln  s,  a  and 
s,  communicating  through  the  glass  tap  o  u-ith 
the  mereory  reservoir  T>i  (2)  en  absorption 
v«wl,  F.  -•'taiidiuL;  ov*  r  hi<t«  ury  in  a  mahogany 
trough  i  (3)  an  explosion  tube,  k,  tittcd  with 
Iring  wine,  end  navuig  a  separate  meroory 
weervoir,  n  :  (4)  a  njinipling  tufx",  k.    The  con- 
nections between  a,  £,  and  r  are  of  capillary 
bon  Umn^iuMt,  wiu  mttahle  gboe  tape. 


Before  an  analysis  the  whole  of  the  apparatus, 
indoding  the  oonneotion8»  ie  filled  with  menmry. 
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and  the  gas  may  be  introduced  either  from  the 
sampling  tube,  X,  or  from  the '  absorption 

vessel,  F. 

The  Regnault-Frankland  prinsqile  of  mea- 
surement b  employed,  namely,  the  measurement 
of  the  pressure  of  the  gas  (in  mm.  of  mercury) 
at  constant  volume.  The  measuring  tube  A 
has  a  series  of  constant-\  olume  marks  coinciding 
with  the  0.  100,  200,  A mm.  marks  on  the 
pressure  tube  n.  These  two  tu I k>s  are  moistened 
with  dilute  sulphuric  acid  (1 : 20)  as  a  precaution 
against  the  aocidental  introduction  of  alkali 
into  the  meaMuring  tube.  The  tap  closing  the 
upper  end  of  the  pressure  tube  is  connected  to 
it  by  stout  indiambber  pressure  tabbig ;  this 
gives  a  tight  but  «'lastic  joint,  and  obviates 
risks  of  fracture.  By  means  of  this  tap  the 
pressure  tube  can  be  rendered  vacuous,  and,  in 
this  way,  the  moasurcincnf s  are  rtMuliT'  d  imlf- 
ueudent  of  tho  barometric  pressure,  and  it 
beeomee  possible  to  analyse  smallor  volumes  of 
gas.  The  length  of  the  pn-nsun'  IuIk*  i)r..\  jili  -  fur 
the  reauisite  dilution  of  the  explosive  mixtures 
in  anMyses  by  explosion.  All  the  abaorptimu 
aro  carried  out  in  th*-  H;iin<-  vessel,  f.  a  com- 
paratively small  amount  of  freshly  prepared 
reagent  being  used  in  each  oper^J^^feea^eK^oo^ic 
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ftbflOrpfioTi  vessel  i«  rinsed  out  by  mranf  of  tho 
three-way  tap.  the  lower  parallel  limb  of  which 
ia  Joined  to  •  large  botUe  oomw^ctcd  up  with  tho 
water  pump.  In  tlii.s  wny  n  porit  s  of  Jins«»rption8 
can  be  carried  out  without  diiturbiag  a  dingle 
OonnMtion  in  the  apparatus.  An  analysiM  of  pro- 
ducer pas  is  easily  eoitipl*  tt  d  in  15  miiiut<  s.  and 
ouc  of  coal  gat)  requirea  about  iin  hour  (.1.  Sno. 
Chcm.  In4l.  1909, 27,  lOJ.  (For  other  forms  of 
technical  gas  apparatus,  v.  F.  Fischer,  Zeitsch. 
angew.  Chem.  1890,  3,  591 ;  Sodeau,  J.  Soc. 
CSiero.  Ind.  1»03,  22,  187.  See  nho  C  ht  m.  Soc. 
Trana.  1894,  05,  43 ;  1899.  75,  82 ;  Ber.  1902, 
35,  3486,  3493  ;  1907,  40,  4956  :  J.  Soc.  Chem. 
Ind.  1908,  27,  483,  491  ;  aieni.  Zcit.  lOD.'l.  Sir.  ; 
1904,  086  ;  ZeitAch.  angew.  Chem.  1907.  20,  22.) 

HempeVs  appamtus. — The  roeastirlng  appa- 
rntufl  consists  of  a  burette,  anci  a  plain  tuU' 
of  the  Mme  length  Mid  diameter,  which  serves 
as  a  Ifrri^-tnbe.  Tlw  barotte  holds  100  e.e. 
from  tho  zero  to  the  capillary,  is  f;raduatod  in 
fifths  of  a  CO.,  and  terminates  at  the  top  in  a 
oapOlaiy  tobo  to  vrhieli  is  fitted  •  ihort  piece  of 
stout-walled  caoutchouc  tubing  closed  by  a 
pinoh'Oook.  Both  the  burette  and  the  level-tube 
are  fixed  at  the  bottom  into  heavy  circular 
f^tftud.-j,  and  each  has  a  .Hide  tul)idu?s  near  the 
bottom  over  wliioh  is  slipped  tho  caoutchouc 
tube  whidk  they  are  oonneoted.  It  is 
advisablf^  to  make  ail  the  Joint .s  seeuro  with 
copper  wire.  In  order  to  make  the  measure- 
ments more  aoounte,  the  burette  may  bo 
surroui  1  1  1  y  a  iridev  tabe  filled  vith  eold 
water  (Wiukior). 

The  pinoh>cock  ia  opened  and  both  tabes  eare 
rather  more  than  ban  filled  with  water.  Tho 
burette  jh  completely  fUlod  with  water  by  raising 
the  level-tube  untif  tho  water  nms  oat  of  the 
indiarublier  tube  at  the  top,  and  the  ])inch-rnek 
hi  then  closed.  By  moans  oi  tlie  ijuliaruldier 
tube  the  burette  is  attached  to  the  conducting 
tube,  which  has  already  been  filled  with  the  -j^as, 
the  level-tube  ia  lowered,  an<l  tho  piuch-eock 
opened.  When  BufBcient  irns  has  been  drawn  in 
the  i)ineh-cock  is  cloM'd,  the  level  i  ljusted,  and 
the  volume  road  off  in  the  u.suai  m  niDer.  if  it 
iH  deaired  to  admit  exactly  1(K»  e.c,  pruce«-<l 
in  the  same  way  as  described  uuder  Osttat's 
apparatus. 

The  reagents  are  contained  in  absorption 
pipettes.  Simple  abeoiption  pipettes  consist  of 
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two  buH'S  \\!ii<  h  rntnmnnl'  afe  at  the  Itottoiii  by 
a  bent  tuL>e,  one  bulb  beuig  ul  a  Itiglier  iv\ cl  lhaa 


the  other  (Fig.  34).  Tho  upper  part  of  tlic  loT\-eir 
bulb  terminates  in  a  straight  capillary  tti(>e, 
which  extends  to  a  slightly  greater  lieight  than 
the  higher  bulb,  and  serves  tocormect  the  pipette 
w  itli  the  burette.  In  the  tubulattnl  pipette  t;be 
bottom  of  the  lower  bulb  m  providea  with  a 
tubulus,  which  ean  be  ( losrd  \nth  a  caoutchouc 
stopper,  and  through  which  noUd  rodents  such 
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aa  phoephonis  or  aino  can  be  introduced.  A 

composite  alworption  pifHtli'  «ormi«t«  of  two 
similar  pairs  of  bulbj^,  tlie  st-roti'l  pair  containing 
water  or  some  other  liquid  uitidi  protects  the 
n-apent  in  the  first  from  the  action  of  t!u-  air. 
t.'<jmp<»!-il«  pipettes  are  used  with  alktilinu  pj^-ro- 
galkte,  rupvous chloride  solutioa,brominA  wmUsr, 
and  isiinilar  reapenta  (b'ig.  42). 

Iti  nmkiug  the  al)«orptions  the  pip<*tt«?u», 
which  are  attached  to  wooden  stands,  ai  '  ] .;  iced, 
on  a  table  stand  of  such  height  that  the  top  *jL  the 
capilbtry  of  the  pijiette  ia  level  with  the  top  of 
the  capillary  of  tho  burette.  The  burette  and 
pil>ette  arc  joined  by  mean.«  of  short  pie>cej*  of 
caoutchouc  tubing  and  a  short  jiiect;  of  capillary 
tulx)  bent  twice  at  right  angles.  'V\n-  \ olume  of 
air  contained  in  tliis  capillary  ia  so  small  lluat  it 
does  not  introduoe  any  appreoiaUe  error,  f^r^ 
is  taken  that  the  capillary  of  the  al.xorption 
pipette  is  tilled  just  np  to  the  top  with  th^  re- 
agent. The  oonneotions  beinf  made;  the  lev^. 
tul>e,  which  should  !><•  full  of  water,  i-  placed  on 
the  table  stand  and  the  piuch-cock  is  oponixJ. 
The  gas  passes  mto  tlie  nipette,  and  hy  raif>in^ 

and  lowering  the  level-tube  the  whole  of  th»-  g^as 

can  be  passed  backwards  and  forwards  twu  or 
three  times ;  or  the  gas  may  be  allowed  to  n^. 

main  in  contact  with  the  liquid  in  the  pi{n-ttv. 
When  absorption  is  complete,  tho  level-tube  is 
lowered  nntfi  tlie  reagent  is  drawn  just  up  to 

fnp  nf  the  cnpillary  of  the  {lijH'tte.  th'^  |  in 
is  clot»ed,  ami  a  m^cond  rea<lmg  U  taken. 

When  combustions  of  hydrogen  or 
monoxide  hav<  1  >  ^'o  made,  the  capillary  IiiIk- 
containing  palladium  asbestos  is  inserted 
between  the  biuette  and  a  simple  aboorpfcaon 
pipette  contAinin<;  water  only.  With  i»a.>^<  s 
contauiing  both  methane  and  hydrogen,  the 
combustion  is  conveniently  effected  in  an 
plosion  ])ipett^  of  spherical  form,  in  whiclk 
uiercury  is  used  as  the  working  litioid.  Tl» 
two  bulbs  of  tho  pipette  are  counectt'd 
thick-walled  iTidiarui)lK-r  tubing,  and  th*-  ex- 
plosion b«li>  C4tu  l>e  elosed  by  two  stop-<XHj fcfsi. 

"When  «fa#e«  very  soluble  in  water  nave  to  lw 
m»^n?rured,  a  burette  is  um^I,  provided  at  th«  top 
with  an  ordinary  stop-cock  and  at  the  bottoiQ 
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with  a  three-way  stop-cock,  the  volume  between 
them  being  exactly  100  o.c.  The  burette  must 
be  perfectly  dry  Ijefore  beine  fillwl,  an  end 
which  ia  mtt»t  quickly  efiectod  by  rimiin^  the 
burette  with  water,  Uien  with  alcohol,  and 
finally  with  ether,  and  paanng  a  omrani  of  warm 

C 
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air  throtu^h  it.   The  lower  end  of  the  burette  is 

eonnectea  with  the  conductint?  tube  by  means  of 
the  three-way  tap  d,  the  other  end  is  connected 
vvith  an  aspirator,  and  a  current  of  tho  gas  is 
tlrawn  thrr*uch  the  burette  until  the  air  in  com« 
pletely  expelled.  The  stop-cocka  arc  then  cloaed, 
Ming  takm  that  the  gas  in  the  tnbe  is  at 


Sfmd^j*  appurnin,'*  conflistd  (Fig.  44)  of  a 
graduattHl  tiilM)  A,  in  whioh  all  measurements 
are  made,  fitte<l  with  taps  R  and  v,  leading 
respectively  to  the  absorption  vi^sscl  and  tho 
sampling  tube.  The  lower  end  of  A  ia  jouied 
by  meariM  of  a  T-piece  to  tho  mercury  reservoir  k, 
and  tu  the  tube  D,  which  ut  open  to  tho  atmo- 
sphere at  H.  The  leadings  are  taken  under 
atmospheric  pressure.  The  gas  sample  is 
collected  either  directly  in  tho  laboratory 
vessel  o  or  in  Stead's  sampling  apparatus 
(Fig.  45).  From  either  of  these  reservoirs  a 
portion  of  the  gas  is  introduced  into  the  ap- 
paratus at  o,  and  thence  by  opening  b  into  the 
laboratory  vessel  o,  which  contains  caustic 
potash  solution  standing  over  meroury.  If  the 
gas  consists  practically  of  carbon  dioxide* 
carbon  monoxide^  and  hydrogen,  it  is  then 


Fio.  44 


ataoqpberic  pressure.  Tlio  absorptions,  &o.,  i 
are  oMde  in  the  same  way  as  with  the  ordinary  | 

burette. 
You  L—T, 
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1  mixed  with  a  known  volume  of  oxygen,  an<l  tho 
'  mixture  sparked  by  mnanw  of  platinum  ter- 
minals f  usM  into  the  ni^er  part  of  the  graduated 

tube  A. 

The   contraction  is  ascertained   and  tho 
carbon  dioxide  int>duced  is  estimated,  and  from 
these  data  the  amounts 
of  carbon  monoxide  and 
byd  rogen  are  determined. 

When  other  absorb- 
able ^ascs  arc  present, 
then  SIX  absorption  ves- 
sels are  employed,  and 
these  are  carrit-d  on  a 
tum-tablc,  so  that  each 
m  turn  oan  be  brought 
into  contaet  with  tho 
measuring  tube  (Fig.  46). 
In  tide  modified  ftntn  of 
the  aj)paratu-i  tlic  eudio- 
meter tube  and  each  of 
the  absorption  Tessels  are 
fitted  with  a  perfectly  flat 

{)iece  of  plate  glass  per- 
orated m  the  omtre. 
These  plates  are  lightly 
smeared  with  oil,  and 
when  communication  is 
to  be  made  bt'tween  the 
eudiometer  and  tho  ab-  liu.  47. 

sorption  vessel,  these  face 
plates  are  held  together  by  a  spring  dip 

(tV-*')-  .     ■  , 

A  further  improvement  eiHisi-^ts  \\\  tin  use  of 

the  modified  form  of  absorption  vuKsel  shown 
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in  Fig.  48»  in  which  the  reagmt  ii  oopttimid 
in  ft  ^Ms  bottle  eloted  hy  Uk  imdiMrubber  buqg 


Fig.  4& 

carrying  a  nm&W  ^laivf  itopper  Mid  »  pipette 
furnished  with  a  tap. 

By  means  of  theee  additkmii  8tead*s  appuft- 

tu8  can  be  il  fnr  the  comijlft*'  analvHis  of 
furnace  and  producer  gases  and  other  teohnicallv 
important  liaaeoua  mixturea  <  J.  Boe.  Chem.  Indf. 
1889.  8,  178). 

The  nitrometer^  originally  deviMxl  by  Lunge 
(Ber.  1 878k  1 1 1 4SA)  for  the  estimation  of  nit  rogen 
oxides  in  oil  of  vitriol,  is  capable  of  being  applie*! 
to  gaa  analysis  and  a  large  number  of  other 
detOTminations.  It  eonsimf  (Fig.  40)  of  a 
burette,  fitto<l  at  the  top  with  n  three-way  tnj) 
ami  a  cup-shaped  funnel,  and  communicating  at 
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the  bottom  by  means  of  eaontehono  tuUng  with 

a  plain  lubf  nf  the  same  diameter,  which  serMv 
as  a  level-lube.  When  large  quantities  of  gas 
have  to  be  meeaund,  the  upper  part  of  the 
buH'tte  io  expan(i(*<I  into  a  bulb,  and  there  is  % 
similar  bulb  on  the  level-tube  (Fig.  BO). 

This  apparatus  is  usetl  with  mercury,  and 
is  thiH  suitable  for  the  analysis  of  pases  soluble 
in  wHter.  It  can  be  iised  iu  the  same  way 
as  Hempel's  burette,  and  for  all  purpoeea  to 
which  the  latter  \»  aj)|ilii  jibie.  It  may  also  bo 
used  without  absorption  pi|K!tte«,  the  reagent 
bemg  introdueed  by  means  of  the  cup,  but 
iinoe  the  reagents  eannot  be  removed  without 


removing  the  gaa,  the  Utter  method  is  only  ap* 

plicable  when  the  reagents  do  not  interfere  with 
each  other — e.g.  for  the  absorption  of  carbon 
dioxide  by  eanstio  potash,  followed  by  t  heabeor^ 
tion  of  oxypen  by  alkaline  pyropallate. 

The  estimation  of  nitropen  oxides  in  solutiuu 
in  Bulphorio  neid  is  oon(lucte<l  in  the  foUowiiif 
manner.  The  apparatus  is  tilled  w  ith  mercurv. 
so  tliat  when  the  tap  is  open  www  the  ))urette 
Mid  the  cup,  and  the  level-tube  is  rained,  the 
mercury  just  ims.ses  throuph  the  tap  and  stan<l?i 
at  a  height  of  about  2  inches  m  the  level-tulx. 
The  tap  is  tlien  closed  and  2-/>  c.c.  of  the  sul- 
jihuric  acid,  aocortling  to  the  quantity  «if 
nitrogen  oxides  which  it  contains,  \»  ulactti  in 
the  cup,  the  level-tube  is  lowered  and  tno  tap  is 
tumetl  so  that  the  acid  is  nearly  all  drawn  into 
the  burette  without  any  air  being  admitted.  To 
avoid  measuring  out  small  quantities  (0*5-1  cc.) 
of  highly  nitrated  acid,  thia  liquid  should  be 
diluted  with  a  known  volume  of  pare  concen« 
trated  sulphuric  acid,  and  5  c.c.  of  this  solution 
tidten  for  Mialyeie*  The  oun  is  rinsed  with  two 
snooeasive  qnantitieB  of  2-3  e.o.  of  pure  ncid* 
which  is  drawn  into  the  cup  with  the  aaaie 
precaution  as  before.  The  tap  being  dosed, 
the  bmette  is  taken  oat  of  the  clamp  nod 
apitated  in  such  a  manner  thai  the  liquid  is 
brought  thoroughly  into  oonteotirith  the  fizst 
10  em.  or  so  of  the  meronry,  whiefa  is  broken 
up  into  bubbles.  Nitric  oxide  is  forme<l  ai.-l 
collects  in  the  upper  part  of  the  tube.  W  hen 
no  more  gas  is  given  cm,  the  levds  are  ediiMted 
and  the  vohime  rea<l  off  after  the  frotlk  Ims 
subsided,  in  adjusting  the  levels  the  differeoce 
between  the  epeoifie  gravity  of  the  acid  Mid  the 
mercury  is  allowed  for  by  taking  fi-5  mm.  of 
acid  =  1  mm.  of  mercury.  A  small  quantity  of 
add  is  ulaced  in  the  cup  and  the  tap  op«»ed*:  if 
the  acid  is  drawn  in  the  ]»ressure  in  the  burette 
was  too  low  ;  if  pas  escajx's,  the  pressure  was  too 
high.  It  is  better  to  err  on  the  aide  of  too  low 
prfsstjre.  which  is  readily  corrrotetl  by  allowing 
acid  to  run  w\  from  the  cup  and  taking  another 
reading. 

In  apitatinp.  eare  should  Ik*  taken  that  the 
drop  of  acid  which  collei-t.s  ui  the  top  of  the 
burette  just  hdow  the  tap  does  not  escape  eon- 
tact  with  the  mercnry,  otherwise  the  rosiuts  will 

be  too  low. 

To  pre)>are  for  another  sstima^n,  the  level* 
tube  is  raiseil  and  the  tap  is  opene«l  so  that  aO 
the  acid  and  some  of  the  mercury  is  driven  into 
the  cup,  and  the  tap  i^  then  torned  eo  tliet  the  | 
acid  runs  out  at  the  side. 

The  nitrometer  nuiy  be  used  lot  the  valoatioa 
of  nitrites  and  nitrates,  which  are  introduced  in 
the  form  of  a  conoentrat<-<I  aqueous  aolution.  1 
care  being  taken  that  the  prof>ortion  of  water  to  | 
nci<l  does  not  exceiMl  2  parts  of  aqueoua  sohitioQ 
to  3  parte  of  the  atrongeat  acid,  it  may  also  be 
used  for  the  estfrnatitm  of  nitrates  and  nitrites 

in  potable  waters,  and  in  fact  for  almost  any 
determinations  in  which  a  definite  volume  of  | 
gas  is  given  off.  For  example,  theestfanatitm  ef ' 
carbonic  acid;  of  un-a  by  hyp()br»>mite  (the 
reading  being  increaaed  by  U  p.c.  to  conect  fur 
solubility  of  the  gas  and  incomplete  deeom> 
jHisition);  hydrogen  peroxide  by  an  acidifinl 
solution  of  potasaium  permanganate,  or,  nrr 
verm^  fiie  Taloe  of  n  permMigMinte  solnthm  bv 
of  Ivdngm  P«™M<b,g»«-,,  ^ft^f 
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Ber.  Iti7»,  11,  43f<;  J.  Soc.  C'heiH.  Itui.  1885, 
4.  447,  and  1886,  5,  8S;  ZeitMh.  anal.  Chem. 
-M.  3if>0  :  and  the  translfttinn  of  Winkler's 
lechmcal  tia«  Analysis  (1885);  also  Allen, 
J.  fioe.  awiD.  Ind.        4, 178.) 

Th#-  frajt  fnlumfter.  Several  t>f  tho  eslim»- 
iion^  retermi  to  in  tht;  preceding  paragraph  are 
more  oonvenit-ntly  canied  out  in  the  gas- 
nihunrter  devised  by  Lmtgb,  as  in  this  apparatuB 

the  decomposi- 
tion can  be  cf- 
fee  tod  in  a  sepa- 
rate vciwel.  Thi' 
measuring  tube  a 
and  the  reservoir 
c  are  convortc<l 
Ity  means  of  the 
T-pieco  D,  with 
the  so-called  *  rc- 
<liutii)n '  tube  b. 

At  the  outset 
the  temper»tme 
and  pr«'HMurc  an- 
observed,  and  tho 
voHinio  oocupfed 
uiidtT  thcsi  I  111 
ditiuns  by  lUOc.c. 
of  dry  (or  rooiBt) 
tkir  iiH-asured  at 
0**  and  7tK)  mm. 
iscftlotilated.  The 
reduction  tultf  is 
filled  with  air  to 
this  Tolvme,  and 
the  tap  of  the 
tube  cloaedy  or 
the  end  of  the 
reduction  tube 
may  be  termi- 
nated by  a  caj»il- 
volunic  Jms  been 
ctJCTectly  a<ljusted.  A  special  tap  for  the  rtnluc- 
tioB  tube  has  been  devised  by  Giickel  (Zeitsch. 
■T-f-u.  Clu-m.  V.m,  13,  9fil.  123H}.  If  moist 
gases  are  to  be  measured,  a  small  drop  uf  water 
»  faiCrodtloed  into  the  reduction  tube ;  H  dry 
?»«»^?!  are  under  examination,  a  i\n>p  of  ooncen- 
frHt#-<l  sulphuric  acid  must  he  introduced  into 
-L«  n  duction  tube.  The  formula-  for  calculating 
the  volume  cl  gss  in  the  raduotioa  tube  am  as 
follown : — 

■htgt  V,  ^  V(»lume  nf  pas  required  ; 

V„=  normal  volurac  (f.y.  100  u.c.) ; 

t  =r  olifMr%'t!d  temperature; 

B  =  obMcrvetl  barometric  pressure ; 
f  —  tension  of  water  vajiour  at  observed 
temperature. 
When  a  ilecomposition  by  sodium  by|io- 
i.r.<fiiite  or  hydrogen  peroxide  has  been  canned 
out  111  the  auxiliary  j;<^nerating  bottle,  the  gas 
•-volve<l  pa«seM  into  the  mesauring  tubeA.  The 
mfmiry  in  a  and  C  ate  then  adjvstea  to  the 
•>iroe  level,  and  the  tap  o  closed,  the  ^ins  Iwini; 
thftx  at  the  atroosphere  jwessure.    The  three 
tubes  arc  now  adjusted  so  that  the  nieroury  in 
A  »rid  p  are  at  the  same  levil  when  the  mercury 
in  tbc  Utter  tube  stauds  at  the  100  c.o.  gradua- 
tioo.    llie  gases  in  A  Mid  B  aie  at  the  same 


Fio.  51. 
Urv  and  sc^aled  off  after  the 


temperature  and  under  the  same  pressure,  and 
since  the  gas  in  b  occupies  the  same  Tolnme  as 

it  vould  at  0*  and  7f>0  mm.  preasurr,  it  follows 
that  the  uHH  in  a  also  occupies  tho  same  volume 
as  it  would  under  the  standatd  oonditioas.  In 
this  way,  t»y  tho  use  of  thf  gaH-volumet«'r.  all 
tliermomeiriu  and  baromcLiic  rv^dings  antl  all 
reductions  by  calculations  or  special  tables  are 
avoided  :  for  the  vohime  of  is  read  off 
directly  under  cuiidition.'«  curn^})ondin<!  to  the 
nonui  pressure  and  temperature.  It  is,  how- 
ever, essential  that  the  reduction  ttiln-  .should 
be  an"ang».*d  for  dry  or  moi^t  gases  aecording  to 
the  nature  of  the  analvtieal  o|K'ration  uivolved 
(v.  Lunge,  Ber.  1890,  23,  440;  181U.  24.  72;t  ; 
1892,  25,  3157  ;  Zeitsch.  angow.  Cheiii.  1890,  3, 
129;  1891,4.  li»7.  41U;  1892,5,677;  J.  8oo. 
Chcm.  Ind.  1890,  9.  547.  Cf.  Qroskiowiox, 
Zeitsch.  anal.  Wiem.  1904,  43,  85). 

In  addition  to  the  hyixdjromite  and  hydrogen 
peroxide  decompositions.  Lunge  and  Maroh* 
lewski  have  adapted  tho  gas-votameter  to  the 
CMtimation  of  carbon  dioxide  in  natural  ear- 
bonates,  Portland  cement,  and  other  mineral 
stthstanoes.  and  also  to  the  detennination  of 
rarhon  in  iron  and  steel  (Zeitsch.  angew.  (Iiem. 
1891,  4.  229  ;  1893,  6,  305 ;  J.  Soo.  Chem.  Ind. 
1881,  10,  668).  G.  T.  M. 

£LKCTK0CHKMICAL  AXALYHIS. 

The  first  suggestion  to  apply  tho  electric 
current  to  the  dejK*-it;  'n  of  metals  was  made 
by  Cruickshanlc  in  1801  l^'icholaon's  Joumaiof 
Nat.  Phil.  1801,  4,  254).  He  notieed  that  metals 
were  deposited  from  acid  or  alkalint^  solutions 
of  their  saUa  at  the  n^ative  pole,  and  that  the 
metal  went  into  solution  at  the  positive  pole. 

He  therefore  .su^'gested  that  the  eleetric  current 
might  thus  be  used  as  an  aid  to  analysis,  par- 
ticularly for  depositing  lead,  copper,  and  silver. 

In  1  S 1 2  Fischer SUggesteil  it  ^  i  for  detect iiig 
BDiaii  ((uantities  of  arttenic  ((jiiUTt's  Annalen, 
42,  92).  In  1840  Oosxi  (Arch.  deUe  Science 
med.  fis  50,  it.  20S)  employed  tho  ffalvanio 
current  (produceil  by  plates  of  gold  and  zinc 
conneotea  together  by  a  wire)  to  ascertain 
whether  organic  fluids,  such  as  milk,  contained 
metallic  impurities.  Gaultier  do  Claubry  (J. 
Pharm.  Chim.  iiL  17,  125)  applied  it  to  detect 
small  quantities  of  arsenic  in  animal  Huids.  In 
1861,  Bloxam  (Quart.  Joura.  Chcm.  Soc.  13, 
12,  338)  described  an  electrolytic  method  for 
detecting  Mr>"'ni(!  and  antimonv.  Bccquerel 
(Ann.  Chim.  L'hya.  1830,  43,  384))  fuuud  that 
manganese  and  lead  were  readily  oxidised,  and 
appearerl  as  oxides  on  the  anode. 

All  these  workers  appear  to  have  merely 
used  tho  electric  current  as  an  aid  to  qualitative 
analysut.    VN'olcott  Uibbs  (Zeitsch.  Anal.  Chem. 
3,  334),  in  1864,  showed  that  copper,  nickel, 
zinc,  lead,  and  manganese  might  be  ([uantitn- 
I  tively  determined  by  means  of  the  electric 
I  current.    Luoknow  (Dingl.  Poly.  J.  1865,  177, 
^  231,  and  178,  42),  from  I860,  had  employed 
I  eleotrolytio    methods    for    the  quantitative 
{  Mialysis  of  copper  salts  and  for  oommereial 
copper.     From  this  lime  forward  many  workers 
j  entered  the  field,  and  about  1880  Edgar  Smith 
<  in  America,  and  Classen   in  tiermany,  very 
much  atlvanced  the  .H\d)jc<  t  of  <  Iectro-analyHis. 
and  to-day  it  ii*  one  ol  the  mo»t  useful  helps  to 
'  the  analytical  chemist.  Digitized  by  Google 
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Before  dealing  with  the  iiu  t  hods  of  driKjsition 
and  separfttion  of  tlw  metals,  it  will  bo  well  to 
(lescrilH^  the  apparatus  n»ed ;  but  onlv  Iho 
apparatus  most  generally  cmployftl  ''^ 
dealt  with. 

Clrtsson  first  sufj^ested  the  eni]tloyinent  of  a 
platiinim  ba«in  as  cathode  and  a  platinum  disc 
as  anode.  A  oonvenient  stand  for  holding  the 
basin,  and  a  metho<l  of  connecting  with  the 
source  of  current,  arc  ,slio\\  n  in  Fig.  62.  The  basin 

should  hold  from 
150  to  180  0.0.  of 
Holution.  The 
inner  surface  of 
the  basin  should 
be  roughened  by 
the  Band  blast,  as 
this  causes  better 
adborenoe  of  the 
deposit,  especi- 
ally in  the  case 
of  perozidM  aaoh 
as  lead  and  man- 
ganese. The  base 
of  the  stand  is  of 
.slate  or  marble, 
and  the  brassrod 
whleh  ooDTejs 
the  -  -  carrent  is 
hollow;  through 
this  brass  rod  an 
insulated  wire  for 
carrying  the  + 
current  passes, 
and  is  eonneoted 
at  the  top  of  the 
~iod  by  means  of 
Fig.  r)2.  a  piece  of  ebonite. 

The  ring  which  supports  the  basin  has  three  little 
rlatinPT»?  points  at  equal  intervab  on  its  mreum. 
ferance ;  on  these  the  >)asin  rests,  thus  ensuring 

good  contact.  The  posi- 
Ivo  polo  of  the  Mmroe 
of  current  is  connected 
with  the  binding-screw 
fixed  to  tho  slate  base, 
and  tho  negative  pole 
with  the  binding  -  screw 
marked  — . 

Another  useful  form  of 
electrode  is  illustrated  in 
Fig.  53.  The  ano  It-  is  a 
stout  spiral  of  platinum  and 
the  cathode  is  a  cylinder 
of  platinum  gauze.  This 
form  of  electrode  can  bo 
employed  cither  for  station* 
ary  work  or  for  rapid  depo- 
sition work  when  the  anode 
is  rotated.  Tho  Teasel  in 
which  the  clectrolysw  takes 
place  may  either  be  a 
beaker,  or,  better,  »  fumwl 
with  a  tap  suoh  «8  18  iUoB* 
trated  in  Fig.  67. 
For  statronary  work  the  Yikg  eleofeiodo  of 
F.  Mollwo  Pt  rkiii  f Fi^'.  fvt)  ui\  cs  very  satisfactory 
rcHults.  The  c«tho(ie  consists  of  a  small  sheet 
of  stout  platinum  gauxe,  auto^tenonsly  fastened 
on  to  a  rifjiil  pintinum-iridium  frame,  both  frame 
and  gauzo  Iteing  roughened  by  tho  sand  blast. 
The  wire  holds  the  eleoteode  in  positioa  daring 


the  analysis.  The  loop  near  the  top  of  tho  wto 
serves  to  hang  the  deotrode  on  the  halanoft 

Tho  anode  is 
mH<ie  of  plati- 
num wire,  and 
in  Ijent  upon 
itself  in  such  a 
way  that  when 
it  is  placed  in 
position  for 
dectrolysij^,  as 
illustrated  in 
Fig.  55.  an  even 
densit)'  is  ob- 
tained on  all 
parts  of  the 
cathode. 

It  has  been 
found  that  the 
rate  of  depo.si- 
tion  of  metals 
fromiheirsoln- 
tions  is  very  much  incr^a'^cd  and  liii^h'^r  current 
densities  can  be  employotl  when  either  the 
anode  or  oathode  is  rapidly  ntated.  Vtuy 


Wu>.  63. 


FlO.  54. 


Do.  5S. 

(Zeit.  f.  Elcktrochem.  1907.  308)  has  al<o  shown 
that  excellent  results  can  be  obt«inc<i  by  electro- 
lysing with 
stationary  eleo- 
t  rode  8,  but 
causing  agita- 
t  inn  of  the 
electrolyte  by 
placing  tho 
whole  appara- 
tus in  the  held  0 
of  a  powerful 
electro- ma  en  et. 
I'he  loruKs  of 
the  apparatus 
arc  depicted  in  YtlM,  66L 

Fig.  5tJ.  From 

thefigiirett  ii  rem  th«ithe,9{^9|^(^J^^9^^9^ 
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in  a  beaker  B,  in  uhich  ia  a  cylindrical  pla- 
ttmnn  gaaw  mUbodo  o  and  a  heavy  jdatinuic 

Mnv  as  iiriodo  a.  The  U-akcr  is  placiil  in  the 
ccutre  of  a  spool  made  from  iosulated  cupjM  r 
wira  B.  By  pMiAig  «a  decttie  eunait  through 
the  copper  wire  of  the  spool,  a  powerful 
magnetic  field  is  prcniuced,  iu  the  centre  of 
vfaidt  the  beaker  stands.  If  now  a  eonent 
V>c  parsed  through  the  clectroh-tc  h\  means  of 
the  el<^ctrode8,  the  electric  linea  of  fori^e  arc  cut 
at  right  anglea  by  tha  maf[netio  lines  of  force, 
and  this  produces  a  tendency  for  the  solution  to 
rotate,  owing  to  the  vertical  magnetic  field  und 
r&dial  onraub  Bbm.  I'he  ^pc^  of  rotation 
«lt-p€nd-'  upon  the  ratii)  lnt\\o«^n  the  electric 
current  and  the  magnetic  current.  With  uu 
efectralyring  eonent  of  from  6  to  7  amperai, 
Frarv  Nva.^  ahlc  to  deposit  O-RfjO  pram  copixT 
iix  la  tuiuutcs.  The  other  form,  illustrated  in 
WlffrWIp  k  for  ■leotioJying  with  u  nu  rcury 

cathode,  the 
nse  and  ap{)ii- 
cations  of 
which  will  be 
described  later. 
The  electrolys- 
ing  vessel  is 
ring-8hape<l,  so 
that  it  may  lit 
into  a  hole  out 
into  the  pole  d 
of  the  magni't. 
An  iron  rod 
passes  from  the 
other  p(»lo  up 
into  the  centre 
of  the  eleotro- 
lysing  vessel. 
A  is  the  anode 
and  o  the  ca- 
th<.'l'^  Kx- 
tremcly  rapid 
rolatioiiisthus 

produced,  because  the  iron  core  ver\'  much 
facilitates  the  passage  of  the  magnetic  current, 
tbcM  boiDg  »  ndiftT  field  with  Tertioal  ourxent 


Fig.  &b  reurctfcnts  the  arraugumeut  of  the 
appontna  wtm  fitted  together. 


Fig. 


The  advantages  claimed  for  this  method 

 rapidity  of  deposition,  and,  as  there  are 

no  mechanical  parts  whi'  h  n  niiif  lubrication, 
there  is  no  chance  of  c o.itauiiiianon  from  oil 
or  greatsc  accidentally  falling  into  the  solu- 
tion- As  a  matter  of  fact,  however,  rapitl 
methods  of  electndysis  are  more  frequently 
carried  oot  by  meeae  of  •  xoUtting  eiUMle  or 
cathode. 

Gooch  and  Med  way  (Amer.  J.  Set.  15,  320) 
UM*  a  rotating  cathotlc.  It  iH  made  from  a 
nhitinnm  crucible  of  about  20  cc.  capacity. 
The  emoible  ie  aitaohed  to  the  shaft  of  the 
'•kctromotor.  ^^hidl  is  used  to  rotate  it  at 
a  speed  of  from  600  to  800  revolutions  per 
mioiite  by  fitting  it  over  a  rubber  stopper  with 
a  <-cntral  bore,  into  which  the  end  of  the 
shaft  tits  tightly.  In  order  to  make  electrical 
eonnectton  between  the  emoible  and  the  shaft 
of  Ih*  iii  itur,  a  narrow  strip  of  sheet  platiiniiu 
■  aolderixl  to  the  shaft  and  bent  upwards  along 
tito  adee  of  the  stopper.  This  oooneote  the 
i»h^ft  with  the  inside  of  the  crucible  when  the 
latter  is  pressed  over  the  stopper.  The  anode 
ot  m  half  cylinder  of  aheet  platimim. 


Fko.  08. 

F.  Mollwo  Pmidii  and  W.  E.  Hughes  (Trans. 

Faraday  Soc.  1910,  14)  use  an  electrode  of  sheet 
platinum  spun  up  so  as  to  form  a  narrow  thimble 
(Fig.  00),  toe  Qpper  end  being  open  and 
having  a  stout  iridio-platinum  wire  fused 
on  to  it  by  means  of  three  jihort  wire 
supports.  This  electrode  is  fixe<l  into 
a  sill  all  chuck  and  rapidly  rotatc<l  by 
uieuns  of  an  electromotor,  the  speed  of 
rotation  neoally  befaif  bam  TOO  to  000 
revolutions  ]xt  minute.  When  in  tisc, 
about  two-thirds  of  the  length  of  the 
thimble  is  dipped  into  the  electrolyte, 
the  active  surface  beinc  about  Iti  H  s(j. 
cm.  If  dipped  too  deeply  into  the  solu- 
tion, there  is  a  tendency  for  the  liquid 
to  splash  into  the  interior  of  the  cylinder, 
and  this  would,  of  course,  lead  to  erro- 
neooa  fwnlts.    Thv  anode  consists  of  a 

Elatinum  cylinder  of  fine  mesh.  It  is,  ipta^ 
owever,  frequently  more  satisfactory  to 
employ  a  rotating;  anode  and  a  stationary 
catnode,  and  for  this  purpose  the  gauze  anode 
is  employed  as  cathode,  and  the  anode  consists 
of  a  spiral  of  stout  iridio-olatinum  wire.  The 
simplest  arrai^;ement  is  illustrated  in  Fig.  63. 
The  electrolysing  vessel  consists  of  a  tap  funnel 
which,  when  the  electrodes  arc  covere<l,  holdi* 
about  60  to  70  c.o.  of  solution.  The  advantage 
of  this  form  of  electrolysing  vessel  is  the  ease 
with  whioh  the  electrolyte  can  he  remol  d  ni 
tho  completion  of  the  electrolysis  and  the 
electiodes  waahed.  The  method  of  prooedaro 
is  to  place  a  beaker  beneath  the  tap  an<l  draw 
off  the  solution  until  about  half  of  it  has  run  in. 
Distilled  water  is  then  ran  np  to  the  original 
mark  and  the  solution  drawn  off  a.s  before. 
Tho  operation  is  repeated  until  tho  ammeter 
needle  sinkB  to  zero.  The  ieroaininBig)K$|^[jj8G^ 
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run  off,  the  tapclo^Hl,  and  the  funnel  liUed  with 
|Nin  iii«thylAt«d  ainrit.  This  is  ran  off,  and, 


Fio.  60l 

after  »  final  waahin^  Ahuohite  alcohol, 

ouried  out  in  the  saiiK-  luHnncr,  the  electrodes 
are  remoTed  Mid  the  cathode  dried  in  the  steam 

oven. 

Another  form  of  rotating  cathode  devised  by 
Perkin  is  ill>i8trate<l  in  Fit'.  GO.  Tlir  cathode 
consists  of  a  cylinder  of  plaliuum  gauze.  'I'lip 

anode  is  in  the 
form  of  a  double 

  ,  1      circle    of  stout 

<^  f)  platinum  win, 
and  hasfoursmall 
baffle  plateH  so 
placed  as  to  pre- 
vent  it  from  ro- 
tating with  the 
cathode. 

In  order  to 
rot«t«  the  anode 
((>r  cntluxle),  it  i« 
fixed  into  a  small 
chuck  fastened  on 
U>  the  t  nd  of  the 
Hpiiidlu  of  a  bi- 
cycle  hub.  The 

Iiarrcl  of  the  huh 
has  an  arm  fast- 
ened into  it  which 

can  lu'  clHm|)o<l 
lo  any  suitable 
supi>ort.  The 
up|)er  cnil  uf  the 
spindle  has  a  hiu  af 

Fig.  61.  *«  miUeya  fast- 

vnt  ii  to  it,  fo  that 
it  can  Ik*  rotated  by  mean>i  of  a  belt  from  a 
iDutor  and  different  speeds  be  obtained.  It  is 
fiininl  th;it  t)ie  f  iirrent  pax.se.s  very  well  through 
the  barrel  ot  the  huh  and  the  bnlls.  which 
arc  hibricated  with  oil  nnd  graphite.  t4i  the 
ppintlle.  nii'l  s'o  tn  the  cltitini!..  \Nhen  it  i« 
det>ired  to  obviate  all  drop  in  |M>t«-ntial,  e.y,  if  the 
apparatttfl  is  to  bo  used  for  graded  potential*, 


then  a  mercury  cup  is  fastened  on  to  the  top  of 
the  spindlo  eo  that  the  eiuient  passes  dinotly  to 

the  spindle. 

Tno  ap[)iirHiu-<  of  H.  .T.  Sand  (Tmiva. 
Chem.  Soc.  1907,  xvi.  i.  373)  ii  rather  mote 
complicated,   but  gives  equally  satisfaofccwjr 

results. 

The  special  object  in  the  design  of  thi^ 

electrode  \v8.s  to  protUiee  an  apparatus*  \%hirh 
could     be    tMitii<factorjiy   employeti    for  tht 
yicjiaration  of  metals  by  graded 
It  oooaists  of  a  pair  of  piatinam 
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electrodes  (Fig.  61),  an  inner  rotating  eke* 
trode  A,  and  an  outer  dectrode  b.  Hie 

two  are  lvej>t  in  position  rclfitiv  ls  td  imh 
other  by  means  of  a  glass  tube,  which  is 
Hlipped  through  the  ctdlar  and  the  rin|^  of  the 
outer  electnxie  h.  It  in  ^'rip|x<l  firniK  by 
the  former,  but  passes  looHciy  through  the 
latter.'    The  hoUow  iridio-platmum   stein  a 

of  thi-  inner  electro<li  i  pH-^sed  thr<>u>;h  tht- 
glass  tube,  in  which  it  rottiteii  freely.  1  he  tnecih 
of  the  Ksuse  is  14*  per  aq.  cm.  I^c  gauae 
of  the  outer  elrrtrode  almost  completely  sto)is 
the  rotation  of  the  liquid.  The  elect rol\-tc  i«. 
therefore,  ejectetl  rapidly  from  the  centre  of 
the  inner  electrode  l>y  et  ntrifiiu**!  forc«'.  and  ; 
continually  replaced  by  li(|uid  drawi»  ui  from 
the  top  and  the  bottom.  So  Lreat  is  the  snction 
tluis  pfodneed,  that  when  the  i']ri'1r«»df  i>  moving 
rapidly,  chijis  of  woo<l  or  puiKT  nlaceti  in  the 
solution  art'  drawn  down  to  th>-  top  of  the 
outer  electrode.  The  circulation  is  prnct icaH* 
indejjt tuieiit  of  the  hize  of  the  beaker  empiuye*!. 
Ah  the  outer  electrrKle  Hurrounda  the  inmr 
compleU'ly,  the  line,-<  of  How  of  the  current  are 
contained  between  the  two,  and  even  when 
Btnms  cttnmts  an  empbjtj^i^^ypi^tifti 
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of  the  efeelrolyfe  anywhere  oilt«ide  the  outer 
electrode  ia  prartkally  the  same  that  of  the 
Uycr  of  liquid  iu  immediate  conUMt  wilh  it. 
1%.  0S  shoWB  tbe  »p|iwrmtui  wiUi  stand  sad 

motor  in  work- 
iog  order,  fie* 
fore  the  method 
a«loplo<l  for  elec- 
trulysing  by 
meara  m  jnrsHed 
IK»tenii.i!  rlis- 
ouKMxi,  the  mer- 
cury Mthode  d6« 
\i  Smith 
ami  Hunard  will 
be  deMtribod. 

WoV-nttnihhy, 
in  1880,  tirHt  sug- 
gested the  UM  of 
iiv  tiilli(> mercurj* 
&ti  oatkotU-,  a 
definite  a  mount 
h€-ing  weighed 
into  a  beaker, 
M-herettwaeooii' 
nectcd  by  mcam 
of  pUtimim  wire 
with  thi-  lu'^a- 
tivo  polf  of  a 
battery.  VariouH 
metallic  aalt 
solutions  were 
experimented 
ii|x)n,  and,  in 
1883  (Aincr. 
(hem,  J.  13, 571), 
Gibbfl  stated 
that  *  It  was  found  po»8il>l<-  to  separate  iron, 
cobalt,  nickel,  zinc,  cadmium,  and  copper  so 
completely  from  8ohitions  <  t  tlu-  respective 
^ulphate"  that  no  trace  of  metaJ  could  be 
detected  in  tbe  respective  liquids,*  Oibbs  had 
in  view  not  4Mi1t  the  determination  of  the 
raeUU,  but  »lao  oi  tbe  Miion  left  in  the  wlution 
bv  titration. 

In  1886  Luckow  (Chem.  Zeit.  9.  338.  and 
ZtiUeh.  aoaL  Uiem.  26, 113)  su^estetl  the  addi- 
tkm  of  a  known  weight  of  a  solution  of  a  mercury 
salt  to  a  solution  of  zinc  f<ul[>hate,  and  so  to 
drpmit  sine  and  morcury  simultaiu-ousix . 
In  IWl  Vortman  (Ber.  34,  2749)  cu)4^i.<^tf(l  a 
fimilar  nifth<«l,  an<l  fm])loved  it  in  the  deter 
mioatiou  of  several  metalx.  Drown  and 
MeKiima  (Amm.  Clwra.  J.  5. 627)  further  worked 
it  thi-  subject,  usine  '"i  ;m']i  iruf  m  somewhat 
similar  to  Wokott  Uibbti,  that  k  to  say,  an 
Mtml  mefcanr  esthode,  bnt  the  pntceaa  wm 
tir^t  >'Ucc<-'--*fufly  worked  out  by  E<i  'vr  Smith 
and  his  collaboraton  (J.  Amer.  (Jhvni.  K*^. 
28,  885).  The  appentiis  employed  oomiieta 
of  a  ftmall  tube  or  beaker  of  about  50  c.r. 
capacitv.  done  to  the  bottom  of  which  a 
thin  platinum  wire  is  mtroduced  bv  meMv  of 
which  the  eiirrent  m  fopplied  to  tlie  mereury 
cathode  (Fig.  63). 

Tbe  external  part  of  the  platinum  wire 
touches  a  disc  of  short  cMjtivr  "n  irhirh  the 
hcaker  rest^t,  and  uhich  in  conneetcci  wnh  the 
w-zaiivf-  wiurcc  uf  the  euiTent. 

Th-  r>n'it!  -  is  either  a  perforated  disc  of 
f^ttnum  ur  a  iituut  spiral  of  platinum  wire. 
Mring  the  decttolyris  the  mode  is  r»pid^ 
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rotated  hy  meens  of  an  electromotor  or  water 

turbine. 

The  chief  difficulty  in  using  the  mercury 
cathode  is  the  trouble  experienced  in  washing 

and  drying  it.  The  solution  left  at  the  end  of 
the  elootimysis  is  siphoned  oS,  and  at  tho  same 
time  distilled  water  is  run  in  nntfl  the  needle  of 
the  ammeter  drojw  to  zero.  Then,  an<l  not  till 
I  then,  the  current  is  switched  off.  The  inside  of 
I  the  tieaker  and  the  amali^m  are  rinsed  with 
alcubnl  three  timcF,  and  finally  with  dry  ether. 
It  M  advantageous,  in  order  to  drive  out 
thoroughly  tbe  last  traoes  of  ether,  to  Mow  dry 
air  into  the  In-aker  for  a  fi  u  minutes.  After 
standing  for  liaif  an  hour,  the  apparatus  is  ready 
for  weighing.  F.  Bf.  iWliiB  (Trans.  Faraday 
Soc.  IfllO,  1-4)  uses  a  small  quartz  heakcr  as 
containing  vessel,  with  an  iridium  wire  fused 
into  it  to  make  contact  with  the  mereury.  The 
advantage  of  iridium  is  that  it  does  not  amalpa- 
raato  with  the  mercury.  An  advantage  of  the 
quarts  vessel  is  that  it  can  be  heated  to  redness 
for  purposes  of  cleansing.  The  apparatus  is 
illustrated  in  Fig.  04.  It  will  be  nut  iced  that  a 
siphon  tube  is  fused 
into  one  side  of  the 
beaker.  The  layer  of 
mercury  must  not  b» 
sufficient  in  (piantity 
to  cluMti  the  Hidti  tube. 

A  spiral  iridio-plati- 

num  anode  i^  em- 
ploy eti.  When  t  he 
electrolysis  is  finished, 
a  piece  of  rubber  tube 
is  fastened  to  the 
bent  end  of  the  siphon. 
Distilled  water  is 
added  so  that  the 
solution  Ijegins  to 
siphon  over  into  a 
beaker  plaoed  below 
the  rubber  tube.  In 
order  to  work  with 
as  smaU  a  quantity  of  water  as  possible  and  in 
ca.s<>s  wheru  the  solution  is  requiretl  again,  e.g. 
in  metal  separations,  the  solutitHi  is  aUowed 
to  run  out  until  ita  level  drops  almost  to  the 
end  of  the  anode.  Fn-sh  water  i.s  then  run  in, 
and  tbe  operation  repcat4Mi  until  the  ammeter 
needle  points  to  lero.  For  purpoaea  of  ateadi< 
n  s  the  veswl  is  held  between  cups  on  a  ooppor 
plate. 

Bv  means  of  tho  mercury  cathode  not  only 

can  the  cations  l>e  rapidly  and  accurately  dett  r- 
mined,  but  also  the  anions  remaining  in  tho 
eolation. 

Method  <^  OnM  PaknIiaL 
Each  metal  has  a  particular  potential  at 

which    it   he;^'it\s    to    !«■    depo^iicd  ;    Ix  hiw  (his 

j[M>tcntial  it  is  not  pottsiblu  to  deposit  tbe  metal. 
It  follows,  therefore,  that  when  dealing  with  a 

sofution  cifntainini!  the  mh^^  of  twf>  or  more 
met^ltf  it  will  be  poHsiblc,  provided  the  de])08itiou 
potentials  of  the  metals  do  not  lie  too  near 
togetlii  r.  to  4lepnsit  .-eiiarntclv  the  tnetals.  hy 
first  wtjrkui;^  with  the  luwc.Ht  potential  at  which 
I  one  of  tbe  nietaU  will  be  dcpoaited.  When  this 
metal  has  Ixcn  depositefl  u\c  next  tme  in  the 
potential  series  w  ill  be  deposited  if  the  potential 
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lliii  method  of  aiwljnrii  sacgesiod  by  '  of 
Xiliani  in  1(^83,  and  wm  further  ebbomted  hy 


abo\it  1^  mm.  bore,  and  in  beat  round 
several  times  to  minimise  convection.  While 
tho  oloctrodo  in  in  use,  the  tap,  which  must 
Ix-  kept  free  from  crease,  is  closed,  the  tiim 
of  Uquid  held  round  the  harrel  by  capillar^- 
attraction,  making  tho  tleclricai  conm^tion, 
bat  towud*  the  md  of  a  deter minatioii,  a  few 
droyw  are  nm  out  in  onler  to  expel  any  Mil 
whiub  uittV  have  difTused  into  the  tube. 

Eketncal  iotnuriifjiis. — For  separations  hy 
graded  potential  the  electrical  connections  tDu»C 
be  made  as  shown  in  Fig.  60  a  and  6.  Th«* 
battery  is  connected  directly  to  the  two  endj«  o( 
a  alidmg  rheostat,  the  dectrol^'tic  cell  to  one 
of  thorn  and  the  nlider.  It  is  easential  that 
tho  sliding  contact  should  be  good.  The 
arrangement  adopted  for  the  measurement  id 
the  potential-diffierenoe  anxtliary  electrode* 
cathode  is  one  M'hich  lias  In  eti  Irequentlj-  em- 
ployed in  eleotro-ohemical  research.  The  elec- 
tromotive foroe  to  be  measured  is  belancwl 

(ii;ainst  a  kiKMMi  cleclrouiotive  fun  e  hy  /in- 
of  a  capillary  electrometer.  The  known  eiectxo- 
motive  foree  is  drawn  from  a  didiiif  rheostat, 
the  ends  of  \\hich  are  connected  witli  one  or 
two  fUry  cells.  The  value  of  the  E.M.F.  i> 
read  direetly  on  a  delicate  voltmeter  (ranr;e 
1  r*    \olt.-<).    Tor  potential  diflerences  gre<at<.-r 


FVeudenberg  worldng  in  Obtwald  s  laboratory  ^  than  1-5  volts,  a  Helmholtz  1-volt  instrument 
(Zoit.  physikal.  Cliem.  12»  97).   But  it  was  i  may  be  inteipoied  between  the  auxiliary  eleotrode 
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I  1 


Rheos(at 
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If.  .).  S.  Sand  (Trans.  Chem.  Soo.  1907,  373) 
who  liist  wurktKl  out  the  method  and  UKed  the 
apparatus  vith  the  rotating 
cathode  already  ment  ione<l.  The 
potential  is  kept  at  constant 
value  by  means  of  an  anxiliary 
eUrtrodc.  Such  an  auxiliary 
electrode,  dcsigne<l  by  Saml, 
is  illustrated  in  Fig.  65.  It 
is  a  mercury-mercurouH  sul- 
phate 2iV-suijphurio  acid  elec- 
trode. The  (ustinctlvo  feature 
of  the  ulectro<li'  is  in  the  funnel 
r,  and  coonecting  glass  tube  An. 
The  two-wav  tan  allows  the 


and  the  rhcv««tcit.  Th< 
arrangement  allows  th« 
volta^  to  be  measored 

almost  instnntancviusly. 
which  is  a  matter  of  great 
importanee. 

To  carry  out  an  ex- 
periment, the  eath(Mie. 
anode,  and  auxiliary  cl«:- 
tro«.le  are  j>lace<l  in  |kx>)- 
Cathode  tion,  tho  electrolyte  i» 
I*  heated  to  the  tequired 
temperature,  andcovere»l 
w  ith  a  set  of  clock -glaivse.* 
having  suitable  openini:> 
for  flu   rlectrod<  -.     Fi  r 

tlie  ]iurji<»w  of  a  h«  piua- 
tion,  the  current  isus\ially  stiirt4-<l  iit  about  3-4 
aniperca,  and  the  |x>tential  of  tlie  auxilian 
electrode  noted.  A»  a  rule,  this  is  tmly  slightly 
above  the  equilibrium  potential.  The  current 
is  then  regulated  so  that  the  |>otontial  of  the 
electrode  may  remain  couHtant.  When  no  side- 
reactions  take  place,  the  current  falls  to  a  small 
rt»idual  vaiue  (generally  about  0*2  amuere),  ai» 
the  metal  to  be  separated  disappears  from  the 
Kolution.  The  auxiliary  electrode  i><  th<  n  allowed 
turise(>*J-4>*2  volt,  aooording  to  the  metaL 

It  is  obviounlv  a  matter  of  gn  ut  im|iurtatHx> 
\o  ku<>\y  wh'  ii  III!  the  tnrlal  his  h'l  ii  drjK'^-il-vj 
lliider  the  condition;*  ju^t  a<>dumcd,  the  amouui 
d(;i>ositeii  per  Unit  of  time  may  be  taken  us 


two-way  tap 

finmi-I  r  (<>  l.r  (dun-  c  ted  with  i  roughly  i)rop<»rtional  to  the  amount  -^lill  in  j«<.»1ij 
cither  limb  of  the  gla^  tube  AB,  1  tion.  This  ueintf  so,  it  foUowii  that  the  amount 
or  closes  all  parte  from  each  I  in  solution  wilT  decrease  in  geometrical  ratio 
«»ther.  The  limb  A  |)ermanent!y  during  sii(  (  (  ssivo  (  (iiial  inf«r\.d:^  i.f  liitif.  !• 
contains  the  2iV-sulphurio  acid  we,  therefore,  malu^  tho  safe  aiiKumption  thai 
solution  of  the  deetrode.  But  I  the  concentration  of  the  metal  has  fallen  t<> 
tho  limb  n  is  filled  for  each  |  umler  1  p.c.  nf  it>  oriulnal  valii--  ii\  the  tin)e 
expiritnent  from  the  funnel  s  with  a  suitable  i  during  which  the  potential  and  tho  current  have 
connecting  liquid,  generally  sodium  sulphate  '  been  brought  to  their  final  value,  it  is  dear 
solution.   The  cod  of  b  is  made  of  thm  tube  that  by  ooatinuing  the  ezpcj^ent  kn^ 
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again,  the  concentration  of  the  metal  vnil  fall 
tottJi'kr  I)  1  p.c,  sothftt  the  depodtkm  cut  bo 

In  caaes  where  side-react i«)ns  occur,  tho 
Ounnt  does  not  fall  to  zcru.  bvit  it  gcncraUy 
attains  a  constant  value  which  allows  it  to  be 
mxn  vheu  ^1  tke  met^  bao  bceu  rt iiiovod.  In 
cntun  oases  this  can  be  tested  for  chemically, 
and  by  continuing  the  experiment  for  about 
half  he  long  again  as  this  reaction  demands,  the 
metal  may  be  safely  assumed  to  have  been 
deposited  completely.  This  mctho<l  may  be 
adopted,  for  example,  in  the  separation  of  lead 
from  cadmium,  the  former  being  roughly  tested 
for  by  sulphuric  acid.  If  none  ^  theae  methods 
ii  available,  the  metal  rnngt  be  deposited  to 
coDjitant  weight,  or  else  the  separation  must  be 
earned  out  under  Tery  oareCiilly  delined  con- 
<titioi»  for  s  length  of  time  proved  by  pnreyiotie 
experinient  to  be  more  than  bufTu  ient. 

iiajul  has  nmplified  tho  apparatus  necessary 
for  the  potentiel  nMeraimnente  by  fitting  ell  the 
spi^rstuj  requiretl  for  the  ineasnrenietit  of  thr 
electrode  potential  into  a  single  box.  fuU  par- 
tiealin  wdl  be  foond  in  Trini.  Fareday  Soo. 
19011.161 

T.  M.  Periua  uses  the  aupuatus  depicted  on 
p-  248  for  working  irith  gniaed  potentials.  Tbe 

Tfj^fl  Containing  the  electrolyte  has  n  tube 
iii^  mto  the  side.  Into  this  aide  tube  the 
capillary  end  «f  the  ttiadUenr  eleoftiode  is 
ioKftsd  (Kg.  67). 

CuaamokTunt  ow  m  Msulb  vob  Eueotbo- 

ANALYTICAL  PuRPOSXS. 

Most  metals  can  be  deposited  satisfactorily  at 
the  cathode,  parUenlaily  sinoe  the  introduction 

of  the  mercury  cathotle  an<l  of  the  gTa«le(l  jMjtvn- 
tiai  methods.  TheoretioaUy,  by  grading  the 
potential,  it  dundd  be  poenble  to  separate  any 

0  ,'-  ini'ial  from  an<jthir.  Indeed,  in  many 
caaes,  thi.^  ean  be  done,  but  there  are  cases  in 
vhieh  the  potential  defences  at  whteh  two 
rr  tal-  can  be  deposited,  that  is  to  say,  the 
muuroum  potential  at  which  they  will  both  be 
deposited,  Ke  so  <dose  together  that  it  is  not 

to  80  adjust  the  oonditions  that  a 
M|«&ration  can  be  effected. 

Grouf  I.— Copper,  silver,  mercury,  gold, 

1  >»IU'iiurn,  rhodium,  platinum,  iridium,  bismuth, 
aatimony,  tin,  (ar.-«enic),  tcUurium.  These 
nstds  are  more  electronegative  than  the 
hydnvjren  deetrodc,  and,  eonjicqnentlj^  can 
Iheorelitally  he  deyi>^iu-d  ({uiiulitatively  from 
acid  solutions. 

Gaori"  II.- Cadmivjin,  zinc,  and  indium. 
Thcs<e  nietais  arc  inoro  electropositive  than 
iiydrogen,  but,  owing  to  the  supcrtensiun  of 
the  hyJro'jt  n  rvidntion  in  acifl  whitioii,  if  is 
attuallv  jM.^^il.lc  to  de^ioait  them  from  weak 
c"  mI  -olution-i. 

<ii:>>rr  nr.-  Iron,  nickel,  cfjl^alt.  These 
ti  tlai-j  are  luurc  electropositive  tliun  hydrogen, 
•>ut,  as  the  supertension  of  hydrogen  is  very 
W,  tbc»e  metai:^  cannot  he  dcj>o.«it<  (fcomiilelrly 
from  acid  solutionis.  They  can,  luiHcver,  be 
deposited  from  acid  solntions  if  »  merevry 
f*U»ode  vt  employed. 

Gboi'p  W. — The  metals  of  this  group  can 
*'ither  be  deposited  a.H  oxid(^  at  the  anode»  or 
»»  ojodes  at  tho  catho<le.  Tho  group  comprises 
tbe  folloftiog  metals :  lead,  thallium,  manga- 


nese, chromiitm,  niolylxienum,  urannim.  Some 
of  them  can,  however,  be  satisfactorily  deposited 

as  an  amalgam  on  n  mercury  cathode. 

Gkoitp  v.— The  metals  of  this  group  arc  tho 
most  strongly  electropositive,  and  ean  only  be 
deposited  by  usiny^  a  cathode  of  mercury  ;  but 
even  then  it  U  nut  possible  in  all  ca6e«  to  obtain 
a  quantitative  separation.  The  metals  of  this 
group  are  aluminium,  glucinum,  calcium, 
strontium,  barium,  magnesium,  potassium, 
sodium,  lit  Ilium,  rubidium,  cteeitini. 

Group  VI. — These  are  all  anions,  and  t^eir 
estimation  has  been  rendered  )x>ssiblo  mainly 
through  the  Mork  of  Edgar  Smith,  who  com- 
pletely deposits  the  metals  by  means  of  a  mercury 
cathode  and  estimates  the  anions  by  tttoation  or 
other  a|»|iro|»riate  metluj<i.  The  most  imi>ortant 
anions  analysed  by  this  method  are  b",  CI',  Br', 
r,  80/',  CO3",  Fe(CN)."",  Fe(CN),"',  rO,"', 
NO '. 

It  has  not  been  found  possible  to  aoslyw 
organic  anions  by  eleetrolytio  methods,  beoaose 

they  are  either  decomposed  or  various  reactions 
more  or  less  compU(»ited  take  place.  Thus, 
for  eiamfde,  when  the  acetate  anion  is  given  vp 

at  the  anode,  ethane  is  produced,  whiol^  OI 
course,  is  given  off  in  the  form  ot  a  gas. 

Nature  of  D<  posit. 

Sand  (Trans.  Chom.  Soc.  1907,  383)  has 
theoretically  and  practically  worked  out  the 
conditions  necesssry  for  obtaming  adherent  metal 

deposits. 

The  production  of  a  uniform  deposit  over 
the  electrode  depends  entirely  upon  the  relation 
between  polarisation  and  tho  KM.F.  required 
according  to  Ohm*8  law  to  force  the  onrrent  from 

one  jiart  of  tho  solution  to  tho  other  (Zeitseh. 
Elcktrochem.  1904,  452).  The  case  of  meUls 
such  as  oadmitim  and  xme,  whidi  requhe  a 

higher  potential  for  their  precipitation  from 
most  of  their  solutions  than  hydrogen,  is  a 
question  of  supertension.    The  metals  ean 

only  be  deposited  hy  virtue  of  the  super- 
tension  which  is  required  to  liberate  hj^drc^en 
as  a  ^as.    This  supertensioa  varies  with  the 

material  of  the  electrode,  and  may  even  vary 
at  diiierent  parts  of  the  same  electrode,  oning 
to  different  states  'of  its  surface.  CSonseqaently, 

it  may  happen  that  the  metal  is  deposited 
on  a  portion  of  tho  electrode  which  has  a  high 
supertension,  and  will  oontinue  to  grow  there ; 
but  nt  rotigher  part«  of  tho  electrode,  where 
the  bU{iertenBion  is  lower,  hyilrogeu  alone 
will  bo  evolved.  This  is,  for  example,  jwirticu- 
larl\'  nutieeablu  in  tlic  ca-;c  \if  /.iiic,  which, 
instead  of  being  ovuiUy  deposited  over  thu 
surface  of  an  electrode,  apparently  perfectly 
smooth  and  <  veri,  often  comes  out  in  patches, 
ports  ot  the  ekctrodo  being  absolutely  free  from 

I  deposit.  Sorno  solotioiis  ab>oof  the  »ime  metal 
appear  to  he  more  seusitivo  to  variations  in 
tlic  (lualily  and  character  ot  the  cJectrudo  than 

I  others.  Thus  with  ordinary  electrotles  when 
the  potential  is  not  cradf  1,  it  is  a  matter  of  the 
greatest  dilliculty  to  oht-iin  ati  adherent  deposit 
of  copper  when  the  electnilyt'.-  is  sulphuric  acid, 
(hi  the  other  hand,  witli  rln  trolyt /s  of  potas- 
sium cyanide  or  nitric  acid,  uu  1  vcn  deposit  is 
readily  produced. 

The  naturt  of  the  drposit. — Klectrolytic  «le- 
posits  may  be  spong^',  coarsely  crystaihne,  ojr 
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finely  crv'stelline.  The  lut  it  tbe  only  fonn 

in  iUil  h  metals  may  ho  c!r|X)8ited  in  order  to 
ytcld  uatisfactory  quantitative  results.  Saad 
corunders  (l.e.)  that  spongy  deposits  ftre  most 
probably  due  to  the  metal  being  flppositcd  in 
the  form  of  an  unstable  hydride,  which  gradually 
decomposes  with  evolution  of  gas. 

The  difficulty  of  h'«flride  formation  is  got 
over  by  keeping  the  jMjt^intial  of  the  electrode 
under  control.  Vigorous  stirring  of  the  eleo* 
trolyto,  small  nirrent  density,  and  the  presence 
of  iiutac  oxidiMug  agent,  tend  to  keep  the 
potential  low.  But,  by  using  an  auxiliary 
electrode  and  rapid  rotation,  it  is  ix).«8ible  to 
obtain  metals  from  solutions  from  which,  under 
ordinary  oimmiataiiccfl,  they  oannot  be  de- 

pC'Hitt'd. 

Copper. 

Copper  may  readily  be  depositetl  from  solu- 
tinns  which  cniitain  considerable  quantities  of 
lutric  or  siilph\ir)c  acid.  But  good  deposits  can 
also  tic  (>l)t8itu-<l  from  cyanide  solntions,  and  it 
is  possiible  to  employ  solations  conteintng  ftn 
excess  of  ammonia. 

The  solutions  which  j^ive  the  best  results  are 
thoMC  containing  nitric  acid  or  potassium  cyanide. 
Indeed,  it  is  a  matter  of  considenvble  difficulty 
to  obtain  satisfactory  resiUts  in  presence  of  freo 
sulphuric  acid,  excepting  when  a  mercury 
cathode  is  employed.  "For  stationary  work, 
either  the  gauze  Hau;  clectnxlc  or  (lie  cylindlioftl 
gauze  el^trode  is  to  be  reoomiucuded. 

Nitric  oeul. — ^Abotit  1  gram  of  the  oopjxT 
salt  is  (li.<s(>lved  in  ahout  140  c.c.  of  wat<  i .  u.  1 
5-iO  cc  of  nitric  acid  (sp.gr.  1-42)  added  to 
the  sdution ;  that  is,  from  8  to  10  p.e.  of  tiie 
acid.  If  the  flag  electrode  i  ■  rniplo^'cd,  u-iually 
about  120  u.o.  of  water  is  suthcieat,  in  which 
ease  proportionately  less  nitrie  add  must  be 

UKcd.  The  solution  may  eitlst  r  Vr  eleotrolv><ed 
at  ordinary  atmospheric  temi)t!rature,  or  heated 
fiora  in  the  latter  case  the  time 

required  for  the  complete  deposition  of  the 
metal  is  considerably  lessened.  The  best  CD. 
to  employ  is  from  0-8  to  1>2  amperes,  when  the 
K.M.F.  l>e  from  1  to  2  8  volts.  A  bright 
red  film  w  iU  Ik-  nven  to  ila^h  acru^»  the  cathode 
almo^it  immediately  the  circuit  is  completed, 
lu  cold  solutions,  from  2^  to  3  hours  will  be 
required  to  completely  deposit  the  metal ;  \nth 
hot  solutions  the  rate  of  deposition  is  consider • 
ably  aeeelerated.  'Id  nfirrrtnin  when  the  whole 
of  the  Clipper  h&H  been  tkpusited,  with<lraw 
about  1  c.c.  of  the  solution  by  means  of  a  pipette, 
transfer  to  a  test-tube,  make  alkaline  with 
ammonia,  then  acid  with  acetic  acid,  anil  add 
a  few  drops  of  potassium  ferrooyanide ;  the 
formation  of  a  bro«*n  precipitate  or  colouration 
shows  that  liM-re  is  stilJ  some  copper  left  in  the 
volution,  in  which  case,  of  conr»*\  it  is  ne<  es*tary 
io  continue  the  elertn»ly.His  until,  on  further 
testing  with  the  reagent,  no  colouration  is 
priKlucetl. 

W'U(hittg  the  df]>osit. — As  the  electrolyte  con- 
tains an  excess  of  free  nitric  acid  in  which  the 
copj)er  de|H)»<it  is  readily  Huluble,  the  wa.*>hinp 
has  to  be  carried  out  with  caution,  borne 
worlEera  prrfer  to  siphon  off  the  electrolyte  with- 
out hrcftkinjr  the  circuit,  and  to  run  in  water  at 
the  same  time,  until  the  ammeter  points  to  zero. 
The  eunent  then  eat  off  and  tito  oathodc 
removed,  finally  washed  with  distilled  w-ater  and 


dipped  into  a  beaker  of  absolute  aloohoL  ft 

is  then  dried  in  the  steam  oven,  an<!,  after  cooling 
for  20  minutes,  weighed.  When  the  gauae 
cylindrieal  electrode  is  used,  a  etopfMeed  funnel 

as  illustrated  in  Fig.  67  is  very  com  i  ni  nt 

The  solution  is drsi^'n  oS until oiiU  about  one 
quarter  of  the  eketeode  k  inunetsedf.  DistiUe<d 
water  is  th  ni  run  ni,  and  the  operation'?  repeated 
until  the  auuucter  shows  zero.  By  ojieratiag 
'  rapidly,  the  cathode  may  be  removed,  and,  il 
]  dippetl  at  once  into  a  l)eaker  of  water  an*!  then 
washed  under  the  tap  or  in  several  changet* 
of  water  and  then  in  alooh<d,  abeolntdy  aoonrate 
results  can  be  obtained. 

The  deposit  obtained  from  nitric  acid  is 
bright  red,  and  generally  has  a  more  or  leas 
crv.-italline  apjicarance.    If  the  (.'.D.  ha.^  he^n 
too  high,  it  may  be  '  burnt,'  and  have  a  bruua* 
ish  appearanet^,  and  may  be  jwwdery  and  non- 
adherent.   \\  hf     it  is  dc«ired  to  elc-ctroly  ■« 
over-night-  ami  thiii  is  often  found  very  cun- 
I  venient — a  CD.  of  from  0-2  to  0-3  of  an  ampeve 
I  is  used.    It  i!<i  generally  advisable  in  this  c»sff. 
to  add  more  nitric  acid,  because,  owing  t.o  the 
reducing  action  of  the  hydrogen  liberatetl  at  the 
I  cathode,  the  nitric  acid  becomes  converted  into 
j  ammonia.   This  formation  of  ammonia  caoM-^ 
the  deposit  to  be  spongy  and  of  a  bad  colour, 
when  it  is  difficult  to  wash  and  weigh.    For  nm* 
ning  over-night  about  2  c.c.  extra  of  nitaric  apid 
should  l)e  a<ldod  for  every  KXl  c.c.  of  solution. 

The  deposits  obtaincKi  with  sulphorio  acid 
are  generally  not  sati^Mstory,  but  of  all  the 
co])iMT  (le}KMiti<  that  ohtaint?d  from  solution- 
containing  potassium  cyanide  is  Uie  mo^t 
beauttftd. 

PotaMium  cyanid''.  The  colour  of  the 
deposited  metal  is  pinkish  red,  and  perfectly 
smooth.   Butk  from  other  points  of  view,  tlie 

deposition  from  cj'anide  ^*olutions  has  no 
advantage  over  the  deposits  obtained  from 
solutionB  containing  nitne  add.  The  copper 

salt  is  •lissolvrr]  iT\  alxint  30  or  40  c.c.  of  dis- 
tilled water,  and  then  a  freshly  prepared  solution 
of  )x>tas8ium  cyanide  added,  tmtu  the  preonpi* 
tai«>  !ir-t  ]Toduoed  i-<  dissolved.  Slightl\  nvn- 
pota.s.'^uim  cyanide  than  is  necessary  to  dis> 
solve  the  ])recipitate  should  be  used,  hot  any 
consideralil  ■ '  xeess  must  l>e  avoided.  Oennrally 
spt^akmg,  trum  1  to  1*5  grams  of  potassium 
cyanide  should  be  used  for  every  gnm  of  copper 
salt  taken. 

TTje  CD.  cmploycil  s^houid  be  Irom  0*8  tf» 
1-2   amperes.    Tlw  E.M.F.   rcquinvl    in  cold 

I  solutions  will  Ir^  fmmd  tu  \>c  alwint  ;"»-»>  \oltf; 

'  in  M'arm  solutioiu>,  from  t  to  i>  voit*«.    T  he  M'hole 
of  the  cop{K-r  i.s  deposited  in  2  to  2^  bouM. 

fjajn'rt  withxli.  -  By  etnj)loying  rotatinu 
clectnHlci',  cither  rutatiuij  antMie  or  cathode, 
cop)>er  may  bo  completely  deposited  in  a  lew 
minntc)*.  Thus  Sand,  by  usin<;  his  apparatus, 
>^H.s  able  to  completely  deposit  the  copper  from 
0*25  gram  copper  sulphate  in  0  minotes,  the 
number  of  revolutions  of  the  anode  per  minuts 
being  about  800 ;  in  that  of  Fischer  the  copper 
from  0*3  gram  copper  sulphate  was  depn'<ited 
in  10  minutes,  the  speed  of  revolution  being 
1000  to  1200.  In  the  one  ease  a  rotat  ing  anode 
was  eniplovetl  and  in  the  other  the  cathode  wii^' 
rotated.  The  electvoUte  in  both  cases  container  I 
free  nitric  acid.  Claude  solutions  give,  hovi  ever, 
equally  mti«fa«tocy  lemilts.    p,  ,      ,  . 

^      •  '  Digiti/uu  by  LjUv.(^e>_ 
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Edgar  Smith,  by  emnloytDg  «  rotating  anode 
uid  nwreury  eathode,  nae  deposited  quantita- 

tivr  l\'  0*789  j^ram  of  copjXT  in  10  niinutof,  and  as 
much  M  0'3M5  gram  por  4  minutes,  the  soiutionH 
coatainittf  aulpliarie  acid.   The  adrantai^  of 

th*"  mfrt'ury  cathode  is  that  almost  nnv  tlctfro- 
ht*  caa  be  employed  equally  salLstacturily. 
Indeed,  the  pofe  salt  of  the  metal  may  be  | 
<!i-s<>Ivf<I  in  watrT  and  «  li-<'f  rol\  se<l  \\  ithout  the  ! 
.wkiuioa  uf  any  acid  or  other  i-lfctmlyte.  When 
the  uhole  of  the  nu'tal  ha^  \)vvn  deposited,  the 
Kolation  is  run  off, and  may  then  be  titrated  in 
order  to  determmu  the  anion,  t.y.  SO^"  (p.  247). 


Silver  can  beat  be  depctsitcd  from  solutions 
ouataming  potassium  cyanide.  From  bulutiuns 
COBtaiatpg  other  electrol^'tcs  it  is  apt  to  be  do- 
pwte<l  in  a  crystalline  feathery  form,  and  conse- 
'jUditly  does  not  atlherii  \u-U  to  the  catho<le. 
Itiere  i?»,  however,  a  tendency  for  the  results 
to  be  aligbtlv  too  low  when  r}aiiide  soltitiona 
are  employed.  It  iii  very  important  that  only 
the  purest  potassium  cyanide  be  used  in  making 
up  the  solutions.  For  0-5  fijnm  of  a  silver  salt 
about  3—4  f(nmH  of  potassium  cyanide  will 
usually  be  found  suflicient.  With  a  C.D.  of  0-5 
to  1-0  ampere,  and  a  temperature  of  50*'-60'', 
the  silver  will  be  deposited  m  from  I  to  2  hours. 
Using  a  cold  solution  and  with  a  CD.  of  from 
0*2  to  0*35  ampere,  the  time  required  is  from 
4  to  4'5  hours.   The  deposit  ritould  either  be 

waeh>*d  hy  .•^iphoni  i:,',  "r  tlic  electrode  nnist  lie 
verj-  ra{>idly  removed  from  the  eieotrolyte  ond 
dipped  mto  water,  in  order  to  avdd  loss  by  the 
solvent  action  of  the  jxitassium  cyanide. 

\S'ith  rotating  electrodes  the  silver  can  be 
deposited  within  a  few  mhrates.  By  using  an 
auxiliary'  electrode  and  rotating  the  anode 
v^oroualy.  Sand  was  able  to  deposit  silver  from 
ammoniacal  solutions  in  7  to  8  minntee. 

Smith,  hy  using  a  mercuri*  cathode  and 
rapidly  rotating  anode  deposited' 0-2240  gram  of 
siNer  from  silver  nitrate  in  4  minutes.  At  the 
commencement  of  thf*  fif>eratioti  nn  »^nodic 
deposit  of  Oliver  peruxidci  was  obtauitxi,  but 
sfler  a  mirnite  or  two  this  disappeared. 

Merenry. 

Many  mcthudci  have  l>een  dcviwMl  for  pnv 
eipitating  mercury  on  plaiinum  cathodes,  and 
mmc  of  them  (live  quite  soti  fnrtory  results. 
VV  hen  mercury  is  deposited  on  a  jilatinum  diiih, 
or  on  a  wire  gMUa  eJeOtrode,  it  spreads  evenly 
over  the  Kurfacc  as  a  thin  metallic  film,  uhi(  h, 
bow'ever,  is  inclined  to  run  together  a^  the 
amount  of  mercury  on  the  etectiode  inoreasee 
in  quantity  After  the  mercury  h«f«  been 
deposited,  the  electrode  is  MashetC  with  water 
in  the  u^ual  way,  then  in  abKoIute  alcohol,  ami 
finally  in  absolute  ether.  The  laiit  traces  of 
ether  may  be  removed  by  blowing  dry  air  on 
to  th»-  electrode. 

Oa  no  acooont  may  the  mercurv'K;outeil 
dsetrode  be  heated.  Tf  the  electrode  i^i  wa«he<l 
once  in  90  p.e.  alcohol,  and  then  placetl  in  a 
bealwr  of  anhydrous  acetone  for  a  minute,  it 
nay  then  be  ftried  without  ustnff  etli«r.  It  is 
always  adv  i-al>li-.  Im  fore  wi  iL'liing.  to  place  the 
eiectrode  in  a  desiccator  for  20  minutes.  The 
dgsiceator  sbonld  have  a  dish  in  it  containing  a 
little  roetallii-  niert  ur^  ,  Ihcuum'  even  at  ordlnarx 
temperatures  mercury  volatilises  to  a  small 
fcni  appreoiaUa  exftent. 


The  mercury  can  be  remove<l  frurn  the 
eleotrode  by  heating  in  the  Bnnsen  flame,  but 

o^»in2  to  the  trndencv  for  elect  rolytically 
depositetl  mercury  to  alloy  with  platinum,  the 
electrode  is  almost  invariably  marke<i  ^^ith 
black  stainM.  and  a  nli^ht  loss  in  weight  takes 
plAce.  For  thiis  retuson  some  workers  prefer  to 
plate  the  electrode  M  ith  copper  or  silver  before 
n-iiu'  These  difficulties  arc,  however,  entirely 
eiimniated  by  using  a.  mercury  cathode ;  in  fact, 
it  is  strongly  recommendetl  to  employ  always  a 
mercury  catho<le  when  dealing  with  mercury. 

Ma^y  electrolytes  have  been  suggested,  and 
all  give  more  or  kes  aatiaCaotory  results.  Thus, 
the  mercury  salt  may  be  dissolved  in  water 
and  electrolysed  in  presence  of  a  small  quantity 
of  sulphuric,  hyclrochloric,  or  nitric  acid.  With 
sulphuric  acid,  from  1  to  2  c.c.  of  the  conoen« 
trated  acid  are  aiUled  to  each  100  c.c.  of 
solution,  and  electrolysis  oonducte<i  with  a 
CD.  of  0-3-0-8  ampere  i)er  square  decimeter* 
which  is  finally  increased  to  1  ampere  towards  the 
end  of  the  operation.  With  rotating  eh^rtrodes, 
currents  of  from  4  to  6  amperes  per  square  deoi- 
meter  may  be  employed.  The  temperature  of  the 
electrolyte  may  be  r)0°-r)<t°,  but  not  higher. 
Sometimes,  owing  to  the  xeduciQg  action  of  the 
hydrogen  given  off  at  the  cathode,  merourous 
salts  are  precipitated.  The  addition  of  small 
quantities  of  ammonium  persulphate  will  cause 
them  to  go  into  sohition  again.  The  oon« 
<lition.s  with  the  other  acids  mentione<l  are 
very  similar  to  those  required  for  sulphiu'ic 
aeio.  Potasslinn  (^aaide  is  not  to  be  reoom" 
mended,  owing  to  sl^ht  solutioil  of  the  anodo 
taking  place. 

Sodran  sulphide  gives  very  aatisl^otofy 
^e•*ult^^,  but  care  must  hv  taken  to  employ  a 
very  pure  solution  of  salt.  From  25  to  30  c.c. 
of  the  concentrated  solution  of  sodium  sulphide 
nrr-  r  fjuired  for  every  lOO  c.c.  of  solution.  The 
ttulution  should  be  heated  to  about  (»5°,  and  for 
stationary  eleotrodes  a  CD.  of  0-15-0*25  amiiere 
-[ycr  square  decimeter  u''ed.  With  rotating 
olectro<les  from  3  to  (i  amfxTes  ]>er  square 
decimeter  may  be  used. 

With  mercury  elcctro<les  rotating  anodes  are 
almoiitinvariably  UKed,and  high-current dcns«itie3 
can  be  safely  eniployctd.  The  whole  of  the  mer» 
cury  can  he  deposited  in  from  IT)  to  2.)  minutes. 

Cnnabar  may  bo  dis*»olvcd  in  aqua  ret/ia, 
the  HoIutioTi  evapwated  to  dryne.^s.  The 
residue  is  then  taken  up  with  \viit<T,  tilteretl  from 
gaji^ue,  AUil  then  directly  electruly.Hcd  after  the 
add  it  ion  of  a  small  quantity  of  nitric  acid. 

Gold. 

CJold  may  be  deiK»<ittHl  from  its  solution 
in  cyanide  or  in  smlium  <ir  |)<itassium  !^ulphi<le, 
or  in  ammonium  thiocyanate.  The  drawback 
to  using  jtotawium  cyanide  i.s  the  tendency  for 
the  anode  to  go  into  solution.  But  with  low - 
current  densities,  this  only  takes  place  to  a 
small  extent.  The  solution  is  made  up  by 
a4iding  rath-  r  more  than  the  (juantity  necc.«-arv 
of  potassium  cyanide  to  bhng  the  gold  salt  into 
a  clear  solution.  With  statlotiary  *  leetrodes 
a  CD.  of  0-ft-(>-S  amjHTe  i.^  eniplo\id  at  a 
ti^mperaturt*  of  OU^-tM*",  t\w  metal  Wing  dv- 
posited  in  the  course  of  2  to  3  hours.  Wit'h 
rotating  electrotles  a  current  of  al'out  rt  amjxTe.s 
may  be  employed,  when  the  metal  will  bo 
depoeited  in  about  30  minutes.      Digitized  by  Gl 
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SoUwH  mi^iUe. — "From  20  to  25  e.e.  o!  a 

Baturalrd  solution  of  sodium  sulpliidc  arr  used 
fur  every  iOU  c.o.  of  solution.  With  a  CD.  of 
from  O'i  to  0*3  ampere  the  metal  vniil  be  de- 
pisited  in  from  4-5  to  5-5  hours.  With  rotating 
elt-ctrodes  and  high-current  deoaitieo,  the  results 
aro  too  high,  owing  to  depositkm  of  mlpliiir 
along  with  tho  gold. 

Ammonium  thiocyanaU. — H  to  7  {grains  ot 
ammonium  thioycanate  are  dissolved  m  aViout 
80-JK)  c.r.  of  water  at  70"  to  SO",  and  the  gold 
solution  run  slowly  in  with  constant  stirring. 
The  clear  solution  is  electrolj'sed  at  a  temperature 
of  40*'-50*»  with  a  CD.  of  0-2-0-55  ampere,  the 
»at  tal  being  deposited  in  from  1-5  to  2  hours. 
This  method  has  not  been  tri<  «1  witli  rotating 
electrodes,  'llio  i)reci{>itation  of  .^inall  (niaiititici; 
uf  yellow  cuuariiio  iu  the  electrolyte  during 
eleclrolyais  does  not  interfere  with  the  reaction. 

E.  F.  Smith  obtains  cood  rej^ults  by  el<  (  tro- 
lysine  a  gold  chloride  holulion,  UH'mg,  a  mercury 
cathode.  In  order  to  prevent  the  chlorine 
evolved  attacking  the  anode,  from  10  to  12  c.c. 
of  toloene  are  added.  The  time  requiretl  to 
deposit  0-15-0*2  gram  of  gold  is  about  5  to 
7  minutes. 

Most  solvents  for  gold  will  also  attack  tho 
jilutinum  cathode.  Aqua  regia,  for  example, 
cannot  bo  tiaed  to  dissolve  the  gold  from  the 
platinnm.  F.  M.  Perkin  recommends  a  dilute 
solution  of  jMjta.s.sium  cyanide  to  which  is  added 
4-^  C.C.  of  hydrogen  peroxide,  or  from  2  to  3  grams 
of  an  alkafi  pemilphate.  On  gentle  warming 
the  deposit  is  removed  in  a  lew  aeoonda* 

2Au+4KCN+HgO.»SKAii(C!N),-i-2KOH. 

Platinum. 

Like  gold,  plutiaum  can  be  ilvpositod  from 
solutions  containing  firee  minotaf  acida,  but 

unlike  gold,  Avhich  from  these  solutions  is 
deposited  in  a  liuu-adhercnt  form,  it  may  be 
deposited  with  very  feeble  currents  in  a  Wd 
and  rcgulino  condition.  With  high  currents  and 
with  stationary  electrodes  the  metal  is  alwayt* 
deposited  as  platinum  black.  With  a  current 
of  from  0-01  to  0-05  at  n  trmpf  rature  of  5n'*-00*, 
about  0*1  gram  of  platiuuui  can  be  deposited  in 
4-5  to  6  hours.  Julia  Langnees  (J.  Amer. 
CIk'ih.  Six:,  1007,  459),  by  UKinfr  a  rotating 
cathode,  de^ioHited  0*2  ^am  of  platuium  from  a 
solution  of  KfPtClc  m  5  minutes.  But  tbo 
current,  17  ampon-^,  must  bo  loolrad  upon  SS 
cxccHMivv  for  anal  \  ticul  purposes. 

li<  fort'  depositing  platinum  it  18  adviBablc  to 
coat  the  tathixle  witih  silver* 

Rhodium. 

This  met-ol  may  bo  deponted  on  to  a  hilvcr- 
coaltHl  flectrode  from  Holutions  acidilitd 
phosphoric  acid.  A  current  of  0-18  ninixrc 
i»  u::yed.  As  the  process  continues,  the  purple 
colour  of  the  nulution  gradually  disappears  and 
becomes  colourless,  when  tlie  iiuj[>oaitiou  ii> 
finished.  With  a  rotating  anodo  tllO  metal 
may  be  dc|)ositcd  from  solutions  weakly  acidu- 
lated with  snlphurio  acid  in  about  15  minutes 
with  a  current  of  8  am]xTes,  and  Mith  a  current 
of  14  amperes  in  6  minutes.  The  deposited 
metal  baa  a  black  colour,  but  is  qiiite  adhe  rent. 

Palladium. 

In  onier  to  obtain  a  dense  and  firmly 
adherm^'  flei>osit  of  this  metal  from  acid  solu- 
tions. It  is,  aoooiding  to  Ambeig  (Zcit.  f. 


Elektroehem.  1904,  386,  853,  and  Annalen. 

1905,  235),  necessary  that  the  iiotentinl  .-Imuld 
not  exceed  1*25  volts.  With  stationary  elec- 
trodes the  process  is  very  slow,  and  polarisation 
at  the  anode  takes  place,  ovnng  to  the  format  iria 
of  oxy-  compounds.  On  tho  other  hand,  by 
using  a  rotating  dee^nDde  and  solutions  of 
]mlladiiim  ammonium  chloride  with  30  p.c.  by 
weight  of  sulphuric  acid  and  a  CD.  of  from  0*23 
to  0-50  ampere,  as  much  as  O'S-O'O  gram  nay 
be  deposited  in  from  3-5  to  5  hours. 
I  Julia  Languess,  by  ubiug  currents  of  from 
15  to  17  amperes,  and  an  ammoniacal  solution, 
has  obtained  quantitative  doposata  in  from  3  to 
5  minutes. 
Antimony. 

This  metal  may  be  deposited  from  its  thio- 
salts,  particularly  sodium  thioantimonitc,  a 
method  originally  suggested  by  ClssBMi.  Daring 

the  ele<itrol\ sis  there  is.  however,  a  danger, 
owing  to  the  dejJOiiition  of  ^3ulphu^  at  the  auodc, 
for  sodnun  thioantimoniate  to  be  formed,  and 
this  prevents  the  quantitative  deposition  of 
the  iiicLal.  A.  Fischer  (Ber.  1W3,  247 1)  recom- 
mends tho  addition  of  potassium  cyanide  to  the 
electrolyte,  which  prevents  the  fonnatioa  of  the 
thioautimouiate,  thus: 

N,S«+3KCN»3KCN8+Na,S. 

There  is  one  diffionltj  when  sodium  sulphide 

is  used — the  results  obtained  are  uisually  sli^^htl . 
too  high.  This  is  due  to  the  occlusion  of  small 
quantities  of  sulphur  along  with  tiio  roetaL 
For  this  reason  large  quantities  of  metal  should 
not  be  deposited  by  this  method.  Tho  antimony 
salt  is  dissolved  in  00-80  c.e.  watsr  made  just 

■  alkaline  with  sodium  liydroxidr,  any  precipitate- 
being  ignored,  then  20-25  c.c.  of  a  fresh  saturatvd 
solution  of  sodium  sulphido  added,  and  f 'S-S 
;,'rams  of  |K>tai:siuni  cyanide.    Tbo  solution  i- 

1  then  electrolysed  ai  from  30**-40*.  With 
stationary  dbctrodes  the  metal  is  depodted.  in 
from  4 '5  to  6  hours ;  when  rotating  dootcodes 
arc  used,  in      to  45  minutes. 

F.  M.  F^n  and  H.  IX  Law  {Trans.  Fsiaday 
Soc.  i,  262)  recommend  neutral  tartrate  ec^lu- 
tions.  The  antimony  Kilt  is  dissolved  in  wat^r, 
and  from  8  to  10  gramss  of  ammonium  tartrate 
added;  if  necessary,  thoeolutiou  is  neutralL«ied 
with  dilute  ammonia.  At  a  temperature  of 
from  70*  to  80^  and  a  GD.  of  0-25-0-55  the  metal 
can  be  deposited  with  atatiooaiy  eleotcodea  in 
from  2-5  to  3  hours. 

Sand  (Chem.  Soc.  Trans.  1008,  1672)  di-t. 
solves  the  metal  iu  20  c.c.  of  hf>t  cone,  sidphuric 
acid,  and  dilutes  tho  cold  soiutiuu  iu  M>  c.e. 
Tho  solution  becomes  turbid  owing  to  hydro- 
ly.sis,  but  tliis  di.vippcars  diirint^  ihr  cli droly*!!*, 
uud  doea  not  atlect  the  rcc^ull.  Thi  auxiUAry 
elcclrotle  potential  is  kept  at  from  0-55  to  O-ft.!. 
)>ut  niiiy  iM'  i,;cre;i-i  d  to  0-75  toward  tho  end 
ol  the  proccjiis.  Tlu-  liino  retjuiretl  to  depo^^it 
0 -35-0^ gram  of  metal  is  from  2o  to  li.".  m males 
with  an  anodic  rotation  of  about  800  revolutions 
per  niinute.  Small  quantities  of  hydraxine 
sulphate  (0-5-<)  0  gram)  aro  added  to  nxluc* 

I  any  untimoiual  salts  which  may  be  formed. 
Bismuth. 

Until  the  a<lvcnt  of  rotating  electrode*,  and 
particularly  of  the  method  of  graded  pot^tiaL 
bismuth  was  one  of  the  moot  difficult  metals 
I  to  deposit,  since  it 
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non-mdiinreiit  fonn.  ]  0*1  ampere.  Time  of  dopooitlon,  4  to  5  honn. 


Tlj^-^o  a'lnarks  do  not  appl_v  to  the  mercury 
c&thodc  According  to  Kollock  and  Smith 
<J.  Amer.  Ghem.  Sm.  1630)  to  »  wdntHm 
■  ot)taiiiing  about  0  2  j^rani  of  t!i»3  metal  as  nitrate, 
the  volume  of  which  should  not  exceed  12  c.c, 
0*5  O.C.  of  •trong  nitrie  add  is  added.  A  current 
of  About  4  amperes  is  pa-s^sipH,  anfl  thf  whole 
ol  the  bismuth  will  be  precipitated  in  from  12 
to  IS  rnmntes.  The  anode  ehoold  be  very 
mpiHly  rotated,  so  that  tho  mercury  may  take 
ap  the  bismuth  an  it  a€i>arate«,  otherwi^  it 
n*y  collect  in  a  black  mass  beneath  the  anode. 

Sand  (Chem.  Soc.  Trans.  ir>07.  373)  uses  a 
solution  containing  tartaric  acid  :  any  excess  of 
nitrie  acid,  which  may  bo  in  the  original  solution, 
t?  removed  by  the  Hdfli'i-ni  of  sodiuiu  tartrate. 
By  means  of  theauxiiiary  clectrodr,  tho  cathode 
potential  ia  maintained  between  0*63  and  0-9 
volt.  The  anode  is  rotated  at  SCH)  revoUition.s 
per  minute.  In  one  ca«c  the  amount  of  metal  in 
the  solution  was  0*2  gram,  2  5  c.c.  of  nitric  acid 
f  1  :  4)  was  addeiJ,  and  8  prams  of  .sodium  tartrate. 
With  a  current  varying  from  0  2  to  3  amperes  the 
metal  was  deposited  in  0  minutes. 

A.  Fischer  uses  an  electrolyte  containing 
for  each  0*5  cram  metal,  10  srams  of  potassium 
oxalate,  ancf  6  grams  of  Kochelle  salt.  By 
means  of  an  auxiliary  electrode,  tho  cathode 
potential  ia  kept  at  O'S  Tolt.  Tempevatore  of 
Miction,  78*;  tamo xeqtiired,  11  to  15 mmatea. 
Tin. 

Tm  can  be  satisfactorily  deposited  from  an 
ammonium  .suljihide  eohition.  Sodium  sulphide 
tt  not  aatisfactory ;  indeed,  tin  is  not  thrown 
ont  from  strong  solntioas  at  all.   Hence,  we 

have  here  a  method  of  separation  of  antimony 
and  tin.   If  the  tin  solution  is  acid,  it  ia  lint  i  ammonium  acetate.  A.  Classen  (Quant.  Analyse 
nentralised  with  ammonia,  sad  Hun  safBeient  I  d.  EleUroebem.  1897,  156)  uses  a  addition  of 

yellow  ammonium  stilphido  is  added  to  dissolve  I  |>otassium  o.xalate,  the  zinc  solution  ia  added 

ibe  srecipitate  and  form  a  clear  solution.   With  >  to  a  solution  of  from  4  to  5  grams  of  potasaiuro 

atatumMy  deotrodeiB  and^  •  9f  I'O^^'^  I  ml^te.   As  soon  as  thoeleetrolysis  has  started, 

"**  *    '      ....  -         .     ...     .....      . ,  ^  ^^j.  ^  J 

Ammonium  salts  must 


\\1ien  a  rntatint^  electrode  is  employed,  fho  ttmo 
of  deposition  ia  much  accelerated. 
Oroitp  TL — ^Zllie. 

Zinc  is  rathrr  a  fllflii  idt  metal  to  deposit 
feulisfactorily  and  quantitatively,  and  a  very 
large  number  of  methods  have  been  suggested 
by  difTrtent  workers.  Although  it  ia  +0-77 
volt  more  positive  than  hydrogen,  it  can  bo 
deposited  from  slightly  acid  .solutions,  owing  to 
thi'  hii^h  .supertension  of  hydrosjen  evolution 
Iruiu  the  surface  of  zinc,  the  supi>rtcnsion  of 
hydrojfcn  being  0-70  volt. 

With  zino  it  ia  adviaable  always  to  employ 
rotating  electrodes.  The  cleotrodra  need  not, 
however,  be  made  of  platinum ;  niolnl,  par- 
ticularly in  the  form  of^gauo,  «nsirafB  o<iuaUy 
well. 

Price  and  Judge  (Trans.  Faraday  Soc.  1907, 

S8)  use  an  electrolyte  containing  sulphuric 
acid  which  must  not  be  more  than  |iY  and  sodium 
sul^iate. 

It  13,  in  fact,  better  to  keep  the  normality 
of  the  acid  rather  lower  than  oao-sixth.  By 
starting  with  a  C.l).  of  0*25  ampere  and  increasing 
to  20  amperes  about  0*2  gram  of  metal  can  bo 
deposited  m  40  minutes. 

Owing  to  acetic  SMiid  being  much  leas  dis- 
sociated than  sulphuric  acid,  solutions  containing 
considerable  quantities  of  this  acid  may  be  used. 
Thus,  Exuf-r  {J.  .Amer.  (  hem.  Soc.  1903,  896) 
deposited  0*25  gram  zino  with  a  current  of  4 
amperes  in  16  minutes.  The  electrol^-te  con- 
tained 3  grams  sodium  acetate  and  0"30  p.c 
acetic  aoifi  A.  Fischer  (Chom.  Zeit.  1007,  25) 
takes  Ico.  oono.  solpbnrio  aoid,  3*6  c.c.  cona 
ammonia,  1*5  c.O.  acetic  acid,  and  2-5  grams 


am]^  r<-^,  the  Uu  wiU  be  deposited  bi  from  3  to 
4  hours. 

Wldk  ntating  eleotrodos  the  metal  oan  be 

depr>fitcd  in  from  15  to  3.'>  minutes,  depending 
upon  the  current  employed,  and  the  temperature 
of  the  electfolyte.  Oarrente  of  from  1-8  to  8 
amy^^rt^^  have  been  succoaafully  employed. 

A  mercury  catho<le  also  gives  very  aood 
rmaktA,  The  tin  salt  is  dii»oIved  in  mute 
soiphuric  acid,  and  electrolysed  with  a  current 


it  i.s  advi«;abh-  to  add 
solution  of  oxalic  acid 
be  abeent. 

Kf  Iln '  k  and  Smith  use  a  mercury  cathode, 
and  a  solution  of  zinc  sulphate  or  zinc  sulphate 
acidified  with  sulphnrio  acid. 

Zinc  adhiTcs  .somewhat  firmly  to  platinum 
electrodes,  and,  if  left  on  for  some  time,  seemH 
to  aUoy  with  the  electrodis.  If,  however,  it 
is  removed  shortly  after  tho  electrolysis,  no  ill 


of  from  2  to  5  amperes,    from  0-fi  to  0*8  gram   effect  ia  produced.    Tho  best  method  to  remove 


can  be  deposited  in  from  8  to  12  mjnntes. 

When  platinum  electrodes  are  f*niploye<l, 
ooosideiniibie  diUiculty  may  be  exiH>rienccd  in 
iMfeOving  the  deposit.  Tiie  simplest  method 
ia  to  make  the  f^l^^'-trode  on  which  i.s  the  deposit, 
(be  cathode  in  dilute  sulphtirio  acid,  a  piece  of 
copper  wire  .-'erring  as  cathode.  SOMM  workers 
prefer  to  cnit  the  eiectrrxle  with  copper, and  then 
the  copper  w  nh  tiit,  the  tin  being  uepositcd  from 
mn  unmonium  oxalate  aolntion ;  this  proceeding, 
^T«ovr-r.  i-^  t<Mlioiu. 

Teiiurium. 

FhMly  powdered  tellurium  ia  dissolved  in  a 
f«»w  c.c  of  cone,  sulphuric  acid.  The  white 
aiibvdrido  so  obtained  ia  washed  with  a  little 
feesblv  boiled  water  into  tho  electrolysing  \  essel, 
and  t^cn  80  cc  of  a  10  p.c.  solution  of  pyrophoa- 
phortc  acid  or  sodium  pjTophosphate  added. 


the  deposit  is  to  warm  the  electrode  in  a  strong 
sobitinn  of  sodium  hydxozide. 
Cadmium. 

Although  cadmium  is  electropositive  to 
h\  droL.'cu  by  m  mueh  as  0-42  volt, yet,  owing  to 
the  h»j4h  .-^upcrtciision  of  hydrogen  with  this 
metal,  it  ia  po^.sible  tO  deposit  it  front  acid 
solutions.  Ottin..',  however,  to  the  dcp<«l:irising 
action  of  nitric  acid,  uitrate.s  should  not  be 
present ;  on  the  other  hand,  email  amounts 
of  chloritle.s  tlo  not  .seem  to  matter. 

Catlmium  may  bo  deposited  from  solution-s 
containing  «mall  quantities  of  free  sulphuric 
acid.  It  is  usually  advisable  to  add,  after  tho 
bulk  of  tbe  cadmium  has  been  depositetl,  tho 
equivalent  amount  of  sodium  hydroxi(^le  to 
neutcaliao  the  sulphurio  acid  which  has  been 
set  free  through  the  deposition  of  tho  metal. 


The  aotntloa  it  then  eleotrolywd  with  •  (XI>.  of  I  In  100  c.o.  of  solution,  1  co.  of  g^^ff^gj'g^ 
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sulphuric  acid  may  ackli'tl  Ix  foic  tommcncinc  noticed  that  a  Kinall  quantity  of  ferric  hytlroxkJe 
the  eleotrolysM.  With  BtatiunAry  olcctrodea  and  j  separates.  This  is  due  to  the  wtlufcion  becoming 
«  ourrmt  of  O'l  to  0'S5  ampov,  the  metal  is  |  slightly  alkaline,  ou  ing  to  the  deoompoeitaim  of 


dcp«Mito<l  in  froii>  '!  im  4  hours;  vith  ii  rotating 
electrode  and  a  cun^nt  of  4  t»  H  ampeces,  the 
deposition  is  oonplete  in  20  minutes.  The 
(icpo^-it  ion  from  c^'anidi-  sulutions  is  the  simplr^t 
and  most  easy  to  carry  out.  A  solution  of 
potamium  eyanide  is  added  to  the  oadmiam 
Holutiun  until  the  iircclpitate  tirst  produced  is 
dissolved^  and  then  about  half  the  quantity 
already  added  is  ran  in.  It  is  advisable  also  to 
add  about  2  c.c.  of  /i  normal  .solution  of  sodium 
hydroxide.  With  stationary  electrodes  and  a 
eunent  of  0*15-4^*35  ampere  at  a  temperatnre 
of  50®,  the  deposit  is  complete  in  friini  4-5  to 
5-6  hours;  with  rotating  electrode  and  a 
ouirnit  ol  from  5  to  8  amperea,  in  from  15  to 
^  minutes. 

Group  III.— Iron. 

It  is  not  often  that  the  analyst  requires  to 
deposit  iron  electroIytifRlI\ .  ouiii^  fo  the  very 
satisfactory  methocin  of  titration  and  precipita- 
tion.  Iran  oannot  be  deposited  from  aera  or 

even  from  neutral  salt  solution  upon  a  platinum 
electrode,  owinff  to  its  being  so  much  more 
electropositive  than  hydrogen — 0-34  volt,  while 
the  stipertension  of  livfiro^cn  is  only  OKW  \o]t. 
Kulluekand  Smith  (i*roe.  Amer.  Phil.  Soc.  44, 
149,  and  45,  261)  have,  ho  \rr.  succeeded  in 
depositing  imn  from  weak  luid  solutions  by 
nicanx  of  n  uuTCury  cathode,  Uie  iron  as  it  is 
lL-|x)sited   amalgariiHtine   with  the  roercary. 

hi  ' 


The  method  deeohbed  by  theee  autlu»s  ia  as 

follows : — 

Five  c.c.  contained  0-2076  gram  of  iron. 
Three  drops  (40  drops=l  c.c.)  of  concentrated 
sulphuric  acid  were  added  to  it,  when  it  was 
electrolysed  with  a  current  of  3  to  4  amp  tv. 
and  7  volts.  The  anode  made  from  500  to  9UU 
revolutions  per  minute.  The  frtm  was  com* 
plctclv  <li'jK)sit<'d  in  7  niinutt  -  Thv  w&ivr 
was  then  siphoned  off  and  the  aroakam  washed, 
aa  in  all  pmrioni  eases,  with  aloohoTand  water. 

From  itsoxslatc,  tfirtrate,  or  citrate  solut  i<  n-<. 
iron  may  be  satisfactorily  deposited,  but  in  ail 
oaaes  traees  of  carbon  are  deposited  along  with 
thf'  nit  tal.  l?y  employinc  low-curront  dcnsiiit-s, 
the  amount  of  carbon  uejioHited  from  oxalate 
and  tartrate  sohttiona  is  negligible,  but  from 
citrates  the  rtavlta  are  almoat  always  oonsider- 
abiy  too  high. 

Ammomum  ogatate* — ^lliis  method  was  first 
supgotpd  by  (Tassen  (Zeit.  f.  Elektrochem.  i. 
2b8),  and  is  the  one  most  generally  emploYe<l. 
The  iron  solution,  wbieh  would  be  free  n'om 


the  oxalate  by  the  current.  Should  the  hydrox> 
ide  be  thrown  out,  small  quaotiues  of  oxalic  acki 
must  be  added. 

With  mtAting  electr  > !  the  time  of  uboteo- 
lysis  IS  from  14  to  20  minutes. 

With  tartrate  solutions  the  results  ar^  equally 
good.  The  nuthiKl  of  pro(t<lure  i-  siinilar  tn 
that  described  for  oxalates,  anunouium  tartrate 
being  used  in  place  of  the  oxalate,  lite 
iidvanta;,''  if  the  tartrate  nictfi*-!  ;  th*t 
ferric  hydroxide  is  never  deposited ;  CMtinequentiy, 
it  is  not  aeoesBuy  to  add  tartario  aoid,  aiid  tlina 
less  attontioii  is  requited. 
Niekd. 

Nickel  and  cobalt  are  difficult  to  determine 

hy  £r«*n»*ral  analytiral  infilnMls.  but  thry  can 
both  be  readily  and  accumtely  anaiysc-d  b\ 
electrochemical  means. 

Altlitmj^'h  many  methols  have  Invn  ^nrrerst(-»l 
for  the  deiKJsition  of  nu  k»  l,  feu  of  tlit-.-i'  nn- 
of  praetioal  importanee.  Motit  of  them  def)«>nd 
upon  tho  upe  of  the  ftalts  of  organi<-  aeids.  In 
such  ciases  there  in  a  tendency  fur  irattia  of 
carbon  to  be  depositc<l  M'ith  tne  metal.  The 
most  useful  and  yeiK-rallv  ajijiIirahU'  incth»)«? 
for  deposituig  nickel  is  that  uf  Fre*eniujt  atid 
Bergmann  (Zeit.  f.  Anal.  Chem.  33,  0),  in  which 
the  double  .salts  of  jMitawium  and  nickel  or 
ammonium  sulpkiile  togelhtT  with  e.\c«-sa  ul 
ammonia  are  used. 

The  nickel  salt  is  dissolved  in  water  and 
mixed  w  ith  au  aqueous  solution  of  from  4  to  5 
grams  of  ammonium  sidphate,  and  from  30  to 
36  c.c.  of  strong  ammonia.  If  more  than  1  gram 
of  the  nickel  salt  is  employed,  larger  quantities 
of  ammonia  should  be  added.  As,  however, 
large  quuitities  of  strong  ammonia  ace  apt  U> 
contaminate  the  atmospliero,  it  is  better  to 
work  with  smaller  ijuantities  of  nickel.  Nitrates 
should  be  absent,  as  their  presence  oonaidcvabily 
retards  the  rata  of  depositiotL.  With  a  currml 
of  1-1-5  aropen  per  sq.  dcm.,  the  nu-tal  will 
be  deposited  in  m>m  2  to  2-5  hours;  at  a 
temperature  of  5(y*-60*,  the  time  will  be  from 
1-5  to  2  hotirx ;  with  rotating  clrctrfMk>.  In 
from  15  to  30  minutes,  dentauling  upon  the 
conditions  and  the  form  or  appsrattis.  The 

metal  is  n  u -JIv  (h'fxi.-ited  ,i  hiilliant  plating 
on  the  eki  trmle.  The  dep<»«it  m  at  times  somo 
what  difficult  to  remove,  and,  owing  to  its 
appearance  heinj:  rather  likf  polished  idatinum. 
it  h  not  always  aaay  to  a««certain  whetner  it  has 
been  completely  dissolved  off.   The  he»t  meCiiod 
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rhloride«  nnrl  nitratrs,  Tnii?t  he  pmire<l  intO  the    of  n'nn    in-  tlie  n><>tal  is  to  warm  t!ie  electrode 


Holution  of  ammonium  (ixalale,  d  it  is  in  a 
ferrous  condition,  otherwise  a  precipitate  of 
ferrous-  oxalate  may  l)e  formed  which  is  difficult 
to  lil^Holve.  With  ferric  aalts  the  ortler  of 
Sliding  d<M's  not  matter* 


in  nuHlcratcly  strong  sulphuric  or  nitnc:  acid. 
Other  methods  employed  are  the  double 
I  oxalate  methcxl  of  Clas^«en  and   \'on  Reucn 
(Ber.    14,   1622) ;   ammonia  and  ammonium 
I  borate,  by  F.  M.  Perkin  and  VV.  (*.  Prebble 


or  ui  Ki  anunoniuni  oxalate  in  a  haiali  i^uantity 
of  hot  watiT,  and  to  this  aild  the  iron  salt  abo 
dif*«ol\ed  in  a  h'ttle  water.  The  solution  is 
then  inadu  up  lu  the  required  bulk,  and  electro- 
lysed with  a  CD.  of  from  0*6  to  1'2  amperes. 
Time  of  dejKwit  from  cold  solutions  and  with 
Btati«mary   elect nxlcs.  4   to   5  hours;  from 


ft-T  i/rams  of  ammonitim  oxalate    (Trans.  Faraday  Soe.  1<.M>4,  103).   Kollmk  and 

Smith  (Proc.  Amer.  Plul.  S«x:.  45,  2i>2)  trnve 
used  a  mercury  cathode  successfully,  the  time 
of  rlf  |>tf^ition  Ix'inj^'  frcnn  7  to  20  minute-. 
aiUHi^ani  of  40  gratrnt  lurrcurv  and    1  graui 

nickel  has  the  MnnMeaoy  of  son  dougbt  and  '» 

lirii'ht  in  Rpp«M«||Oe. 
CobaU. 

Cobalt  may  be  deposited  from  an  ammonium 
sulphate,  ammonium  hydroxtdo  sulutkm  si(uiUr 


H<ilutions  St  60*-«0*,  in  2  to  2- 
electrolysis  proceeds,  it  will 


'»  hourM.    As  the 
sometimes  be 
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to  that  lued  in  the  omb  of  niokel.    But  m  m 

nil''  th'  t<  "iults  ohtniued  arr  too  \r<\\\  cwiuf!  to 
the  tcadeacy  for  peroxide  to  be  formed  on  tho 

k'm.  Pirkin  and  W.  C  Prubblo  (Trans. 
Kariwlay  hoc.  1905,  103)  mv  a  iiolutiun  oon* 
tainin^  dihydrogen  sodium  phosphate  sad 
['hri'jihoric  arid.  The  solution  is  made  up  hv 
adding  2  e.c.  uf  a  5  p.c.  solution  of  phosphorie 
aeid  to  tin-  solution  of^ the  cobalt  salt  in  70-80  c.c. 
water  and  thi  n  20-25  c.c.  of  a  10  p.c.  solution 
of  dihydrogen  .sodium  phosphate.  The  elec- 
tnlym  shouid  commenoed  cold  with  a 
camnt  den.^ity  of  0-2-0'3  ampere  per  sq.  dcm. ; 
eltflr  about  ^  luiuutes  the  solution  is  warmed 
to  60^  or  60**,  and  the  ctuient  inonaaed  to  1-2 
ampere.  If.  a.**  oftef\  happens,  some  peroxide  is 
(leposited  on  the  an<jde,  it  can  be  removed  by 
the  addition  of  0-2-0-3  gram  of  hydroxylaminc 
sulphate.  After  the  .stihition  ha^i  iR'eoine 
colourlcae,  about  1  c.c.  of  A'/l-anunouiA  should 
be  added.  The  time  necessary  with  stationary 
elect R)d<'s  is  from  4  to  5  hour*.  Tho  deposit 
i»  extn.>mciy  bright,  resembling  polished 
platinum. 

The  only  methods  which  have  been  trietl 
with  rotating  electrodes  are  solutions  containing 
ammonium  acetate  and  solutions  with  .sodium 
formate.  With  currents  of  8  amperes,  L.  Kol* 
lock  and  E.  F.  Smith  (J.  Amer.  Chem.  Soc. 
29,  T!*7)  .sueeeeded  in  depositing  0*8  gram  of 
cobalt  in  from  30  to  40  minatee. 

Oboup  IV.— Lead. 

Owing  to  it^  ready  oxidi.'<ahilit y,  it  is  difTicuIt  to 
deposit  laad  satisfactorily  on  the  cathode.  Except 
in  easoa  of  separation  from  other  metals,  indeed, 
it  Iff  11* >  advantage  to  dejKJsit  it  at  the  cathode. 
Saod  has,  however^  found  it  a  convenient  method 
to  sepanto  bad  from  cadmium  and  bismuth 

(Chem.  Soc.  Prr>c.  22,  43) 

From  dUute  solutions  of  nitric  acid  lead  is 
partially  deposited  as  metal  on  the  cathode, 

and  [uirtinlly  as  peroxide  at  the  anode.  It  is 
therefore  neo^sary  to  have  about  20  c.c.  of 
nitrieMid  (1: 4) to  every  100  c.c.  of  electrolyte. 
-Premie,  manganese,  .selenium,  and  bismi-th 
should  be  absent,  and  according  to  V'ortmaim 
(Annaleo,  351,  283),  ant imonj,  silver,  mercury, 
line,  iron,  cobalt,  aluminium,  and  the  alkali 
nwtals  iiUn  cause  the  results  to  be  high.  Chrouiic 
aoki  1  li  1  Aim  be  absent,  and  phosphoric  acid 
n^tanis  the  deposition.  The  lead  salt  is  dis. 
:iui\ed  in  water,  and  from  25  to  30  c.c.  of  strong 
nitric  amd  added.  The  electrodes  used,  whether 
stationary  or  rotatinir.  hotild  he  rou^ihened  by 
the  sajtd  bla^Ht.  Wait  .NiaUouary  electrodes 
and  »  oaRunt  of  from  l-'.i  to  1*8  ampere  at  a 
t**Tnperature  nf  00*-70*.  tho  dej>o.sition  will  be 
complete  in  from  1  to  1-5  hours.  At  the  com- 
mencement of  the  electrolysis  a  yellowish 
deposit  is  obtahied  which  becomes  orange  or 
red,  and  finally  dark-browTi  or  black. 

With  rotating  electrodes,  the  time  oC  doposi* 
tkHl    bom  10  to  26  minutes. 

At  the  end  of  the  electrol3rBi8  the  electrode 
iii  well  washe<l  by  placing  it  in  hot  water,  then 
wadbed  with  ajoohol  and  ether,  sad  boated  to 
2S0^  in  ^tm  air«1inth  for  an  hour.  It  must  be 
cooled  in  a  desiccator ;  the  weight  of  the 
deposit  M  multiplied  by  the  facU»  0'866. 

Htm  beat  meUiod  to  remove  the  depoelt  from 
tho  electrode  ie  to  warn  it  with  equal  vdurneB 


of  nitrie  aeid  and  water  to  w^hieh  4-6  prams  of 

glucose  has  been  add*'*!. 

Lead  does  not  give  satisfactory  results  with 
a  merenry  cathode. 

Manganese, 

Manganese  can  only  bo  deposited  as  oxide 
at  the  anode.   It  is,  however,  much  more 

diffloult  to  deal  with  than  lead,  as  the  deposit 
la  apt  not  to  ailhero  well.  It  is  abtiolutely 
essential  to  employ  roughened  electrodes. 
Mineral  acids  cantu  i  In-  (m ployed.  The  most 
satisfactory  electroivto  m  one  containing  am- 
monium acetate,  ana  BSngels  (/eit.  Elektroehem. 
ii.  413)  has  sho^vn  fhnf  the  addition  of  small 

auantities  of  ehrume  uiuin  heljts  to  cause  the 
eposit  to  adhere  more  timiiy.  probably  owing 
to  a  depolari.>*ing  etleet.  'Die  manganese  salt 
is  dii««<ilv(xl  in  40-5U  c.c.  of  water,  8-lU  grams 
of  ammonium  acetate  added,  and  the  solution 
electrolywd  af  a  feinfMrature  of  76**-80®,  with 
a  current  of  O  ti  to  1  ampere.  Tho  deposition 
will  be  complete  in  from  1*5  to  2  hours. 

With  rotating  eU'etro<le.H  the  time  will  be 
about  30  minute-H.  In  this  eaae  it  is  as  well  to 
add  10  c.c.  alcohol  to  prevent  frothing  (J.  Koater, 
Zeit.  f.  Elektroehem.  10,  553). 

The  best  way  to  ascertain  if  all  tho  manganese 
has  been  deposited,  is  to  employ  the  per- 
manganate test.  Withdraw  1  or  2  c.c.  of  the 
solution,  add  3  c.c.  cone,  nitric  acid,  and  about 
1  gram  of  re<l  lead.  Boil  for  a  minute  or  two 
and  dilute.  A  pink  ooloozation  indicates  that 
the  whole  of  the  manganese  has  not  been 
removed. 

When  all  the  manganese  has  been  deposited, 
the  deetiode  is  washed  as  tisual,  and  then 

ntrongly  heated  in  ord'  r  to  i onvert  the  hydrat<«i 
manganese  peroxide  into  trimanganese  tctroxide 
Mn,0«.  It  is  neeessavy  to  heat  until  the  black 
dejjosit  becomes  a  dull  omnge  red.  The  weight 
of  the  deposit  multiplied  by  0-72  gives  the 
weight  of  metallio  manganese. 
Chromium. 

This  metal  oaimot  be  deposited  on  tlie 
anode  as  peroxide;   neither  under  ordinary 

enn  ! it  i(  Tis  it  |)os.sible  to  obtain  a  cathode 
depo.sii.  Kolloek  and  Smith  (lYans.  Amer. 
Chem.  Soc.  27,  1905,  1255)  have  8ucceede<l  in 
depositing  it  in  the  form  of  an  arnrtl;:ani  by 
employing  a  mercury  cathode,  ike  eli-etrolyte 
eoneiste<l  of  dilute  sulphurio  acid.  With  a 
current  of  1-3  amperes  0-12  gram  wa.s  deposited 
in  20  nunutes.  i'his  method  is  useful  for 
separating  chromium  firom  aluminlttm,  n^oh 
latter  metal  is  not  deposited  as  an  amalgam. 

Classen  (Ber.  xxvii.  2060)  o.xidi.scs 
chromic  salts  to  ohromates  in  an  ammonium 
oxalate  solution.  Thi.s  method  is  useful  for 
separating  chromium  from  iron,  nickel  and 
cooalt,  and  in  the  aoalyeis  of  chromium  steds 
and  of  chrome  iron  ore.  The  chromic  acid  pro- 
duced can  be  estimated  iodometrically  or  hy 
precipitation  as  lead  or  barium  chromate. 

The  solution  containing  the  iron  and 
chromium  salt  has  excess  of  ammonium  oxalate 
added  to  it,  and  if  free  mineral  acid  is  present  is 
neutralised  with  anunooia.  It  is  then  electro* 
lysed,  when  the  Iron  is  deposited  at  the  cathnde 

and  tho  chromium  oxidised  to  chromate.  The 

iron,  when  deposited  in  preseaoe  of  chromium 
salts,  is  nsually  very  brlUkuit  liko  poliiAed 
platinum.  When  aU  tho  iron  is  deg«j|Ug,  ^^^^j^ 
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Holutiuu  i>  removed,  the  iron  deposit  driwi  and 
w<iL.'lii'<l,  and  the  chroiniiim  uftcrinincd.  If 
tlic  uholo  of  the  cliroiuic  nalt  hna  not  bcca 
oxidised  durinj^  the  deposition  of  the  iron,  the 
solution  is  ni'.Tin  eloelrolysod.  15y  using  a 
rotatmy  auudc  it  is  p<.>.'«sible  to  completely 
oxidise  015  ^ram  of  a  chromic  salt,  such  as 
Cr^fSO^);  or  ^,01,  in  90  mintitpf*.  tho  Vdliinii' 
of  the  solution  bein^^  120  c.<\  uud  thu  amount 
of  ammonium  oxalate  15  LTrtiim.  The  electro- 
lyte should  be  heated  to  80^,  and  a  current  of 
from  5  to  5-5  amperes  cmploved  (£lektron> 
alyti  Im  s  1  aoUmethoden,  p.  im). 
Uranium. 

Unniufu  is  deposited  at  the  cathode  as 

cxid<«  from  solutions  containing  acetic  acid  or 
ammonmm  carbonate.  The  deposit  consiste 
of  U,04,3H,0.  At  the  end  of  the  operation 
this  is  lieatt-d  stronu'ly  to  convt-rt  it  into  U,Og. 

Wherry  and  8raith  (Trans.  Amer.  Chem.  Soo. 
S9,  800),  by  tiBing  a  rotating  eathode  and  an 
clt'ctrolyto  eoutaining  in  125  c.v.  2  '  '  "i  -rmi 
sodium  acetate,  depoeited  0*25  gram  of  uranium 
in  from  15  to  80  mmntea^  the  onirant  employed 
bcin^  Hmp(  rr->'.  thtt  ttbotrolyto  bemg  eittier 
cold  or  heated  to  50*. 

Molybdenum. 

From  solutions  containing  dilute  sulphuric 
acid,  mo^bdenum  can  bo  dcpoaited  aa  peroxide 
at  the  cathode,  Irat  the  oepoeit  eannot  bo 
\veigho<l  as  such.  Win  rry  fitid  Smith  (Trans. 
Amer.  Chem.  Soc  29,  ttOO),  therefore,  oxidise  it 
by  means  of  nitrio  aoid  and  weigh  aa  HoO,. 

Thallium. 

Many  methoilti  have  been  suggested  for  the 
eleotoolytic  analysis  of  tballiam,  but  only  one  can 

Iw  con'^idtTfd  satisfactory,  and  that  i!=,1»y  usinc 
a  mercury  cathode.  By  deoositing  the  metal 
into  pure  mercury,  it  is  found  that  poittoiis  are 
lost  on  weighing  ;  but  if  the  mcrcurj'  contains  a 
small  quantity  of  zinc,  this  is  not  thi'  case. 
Smith  recommends  to  deposit  the  zinc  and 
mercury  simultancoitKly.  In  order  to  do  ihh 
a  definite  volume  of  zinc  sulphate  solution  of 
known  j^trength  is  added  to  the  solution  before 
rleotrolynis.  The  olcetrulyto  consists  of  dilute 
Hulphurio  acid.    The  antount  of  zinc  necesi^ry  to 

rteot  the  thallium  is  vny  small,  and  naad  not 
more  than  0  001  cram.    With  a  current  of 
6  ampui'Cei  it      poFsible  to  deposit  aa  much 
0*2  f^nm  m  about  10  minutes.    It  is,  hoirever, 
advisable  to  clc(  t  rnlyso  for  a  longer  timflu 
Group  V. — Sodium. 

E.  F.  Smith  (Trans.  Amcr.  Chem.  Soc.  26, 
1903,  a90)  waa  the  first  to  show  that  the 
metals  of  the  alkali  group  could  be  analysed 
eleotrolytically.  The  method  is  based  on  the 
removal  of  the  halogen  anion  of  the  metal  by 
causing  it  to  nnite  with  silver,  the  alkali  metal 
n>maining  in  the  solution  as  hydroxide*  is  d.-K  r- 
mined  by  titration ;  by  aaoertaiiung  the  in- 
crease in  weight  of  the  mvet  anode,  the  halogen 
can  l>o  also  (lelermined. 

An  ingenioua  apparatus  has  been  devised^ 
Hiidebrand  (Traaa  Amer.  Chem.  Soe.  29,  1907, 
117)  for  the  aTialysis  of  the  catioin  of  the  alkali 
mutals,  and  of  barium  and  strontium ;  and  at 
the  same  time  of  rarimis  anionii;  In  priiu  iple 
the  cell  rr-<  iiil.lr  ,  thit  of  f!i(>  Cjvstner.K.  lhi-T 
process  employ  ud  iu  the  manufacture  of  sodium 
nydroxide. 

The  outer  cell  (Fig.  68)  eonsbta  of  a  erjatal* 


lising  di.sh,  11  cm.  in  diameter  and  about  5 

deep ;  a  beaker  6  cm.  in  diameter  and  4-5  cm. 
lugli,  with  the  bottom 
cut  off.  Is  placed  in. 

.^ide,  and  rests  on  .i 
triani^lc  of  glas.s  rod 
I>laced  on  the  l>otlom 
of  till'  fTV-t;il!isini^ 
lii.-li.  ']"1r!  |ji.»aker  is 
kept  in  position  in 
the  middle  of  tho 
•li.sh  by  nican.s  of 
three  rubber  .stopjtcrs 
fitted  radially  Ik'- 
tween  it  and  tho 
outer  diiih.  Twocom- 

{>artments  are  thu.s 
ormed,  which  arc 
sealo<l  off  by  means 
of  mercury. 
In  tho  outer 
compart- 
ment there 
i.s  a  ring  con- 
.''isting  of 
six  turns  of 
stout  nickel 
wire,  pr(»- 
viUed  with 
three  leya  ^ 
ili|i|iiii:x  into 
the  mercury 
and  serving 
to  maintain 
tho  lowc^ 
winding  of 
tho  nickel  about  1  cm.  above  thf>  ^nrfaoo  of 
the  mercuT)',  when  sufficient  is  place<i  m  the 
dish  to  seal  off  the  two  compartments.  By 
means  of  a  platinum  ^nrc  pasising  thruuirh  a 
fllasH  tube  the  mercury  U  made  the  cathode. 
The  anodo  consists  of  two  disoa  of  plathram 
ijauze  heavily  pLil<-'d  with  .silver. 

Pure  mercury  must  bo  used,  and  tho  oell 
must  bo  kept  sompaloualy  dean.  Before 
starting  tho  cell,  nv  nurv  is  poured  in  so  th^t  it'; 
level  is  about  3  mm.  ul>o\e  the  lower  edge  oi 
the  inside  beaker.  Tho  solatioifc  to  he  electro- 
Iy^>e<l  U  tht-n  i)ut  into  the  inner  compartment. 
In  the  outer  one  enough  distilled  water  to  cover 
the  nickel  wire  is  placed,  and  to  this  1  ac.  of 
a  saturated  solution  of  common  salt.  By  this 
arrangement  the  amalgam  forraetl  in  tho  inner 
comjmrtnunt  is  immediately  decomposed  in 
the  outer  one.  The  sodiom  ohk»iGb  aervee 
merely  to  make  tho  liquid  a  eondoctor,  so  that 
the  action  may  proceed  more  rapidly  at  the 
commencement.  IJnl^  this  is  doiMS  the 
amalgam  is  not  entirely  decomposed  in 
the  outer  compartment ,  brcau>!0  pure  water 
does  not  attack  it  rapidljr  enough  to  prevent  the 
partial  decomposition  in  the  Inside  eeO.  After 

tho  electrolysis  is  complete,  the  entire  c<:>iit<  ri'- 
of  the  oeU  are  poured  into  a  beaker,  the  cell 
rinsed,  and  the  alkali  titrated.  After  tftmtion 
the  mercury  vn.shed,  the  water  decAnt*^!.  :r; ! 
the  metal  poured  into  a  large  separating  foimci 
from  which  it  can  be  drawn  off  dean  and  dir. 

The  table  on  p.  257  give  the  rtmlta  whi» 
were  obtained  by  Hildebrand. 

The  weighed*  ganae  aooda  is  olamped  to  the 
shaft.  The  ktter  b  lowend^into  the  odl  tiQ 
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the  loirer  gMUM  is  about  5  mm.  horn  thi"  surface 

of  thf  m»Tciirv.  The  mo«t  ronveniont  sjkxhI 
for  the  motor  m  about  3<Ni  revolutions  per 
minute.  The  anode  does  not  require  waahing, 
AS  the  water  aftor  clcctrcilysis  is  pure.  It  mfty 
be  at  once  liried  in  the  iit4*fttii  oven. 
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By  roeanf«  of  thia  ttp[iaratu.4  the  haJogi-n 
^^t^  of  the  alkali  metals  can  be  analysed.  Aluo 
the  halogen  salts  of  barium  and  struntiuin.  In 
f*ct>  any  anion  \%ith  any  metal  vvkicli  will  unite 
vith  silver  to  form  an  insoluble  salt  can  be 
analysed,  provided,  of  course,  that  the  metallic 
salt  is  soluble,  and  that  the  metal  will  form  an 
&maknam  with  the  mercury.  In  the  ca.He  of 
the  aUudi  metak  and  of  strontium  and  barium, 
the  hydroxides  of  which  are  soluble  in  water, 
th<'  cations  art'  analywd  by  titration.  With 
oiher  matala  forming  amaJgiuiM  whiob  are  not 
rMdfly  ciMompoeed  fhfs  method  of  analysis 
not  to  \h'  ri-roriim«'iu!f<I,  In-cnuso,  in  thi-  first 
plaoe,  the  cooiiiderablo  quantity  of  mercury 
MOMtarj-  is  inoonvenient  totreigh,and,  secondly, 
it  requires  to  be  kejit  vi-ry  pure,  conseejucnt  ly 
the  continual  purification  ol  auch  large  quantities 
of  nnvuTT  would  be  tireeomeu 

.1  fMj/j/'M  of  iim'on^  irhrn  utiitid  irHh  hmrjf 
mdaU.  The  anion  in  such  salts  as  copi>t'r 
sulpluite  may  be  analysed  bv  eleetroIvsinK  a 

knowti  u»-iy}it  of  (oppfT  Milpliatf  (lisyolvocl  in 
uater  with  a  mercury  cathode  and  a  ]jlatinum 
anode  ae  already  deeeribed.  When  all  the  copper 
haji  hftn  <lfpo.sit<d.  the  solution  is  siphnnvd  off, 
the  amalgam  wa«iheil  with  water,  and  the  wash 
water  admd  to  the  original  solution.  The  whole 
of  thf  anode  solution  is  ll.  n  titmttd  with  N- 
jodium  hydroxide.  The  copper  can,  of  course, 
be  eetioated  by  weighing  the  amalgam. 

Sfparntion  of  /loftium  from  calrium  and 
iiitMjiujsium.  When  calcium  and  magnesium 
«altaare  electroly-^cd  in  Hildebrand's  a|)paratus, 
it  !■»  fmind  that  the  hydroxides  of  these  metals 
an  prutipitatfd  in  the  inner  celL  It  has  therefore 
been  found  p(»nibile  to  separate  aodium  from 
these  metals  by  menn.^;  of  this  apparatus,  llie 
outer  cell  contains  all  the  sodium  as  hydroxide, 
;ind  the  H'dium  can  be  determined  1^  titration. 
The  analytical  reeulte  obtained  are  pcaotically 
theoTtticai. 

In  a  similar  manner  barium  can  be  separated 

from  ( Alcium  and  magnorium. 

Arsenic. 

It  IS  not  {xissible  to  deposit  anenic  quantita- 
tively in  the  metalloid  condition,  neither  can  it 
be  precipitate*!  at  the  ano<ie  as  oxide.  ArMcnic 
is  readily  converted  by  nascent  hydrogen  into 
acMoiuretted  hydrogen,  its  gaeeous  hydride, 
AaH^;  hence,  electrolytic  methods  of  analyttiH 
are  not  UAually  employed  for  analysing  arsenic 
eompooridM.  it  is,  however*  poasible  to  estimate 
Vol.  I.— r. 


very  email  quantitkM  of  amenie  contained  in 

foo<!,  lie,  by  clccf Tolysis.  The  })roc«'.ss  consists 
in  evolvinjg  elcctrolvtic  hydrogen  in  prctwoce  of 
the  areenie,  whereby  the  arsenie  is  oonverted 
into  nr.-cniurcttrd  hyilroycn.  Tho  gaNcona 
hydritle  ts  then  passed  through  a  glaas  tube* 
heated  by  a  small  BmMen  Iramer,  as  in  the 
Marsh  apparatus,  whereby  the  arsenic  is  de. 
posited  upon  tho  tube  in  the  form  ol  a  mirror. 
In  order  to  eetimate  the  amount  ol  the  anenie, 
the  mirror  is  then  compared  with  mirrors  pre- 
paretl  from  known  quantities  of  arsenic 

In  1812  Fischer  (Gilbert's  Ann.  4S.  9S)  euff. 
pested  the  employment  of  thr  drrtrir  fiirrriit 
to  detect  the  jiresence  of  very  finuU  uuantilies  of 
arsenic.  It  was  again  suggested  ny  Bloxam 
(Quart.  .Tourn.  ("hem.  S«k;.  iHtJI.  i:>.  12  atul 
.338)  in  18<{1,  but  the  apparatus  bail  M^vcral 
disaclvantagCK,  and  never  came  into  practical 
Mac.  Sinct;  then  various  modifications  have  been 
suggested  by  different  authors,  and,  in  1903, 
Thorpe  (Joum.  Chem.  Soc.  1903)  deaoribes  a 
new  f(irrn  of  apparatus  \Oiich  liay  been  success- 
fully employed  for  the  analysis  of  traces  of 
Mienio  in  lood»  beer,  and  other  sobetaooea. 


Fio.  60. 

It  oonsints  of  a  platinum  cathode  hung  in  a 


glass  c\  lindrical  ve.-j>el,  mIiu  >i  is  o|X!n  at  the 
end,  and  tits  into  a  Fukal  pi-rous  cell.  The 
porous  cell  is  surrounded  by  the  anode,  and 
Htand.t  in  an  outer  ve^arl.  The  nppT 
portion  ot  the  cylinder  ia  open,  and  had  a 
ground  neck  for  the  insertion  of  tho  drying  tube 
tilled  with  anhytlrous  calcium  chloride,  and 
also  carries  the  funnel,  which  is  fitted  with  a 
tap.  through  which  the  solution  to  be  tcstotl  is 
run  in.  A  capillary  tube  is  connected  to 
the  end  of  the  calcium  chloride  tube.  Tho 
middle  of  this  tube  is  heated  by  mean.s  of  tho 
small  IJuiv«en  hurn«»r.  and  is  surroundcfl  where 
the  flame  heats  it  with  a  j)icce  of  platinum  or 
iron-wire  ga  use,  to  prevent  th<  tnU'  l>eing  fu.s<d. 
The  whole  ap[)aratus  is  placed  in  a  vessel 
coutttiuing  cold  water,  to  prevent  undue  heating 
during  electrolysis. 

Method  of  'ux>rhtng.  The  apparatus  is  care- 
fully washed  with  di-^itilled  water.  The  outer 
cell  E  is  filled  with  <liluU'  sulphuric  acid  (30  p.c), 
then  the  inner  cell.  (Tho  porous  cell  should  bo 
soaked  in  dilut*  sulphuric  acid  for  about  half 
an  hour  Ix-fore  being  u.sed.)  As  suu-i  as  a!)  the 
connections  are  made,  the  Bunsen  burner  is 
placed  in  position,  but  not  lighted,  and  the 
current  is  jMiKscd.  A  current  nf  al  tmt  fi  amperes 
should  \k  used  ;  the  escapin/j  hydrogen  thereby 

*  Di|itized  by  Google 
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]ifodaceg  a  flame  ci  about  3  mm.  in  eife.  An 
soon  aa  ali  the  air  has  been  driven  out,  which 
usually  occupies  alK>ut  10  minutes,  the  isiiuiug 
hydrojETon  is  igDited  an<I  ihc  Bunsen  burner 
li{»hto(!.  If  aft(  r  hIhuiI  15  minutes  no  browTi 
ring  makes  it-?  aiipcaraace,  the  rcagcnt«  may  he 
considered  free  from  arsenic.  At  the  end  of 
30  minutes  the  capillarv  tube  is  pcaleil  off. 
and  the  open  end  also  fused  together.  The 
mirror  is  then  compared  with  W»  fttaodftrd 
mirrors  as  above  dcscrilwd. 

Preparation  of  siavdard  mirrors.  Pure  re- 
Miblinied  arsenious  oxitlo  is  ground  in  an  agate 
mortAT  and  (!ri*>d  at  100°.  Then  O-l  gram  is 
onrefully  A\(i^hi'd  and  washe<l  into  a  l-litro 
flasli,  the  fla^k  Iwing  filled  to  the  mark  with  dis- 
tilled water.  £ach  1  c.o.  of  this  solution  con- 
tains 0-0001  arienioQS  oxide ;  100  c.c.  of  this 
solution  aro  diltiU'd  to  1  litre.  Thif<  second 
sohition  contains  OOOOOl  gram  of  wnenious  acid 
in  each  1  O.O..  or  0<01  mg.  StuMlaid  tabes 
rontaiiiini:  0  001.  n  OOO,  0<W)9»  O-OIO,  fto.,  mg. 
can  then  bo  prepared. 

'Wh'ni  foo<ktuffii  u«  being  examined  for 
arsenic,  Thorpo  consiilcrM  it  aiivisablo  to  take  a 
portion  of  the  foodstuff — arsenic  free— and 
mix  it  with  the  known  (piantlty  of  anenio  before 
procrcdiii;;  to  clfctrolv.-o  it.  The  standanl 
mirrors  are  thus  prepared  under  the  same  con- 
ditiona  as  thoee  under  which  the  aospeoted  food- 
BtofT  is  te.iled. 

S.  R.  Trotman  (J.  Soo.  Chem.  Jnd.  23,  177) 
reoommends  the  adoption  of  a  parchment 
membrane  in  place  of  the  porous  Pukal  cell, 
as  he  considers  this  decreases  the  resistance, 
and  thoa  makea  the  apparatus  more  sensitive. 
It  is,  hnsvrvrr,  not  so  convenient  to  ti"'*. 

Sand  and  J.  K  Hackford  (Chem.  Soo.  Trans. 
85,  1018)  use  the  parchment  membrane,  but 
they  also  employ  a  h<;iw  load  cathode  and  a 
load  anode.  Their  Hpuaratus  is  thereby  much 
obeaper  than  that  usea  by  Thorpe^  and  is  said 
to  bo  equally  aoouiate, 

MftaUic  Separations. 

A  large  number  of  separationa  of  metals  by 
electrolytic  methods  have  been  %^orked  out, 
but  in  many  ca^os  a  purely  chemical  procedure 
or  a  combijiation  of  electrolytic  and  chemical 
mathods  is  easier.  There  are,  however,  ca.'*es 
in  \vhiL'h  sat if4 factory  and  rapid  electrolytic 
separations  can  be  carried  out.  A  few  of  the 
more  important  are  given  below. 

Coj>prr  from  nicXrl.  By  oinplo\ int:  a 
rotating  anodo  with  an  auxiliary  electrode, 
and  maintainuig  the  oatiiode  potential  at 
0'7-0'75  \olt,  copper  can  Jw  dcpoailed  from 
solutions  containing  sulphuric  acid.  The  solu- 
tion is  then  made  duline  with  ammonia,  when 
the  nickel  ran  l>o  deposited.  Tf  tho  rathodc 
potential  \a  not  re|;ulated,  small  ouantitiee  of 
tho  nickel  are  deposited  along  with  tne  ooppor. 

Kxncr  (J.  Amor,  riiom.  Sor.  2.').  ROM)  finds 
that  by  employing  a  solution  containing  nitric 
acid  and  ammonium  nitrate  (volume  of  sohition 
12.^  c.c;  HNO3,  0.25  or.:  ^  cram  XH.NOj) 
and  using  a  rotating  ano«it%  it  itt  )K>ssible  to 
deposit  aH  much  as  0-2.5  gram  copper  in  15- 
20  minutes ;  the  nickel,  w  hi;  li  may  Ix-  of  c  c|ual 
weight,  remains  in  solution,  and  can  ho  ufLcr- 
wards  deposited. 

Copper  from  kad.  Since  lead  is  deposited  horn 


solutions  containing  nitric  acid  n.s  {mroxide  on 
the  anode,  whilst  copper  is  deposited  a.'j  metal  at 
the  cathode,  it  might  be  8up|M)aed  that  there 
would  be  no  difficulty  in  depositing  both  mrtals 
ponrtirrcntly.  It  mu.st,  hnwcvpr,  berememHerr^l 
that  uiile«ja  there  a  coiLsiderable  concentrAtiua 
of  nitric  aoid,  a  portion  of  the  lead  \v'ill  be  de- 
posi»od  ftt;  metal  at  the  anode.  On  the  other 
hand,  lu  ])resenee  of  copper,  the  tendeucy  to 
reduct  ion  of  the  lead  anci  its  appeaimnoe  »t  the 
cathode  is  decreased  ;  that  is  to  say,  in  proscnr** 
of  copper  a  lower  concentration  of  nitric  acid 
is  reauired.  It  has,  therefore,  been  found 
possible  to  separate  tho  two  me  tab*.  Th« 
volume  of  solution  employed  was  85  c.c,  and 
contained  1  c.c  HNOj  (1  : 4).  With  a  roiiinnjr 
anode  and  a  ounent  of  2  amperes,  the  whole  of 
tho  lead  was  deposited  in  5  minntcM.  Tho 
eurrent  waa  then  increased  to  10  ampcrtis,  when 
the  last  traces  of  copper  w«re  removed.  The 
washing  and  dry  ing  ot  the  anode  deposit  reqvirea 
care,  ^-mcc  the  peroxide  Mhen  de{x)sltc<l,  from 
weak  aoid  solutions  does  not  adhere  so  as 
^m  stronger  solutions  (San<t). 

Copper    and    ar.Huir.    M<G»y    finds  thj 
following  conditions  give  a  satisfactor;}'  deposit 
of  copper  in  presence  of  aiwoie.   The  menio 
I  remaining'  i"  ib<'   -niiition  cannot,  however,  bo 
'  estimated  elcctrolytically,  unless  present  in  wry 
small  quantittes. 


To  the  solution  20  c.c'  ammonium  1 


{sp.  gr.  0*91)  and  2-5  gram  ammonium  txitraie  are 
addM,  the  volume  of  solution  bein^  1S5  e.e. 
Tlie  .solution  is  then  electrolysed  af  a  tcMnjvrat-uro 
of  SO^-SU",  With  0-6  ampere  per  100  aq.  deem, 
of  eleetrode  surface.  As  much  as  0*22  fj^wra 
of  copper  will  be  deposited  in  3  hours.  With 
a  rotating  anode  about  15  minutes  Are 
required.  In  this  sdliition  the  arsenic  shovild 
1)0  present  as  arsenate.  Copper  and  nr«f*nic 
may  also  l>e  separated  electrolyticaII>-  from 
soliitiofi.^  containing  potassium  c3ramd[e.  If 
acid,  the  solution  is  neutralised,  and  then 
sufficient  potassium  cyanido  added  to  ju&i 
redissolvo  the  precipitate  first  nodnoed.  With 
a  current  0-2t--0'27  ampere,  tn<^  ^hole  of  the 
copjKT     dcjxisited  in  about  thrw  hours. 

Antinumy  frotn  tin.  Tin  can  ho  quantita- 
tively deposited  from  bolutions  cc>nt5»:-!in? 
ozcesH  of  ammonium  sulphide.  It  cxaiuiOt, 
hofTOTOV  ^  deposited  from  solutions  ciNitetB* 
ing  excess  of  sodium  sulphide.  Antimony,  on 
tho  other  hand,  can  bo  deposited  from  solutiona 
containing  oxcchs  of  sodium  sulphide.  It  is 
therefore  possible  to  separate  antimonv  froai 
tin  by  adding  excess  of  sodium  sulphide  to  & 
solution  containing  the  two  met^tls.  If  the 
solution  is  aoid,  it  a  fint  made  slightly  alkaline 
with  sodium  hydroxide  before  the  aodium 
sulphide  is  adde<l.  It  i.-^,  however,  letter  t<i 
first  precipitate  the  two  metals  as  sulphidea,  and 
then  dissolve  them  in  a  eoneentrated  solnticm  of 

.';(>dium  bulphide.    The  tin   shcmld  Iks   in  thi 
stannic  state   The  solution  is  olecUx)lysed  at  a 
temperature  of  60*-60*  with  a  current  of  from 

0'2  to  0-9  ami)ere  jx-r  s(j.  dcm.  of  t  h^ctr>>de 
surface.  In  trom  2  to  4  hours  tho  whole  of  U»r 
antimony  is  deposited.  It  is,  however,  ahiHHtf 
idway.s  oontami-i  it' ■!  w'l'h  small  quantities;  i>f  tin 
In  order  to  deposit  the  tm,  the  sodium 
sulphide  most  be  dMompoaed.  Tlib  k  done  hx 
adaing  about  S5  gram  of  aii|jiK»iinni|^si^nligi^^ 
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•nd  boQing  until  no  nMire  hydrogtii  solphidtt  is  ampere,  and  maintain  tho  potential  at  l*l~I-6 

evolvffl.  The  tin  i.s  now  deposited  1  ^  rl>xtro-  volt.  The  silver  M"ill  bo  completely  deposited 
ly^mg  irith  a  cuneot  density  of  from  0*3  to  0*5  ,  ui  from  4  to  5  bouis.  After  tho  silver  has  been 
amperes.  {  weighed,  the  eleottode  ia  ropLacod,  tho  onmnt 

The  fK>t  method  of  T^epiratin^;  antimony  and  voltago  inocoaaed,  vHiea  tbo  ooppw  wUl  be 
and  tin  id  that  of  8and,  by  means  of  graded  deposited. 

potential  and  a  rapidly  rotating  anode  (Ghem.  j     Silver  may  also  be  separated  from  eopper  in 

S'or.  Trans,  xciii.  (2)  1908,  1572).    From  solu-    ammoniaoal  solutions  bv  u.sin<;  an  anxiliarx  vh-c- 


tioas  oontaining  atrong  sulphuric  acid  (1:1) 
antimony  ie  deposited  at  an  awdlianr  potential 

0  'k'  volt  \\h*-n  thr  trmperaturo  ia  kept  above 
I«M>%  and  a  small  quantity  of  hydrazine  sulphate 
is  added.   Tin,  on  tlie  other  hand,  under 

similar  conditinn^,  i«i  not  drpositod  bolnw  0-8 


trode,  and  keeping  tho  potential  below  0-5  volt. 
Iron  from  Stker  meUU.   foon  oaa  readily  be 

separated  from  ahiminiutn.  vanadium, glurinum, 
uranium,  thorium,  and  many  other  metald  with 
whwh  it  may  be  alloyed  by  dissolving  in  ml- 
phurir  acid,  filtrring  frf)rn  any  residue,  nearly 
volt.  The  method  (»C  pn^H-ediiro  when  dealing  .  neutralii$ing  with  ammonia,  and  electroljeing 
with  alloyjs  of  antinu)ny  antl  tin  is  as  follows : —  |  with  a  mercury  cathodo. 

The  alloy  Is  di^solvt■d  in  a  mixture  of 
40  C.C.  cone,  sulphuric  acid,  5  c.c.  water,  and 
8  e^e.  nitrio  add  <1 !  4S) ;  on  heating  to  180^-200* 
solution  rapidly  takes  place.  It  is  necessary 
tti  rttuiovo  the  nitric  acid  because  it  causes  the 
formation  of  antiraonic  acid,  which  is  only 
>I  nvlv  ndneed  to  the  metallic  stat<?  electro- | -1-20  volts,  and  th 
l_>-ticaliy.  In  order  to  deA.'umi)os('  the  nitric  temperature  of  30° 
aind(nitrtMitil phonic  acid),  a  current  of  5  amperes 
is  pa«^<l,  and  the  liquid  heateil  to  25^>°-270^ 
After  the  current  liaa  Lcea  passed  for  5  to  10 
mniut^a  at  the  high  temperature,  it  is  stopped. 
Th»-  s«ilution  is  coolwl  to  100*,  and  0'6  gram  of 
hydrazine  sxilphate  added.  (N.B. — The  amount 
of  hydrazine  siUphato  added  should  be  equal  to 
tibe  vrei£;ht  of  metal  taken. ) 

The  temperature  is  then  raised  to  300*.  It 
is  again  cooled  to  100**,  when  from  30  to  40  c.c 
of  w-ater  and  anotbar  0*6  gram  of  hydraaino 
sulphate  are  added. 

The  anode  *  is  then  rotated  lo  ensure  mixing 
of  the  solution,  the  temperature  of  which  rises 
to  about  120".  The  andysis  is  now  begun,  the 
auxiliary  potential  having  fir^t  been  adjusted 
to  0*63-0*05  volt.  The  current  will  vary 
between  S-4  amperes,  and,  at  tho  end  p|  the 
electrolysis,  m  UI  «irop  to  0-4-0-5  volt.  Time  of 
ctootrolyais  from     to  30  minutes. 

Tho  tin  is  determfaied  aa  foUowa:  The 
solution  after  the  antimony  has  been  de{x)site<l 


Ctidmium  from  zinc.    These  metals  can  be 

Xratetl  by  means  of  graded  potential.  The 
don  is  mado  up  by  adding  first  2  c.c.  of 
cone.  Fiilphuric  acid,  then  3'33  f^Tam.s  of  sodium 
hydroxide,  and  1  c.c.  of  glacial  acetic  acid.  Tho 
auxiliary  electrode  is  kept  at  a  potential  of  1*16 

.solution  cleetrolysed  at  a 
Tho  whole  of  the  cadmium 
will'  bo  deposited  in  11-14  minutes.  Tiio 
potential  is  afterwards  rni^»d,  when  the  one  can 
be  deposited  in  about  30  mitiutes. 

Bibliography. — Electroanalv-sis,  by  Bdgar 
Smith  (P.  Blakiston's  Son  &  Co.,  Philadelphia)  ; 
Practical  Methods  of  Electrochomiiitry,  by  F. 
Mollwo  Perkin(I>onginan8, Green,  &  Co., London); 
Elektroanalytische  8ehnfllmetho<lcn.  by  A. 
FiAcher  (Fordiimud  Eivke,  Stuttgart) ;  Quantita- 
tive Analyse  durch  Elektrolyse,  by  A.  Classen 
(Julius  Springer,  Berlin);  Analyse  des  M6taux 
par  l^ectrolvse,  by  A.  Holland  et  L.  Bertiaus 
(H.  Dunod  et  K.  Pinat,  Paris).  F.  M.  P. 

ANAMIRTA  COCCULUS  or  A.  PAMIGULATA 
(Colcbr.).  The  former  is  tho  superseded  name, 
and  the  latter  the  true  name,  of  the  Indian 
Memspermaoeous  liano,  whose  dried  froita 
(Grains  of  Paradise)  arc  supplied  under  the  name 
of  C( -  ■/.■//■''/'.  fr.  r'.i<<  1     s  ivnirrs). 

ANANAS,  OIL  or  ESSENCE  OF.  A  solution 
of  ethyl  bntyrate  in  8  to  10  times  its  weight  of 

aleohol.  It  possf  s.sei5  the  odour  of  the  v'mv - 
»  mixed  with  about  4  grams  of  oxalic  acid,  and  .  apple  (^nana«  aativm  (Schult.)),  and  is  employed 
n  nentnlised  with  stra^  ammonia.    In  order  |  in  conmstionery  and  perfumery ;  slao  to  jmitato 

to  prev  ent  lo-'s  by  spurtmg  the  electrodes  are  the  t1  i  ur  of  rum  (Hofraann,  Annalen,  81,  87). 
placed  in  position,  tho  rotating;  stem  being  I  ANANDONIS  GREEN,  Hydraled  chrmnium 
pnanrd  through  a  hole  drilled  in  a  dock  glass,  j  sesqui(Keide  {v.  CrbOMIUM). 


Irhe  ammonia  is  poured  on  the  cUK  k  glass  and 
runs  down  tho  stem  of  tho  eloctrudu  into  tho 
aolntiao,  the  anode  or  inner  electrode  being  at 


ANASPAUlf.  I^nde  nAme  for  •  form  of 

wool-fat. 

AN ATASB  or  Odahedritc.   One  of  the  tri. 


being 
small. 


the  same  time  rotatc<l.    Considerable  ebullition  i  tnorphous  fornif*  of  titanium  dioxide  (TiOj)  met 
msucs,  but  none  of  tho  liquid  is  spurted  out.  |  with  as  crystalliMtti  minerals ;  tho  others  bei 
Exact  neutiaJisatioti  h  ascertained  by  tlio  nao  of  |  rutile  and  brookito.   It  is  found  as  s 

meth'  1  "ranrre  as  indicator.  Litintis  ennnot  bo  isolated  ery^tals  of  a  eteel-blue  or  honry- 
cmpioyefi.  timco  its  colloidal  nature  hiiuler*i  the  j  yellow  colour,  in  schistose  rocks,  particularly  in 

the  Alps. 

ANCHIETA  BARK. 


deposition  of  tho  tin.  After  neutralisation, 
0-.!J-0  75  e.e.  of  sulphurie  acid  an^  added  for 
i  \  <  T\  crani  of  o.xalic  acid  proviouaiy  added. 

1  hr  solution  is  electrolysed  «t  ft  temperature 
of  To°  with  a  current  of  3-4 ftmpnei.  Time  of 
deposit,  tiiMjO  minutes. 

Silver  tmd  cttpprr.  (Smith  and  Frankel, 
Amer.  f^em.  J.  12,  104.)  To  a  neutral  solution 
ol  the  Sliver  and  eop^r  salt,  add  2-3  grams  of 
potassium  cvanidc.  Electrolvne  at  a  tcm- 
of  65* 'with  a  current 'of  0-03-0O5 


*  After  tbs  metal  hssdtssoiTed,  the  tnlMeqiientoiwra* 
ttoM  are  emxted  out  with  ths  electrodes  In  position. 


L.  J.  S 
The  root  bark  of  An- 
chietea  saluiaris  (A.  St.  HiL),  one  of  the  Violacea», 
a  bushy  shrub  growing  at  Rio  de  Janeiro.  It 
contains  anchu lint,  n  sul«1*nu  o  ervf5tal!i«»ing  in 
straw>colourcd  uectlies,  havmg  a  nau.Heoua  taste. 
Used  for  svphilis  and  qnirn^  (Feokolt,  Anh. 
Pharnv  ro]  07,  271). 

ANCHUSIN  {Alkannin)  v.  Ai.kannkt. 
I       ANDA-ASSU,  OIL  OF.    An  oU  .  d)taineti  from 
the  s<  Mtl.;  (A  Joanna  «ia  PrinciM  (Veil.),  belonging 
to  the  Kuphorbiaceae,  growing  in  Brazil.    It  w 
.  clear,  sUghtliy  yellowish,  odoufkas,  with  a  taste 


260 


ANDA-ASSU,  OIL  OF. 


at  fint  fUMMMt&ig  and  then  smet.  It  solidifiei 

at  8**.  it«  .sp.gr.  at  IB*  is  (Pham.  J.  [3] 

12. 3tM». 

AHDAQUnS  WAX  v.  Waxws. 

ANDROGRAPHIS  PANICULATA  fX.  .  )  or 
Kuryai.  An  Indian  plant ;  i»  ased  aa  a  tonic, 
and  IB  rimilar  to  quamia  In  its  action. 

ANDROPOGON  OILS  >  Oir.s.  EsSBXTIiO. 

ANDROSIN  V.  GLuco<iiD£s. 

AIIBSIN  {Anumt).  An  aqueous  8<rfuti<m  of 
ncf'trmpchlomform,  having  marked  ana>sth(^tic 
and  hypnotic  projK'rties  (Apoth.  Zeit.  1897,  i2. 
608)  (v.  Ac;KToxK('iiL()RoroitM}. 

AMETHOL  V.  Oils,  EssiirriAii. 


AM OSIiICA  OIL  V.  Oils,  Essbhtul. 

ANGICO  RESIN.  A  Brazilian  gum  obtained 
from  Piptadeniarigtda  { Benth. )  [-^cocm  Angico] ; 
soluble  in  water  and  proof  spirit.  Used  in  che.^t 
complaints  (Symes,  Pharm.  J.  (3]  13,  2tn). 
Angico  wood  is  thai  of  another  Brazilian  it  pu- 
minous  plant,  EnUrdohium  t  Uiplicum  (Benth). 

ANGLESITE.  Nati\  c  l.  a<l  Milphatc  (TKSO,), 
forming  brilliant,  colourless,  orthorhombjc  crys- 
tals, iiiomorphou8  with  barvtcs  (BaSO^)  and 
ctli-stit<'  (SrS(>4).  It  orrur.-*  in  the  upjxT 
oxidiMHl  zones  of  veins  of  lead  un.  havini* 
resulted  by  the  alteration  of  galena  (PbiS).  It 
is  less  coninioo  than  cernsaite  (PUX),).  witb 


P.  Feed  hopper  for  borinst. 

G.  Chariduit  dish. 
U.  Vapour  pipe  to  coudeoaer. 
J.  I'ure-steam  pipe. 
K.  AniUne-Hteanido. 


A.  AoUiae  pan. 

B.  AftiUthig  bladex. 

C.  Side  liniriK  plates. 
Di  Bottom  do. 
K,  Wood  plug  for  hopper. 

which  it  ha.s  sometimes  been  mined  as  an  ore  of 
lead.  Clood  crNstuls  }ia\f  l>(>cn  finiinl  at  many 
localitiett,  pcrbapH  ihuhI  abuii'lniuly  at  Hrukcu 
Hill,  in  New  Soath  NN'ales.  The  minend  take8 
it.H  name  from  the  Isle  of  Anglesey,  wht-re 
crystnl-i  wrre  found  hv  W.  Witherinir,  in  1783, 
in  til'  I ^  '  '1  'I r-  II'  1' L.  .J.  S. 
ANGOSTURA    BARK    or  AMGUSTDRA 

BARK  r.  (  UMl-ARIA  BARK. 

ANHYDRITE  v.  Calc k  m. 

ANIL.    The  name  of  the  Amrrirnn  pp<  i  ic^ 
oi  the  indiLH)  plant,  Indiyo/tra  mul  ^Linn.j. 
ANILINE. 

Hi  Mori/.  —  First  observed  l»y  Unverdorl>en  in 
1826  among  the  products  of  the  destruutivo 
distillation  <A  indigo.  Deteotod  by  Bunge  in  oosl 


L,  Gtttter. 

M,  Rflceivins  pan. 

X.  l*ipe  from  S'.B.  tattk. 

O,  CoadcDier. 

V,  OvwOowr. 


±10.  1. — Anilixb  Oil  Plant. 

S.  Cold-water  Inlet. 
,  Rireiver. 
S,  Steam  pomp. 
T.  SetllinK  tab«v.  * 
V,  Air  prcMure  eec- 

tar  in  1834,  and  by  Fritzflche  in  1H40.  amoQ^ 

lilt'  products  o!>taine(l  b\  distilling;  indigo  with 
alkali  hytlroxidis.  l'n'[>Hrid  by  Ziiun  in  lJt4t>, 
by  the  reduction  of  Mitstlu-rlich's  nitrobenzene 
with  hyilrojicu  siilphiili'.  rns  cnlorben  called  hu 
product  krij^tdilin  ;  Kungf,  kyatiol ;  Fritxschr, 
anilin;  Z'mm.  I >nnidam. 

In  1843  HofnuiRii  Nliowed  that  nitrobenzene 
could  be  nMlufcd  l)y  a  metal  such  aa  zinc  in  the 
])rcsence  of  a  dilute  acid,  and  also  that  krvNtallin. 
kyanol,  anilin,  and  Innizirlam  wen'  idmii/id  with 
each  other.  Shortly  atterwanLH  Bfchamp  hIau^I 
that  nitrobenz<mo  ooohl  be  nxluccil  by  ferrous 
acetate  in  tlu'  prfstence  of  wat^r.  V'lit  that  the 
oxalate,  .-tulphate,  &c.,  had  no  effect. 


In  the  yew  1860  Ftekin's 


uvc 


ANILINE. 
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gaire  rke  to  a  commercial  demand  for  aniline, 
iiid  the  manufacture  wm  oommenoed  by  MeMn. 

SiiDpjton  fc  Maule. 

Prepnratian, — Benzene,  tht-n  t>ivly  ubtained 
in  amail  qwuititiea  and  with  much  difficulty,  as 
the  treatment  of  tar  Fcarci  ly  existed,  was  intro- 
duced into  c;laas  Lalloons  (knowm  as  '  bolt 
bwida  *)  of  1  gallon  capacity,  and  the  calculated 
{futntity  of  nitric  acid,  mixed  wiUi  about  an 
(^iwil  voiume  of  sulphuric  acid,  wax  i^railually 
abided,  the  mixture  swung  zound  and  well 
•^ifatcti,  and  then  allowed  to  stand.  It  was 
^mml  to  have  about  twenty  balloons  in  a  row, 
•nd  to  add  acid  in  tum  until  the  feaotkm  wm 
cximplete. 

The  nitrobenzene  wa.s  bcparat'cd,  wai<hi'<l,  aiul 
rtdoced  with  iron  borings  and  «eetio  acid,  at 
firet  in  a  copjx'r  still,  later  in  an  iron  cylinder. 
TTm"  aniline  was  freed  from  water,  rectified,  and 
*As  then  rtwidy  for  uae.  The  selling  price  WM 
about  a  guinea  a  pound. 

Somewhat  lat*r  cast-iron  cylinders  of  con- 
.sf'lerable  size  were  u»c<l  for  the  rctluction,  acetic 
acid  beins  still  uaed  and  neutralised  with  soda  or 
lime  at  the  end  of  the  reaction,  and  the  aniline 
was  in  some  factories  distilh'd  off  over  a  naked 
fir»,  in  others  steam  was  blown  into  the  mixture, 
and  the  aailhte  and  water  condensed  and 
*'P*rated.  Ac«  t  '  i  id  rontimn-d  to  be  used 
ontil  about  ItttM^.  bince  that  time  the  apparatus 
hM  unilerfone  little  change,  the  treatment  con- 
•i-tir.L;  in  reduction  mainly  by  the  iis<-  of  iron 
ami  water,  hydrochloric  aokl  being  employed  to 
■tut  the  fcaetioa. 

Tin-  aniline  machine  .thown  in  T'iti.  1  i>'  tlie 
tvpe  that  gives  the  best  results.^  A  caret ul 
mnpariBOtt  Mtween  "Uiis  design  and  the  hori- 
zontal machine-  ha>'  provetl  unmistakalily  that 
the  v^ical  machine  is  more  econumical  and 
better  m  every  respeet.  Tim  is  particularly 
\h'  with  r^g(ard  to  repairs  and  maintenance. 
TiLv  miichinc  is  of  cast-iron,  1|  inches  thick,  with 
Hrirtng  gear,  agitating  Hhaft,  and  blades,  as 
»hown  in  the  sketch.  .\n  important  feature  is 
the  rvi)<  \vable  cast-iron  lining  i)latei4  at  the 
»idn  and  b4)ttom,  which  protect  the  machine 
from  the  friction  cauj»e<l  by  the  re  vol  vine  mass 
of  iron  buringn.  It  is  6  feet  6  inches  deep,  and 
4  feet  0  inches  in  diameter,  having  a  total  capa- 
citv  nf  (150  l'hIIoiis.  Steam  is  adniitted  throuuh 
tliu  vertical  >^haft,  whit  h  is  hollow,  and  paivscs 
through  the  extremities  of  the  horizontal 
aptaf  ini;  bla<iej».  Twenty-one  of  these  niachines 
■le  required  to  produce  150  tons  of  aniline  oil 
peroMmth.*  A  chaij;e  of  1000  lbs.  of  nitrobenzene 
Mnminto  the  receiving  pan  above  the  machine. 
Tb  ftart  the  reaction,  I  cwt.  of  clean  cast-iron 
Ixirinifs,  10  gallons  of  hydr«ichloric  acid,  an«i 
<>gaUons  of  water  are  run  in  through  the  funnel- 
•taped  hup|K>r,  and  mmnltaneonsly  steam  m 
'ornfd  on  and  the  nitrobenzene  nin  in  a  thin 
ttream  into  the  d»h  on  the  top  of  the  machine. 
The  wooden  plug  in  the  hopper  is  driven  in  tight, 
and  the  spjice  betvu  n  it  nud  the  hopper  is  kept 
faUof  iron  borings.  By  dexterously  roanipulat- 
the  wood  plug,  tkie  borings  oan  be  added 
^ithfjut  allowing  any  vapour  to  escape.  This 

'  8ae  Gbsa.  Trade  J.  1«0«,  18,  60.  The  writer  it 
faiHlaJ  to  Mkwn.  Davis  Bios,  tor  pwrnfulm  to  repro- 
swUw  two  invcs. 


*  Lav*  auMbtoes,  on  the  same  pdaeMe.  In  whtdi 
mml  tops  of  Bitrobeniwis  csa  bsfsdaesd,  are  ued  by 
infsctarsta. 


simple  method  of  *  f ceiling '  the  iron  borings 
has  provetl  better  than  many  of  the  mechanical 
fee<liiiy  ill' vices  that  have  been  tried.  Distilla- 
tion proi'ceds,  and  the  distillate  pai^Hes  through 
the  condenser  And  runn  back  into  the  dish, 
together  with  the  nitrnl  i  n7eT\o  which  is  carried 
over.  The  Iran  boringa  and  nitroheiizono  are 
added  only  in  sufficient  quant  it  i<-s  to  maintain 
a  constant  level  in  the  fiish.    If  the  reaction 

f»roceetls  too  violently,  hns  is  cauKe<l  by  the 
ormation  of  benzene.  When  the  level  oi  the 
liquid  in  the  dish  bej^ins  to  lower,  the  supply  of 
nitrobenzene  and  iron  IwringK  is  increase*!.  1'his 
process  is  continued  until  the  whole  charge  of 
nitrobenzene  is  run  in,  which  takes  about  10 
hours.  UTio  total  weight  of  iron  borings  re- 
quire<l  is  9  cwt.  A  sample  eauf.dit  as  it  runs 
from  tho  comlenser  shfudtl  then  ho  i\utU"  fn>o 
from  nitrrdienzene,  and  the  machine  will  contain 
only  aniline  oil,  water,  and  oxide  of  iron,  Tho 
supply  of  steam  is  then  increasiil,  so  as  to 
distil  over  the  aniline  oil  and  water.'  and  tho 
distillate  is  divertetl  into  the  tank  beneath 
the  condenser.  The  steam  used  for  this  dis- 
tillation  is  not  pnre  steam,  but  is  generated  from 
the  aniline  Mater  mentioned  belo« .  in  a  separate 
boiler.  The  aniline  water  is  that  which  separates 
from  the  oil  in  the  eeparating  tubes,  and  con- 
tains  aljout  2  p.c.  of  anilinr  oil  in  solution.  The 
aniline  and  water  in  the  tank  below  the  con- 
denser  are  pumpe<l  into  the  settling  tubes,  and 
allowed  to  settle  for  IS  hours.  T)ie  distillation 
of  the  oil  and  water  from  the  machine  takes 
about  7  hours,  and  durhig  the  last  hour  pure 
stcjim  i.^  again  used,  so  that  when  the  operation 
is  hnishet^  the  condensed  water  left  in  the 
machine  wlU  be  free  from  aniline,  and  can  be 
used  for  fluf^hin^  (mt  the  oxide  of  iron  into  thu 
gutter  which  runs  to  the  settling  tanks  outside. 
The  oxide,  after  the  water  is  drained  off,  is 
dried  and  ground,  an<l  dis{xjse<l  of  for  tho 
purification  of  ooai  gas  from  sulj^hur.  l^gv 
quantities  art*  also  now  being  used  in  the  manu- 
facture of  cheap  black  paints,  and  tho  con- 
sumption in  this  dim^liiiii  is  uicrea^^ing.  The 
aniline  oil  which  has  settled  to  the  bottom  of 
the  scttliiiLr  tubes  is  run  off  into  the  air-pressure 
egg  below,  an<l  blown  into  the  crude  aniline-oil 
store  tanks,  ready  for  the  final  purification  by 
distillation  in  the  vaeuum  .still.  The  upper 
layer  of  water  left  in  tlie  .^'tiling  tubes,  and 
which  contains  about  2  p.e.  of  aniUne  in  solution, 
is,  as  alreatly  explainwl,  usetl  for  feetling  the 
aniline  steam  boiler.  The  averagt^  yield  of 
crude  aniline  oil  from  <ach  machine,  with  a 
charge  <»{  1000  lh<*.  of  nitrobenzene,  is  7r>5  lb.s. 
The  yield  of  pure  aniline  oil  from  nitrobenzono 
is  given  further  on. 

The  final  puritioation  of  the  crude  aniline  oil 
is  done  in  a  vacuvm  still.  Tho  sketch  (Fig.  2) 
shows  one  of  thew  stills  of  n*cent  desiiin.  The 
body  of  the  still  is  wrought-iron,  15  feet  long, 
and  7  feet  6  inches  in  diamet'*r,  having  a  total 
capacity  of  4000  gallons,  and  capable  of  dis- 
tilling 35,000  lbs.  in  one  charge.  The  steam  is 
suppued  from  a  boiler  having  a  working  ^n«ssure 
of  100  lbs.  per  sq.  in<li,  at  which  pn-.s-iure 
tho  steam  jKJsnesse.'*  a  tenjjMTHture  of  170®, 


>  la 


works  this  diatiUation  is  not  done,  but 


the  eootents  of  the  reduction  apf)aratai  are  paseeii  tm< 
mediately  throuRti  u  Alter  nreai,  the  flltmte  then  rvnnlog  ^  , 
directly  or  being  iiumped  Into  theeettlln<  ttfUgltized  by  Google 
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The  internal  steam  tubes  are  WTOught-iron, 
2  inches  in  diameter.  In  plaoe  of  the  UHual 
straight  tul)(s  which  used  to  ho  f'X]mTi(h'iI  into 
hoth  tnd  platcH,  bent  tubes  arc  employed, 
V  hie  h  (  titer  and  fetum  to  the  same  end  of  the 
Btill.  This  preventfl  the  *  tearing  *  of  the  tubes 
owing  to  exjmnmon  and  contraction,  and  the 
*  Ineathing  '  of  the  end  plate«.  The  *  column  ' 
U  of  cast  iron,  18  feet  high  and  9  inches  in 
diameter.  The  condensing  coils  consist  of  three 
vettinftl  fiat  copper  coils,  2  inches  in  diameter, 
arranged  side  by  side  in  a  '^^TOught-ircTi  truik. 
t  he  distillate  entering  al  1 1  h e  three  coils  si  n m  i  t  a  ru ' - 
onaly  from  the  Htill  head  by  mBKU  of  branch 
pipes.  '£hc  total  kngth  of  copper  pipe  in  the 


condenser  is  432  feet.  The  two  receivers  jperroit 
continuous  working,  ao  tbat  when  the  first  h 
full,  as  indicated  by  the  gauge-glas?  tuhc,  it  h 
shut  off,  and  the  second  brought  into  use.  The 
contents  of  t  he  Brst  can  then  he  drawn  off  wliile 
the  second  is  !i('in^'  filled,  aoid  tho  yacnom  ia 
thus  roaintaiuc-d  throughout. 

The  still  is  charged  with  35,000  Ifae.  of  erode 
aniline  oil  from  the  Ktorc  tank,  and  steam  i> 
turned  on.  The  first  fraction,  about  7  p.c.  of 
the  distillate,  consists  of  aniline  oil  and  wat*T, 
uhicli  i.-,'  added  to  the  crude  nil  jirid  writer  in  the 
seiMirating  tubes.  'J'Jio  next  fractiuu  is  '  li£?ht 
aniline,'  and  ooosiata  of  aniline  oil  with  a  small 
quantity  of  benMneu   If  the  xeduoUoQ  ol  the 


m9m 


Fig.  2. — Vacuum  Still  fob  Akiluse  Oil. 


A,  Vacuum  still. 

V,  Internal  hollow  stay. 

r,  Steam  tubes. 

1).    Do.  do. 

K,  Steam  inlet. 

F.    Do.  ootJet. 

n.  Vapour  pipe  to  ooodenser. 

H.  VreMure  gauge. 


J,  Condenser. 

K,  r uM- water  hilet. 

1..  Overflow  for  water. 

M.  Receiver  f ?r  diitaied  oU. 

N.      Do.  do.  do. 

u,  Connection  from  vacaim  pomp. 

r,       Do.      do.  do. 

Q,  Inlet  from  condenser. 


It,  Inlet  from  condeoicr. 

b.  Air-admiaston  tap. 

T,         Do.  do. 

v.  Kun-ofrtapfordiatUledai. 

V.     Do.         do.  do. 

W,  Oonaectian  finn  vaevBB  fwap 


nitrobenzene  has  been  carefully  performed,  this  |  The  procesii  of  reduction  and  rcctilicatiou  ^ 
fraction  is  only  about  4  p.c.  of  the  diiitillate.  |  deacribed  appUee  aim  to  tolnidineT  and  modifioa' 

It  is  collected  and  redistilled,  j;iving  pure  '  fion.s  of  the  process  are  iilso  In  u.-e  for  tlie  pn»- 
anilme  and  benzene,  the  latter  being  returned  to  ductiou  of  xylidme  and  alphanaphthyiainiue, 
tho  nitrobcnsene  department,  to  he  renitrified.  |  and  of  the  reduction  portion  for  the  maattfactoiv 
The  next  fraction  is  ptirr  aniline  oil  of  market-  of  inetaphenylenc-  and  nietatolvlono 
aliiu  quality,  clear  and  wattr- white.  The  tail 
en<l,  called  '  last  runnings,*  forms  about  5  p.c. 
of  the  distillate,  and.  on  redistillation,  yields 
80  T).c.  of  pure  markelabk*  aniline  oil.  The 
total  yield  of  puro  aniline  oil  obtained  from 
nitrohenrene  in  71 J  yi.e.  A-^  the  pure  benzene 
vU-Mh  Jij4l  p.c.  of  nitroiwuzcnc,  and  tho  latter 
71f  p.e.  oir  pure  aniliao  oil,  the  total  yield  of 
pure  aniline  oil  from  pure  beii7j ne  i<  lit)  .Sr)  ]\c. 
Compared  with  theory,  there  ia  little  room  tor  i  for,  there  i.s  ix>ssibly  a  certam  amount  of  amu>o- 
Improvement.  I  thio^im,  which  has  no  ddf^pji^^  ilf^vl'-'^; 


from  the  res[>ectivc  tliuitro-  cumpounda. 

Valuation  of  Commercial  Aniline  Oil. 

Aniline  oil,  as  it  occurs  in  commeroe,  may 
contain  as  impurities  water,  traces  of  innhilile 

hydro*  iirhons  and  of  orthotoluidine.  pomrtimtv 
truee&  ui  hydrt»}^(  ii  >Mljihido,  and,  il  carclcsslv 
made,  of  nitrobenzene.  Ix-nzcne,  and  aminoni*- 
BesidcM  the.-ie.  \vhieh  hhould  l>e  carefnlJv  tcstinl 
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moat,  if  not  &U,  of  the  purposes  for  which  aniline 
n  uded,  and  which,  moreover,  for  the  present  at 
kMt,  cannot  readily  be  got  rid  of. 

The  mfthod  of  testing  usually  fttlo])!!-!!  is  to 
ikt«rnunc  the  boiling-point  of  thu  sample.  Fur 
thid  porpoee  100  c.c.  are  introduced  into  a  small 
boilinp  nask  with  sido  tube,  and  distilk-d  tlirough 
a  abort  condenser  into  a  graduated  1(X)  c.c. 
cyiindnr*  Readings  of  the  thermometer  are 
taken  as  each  10  c.c.  of  the  cj  linder  fill*,  and  the 
het  whcu  i)5  c.c.  arc  lilltsl.  Aii  alternative 
method  is  to  take  readings  of  the  cylinder  at  each 
6fth  of  a  degree  t'iso  of  the  thermometer.  It  is 
also  luual  to  note  the  temperature  when  the  first 
drop  haa  fallen  from  the  condenser.  The  thcr- 
moioeter  readings  should  be  corrected  for 
haromeCer  and  immersion  of  mercurial  cofumn 
in  the  vapour  of  the  liquid,  and  of  course  for  the 
ctrofs  peculiar  to  the  thennometer  in  use. 

A  few  fragmento  of  platinnm  wire,  fin»>brick, 
or  wruucht  iron,  sliould  1)0  placed  on  the  bottom 
ot  the  &ask,  and  groat  oaie  used  to  adjust  the 
file  of  the  flanM  and  rate  of  boQing.   The  flask 

iL->o  ^hould  lie  helil  by  the  neck  in  a  good  clip 
over  the  naked  flame,  gauze  being  apt  to  cause 
eoRents  of  heated  gas  to  flow  up  round  the  neok 
ef  the  fia.Hk  and  superheat  the  vapour. 

The  specific  gravity  of  the  sample  may  ako 
be  taken  (pore  anfline  has  a  apeoifiB  gravity  of 
1 -0205-1 -0207  at  Ifj"),  althouA  this  mdication 
la  not  ol  great  moment  if  the  boiling-points 
an  j^ood* 

A  recent  example  f»f  the  determination  of  the 
t)oiimg-poiut  is  the  ioliowing  (Walter,  Chem. 
Zait  1910.  34,  70S) 

1lBini>:'  rat  ur.."     1 ' .  i .  <  %  r      Temperature     P.c.  over 
ISZr  ^  183-2*'  20 

182-6''  4  183-4°  97 

niS**  6'5  183-0°  98 

1»3-D°         11  183-8*  99 

Pure  mfline  mar  be  tested  for  insoluble  oils 

^  v  "li-i.-oh  in^:  10  r.c.  in  40  e.c.  of  hydrochloric 
acid  and  5U  c.c.  of  water.  The  solution  shouhi 
be  cfoite  dear. 

If.  in  carrying  out  the  boilins  test,  the 
temperature  rises  considerably  at  the  end,  the 
pRsokoe  of  toluidine  may  be  suspected.  This 
can  be  detectcil  when  a  considerable  quantity 
U  commercial  pure  aoilme  is  made  into  acct- 
iuQidaw  On  recrystallinng  this  and  working 
up  the  mother  liquor^,  a  small  quantity  of  iin- 
{>ure  acetyl  compound  of  low  meiting-point  will 
alvays  be  found  in  the  most  aoinble  portion,  or 
firrt  mother  liquor?. 

Nitrobenzene  ishowti  itself  with  the  insoluble 
bydiocarbons.  A  very  delicate  test  for  it  is  to 
i^hakc  the  j»nmi>Ie  of  anilint*  violentI\-  for  a  few 
minutes,  and  then  to  notice  the  colour  of  the 
(rokL  The  merest  trace  of  nitrobensene  colours 
Ha  very  distinct  yellow. 

The  presenco  uf  wat*  r  luay  he  dotctti  d  by 
<!L4illint;  the  sample  (100  c.c.)  as  for  a  boiling- 
point  determination,  and  collecting  the  tirst 
10  c.c.  in  a  narn.iw  graduated  cylinder  of  15  c.c. 
capacity,  shaking  with  1  O.C.  of  saturated 
todiozQ  chloride  solution,  and  reading  of!  the 
*okuDe  of  the  latter.  The  method  will  not 
show  the  ijresenco  of  less  than  0-3  p.c.  of  water, 
^utsequently,  0-3  o.c.  must  always  be  added  to 
tbe  aaaount  of  salt  solution  obsenred.  It  is  not 
usual  for  aniline,  sold  as  poitt,  to  0(Mitam  more 
^MUk  0-5  p.0.  of  water. 


Toluidine  liquid  should  Ijoil  at  107°  108^ 
show  ft  s{).CT.  of  about  l-UOU,  and  coniaiii 
30-40  p.c.  para-,  the  rest  ortho*  tolnidine. 

Ortbotoluidine.  The  sp  gr.  of  commercial 
orthotoluidinc  should  bo  about  1-0037;  b.p. 
about  197'-198"*;  should  not  solidify  on 
eooling  to  -4*.  Lunge  (tlieni.  Ind.  1885,  S,  7  t) 
lia^  published  a  table  bbowing  thu  .spccUic 
gravities  of  mixtures  of  o-  and  ji-toluidine. 

For  the  estimation  of  .-jmall  amounts  of  p-tolui« 
dine  in  f>-t(jluidiiie,  Schocu'iS  method  i.^  perhaps 
the  best.  A  standard  oil  is  prepared,  containing 
8  p.c.  of  p-toluidino  and  02  p.c.  of  o-toluidino, 
1  c.c.  of  which  is  dissolved  with  2  c.c.  of  puro 
hydnxdJoric  acid  in  50  c.c.  of  water,  and  oxidised 
cold  by  adding  1  c.c.  of  a  saturated  solution  of 
potassium  dienromate.  After  standing  for  two 
hours,  the  })ro<luct  is  filtered,  the  ]>recipitato 
being  washed  with  water,  and  the  filtrate  and 
wasmngs  made  up  to  100  c.c.  The  toluidine  to 
be  tested  is  treated  in  the  same  manner,  and 
compared  ooloiimetrically  with  the  above 
solution.  J.  V.  V. 

ANILINE  BLACK  v.  Dvbino. 

ANILUIE  BLUE  v.  TiufUJUi  vlmetua  M 
coLotnuKO  UAvaauL 

ANILINB  BSOWl   v.  Aio-  coLOUsixo 

MATTCBS. 

ARIUDIB  SALT*  Hie  eommerpial  name  of 

aniline  hydrochloride  C,Ff  .  NH  „H(1. 

It  is  prepared  in  large  •luantities  lor  the  use 
of  oalieo'pnntera,  who  empio)  it  in  the  produe- 
tiou  of  aniline  blnek.  Tlx-  process  eon.'.ists  in 
mixing  the  calculated  quantities  of  pure  aniline 
and  hydroohl<nio  acid  in  lead>linea  or  nickel- 
liner!  tniiks,  and  allowin:^  the  sail  to  crystallise, 
freeing  it  from  mother  liquors  in  a  centrifugal 
maehme,  and  drying  at  a  low  temperature.  Tne 

hydrochloric  acid  used  should  ]><•  of  ^ood  (juality, 
free  from  iron  an<i  even  from  trace;*  of  coi>]>er, 
or  the  salt  will  rapidly  blaoken. 

nie  mother  liquors  may  l>e  neutralised  with 
lime  ur  suda,  and  the  anilino  recovered,  or  they 
may  be  boilc<l  down  and  used  in  making  magenta 
by  the  nitrobenzene  jiroress,  A  c. 

'  Aniline  salt '  occurs  m  commerce  in 
large,  white,  nnereous  and  muoh*contorted 
plates. 

The  great  desiderata  for  the  calico-printer 
are  that  the  salt  should  bo  made  from  pure 
aniline  and  (rhould  I'O  dry  and  normal,  contain- 
ing 03  parts  of  aniline  to  36-5  }mrta  of  hydro- 
chloric acid  ;  it  should  be  free  from  wuid  and 
grit,  which  injure  the  printing  machines. 

J.  C.  C. 

ARIUNB  YELLOW  v.  Azo-  colottbiko 

MATTEKS 

ANIMAL  CHARCOAL.  (AW  rfV,  I'r. ; 
Knochenschican,  Oer.)  'i'ln-  suli.-tarue,  also 
known  by  the  name  of  Hone  Black  or  teehni- 
crally  as  '  Char,'  is  fornjcd  by  carbonis'nie  bones 
ai  a  high  temperature  in  vessels  from  which 
air  is  excluded.  Animal  charcoal  posses<>es 
the  pro|)erty  of  absorbing  organic  colouring 
matters  from  solutions  brought  in  contact  with 
it ;  thus  a  solution  of  brown  sugar  passed 
through  animal  charcoal  will  be  found  to  have 
its  colour  more  or  les.»»  M  ini >\  1.1.  'I'hi-  [n-oiK  rty 
is  also  possessed,  though  to  a  far  smaller  degree, 
bv  wood  eharecMd,  as  was  first  noticed  by  Li'»witx 
about  tlie  year  1800.  In  fact,  from  tlint  date 
to  1811,  wood  chanxMl  was  much  employed  for 
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deoolouriflin<{  synips,  but  it  was  then  demon- 
strated by  Figuicr  that  bone  black  was  Ua  more 
effectual  and  energetic  in  it^  action. 

In  1812  Ix>uis  (.'utistant  took  out  a  patent 
for  improving  wood  charcoal  by  « ashing  and 
grinding,  and  using  this  prepared  charcoal  in 
sugar-refining. 

In  1815  Messrs.  P.  &  .T.  Mirlin«>au  patoiitod 
the  utn)  of  animal  cliarcoal,  '  that  to  etay, 
Mimftl  fabstonoea  profx  rly  burnt,  durved,  or 
calcined,'  for  refining  and  clarifying  mgnr  ;  and 
in  1817  De  Cavaillon  in  a  patent,  8tat«8  that  he 
had  found  that  animal  charcoal,  after  it  has  been 
used  and  again  calcined,  answers  for  the  purpose 
of  bleaohing  and  clarifying  sugar  in  '  a  manner 
superior  to  new  charcoal,  and  the  operation  ma^*  be 
repeated  any  number  of  times  with  equal  effect/ 

In  1830  Charles  Derosne  denoribed  the  use 
of  animal  charcoal  •  reduced  to  the  size  of  lute 
eunpowder,'^  placed  on  a  oloth  in  a  layer  to  the 
height  of  16  incheR,  and  oovered  with  a  perforated 
diaphrastn.  as  a  filler  for  suc;ar  .solutions. 

Although  the  effect  of  animal  charcoal  is 
most  oonspiouons  in  removing  ortranio  colouring 
ni'ttlrrs  from  "solution,  it  is  also  caj  '  il  l  »f  absorb- 
ing many  other  organic  and  also  mineral  sub- 
Btanoes.  It  was  proved  by  Graham  that  various 
mineral  substances  wen-  removed  from  solution 
by  animal  charcoal ;  thus  the  lime  is  taken  up 
from  lime  water,  and  metallic  aalte  aro  absorbed 
from  their  solutions  in  writer.  Aoronling  to 
Chevallier,  lead  nitrate  and  acetate  are  com- 
pletely remove<l  by  animal  oharooal.  Weppen 
has  sliomi  that  tfus  action  pxtends  to  a  tin-at 
variety  of  metallic  salts,  including  cuprio,  zinc, 
chromie  and  ferrous  sulphates,  nickd,  cobalt, 
»ilvrr,  mfTTtiroiifi  anfl  mcmiric  nitrates,  tartar 
cmelic,  btaiinuuo  eliloride,  and  ferric  acetate. 

As  the  result  of  a  number  of  experiments  on 
the  absorption  of  dilTiTent  salts  by  animal 
charcoal,  Bodenbemler  (The  8ugar  t,'ane,  ii.  3iH) 
arrived  at  the  following  concluaiona : — 

1.  The  power  u  hi  eh  it  jKi'-se^i'^es  of  absorbing 
salts  is  f(tr  the  mu8t  part  a  physical  projHrty. 

2.  A  given  weight  absorbs  a  larger  proportion 
of  salts  from  a  concentrated  than  from  a  diluted 
solution ;  on  the  other  hand,  the  proportion 
absorbed  from  a  con.Htant  quantity  of  aftlts  is 
mora  considerable  when  this  quantity  is  in  a 
dilute,  than  when  it  is  in  a  concentrated,  solution. 

3.  The  presence  of  sugar  has  only  •  tUght 
influence  on  the  absorption  of  saltd. 

4.  The  salt-s  of  potassium  are  retained  in 
•mailer  proportion  than  those  of  sodium. 

6.  Among  the  salts  experimented  with,  tho 
Amount  taken  up  is  in  the  following  order, 
Ix'liinnin;?  v  illi  that  least  ab.sorbe<l :  ]x>tas8ium 
cliioride,  sodium  chloride,  potassium  nitrate* 
sodium  nitrate,  potassium  acetate,  sodium 
acetate*,  ^xitassiujn  Kiilphnte.  Kodimn  sulphate, 
magnesium  sulphate,  pota^isium  carbonate, 
Roctium  carbonate,  sodium  phoi*phate. 

A  ch.  rtii' ,ii  action  i>f  eliarf  oal  has  been 
observed  vvjth  respect  to  some  carbonates,  oxa^  1 
latc9,  and  other  salts,  being  brought  about  by  | 
the  pre  >  n  r  nf  ralcium  suJphato  andphoephate 
in  the  eliaruoal. 

7.  Charcoal  saturated  with  one  salt  is 
cnpr.M".  T\ithin  certain  limits,  of  withdrawing 
aiiot  lu  r  ftait  irom  solution. 

8.  There  is  loss  absorption  by  charcoal  of  a 
gait  when  in  contact  witn  it  for  a  short  time. 


I  than  when  the  contact  ie  prolonged.  The 

difference  due  to  time  of  contact,  however, 
ceases  when  the  contact  has  lasted  some  hours. 

Various  explanations  have  been  otTeretl  to 
account  for  the  pet  uiiar  action  of  charcoal.  It 
was  attributed  by  Hiis-sy  to  the  highly  divjiled 
stat4»  of  the  carbon  contained  in  it.  From  the 
similarity  of  the  action  of  charcoal  tifvon  diverse- 
bodies,  and  the  guucrai  uaturu  of  itb  oj>cration. 
it  would  appear  to  be  due  to  some  physical  or 
mechanical  cause,  (^rcoal  seems,  indeed,  tO' 
exert  merely  a  surface  action,  withdrawing  the 
colour  from  the  liquid  passed  through  it,  but 
not  in  any  way  destroying  the  same,  and  Kohl- 
'  rausch  has  shown  by  experiment  that  by  means 
of  a  solution  of  ammonia  it  is  jxi.-isiblc  to  practi- 
cally dissolve  out  all  the  colour  which  luui  been 
absorbed  by  ohucoal  through  which  mdmmn 
has  Ih  iti  pn  vioii.sly  pass<*(l. 

In  connection  with  the  action  of  animal 
charcoal,  it  is  stated  by  P.  Degvner  and  J.  Lack 
(1).  R.  P.  31358,  1884)  that  the  freshlv  i-mit<^i 
charcoal,  moistened  with  as  much  water  as  it 
oan  take  up,  and  exposed  to  light  and  air,  pee* 

duces,  even  in  a  few  minutes,  a  jxneptibk' 

Suantity  of  hydrogen  peroxide,  and  is  thua  rea- 
efcd  more  aetive  than  the  nntreated  material 
They  also  state  that  exposure  for  48  hours 
in  layers  of  3  inches  thick,  the  charcoal  bcin^ 
frequently  sprinkled  with  watKSr  and  turned  ovsr 
gives  t;ood  results,  and  that  if  mil':  of  liroe 
is  s]>rinkled  over  bone  black,  calcium  peroxidcis 
produced,  and  in  the  same  way  other  alkaliee 
earth  sand  alkalis  can  \w  converted  into  peroxides. 

It  was  first  observed  by  TiUiul  that  mow 
organic  matter  is  absorbed,  by  charcoal  from 
solutions  at  a  high  tem[)erature  than  in  the  co:<l, 
this  result  being  only  partially  due  to  liie 
increased  circulation  caused  by  heating. 

Munufncturt  oj  animal  chnrroal.    'J  he  h<>nf* 
;  employed  should  be  carcfidly  i*elts  ted,  hstn... 
!  and  free  from  extraneous  matter.    Whale  and 
tish  bones  are  not  of   a  suitable  character, 
'  as  they  yield  a  soft  char.    Bones  which  h»ve 
I  hven  ex]X)se<1  to  atmospheric  action  for  a  ion^ 
j  time,  or  which  have  been  burietl  in  the  ground, 
j  cannot  he  8uccesi<fully  eraployeti,  as,  owing  to 
the  alteration  in  their'compOeitioa»t|iey  proOVOe 
a  char  detioient  in  carbon. 

Before  prooee<ling  to  carhonis**  the  horn, 
the  fat  is  remove<l  by  boiling,  or  by  meaiis  of » 
suitable  solvent  such  as  benzene.  By  the  tint- 
named  treatment  from  4  to  5  p.e.  of  fat  Is  ft- 
t  racted.  and  by  the  second  from  8  to  12  p.c.  Ii 
the  process  of  extracting  fat  from  bones  by 
means  of  a  solvent,  difficulties  arise  from  (Im^ 

presence  of  %\ater.  and  F.  Self -si tn  i  Fo.'.  Pn'- 
1U2U8,  1856}  has  proposed  to  overcome  these  by 
usinfr  a  solvent  fsuch  as  a  hydrocarbon  hon 
petrol. tun)  having'  a  higher  boiling- poirit  tbun 
that  of  \\  ater,  the  temperature  daring  cxtractMi 
being  raised  to  above  100%'.  He  states  thst  by 
this  means  tie-  \\iiter  is  (  \[>(  lied  from  tho  hone* 
anil  the  extraction  of  tat  is  rcnderetl  v»at 
complete.  Lorrai  sa^m  that  bones  after  trwt* 
mrnt  with  benzene  contain  l  *J-2-.'>  p.c.  of  f*t. 
which  can  be  extracted  by  a  further  troatmeo^ 
with  benzene,  and  0*48-0'8  p.c.  of  fat  reflier* 
able  by  t!  r.  or  in  all,  1-68--3-3  p.c.  which  '* 
lost  in  the  |>rucosa.  This  mode  of  extracting  f»t  l* 
em^oyed  m  many  factories  on  the  Cont  mont.  *nd 
until  recenUy  was  lued  in  the  United  KuHtdom- 
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bol  it  is  objectionsble  on  th»  grotud  th*i 
tike  ftdvsnUge  mtned  in  the  incressed  amount 
of  fat  reooverca  is  more  than  comitorbalatued 
by  the  decrossed  value  of  the  resulting  anioud 
ehamiaL 

The  apparatus  employed  in  making  bone 
ohammi  ia  aiiuilar  to  that  uacd  in  a  gaaworks. 
The  bones  are  earboniwd,  after  being  roughly 
«TU«h«d,  in  vrTtical  or  horizontal  iron  retort.^  tif 
a  nmod,  oval,  or  1)  eection.  the  latter  by  pre- 
ioeBfie.  Tbe  length  of  the  horfatontal  retort  ia 

iiAually  from  8  to  10  feet,  the  lon^  diameter  heing 
U  inches  and  the  abort  diameter  of  the  oval  re* 
tort  It  indies.   There  are  nsually  Ave  or  seven 

rrtort:  in  i  <ir-h  K,t!.    The  retorts  are  foni:' rtrd 

in  the  !i&me  way  tm  ga«  rt*tort«,  with  a  hydraulic 
main,  and  this  again  with  condensers  or  serabhcm 
i]h\l  with  coke  in  which  the  bt.ine  oil  separates-  nnd 
frY>m  w  hich  the  ga^ea  are  exhausted.  Tnego^t-^  arc 
theo  fcRoed  through  a  series  of  wsshere  contain- 
in  ii  watrr  to  remove  the  amfnonia,  the  n"*i<lual 
which  are  employed  lur  heating  and  light- 
ing purposes,  finally  passing  into  a  gas-holder, 
'li^rsej^  of  about  2|  cwt.  of  bonee  are  carbonise*! 
ui  Vertical,  and  ii  c»t.  in  horizontal  retorta,  the 
operation  taking  about  6  to  8  hours  with 
the  former  and  8  t'l  1<>  hnun  with  the  latter. 
The  bone  oil  coUectcu  in  the  condenser  amounts 
to  from  3  to  5  p.c.  oo  tlie  bones  carbonised,  and 
the  ammonia  in  the  ammoniacal  liquor  i.s  equal 
to  about  8  p.c.  of  ammonium  sulphate,  into 
«hich  it  m  noHTSrted  in  the  usual  way.  When 
kbe  bones  are  completely  carbonised  the  char- 
eaal  is  removed  from  the  retorts  and  cooled  in 
•trong  sheet-iron  canisters,  which  are  at  onco 
oovcred  with  closely  fitting  lids  and  luted  round 
the  edges,  either  with  charcoal  paste  or  a  water 
lute.  The  char  when  quite  colrl  is  crushed  in 
a  aoiiable  miU  (on  ita  way  to  which  any  iron  it 
majr  eontain  is  remov^  by  passing  over  the 
poles  of  an  electromagnet),  anu  then  lifted  into 
vahoua  siaes  to  suit  the  requirements  ol  the 
9n^.ffefiDer.  It  is  nsnatly  mohrtened  before 
iTinding  to  keep  douii  iIm  lu.st.  Oood  bonen 
yiekl  about  06  p.c.  of  char,  but  from  20  to  30  p.c, 
of  this  is  dust,  which  fetches  a  lower  price  tnan 
the  larger  grist. 

The  following  analysis  gives  approximately 
the  compositkm  of  a  good  sample  of  new  bon^ 
^areoal : — 

Carbon  lO'W 

Caleium  and  magnesium  phos- 
phates, calcium  flttOride»  fte. 
Calcium  carbonate  .  . 
Calcium  sulphate  . 
Ferric  oxide  .... 

bilica  

Alkaline  safts  .... 


81-21 

7-  30 
017 
012 
0-34 
0-35 

liXHW 

8-  00 


Moiatiire  or^tiiiaUy  pwent 

■^[■ace  oeeuj)i<  (!  by  one  ton,  48  cubic  feet. 
Sizes  left  on  sieves  of  various  degrees  of 


Above  10  holes  to  linear  inch  .  0 

10  to  20 

tt 

.  28 

90  to  30 

»» 

„      .  32 

30  to  40 

» 

n 

H     .  27 

40  to  fjt) 

t« 

.  11 

Through  50 

n 

t» 

or  dust  2 

100 

The  carbon  always  contains  a  owtain  pro. 
portion  of  nitrc^en  amounting  to  about  oae« 

tenth -of  its  weight;  there  is  also  a  minute 
pcop<Mrtion  of  hydrogen  present.  The  nitrogen 
oontinnally  becomes  less  and  less  whilst  the 
bone  charcoal  is  being  iise«l  for  Mui^ar-rellning. 

When  char  is  re|^tedly  rebumod»it  becomes 
leas  porons  and  shrmks  in  volume,  so  that  a  ton 
of  rhar.  Mhich,  v,  1;.  ri  new,  mrafsiirc.-;  48  to  54 
cubic  feet,  may  be  reduced  to  as  low  as  28  cubic 
feet  after  being  rebnmed  many  times,  or,  in 
other  words,  its  a|^Mient  density  may  he  nearly 
doubled. 

WaDaoe  has,  however,  shown  that  the  real 

^[).yr.  varies  but  little  ;  thus,  a  new  rhar  occu- 
py lug  50 1>  cubic  feet  per  ton,  or  having  an 
apparent  sp.gr.  of  0'71,  had  a  real  sp.gr.  of 
2-H22.  whilst  a  mrMierately  old  sample,  oocupying 
35  cubic  feet  {ler  ton,  or  having  an  apparent 
sp.gr.  of  1-03,  had  a  rMl  Bp.gr.  of 2*867,  or  only 
a  trifle  o\  er  that  of  the  new. 

Another  proof  that  ehar  loses  its  porosity  to 
a  eonsiderable  extent  bv  long.pontinued  use  and 
rebuming  is  afforded  bv  the  fru  ^.  pointed  out 
by  Wallace,  that  dry  new  eiiar  w  lil  ab4M)rb  ^m 
80  to  100  p.e.  of  its  weight  of  water,  whereas 
old  char  w  ill  oniv  retain  from  30  to  45  p.c. 

New  charcoal  of  good  quality  should,  in  the 
dry  state,  contain  not  less  than  9  and  not  mora 
than  11-5  p.c.  of  carbon.  The  silica  sliould  not 
exceed  0*5  p.c,  the  oxide  of  iron  U  1")  ]).e.,  the 
calcium  sulphate  0*2  p.c,  and  the  n.oistllie 
8  p.c.  Its  weight  should  not  exeeetl  52  lb.«.  per 
cuoic  foot.  It  should  be  of  a  dull  black  colour, 
and,  when  incinerated,  leave  an  ash  of  a  uniform 
white  or  cream  colour ;  the  presence  of  grey  or 
reddish  particles  indicates  that  the  sample  has 
been  mixed  with  old  charcoal.  When  brought 
in  contact  with  the  tongue,  it  should  adhere  to 
it  somewhat  strongly.  The  sise  of  grain  which 
it  is  desirable  to  have  in  new  ehan  oal  depends 
Upon  the  use  to  which  it  is  to  be  applied.  Lar^ro-  * 
grain  charcoal  is  pieferaUe  for  strong  liijuor.^, 
such  as  the  liipior  u^ed  for  wa.-^hin;^'  loaf  sugar. 
Refiners,  as  a  rule,  prefer  bmull  grain  j  if,  how- 
ever,  it  be  very  sroidl,  it  inijK  <le«  the  jiassago 
of  liqutir  and  also  <:ive>  <  oii^iderahle  troiil)le  in 
washing.  Char  may  be  used  over  and  over  again 
and  sometimes  lasts  several  yean,  being  revivi- 
fie  !  f  rii  h  tin)e  after  n>e  by  rel)uming  in  special 
kiin:i  (6tt  8i'UAR).  When,  by  continued  ukc,  it  has 
practically  lost  its  power  of  removing  colour,  it 
is  kno\«-n  as  sjx'nt  char,  and  is  then  u-ed  as  a 
manure,  cither  a^  it  is,  or  morv  generally  after 
treatment  with  sulphuric  acid,  so  as  to  form 
8uperpho-[»hatc  of  lime. 

Animal  charcoal  dust  is  ernployiNi  as  a  pig- 
ment after  being  finely  gr<  uiU  either  in  a  dry 
or  Stat*  ;  it  ia  alsouiied  in  the  manufacture 
of  blacking  (q.v.). 

ivory  hUtck  consists  of  char  in  an  exceedingly 
fine  ?<tate  of  ili\  ision. 

Although  the  t  hief  use  for  animal  charvtial  is 
in  refining  sugar,  it  is  al^u  eni])loyed  for  the 
purification  of  water,  vegetable  or  mineral  oiLn, 
fMiraflin,  glycerol,  and  vanuusi  other  organic 
.substances. 

Jt  is  sometimes  found  necessary  to  use  a 
more  ix)werful  dectjlourining  agent  than  orilinary 
bone  charcoal,  an<t  this  i.s  pn'pare<l  bs  treating 
new  animal  charcoal  with  dilut<^!  hydrochloric 
acid  to  disaolve  out  the  inorganic  constituents, 
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leaving  the  carbon  behind.  This,  when  care- 
fnXly  washed  and  dried,  forms  a  meet  valuable 

decolourising  nirent.  N.  Bkos. 

ANIMAL  OILS  and  FATS  v.  Oils  anx>  fats. 

ANIME  and  AMMI  v.  Oleo-k]£SI>s. 

ANISEED.  (Ahm,  Ft.,  Oct.)  The  fruit  of  the 
PimpimUa  Anisum  (Linn.),  cultivated  in  Malta, 
Spain,  and  Germany.  Utiod  ft)r  tin  preparation 
oi  ani«e  oil  ami  cordials.  .Mi  nhul  extracts  36-24 
p.c.  of  ilm  bukii  (Biecliile,  Phariu.  J.  [3]  10, 
878). 

ANISE  CAMPHOR  v.  Camphors. 

ANISE  OIL,  The  essential  oil  of  aiiihC'tJ, 
obtaincHi  i  ,  listiUing  it  with  water.  According 
to  I.j»ml(.li)h  (0)mi*t.  rend,  81,  »7  :  82,  22«),  it 
contaiiLs  W  p.c,  uf  undhole,  tx>iling  at  226*. 
Ancthole,  according  to  Porkin  (Chcm.  Soc. 
Tran«.  32,  668),  i.s  p  alh lanisolc  ( 'Jl  if()Me)C'H  : 
CH'C'Hj :  he  obtained  it  by  ht  at  in.x  vj-tnclhoxy- 
phenylcrotouic  aoid. 

Aniae  oil  in  sometimes  adulterated  with 
fennel  oil ;  this  can  be  detected  by  heating  the 
oil,  when  the  fennel  otlour  becomes  perceptible. 

Star  anise  oil  has  a  similar  colour  and 
taste,  but  it  does  not  solidify  at  2°  {v.  Oils, 
Esskntial). 

ANISIDINE.  KH,-U,H40Me.  Orthanui- 
Stne.  Obtained  by  tiie  reaiiM»ion  of  orthonitnmi* 
h-ole  with  tin  uiid  1)\ drochloric  arid  or  iron  and 
hydroohlorio  acid  (Meister,  Luoius,  and  Bruoing, 
D.  R  P.  7217  of  Deo.  8,  1879).  is  ft  colourless 
oil.  w  hich  Iwil.H  at  226-5''  ;it  734  ram.  pressure 
(MiUUhaiUer,  Annalen,  207,  239);  at  225°  at 
760  mm.  (Perkm,  Ghem.  Soo.  Trans.  09,  1210), 
and  has  a  i^]).^r.  I  IOS  ul  20**.  When  diazotised 
and  treated  with  /3-naphtholdisulphouio  acid 
(tUaoid),  it  yields  anumk-red  (v.  Ato-  colovbiko 
MA TTEKs).  A  mixture  of  urthani«i'!ine  (2  mok.) 
and  paraphenylenediamiac  (L  uioi.)  is  converted, 
on  oxidation  with  potassium  diohrom»te,  into  s 
re<Mi-^h  ciiluuriii^'  nintter  formerly  employed 
under  the  uaiuu  mJrani«oit  (Kallc  &  Co.,  1).  li.  P. 
24229  of  Oct.  27,  1882 ;  expired  Blueh,  1886). 

Paranlsldlne,  obtained  from  paranitranLsolo 
by  reduetioii  ^\ith  tin  and  hydrochloric  acid, 
crystallises  in  ])rism8  which  melt  at  65-5*-56-5® 
(Lown,  AmiHlen,  175,  324)  and  Ixiil  iit  245°- 
24b''  (Salkuuj,lvi,  Ber.  7,  10<>'.»)  ;  213"'  at  7Wi  mm. 
(Perkiu,  Chem.  Soc.  Tnuis.  69, 1210) ;  p-anisidine, 
o-sulphonic  acid,  prepared  by  boilim:  th  *  hydro- 
gen sulphate  of  p-anisidine,  when  dia/.otiaed 
and  coupled  with  /3-naphthol,  yields  an  azo- 
eompotind  formiuL'  red  lakes  virli  l>fir\ta, 
aiunuua,  &c.  ( Akticngoselbchali  iur  Aniiiu- 
Fabrikation,  D.  R.  P.  14665), 

('hlorani?i<liiir,  when  diazotise<l  and  coupled 
vilh  /B-miplithol,  yidili!  a  red  comiwund  in- 
soluble in  water  (Julius.  I.iulwig.shafen  and 
Jahrmuht,  U.S.  Pat.  695812):  jt-  and  rn-nitro- 
anisidinf,  when  diazotised  and  coupled  with 
3-n;i  I  1  '  ',  vi' Id  n  •!  and  piak  d3"c.stuns  (Imrav, 
Eng.  i'ut.  25756;  J.  Soc.  Chum.  lud.  1898,  1039  ; 
and  Freyss,  J.  Soc.  Chem.  Ind.  1901,  356) ; 
o-iodo-^j-anisidiiic,  when  diazotised  and  treated 
with  naphthol  sulphonio  acid,  yields  »  red  d^e, 
similar  to  that  obtained  from  p-anisidme 
(Reveiiliti,  Ber.  29,  997). 

Ani^iidiue  condenses  with  orthoformio  eater, 
and  the  resulting  com])ound  is  URod  as  an 
an!e.stheti,  f(  Inl.lrd^n.iat,  Eng.  Pat. 9792 ;  J. Soc. 
Chem.  Ind.  l8U9,  606). 

A1I180GHILU8    CABHOBQS  (Wall).  An 


I  Indian  plant  belonging  to  the  Labiatse  and 

I  containing  a  volatile  oil.    Used  in  quins>-. 
AinSOLB.   AniioU;  Methjlpken^  dktr 

CgHjOCH,. 
Preparation. — ^Anisole  can  be  obtained  by  dfo- 
tilling  anisic  acid  or  o-mcthoxybenzoic  acid  Viiih 
barvl^c,  or  by  heating  p)tai>8ium  phcnate  with 
methvl  iodide  at  12(J°  (  (  aiiours,  Ann.  Chim.  Fhys* 
n]  2.*  274  ;  10,  3.^  ;  27,  439).  It  is  prcpami 
bv  jiii»!>iu^  a  current  of  methyl  chloride  over  dry 
sodium  phenate  heated  at  i90*-200''  (Vinoeiil» 
Bull,  Soc.  Chim,  40,  lOfi),  and  by  heating  phenol 
with  methvl  alcohol  and  potassium  bisulphate 

:  at  150*-166''  ( Al  t.  Gee.  ffir  AnU-Fabrik. ;  1>.  R.  P. 

;  23776).  It  has  l>epu  sjTithesised  by  fusing 
.sodium  benzene  bulphonate  with  sodium 
methoxidc  (Moureu,  J.  Pharm.  Chim.  8,  v.  211). 

Properties. — It  is  a  colourless  ethereal  liquid, 
which  boils  at  155*>~155-5*at  7623  mm.  (Schiff. 
Annalcn,  220,  105)  at  153-9°  (corr.)  (Perkin. 
Chem,  Soc.  Trans.  69,  124^J) ;  melts  at  -37  -N* 
(Von  Schneider,  Zcit.  Phys.  Chem.  19.  997) 

I  and  has  u  specific  gravity  0-991  at  16'*  (r. 
Oils,  Essektial). 

ANISOMELES  MALABARICA  (R.  Br.).  A 
much-esteemed  Indian  plant  Ix-longin^;  to  tlie 
LAbiatae ;  an  infusioa  of  the  leaves  is  used  in 
intermittent  fevers,  and  the  essentia]  oil  k 

applii'd  external  I V  in  rh<--.m:at;-!ij. 

ANKOOih  AKOLA,  DU££A  BARK.  The 
root  tMTk  of  Alangitm  Lamofdeii  (Thw.),  onia  of 

the  Comacca\  used  in  leprosN  iind  ddn-diacaaeB 
(Dymook,  Pharm.  J.  m  9, 1017). 

AIINATTO  is  derived  from  tito  fmit  ol  tbe 

Bud  imllana  (liim.),  a  shrub  found  native  in 
Central  America,  and  cultivated  in  Brasii, 
Guiana»  Mezioo.  the  Antilles,  and  India. 

To  prepare  tlie  dyestufT,  tlie  socils  and  pulp 
are  removed  from  the  mature  fruit,  maceimted 
with  water,  and  the  mixtiue  is  left  to  ferment. 
I  The  product  is  strained  through  a  sieve,  and  thv 
I  oolouring  matter  which  settles  out  is  collccte<l. 
I  partially  evaporated  by  heat,  then  placed  in 
boxes,  and  finally  dried  in  the  sun. 

Aunatto  comes  into  the  market  in  the  form 
of  cakes,  and  among  the  different  varieties 
Cayenne  annatto  is  the  most  esteemed,  and  in 
( onsidered  to  be  the  richest  in  colouring  m&ttu-. 
It  should  contain  from  10  to  12  p.c.  of  the  pore 
dye,  and  not  more  than  5  p.c.  of  ash,  whereas 
iho  amount  of  culourmg  mutter  in  the  Bengal 
p)  il  ii  t  is  frequently  lower  than  6pi»c. 

in  1H48  Dumontal  (K  sisod  a  new  method  for 
the  preparaliou  of  auuatto,  hi  which  feruieutA- 
tion  is  avoided,  and  the  pulp  is  sim^y  washed  oat 
from   the   cai>sule8  and  off  the  seeds.  Th<- 
product  known  as  6ixin  is  said  to  be  fivo  to  lu-x. 
:  times  more  valuable  than  onlinary  SkDitatto 
,  (Crooke^i,  Dyeing  and  Calico -Printing). 
I      The  colouring  matters  of  this  dyostuff  were 
I  first  invostigatetl  by  Chevn>ul  (Ix'vons  do  cbimie 
i  appliquf*  k  la  Teiliture),  who  isolateil  two 
I  .substances,  one  yellow,  which  was  called  orreUim, 
'  soluble  in  water,  and  a  .•tecond,  bMn,  which  b 
red  and  very  sparingly  soluble. 

Dirin,  the  useful  colonrinf  matter.  wa.«  subar- 
quently  examined  1»\  iiuip.(T(mi8  chemists,  who 
were  only  successful  iu  preparing  it  as  an 
amorphous  powder,  and  its  isowtion  in  a 
crystalline  condition  was  ficst  achieved  by  jBtti 
i(fier.  7,440;  11.804). 

I     Etti  digested  1-5  Idbi  ot  pMiM/  iuiugk 
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wiUi  A  fioiuiioa  of  IfiO  grams  of  calcined  soda  ash 
in  i'S  kOos.  of  80  p.c.  alcohol  on  the  watcr-bath 
at  SO*.  The  mixture  mm  filtered  and  the 
readue  pressed  between  warm  plates,  and  again 
eitnoted  with  1*0  kUos.  of  war  111 

The  alcoholic  filtrat*'  wan  dihitrd  uith  hiilf 
iti  Toliuue  ol  water,  concentrated  sodium  ( arbon- 
atssolntioQ  added,  aad  the  crystalline  ]>rt  (  i pi. 
lite  of  sodium  bixin  wji.s  collected  nft>T  several 
diy&f  and  pressed.  The  product  puritied  by  hoIu- 
tiea  in  60  p.e,  akohol  at  70*-60^,  and  reprecipi- 
tation  witJi  sodium  carbonate  was  finally  tnado 
ioto  a  cream  with  alcohol,  and  this,  when  ueu- 
tralisMl  with  hydroehlorio  acid  yidded  eryslal- 

A  himpkr  method  ha^i  been  more  recently 
drvtMd  by  Zwicfc  <Bcr.  30,  1072).  WeU-dried 

annatto  ia  cs:tract<>d  for  24  hours  with  btiil- 
iQg  chloroform,  the  extract  evaporated,  and 
the  leridue  thoroughly  exhausted  with  ligroin. 
The  pr.Hiiu  t  i-;  erystalUwHl  from  chloroform, 
and  aucr  wi^^hiug  with  ligtoin,  is  rciKjatedly 
rrmstallised  from  the  former  solvent. 

Bixin  C„H,.0.  (Etti,  Ic. :  Marchlowski 
and  Matejko,  Chem.  Zentr.  1906,  ii.  1 200) 
ronsists  of  brown-nxl  or  deep- red  rhombic 
cT}-BtaU,  which,  when  slowly  heated,  raclt  at 
191-5*,  and  when  rapidly  heat<?d,  at  lUb*.  It  in 
•paringly  soluble  in  the  usual  solvents,  and  of 
these  it  is  most  readily  dis^f  h  f  I  by  chloroform 
or  alcohol.  Concentrated  eulnliuric  acid  dis- 
*^>lve«  bixin  with  a  cornflower- blue  colouration, 
sod  this  reaction  is  characteristic,  and  ia  given 
hy  minnte  traces  of  the  substance. 

Monoiodinm  bixin  C.gHjjOsNft+SHjO  is 
best  prepared  by  dissolv  in;;  10  prams  of  bixin 
in  a  solution  of  1-2  grams  of  sodium  carbonate 
in  300  c.c.  of  12  p.c.  aloolml  «t  70*  (Etti,  Zwick). 
It  is  deposited  on  cooling  in  dark -red  iridescent 
crrrtals,  and  can  be  obtained  in  the  anhydrous 
condition  by  recrystallintioil  from  70  p.c. 
Aicohol  (M.  ind  M.). 

puodiitm  bixin  C',,H,jOjNa,+2HjO  is 
oV'-siin-d  when  20  grams  of  bixin  is  dissolved  In 
I  a  solution  of  10  grama  aodiam  carbonate  in 
,  WO  c.e.  of  boiling  12  p.o.  alcohol.  It  consists 
of  a  (Lirk-n;-d  amorphous  powder  (Ktti).  Mouo- 
pciamuM  biztn  C,,H,  '>  K  r2H,0  and  dipo- 
tamum  bixin,  <  ..Ha,*  f  2HjO  hare  also 
U«n  prepared. 

Bixin  oontains  one  methoxyl  group-  Dis- 
ttDed  with  niM^dnBt,  bizm  yieUs,  aooordiu^  to 
Etti,  mdait^ne,  mctaethylxylme,  aod  m  hydro* 
carbon  C^^H^^,  b.p.  270**-280». 

According  to  Zwick,  bixin  is  nadilv  reduced 
|»y sodium  amaliiain,  and  a  <  ornj  ound,  (\  .TIioO:, 
it  thus  produced.  MarchlcMsici  and  Hate^ko, 
on  the  other  band,  studied  the  action  of  unc- 
•I'lAt  and  acetic  acid,  and  ohtnined  in  this 
"JAoner  an  orange-coloured  crystallmc  substance 
wftith  possessed  a  strong  metallic  lostte.  When 
df»wly  h.ate-1,  it  niflts  at  200-5%  but  if  the 
•watioii  Ls  earned  out  rapidly,  at  208°-210°. 
nn  Ooni)>ou!id  is  evidently  of  an  nnstablo 
Mture,  for  whereas  when  frcslily  prepared  it 
pres  C=75'4,  H=7*7  p.c,  on  standing  for  some 
(^ys  in  the  air  it  becomes  cdoorless  and  then 
vivcs  C=58-6,  H=:5  -8  per  cent.  At  100"  thb 
t  hange  occurs  more  rapi<Uy. 

Ihffinff  pnpertiet. — Annatto  is  still  <  laployed 
to  a  f/»tr  extent  for  colouring  oib.  and  butter, 
bot  L»  (ftlmost  extinct  as  a  dyostu^  in  this 


country.  As  the  oran^o-red  colour  which  it 
yields  is  extremely  fugitive  to  light  it  has  at  no 
time  been  very  extcn-sivcly  used.  On  the  other 
hand,  it  reeiats  the  action  of  soap  and  dilate  acids 
very  well. 

In  order  I.)  ilye  eoUon,  the  annatto  is  first 
dissolved  in  a  boding  aolntion  of  carbonate  of 
soda,  and  the  goods  are  then  entered  and  left 
in  the  bath  fur  a  quarter  of  an  hour.  They  arc 
subeequently  pn»ssed  out,  and  waahcd  in  slightly 
acidolated  water  or  alum  solution. 

For  silk,  the  batli  is  made  up  with  equal 
parte  of  annatto  and  sodium  carbonate  ;  soap 
n  also  usually  added,  and  the  dyeing  is  con- 
tinued  at  fiO'^fur  about  an  hour, according  to  the 
shude  ret^uired.  The  colour  produced  cati  be 
rendered  somewhat  mote  yellow  by  passing 
the  fabric  through  s  weak  solution  of  tartaric 
acid. 

Wool  is  dyed  at  80*-100*,  without  any 

addition  t<»  tli.  l.ath.  A.  tJ.  P. 

ANNEALING,  (/^e  recuit,  Fr. ;  da<i  Ankis«eut 
(•er.)  A  process  which  is  applied  princi- 
pally to  ^dass  and  metals  for  tlie  purpo.so  of 
rcudering  tliein  hotter  ur  let^a  lirittle.  The 
process  itself  always  consists  in  the  application 
of  heal  for  a  jK-riod  of  tim«',  \shieh  may  varv 
from  a  few  minutes  to  many  huur:«,  and  whicL 
ma}-  be  followed  by  very  slow  cooling ;  the 
object  of  the  prnre~>  is  to  permit  the  nuiterial 
to  attain  apuro.viinato  equilibrium  in  regarti 
to  Ob  internal  structure.  This  state  of  normal 
internal  equililtrium  may  be  disturbetl  either 
by  the  ctfe(>ts  of  rapid  eouliug  or  by  the  a])piica- 
tion  of  mechanical  deformation.  The  former 
is  most  frequently  met  with  in  glass,  and  in 
large  metal  castings,  while  the  latter  is  found  in 
*  wrought '  metal  of  all  kinds. 

In  the  ca.so  of  substances  which  are  poor 
conductors  of  heat,  such  as  glass,  and  also  in 
masses  of  metal  which  are  so  large  that  thermal 
conductivity  cannot  produce  reasonable  uiii- 
forraity  of  temperature,  relatively  rapid  cooling 
sets  up  severe  stresses,  owing  to  the  fact  that 
the  outer  or  most  rapidly  cooled  layers  solidify 
first ;  sttbsequently  the  mtemal  portions  of  the 
mass  endea\  our  to  contract  in  sobdifying,  and  in 
cooling,  but  find  themselves  constrained  by  their 
attadimenttoarelatively  rigid  external  envelope; 
the  tendency  to  thermal  contraction  is  there- 
fore overcome  by  severo  tensional  stieeses. 
A  body  in  this  oondition,  while  it  may  present 
the  phenomenal  strength  of  a  '  rn perl's  drop,' 
is  liable  to  sudden  fracture,  particularly  if 
the  sttrfsce  is  cat  or  broken.   In  sueh  snb> 

stances,  efTectixe  aunealiiiL'  implies  hiating 
to  a  |Xiint  where  the  mass  becomes  sufiiciently 
soft  to  release  all  internal  stresses,  followed  by 

very  slow  cooling  down  to  the  tem|MTnturo  at 
which  the  body  is  completely  solid,  in  the 
case  of  fine  optical  glass,  the  rate  of  cooling  is 

retarded  so  that  a  fall  of  ]<Mi°  ori  npics  «»no 
week.  For  metals  such  excesisiveh-  slow  cooling 
is  undesirable,  and  is  never  intentionally  used. 

3Ictals  in  the  cast  or  other  '  normal '  con- 
dition consist  of  aj:gTegate8  ot  minute  crystals 
of  approximately  equal  dimensions  in  all  dire*c- 
tior  s  ;  when  metal  is  niechanieallv  (h  formed, 
as  hy  hummeriu;^',  rolling,  or  other  working 
process  carried  on  in  the  cold,  Uiese  minute 
crystals  are  elon^at-  d  in  the  same  c^'iuTft!  sense 
as  the  mass  ot  whiuh  they  form  part,  and  ilua 
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(U'lormalkiii  ni  the  crvstaU*  is  accotn}>aniiHl  by 
the  well-kiiowu  haniening  of  the  metal  uuder 
cold  work.  This  i»  due  in  ])Hrt  to  the  internal 
rearrangement  which  each  cryblal  undergoes, 
and  in  part  to  the  partial  and  local  detraction 
of  the  prvftalline  arrangement  itself,  aeeom- 
{maitti  by  the  formation  of  a  hard  ani<iri)h()U.-ii 
'phase*  (Eving  and  Ro  iilin  i.  I'liil.  Trans. 
1899,  ser.  .A,  cxiii,  i  !  57  >  :  BeUby, 
Phil.  Mag.  1894).  When  ilu*  nu  iai  is  sub.sc- 
quently  annealed,  t.r.  heated  to  a  suitable 
temperature,  the  mt  tal  '  recry.'^talliaca,'  the 
crvhtalK  rearrangu  themi9i*lves,  and  the  original 
condition  is  approximately  restored.  In  sonu' 
metals  the  molecular  mobility  in  mvh  that 
recrystiiUisation  takes  place  slowly  even  at  the 
ordinarv  t<>n)fH»rature  (lead:  Ewint;  and  Ros«cn- 
hain,  PhU.  Trans.  1900,  cxpv.  279-:}ol  ;  hra«s : 
Cohen,  Rev.  general  de^  iScience^,  April  3(), 
1910) ;  but  in  the  greater  numtn-r  nf  caseR  a 
high  tcniix-raturc  is  requiretl.  In  the  great 
majority  of  pure  metals,  ami  in  some  alloys, 
the  rate  of  mibeequcnt  cooling  is  immaterial 
so  far  a«  the  softening  effect  is  concerned ;  but 
in  certain  metals  and  in  a  largo  number  of 
alloys  either  allotropic  or  other  changes  take 

{>laco  (luring  gradual  cooling,  and  these  trand- 
ormations  are  more  or  leis  inhibited  by  rapid 
cooling ;  in  such  metals  the  rate  of  coolmg 
through  the  '  critical  temperatures '  at  which 
these  changes  occur  is  of  material  importance. 
The  most  striking  example  i.s  found  in  carbon 
steels,  which  are  moderately  goft  if  cooled  slowly 
down  to  a  temperature  of  660**,  but  become 
exceedingly  hard  if  suddenly  cooled  from  a 
temjperature  above  700^  In  the  case  of 
haraened  tool  steel,  the  process  of  annealing 
eonsists  in  raising  ihv  steel  to  such  a  tfnijM  rature 
(above  700^)  that  the  changes  which  were 
suppressed  when  the  steel  waa  hardened  by 
<iuciic-hin^  are  allowi  iI  to  take  place  duiUDg  the 
heating  and  cooling  process. 

In  many  metus  the  annealing  process  is 
liaMc  to  1)0  coniplioatcd  hy  thi>  clTctts  <>f 
chemical  actions  between  the  metal  and  its 
solid  or  gaseous  surroundings,  a.«i  well  as  by  the 
effect;^  of  till-  L'niwth  of  thi-  constituent  crystals 
of  the  metal;  at  high  temperatures  theae 
erystah  tend  to  merease  m  size,  and  the  rsffulting 

roarsuninL'  of  the  L'rain  of  the  nirtal  leads  to 
a  deterioration  in  mechanical  propertice. 
Annealing  at  an  unduly  high  temfXTature  or 
for  too  long  a  time  tliuslM  f  omcs  '  over  heating,' 
and  is  injurious  to  almost  all  mctab  au<i  alloys, 
notably  to  at  eel  and  brass.  W.  R. 

ANODyimiB.    Identical  with  aniipyiine 

^^'^'aHOIIA  HURICATA  (Linn.).    A  decoction 

<»f  the  root  is  used  a'^  an  atilidnte  for  fi.sh-jK>i,-oM- 
ing,  and  the  bark  server  aa  an  astringent.  The 
leaves  are  useful  in  softening  abscesses,  and  from 
the  fieed-  a  wini-  (an  Im>  ]irepare<l  which  is  8ai<l 
to  be  benehcial  in  ca^  of  diarrhusa  (C'hem. 
Zeit.  10.  433 ;  J.  Soo.  Chem.  Ind.  6,  332). 
ANORTHITE  v.  Fi-Lsr  vu. 
ANOZOL.    Trade  name  for  a  preparation 
of  iodoform  deodorised  by  10-20  p.e.  of  thymol. 
ANTHEMOL  f.  Cxmi'hoks. 
ANTHIONE.     Trade  name  for  a  solution  of 
potassium  persulphate.    Employed  as  a  photo- 
graphic reagent. 

AMTUOKIRRIN.   The    yeUow  crystalline 


matter  of  the  t lowers  of  the  yellow  toadflax 
{Linaria  vulgari«).  Formerly  used  as  a  dyeing 
inat«Ti!il.  hut  the  colour  is  not  {jermanent. 

ANTHOKYAN.  The  expressed  juice  uf  the 
sweet  or  purple  violet  {Violit  odorata).  gentlv 
heated  to  89**,  then  skimmel.  cool"*l.  and 
filtered.  A  little  rectifietl  spirit  Ui  thta  adied, 
and  the  following  day  the  whole  is  again  filtered, 
fsi  d  to  make  syrup  of  violete,  and  to  colour  and 
tlavuur  liqueur.4. 

ANTHOPHACIN.  A  term  given  bv  M5Wus 
(rhem.  Zcntr.  1901,i  190)  to  the  bronn colouring 
uiatt^^r  of  flowers. 

ANTHRACENE  C'.^H.o.  Discoverecl  by  Duma? 
and  Laurent  in  the  highest  boiling  portion  of 
coal  tar,  and  termed  by  them  parnnaphthalfnt 
(.Aniwten,5,  10) ;  further  ezamiiud  i»v  f.<iurent, 
who  re-named  it  anthracene  (Annalen,  Ji4,  2H7); 
first  ol)taino<l  pure,  and  its  conjixwition  deter- 
mined, by  Fritz-Hcho  (Annalen,  109,  249).  and 
more  exactly  studied  bv  Anderson  (Annalen. 
122,  294 ;  (  hem.  Soc.  Tran.9.  16,  44). 

Occurrence. — ^ Anthracene  is  one  of  the  pro- 
ducts of  the  destructive  distillation  of  coal,  ami 
is  found  in  the  tar ;  the  average  yield  of  the 
pure  hydrocarl)oa  is  aboat  0*3  p.c.  of  the  tar 
obtained. 

A  new  source  of  anthracene  has  been  an- 
nounced (Dingl.  poly.  J.  246,  429)  in  the  tar 
obtainc<l  when  the  residue,  left  after  the  iUumi- 
nating  oils  have  been  distilled  from  Baku  petro- 
leum, is  allowed  to  fall  on  pumice  in  red-hot  iron 
retort  A,  1000  kilos  of  naphtha  residue  uod«t 
these  conditions  yield  600  cm.  of  gas,  used  to 
heat  the  retorts,  and  3(m)  kilos,  of  tar,  containing; 
about  0'2  p.c.  of  pure  anthracene.  The  aa^y 
of  the  naphtha  residue  is,  however,  too  limrted 
to  render  anthracene  froni  thi>  ;M>uroe  a  senoUS 
competitor  with  that  from  coal  tar. 

According  to  Elliott  (Aroer.  (%ero.  J.  9, 
248),  the  tar  ohtaine<l  in  the  manufattun-  r>f 
gas  by  the  destructive  distillation  of  li^t 
petroleum  naphtha  boiling  below  150*  eontams 
2-(i3-2-90  p.c.  of  anthrati-nc.  A  remarkable 
production  of  anthracene,  during  the  distillatioD 
of  the  higher>b(nling  port  ions  of  cnide  pheniol. 
has  been  observed  hy  Kohler  (Ber.  18,  859). 

Anthracene  i^  obtained  by  the  distillatKUi 
of  rhein  with  dne-dust  (Oestcrlo  and  Ttmi, 
Arch.  Pharin.  lOOS.  433),  but  tbia  productxn 
is  of  no  commercial  value. 

Freparation  (Auerbaeh.  Das  Anthraoen  und 
seine  Derivate  ;  Kopp,  J.  1«7H.  11S7:  Perkia, 
Joum.  Soc.  Arts,  27,  672 ;  Lunge,  Coal  Tar  and 
Ammonia). — Anthracene  is  obtained  from  the 
'green  ;^reas(^  '  which  forms  th<-  la>t  jH'rtinn  of 
the  '  heavy  oil '  or  '  dead  oU  '  of  the  tar  distiUer ; 
this  at  first  is  a  brown  liquid  with  a  green 
fluorescence,  but  soon  becomes  -enii  solid  on 
standing,  owing  to  the  separation  of  solid  sub- 
stances. When  no  further  separation  oeeors, 
the  mass  is  subjeeted  to  filtrativui,  eiThir  in  » 
centrifugal  machine  or  a  filter  press,  tirvt  m 
the  cold  and  finally  at  40*  (fSeaseri.  Diiigi. 
|x.|y.  J.  IW,  rAS);  or  is  filtered  thr-.u-h  -tr -n^ 
linen  bags,  and  afterwards  submitted  to  hydraulic 
preasore  in  a  press  so  arranged  that  tlw  ptefes  can 
tit  lu  ated  with  steam  and  thp  eak<-  hot-pressed 
A  notable  Quantity  of  anthracene  remains  dis- 
solved in  the  exprened  oil,  and  especially  m 
the  portions  scparafid  vhen  the  temperature  i> 
raised,  and  is  recovered  hj^,yRg|j^j«JjUei^^^ 
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working  up  the  product  as  juat  deacribecl.  The 
hanl  yellow  ish-gnen  cake  obtained,  containing 
25—10  p.r.  of  ptin*  anthracene,  is  ground  to  a 
hne  powtlcr  in  mills  nmi  heated  with  coal-tar 
naphtha  (h.p.  SO^-lOO"). solvent  naphtha  (h.p. 
i20''-IU0®),  creosote  oil,  or  petroleum  spirit 
lb. p.  TO'-lOO*),  in  large  iron  veBscls  provided 
with  stirrers.  Petroleum  spirit  is  to  be  pre- 
fcrrwl  (Perkin),  since  it  dissolves  less  anthracene 
whilst  the  impurities  are  sufficiently  soluble 
in  it  to  bo  removed  if  the  quantity  of  solvent 
(■mploye<l  is  2-3  times  as  gnmt  as  that  of  the 
anthracene  to  be  purified.  Solvent  naphtha, 
(onsisting  esentially  of  xylenes,  jiwudo-cumene 
•ind  mesitylene,  is  extf-nsivi-ly  emplojod,  as 
nhaianthrene  is  much  mure  soluble  tnjMi  anthra- 
aorne  in  this  solvent.  When  creosoto  oil  is 
umif  it  must  ho  froo  from  naphthalene;  the 
advantage  of  uj»iug  croodote  oil  w  that  it  dis- 
Hiilres  out  the  methyl  anthracnu-.  the  unthrHct  iic 
being  practically  insoluUe  therein.  The  residue 
contaiiM  from  45-50  p.c.  of  the  hydrooarbon, 
t«ut  iniisrTHKh  as  it  is  not  readilv  rfduocd  to 
povder,  and  aniens  finely  divided  is  ool^  slowly 
sttadnd  by  oziiiunni;  agents,  it  is  BaUuned  by 
.Amng  steam,  h-aU-d  at  22O''-240''.  ov<t  tho 
BKlted^  product,  and  condensing  tho  vapours  in 
s  diaraW  by  jets  of  -water.  The  anttwaeeoe 
thii>  ol)taitit<l   is   ill  leafy   ma.sf^ca,  containing 

from  50-60  p.c.  of  the  hvdrocarbon,  the  chief 
tBpnritiet   eentisting   of    earbaiole  {lO-'U 

P  ( .  ').  i>h(>nanthrene,  pyr<-no,  chrvfsone,  and  other 
hvdrocarboDSt  t<MEether  with  small  quantities  of 
fmenols  of  high  noiling- point,  and  of  aoridine  ; 
It  inn  nadily  1  >  jround  to  a  paste,  and  is  now 
Milbciently  pure  for  conversion  into  anthra- 
qoinuae  by  oxidation.  If,  however,  didiloFaa* 
t^raotne  is  nquirt-d,  further  ])uri(ica(ion  is 
neceassxy;  this  c  an  bo  effected  by  distillation 
vith  «a«istic  jn.tash,  whereby  impurities  fueh  as 
artiazole  an<i  iMxlies  of  a  phenolic  character  are 
retained,  and  anthracene,  together  with  phenan> 
tfanae,  dntib  over  with  no  greater  loss  than 
ijocurs  if  the  60  p.c.  product  is  ilistilltxl  alone; 
caostic  soda  cannot  be  substituted  for  the  potash* 
sinoe  it  produoee  no  porifleation  of  any  eonee- 
qumce.  jnstea<i  of  disf  illing  washed  anthracene 
(100  parts)  with  caustic  potash,  Perkin  employs 
a  mature  of  Montreal  potash  (30  parte)*  wfaleh 
u*»ml!y  contains  potas^sium  hydroxide  in  con- 
'idrrablc  quantities,  and  caustic  lime  (6  parts). 
Uokm  liiiM  is  used,  the  residue  in  the  retorts 
f"rm-^  a  hard  cake,  which  can  be  removed  only 
vith  dilhculty.  Hydrogen  is  evolved  during  the 
dalilktioii.  The  distillate  is  freed  from  ^en- 
inthrpn*^  by  wa.><hini;  \\  ith  cual  trir  naphtha,  and 
the  retiiUuu  m  a  very  pure  anthracene.  Thb 
pnMfatction  of  phenanthrene,  even  from  anthra- 
cene whi<  h  has  U^^  n  fn-<'d  from  thi.s  impurity  by 
exinictKHi  With  ^Iventd  previous  to  distillation 
>^ith  caaH^ic  potash.  Is  noteworthy  and  points  to 
the  probable  exLitence  of  molecular  compounds 
'>l  phenanthrene  with  other  of  the  impurities  of 
ibe  a-ashod  anthracene,  which  are  destroyed 
<luring  the  di-it<UatioM  with  caustic  potash.  This 
proociis  of  i'crkin  has  been  subjected  to  con- 
NirJrraKle  crttioiam.  Aooofding  to  Auerbaoh,  a 
of  anthrurene  to  the  extent  of  10  p.c.  occur", 
and  thi*,  a«ide«l  to  the  cost  of  fuel  employed, 
Mulem  it  the  most  costly  method  of  purincation 
W  cl''vi*<<l.  rile  trrrat  advantage  of  the 
aiethod,  hoTi'evcr,  is  that  it  brings  anthracenes 


of  different  origins  to  a  similar  condition  of 
purity  ;  cvi  II  pitch  anthracene — obtaine<l  by 
the  distiUation  of  gas-tar  pit<  h  in  iron  retorts 
with  the  aid  of  super-heated  steuui,  and  generally 
unsuitable  for  purification  owing  to  the  aiffioulty 
of  removing  higher  hydrocarbons  ft«*«ociated 
with  it — works  jierfectly  well  after  it  has  been 
subjected  to  this  process. 

Many  modifications  in  the  method  of  puri- 
fying crude  anthracene  have  been  introduced. 
A  method  ba.sed  on  the  far  greater  solubility 
of  the  impurities  in  mixtures  of  aniline,  pyridine, 
or  quinoline  bases,  has  been  mtented  by  the 
Cheinische  Fahriks- Actiengesellsehaft  iji  Ham- 
burg (U  11,  P.  42053  of  April  15,  1887).  The 
erode  anthracene  is  dii»olve<l  at  100*  in  11-2 
times  its  weight  <»f  a  dehydrateil  ami  rectified 
mixture  of  tar  bases  ^pyridines)  separate*!  from 
the  I^t  oil  obtained  in  tar  distillation  (compare 
D.  11.  P.  34947  and  30372),  and  the  solution, 
on  cooling,  yields  a  erystalline  aeparation  of 
anthraeenn  almoet  free  from  earhasnto  and  its 
honiolotiues.  Tlie  paf«  nt«'es  state  that  a  33  p.c. 
anthracene  dissolved  in  1*75  times  its  weight 
of  pyridine  hasee  yields  on  erystallisation  an 
S2-fl  p.c.  anthracene,  whilst  when  ili.s.solved 
in  twice  its  weight  of  a  mixture  of  equal  parts 
of  pvridine  baM*  and  benaene,  it  yields  an 
80  p.c.  anthracene,  and  in  twice  its  weight  of  a 
mixture  of  equal  parts  of  benzene  and  aniline  a 
75  p.o.  anthracene.  The  veoovenr  of  tiw  «n« 
thracetie  conuined  in  the  mother  liqtuffii  offers 
no  special  difficulty. 

Remy  and  Erhart  (D.  K.  P.  3S417  of  Jan.  19, 
188())  have  propo9e<l  crystallisation  from  oleic 
acid  as  a  moans  of  purification  of  crude  anthra* 
eene.  The  diffiooltv  of  leooverin^  the  anthia- 
cone  contained  in  tlie  mother  liquors  M'ould  seem, 
however,  to  deprive  this  method  of  technical 
importance. 

Graham  f  'hem.  News,  33,  99,  Ifi^i  lias 
devised  a  method  for  recovering  anthraeeno 
from  the  ffltered  oils  need  m  ita  pttrifioatioo. 

The  Farbenfabriken  vorm.  Friedr.  Baeyer  ft 
Co.  (D.  R.  P.  08474 ;  £ng.  Pat.  5539 ;  J.  Soe. 
Chem.  Ind.  189S,  4S9)  employ  liquid  sulphur 
dioxide,  which  dissolves  the  irn|)urities  of  crudo 
anthracene,  but  very  little  anthracene  itself. 
OOOkiloe.  orado anthracene  is  mixed  in  a  wrought 
iron  agitator  with  2400  kilos,  litpiid  sulphur 
dioxide,  first  exhausting  the  air  and  then  allowing 
the  sulphur  dioxide  to  enter.  The  reaction 
having  ceased,  the  mass  is  forced  hy  its  own 
vapour  pressure  into  mi  iron  ^lieam-jacketod, 
filtering  tower,  where  anthracene  of  70-80  p.c. 
remains  bchin  1  'I'lie  mother  li(|uor  is  <listilled, 
the  sulphur  diuxide  iMsiag  collected  auil  recon- 
densed  oy  means  of  an  air-compressor. 

Another  patent  of  the  same  firm  fD.  R.  P. 
78861;  Eng.  Pat.  7862;  J.  fck>c.  Chem.  Ind. 
1895,  301)  recommends  tile  use  of  acetone  or 
other  fatty  ketones  as  a  purifyinf^  arrent. 
560  kih)«.  crude  anthracene  is  stirred  in  a  steam- 
jacketed  ryliniler  witli  750  idloB.  acetone  for  an 
hour.  After  couliuLi  the  separated  anthrneene 
is  filtered  and  washe<l  with  375  kilos,  acetone. 
The  se<'ond  liuuor  is  Used  over  agam,  and  the 
first  is  distilled  to  recover  thr  acetone.  From 
crude  stuff  containing  34  or  3r>  p.c.  iinlhracene. 
an  article  of  82  p.o.  iaeasiix  made,  and  only  a  few 
|x>r  cent,  anthracene  remain  in  the  n^^idue  after 
disliUing  off  the  acetone.    The  «cetone  jijj^l^y  GoOgle 
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used  in  (he  form  of  *  raw  ftoeione '  or  *  acetone 
oiiB.' 

Weltoa  (Eng.  Pat.  27559  ;  D.  R.  P.  113291  ; 
J.  Soo.  Chem.  Ind.  1900,  139)  purities  crude 
anthraci'nr;  by  means  of  li<i;ii(l  (luihydrous) 
ammonia,  which  disaolvca  out  most  of  tho 
impuritiefl,  but  not  the  anthraeene  it.sclf. 

Luytcn  and  Blumer  (Eng.  Pat.  14892  ; 
D.  R.  P.  141186;  J.  Soc.  Chcm.  Ind.  1901,  796) 
state  that  When  anthracene  m  purifMHl  by 
solvents  such  naphtha,  acetone,  &c.,  tho 
prosenco  of  t^r  oil  in  tho  crude  anthracene  is 
beneficial.  2fi  parts  of  drained  crude  anthra- 
cene are  hrntcil  with  Sry  |>artA  of  naphtha  until 
tlie  teiuiwraiure  in  near  that  of  tho  solvent. 
On  cooling,  the  anthracene  crystallines  out  and 
is  filtered  and  wrvi^hcd  \s  ith  a  little  of  tho  solvent. 
It  is  dried  liy  lieating  to  fueion,  and  distillinu 
off  the  8olv(  lit  ;  80  p.0.  anthracene  ie  obtained 
by  this  method. 

The  Aktien  (iesellMiliaf t  fiir  'I'hct  r  uud  Knlol 
Industrie  (D.  R.  P.  111359;  Kng.  Pat.  78(J8 ; 
.1.  S.>c.  fhem.  Ind.  1899,  750)  heat  f-ni-lr 
anthracene  to  fusion,  and  allow  it  to  cool  until 
SO  p.e.  ban  crystallise*!,  when  the  mother  liquor 
is  run  off  and  again  allowed  to  crystnllise.  Tin- 
liecond  crop  can  bo  raised  to  tho  value  of  tke 
fifst  (45-00  pi.c.)  by  another  fusion.  This 
product  is  agam  fusecl  and  trcHtfd  with  caustic 
potash  lye  (50  p.c.)  in  quantity  sufficient  to 
react  with  the  carbazole  present.  When  the 
reaction  is  romyilrte,  the  mass  separates  into  two 
layers,  the  lowtr  part  being  potassium  curbazole. 
Tfie  upper  anthracene  layer  is  run  into  its  own 
vrdutnt-  I'f  Ws  benzol,  which  dissolves  any 
phenanlhiLiie.  The  authraceno  is  pressed  or 
oentrifuged,  and  a^ain  washed  with  the  same 
solvent,  ami  h  obtained  as  a  pale-browTi  powder. 
By  this  means  30  p.c.  anthracene  is  raised  to 
90  p.c.  (v.  also  Scholvioii,  Fr.  Pfct.  330013; 
J.  Soc.  riiem.  Ind.  P.KM,  113). 

Tho  Aktien  Gesell-chaft  fur  Anilinfabrik 
(I>.  K.  P.  178764;  J  8oc.  Chem.  Ind.  1907. 
110.3)  ftd<l  potassium  hydroxide  to  the  melted 
crude  anthracene,  which  ia  then  distilled  in 
mutu'K  the  anthiWoene  distilling  over  being 
pa^socl  into  some  solvent  in  which  it  is  soluble 
at  the  temperature  of  the  reaction,  and  from 
u  Inch  it  crystalliaes  on  cooling.  It  is  stat^^d  that 
95-96  p.c.  of  the  anthracene  is  recovered  as  a 
product  containing  96-08  p.c.  of  pure 
anthracene. 

Wirth  (Eng.  Pat.  14462  ;  J.  Soc.  Chem.  In«l. 
1901,  464)  separates  the  carbazole  by  means  of 
its  easily  soluble  nitroso-  compound.  (Yudo 
anthraoene  is  mixed  in  a  vessel  provided  with  a 
stirrer  with  light  coal-tar  oil  andaodiuni  nitrite. 
2>ilate  Bnlnhurie  acid  is  added  gradually,  and  the 
Kodium  f<tilphat43  which  ia  formed  ta  dissolved  iu 
water  and  separated  from  the  light-oil  hkyer. 
Tho  anthracene  is  filtered  fronj  tho  light  coal- 
tar  oil,  washed  M  ith  benzene,  and  dried.  It 
contains  75-95  p.c.  anthraoene,  according  to 
quality  of  the  crude  in.iterinl. 

Catchpole  (Eng.  Pat.  10641;  D,  R.  P. 
164508 ;  J.  Soo.  Chem.  Ind.  10(^,  1100)  places 
the  crud''  prodtict  in  the  form  of  blocks  or  ~Irtl>.s 
on  a  pvrfurat^-d  or  channelled  surface  in  a 
ehamber  suitably  heated  to  a  temperature  not 
cxceeilinir  2lKl°,  where!>\  the  impurities  are 
*  sweated '  out.  A  slight  washing  with  acid 
and  distillation  complete  the  proeeaa. 


Vesely  and  Votocek  (En|r.  Bat.  f75M: 

.T.  Soe.  Chem.  Ind.  lOn.",  191)  find  that  mnren- 
t rated  sulphuric  acid  extracts  the  whoio  of  the 
,  baaio  impurities  of  anthracene  from  a  aolntion 
;  of  crude  anthr-iceno  in  a  solvent  immiscible 
with  sulphuric  acid.    The  most  suitable  solvents 
are  mineral  and  coaUtar  oils,  but  oarbon  diral- 
phide  and  chloroform  may  be  iis»  <l  ;   10f»  pjirts 
of  crude  anthracene  (35  p.c.)  wre  dussolved  in 
300  partM  of   solvent  nanhtha,  100  parts  of 
concentrated  s\ii|»lnirie  acid  are  fi<ldt  <l.  and  the 
mixture  i**  heated  and  at  the  same  time  vij{«>- 
rou^Iy  aL'itattHl  for  a  few  minutes.    The salfdiuric 
acid  having  h-cn  drawn  off.  thn  s«)|nti»>n  i-* 
free<l    from   acid    by  agitation   with   caK  lum 
j  carl)onut(  ,  filtered,  and  then  aU<>\v<  d  to  cry^t*!- 
'  li^^e.     My  this  process  it  is  >t:ir*-d  to  1>»?  po.-^sibh" 
to  ubtaiu  an  ii-V-iMj  p.e.  anthracene,  perfectly 
free  from  carbazole. 

A  t roubli'Si line  iiiipiiritv    in   anthmcene  is 
la  peculiar  paratiin,  which  has  a  high  nitltinj;- 
I  iKtint,  and  is  only  sparingly  solnble  i -iih>  r  in 
fit;Iii  |»etroIi  nm  or  coal-tar  naphtha  ;  it  Is  dis- 
.  .sul\  cd  to  &  certain  extent  by  the?»e  .<*)lvent>' 
I  when  hot,  but  on  cooling  in  almo-t  entinly 
(h>}>ositwl  again.    A  5»mnM  quantity  left  in  the 
anthracene  frequently  impi*de«  succeeding  opera- 
tions, and.  owing  to  it«  stability,  paaaea  tluough 
most  of  the  procojiscs  without  change. 

St/nthaieji. — From  orthotolylketone,  by  hcatins: 
with  zinc-dust  (Behr  and  Van  Dorp,  Ber.  7, 
17) ;  from  orthobenz\  !^r.  enide,  by  the  action  of 
sodium  (Jackson  and  \\  into,  Ber.  12,  ISB.*)]; 
from  a  mixture  of  benzene,  acetylene  tctra* 
bromide,  and  ahiminium  chloride  (.Vn-^chatz, 
Annalcn,  235.  l.'jtj);  from  benzene  and  alu- 
minium chloride  under  the  tnfinence  of  nicksl 
carbonvl  at  h^t"  (Dewar  and  Jone«,  Chem.  Soc. 
Trans.  1904,  213);  and  by  treating  |»ent*chlor- 
ethane  in  benzene  with  aluminium  chlonde, 
when  anthracene  in  formed  thmngh  tho  inter* 
mediate  formation  of  perchloreths  lcne  (Mouney- 
rat.  Bull.  Soc.  chim.  19,  f3J  557)'.  An  interest- 
ing synthesis  resulting  in  tho  production  of 
methvl  anthracene  (m.p.  200**)  is  that  of  Kracmer 
and  ^pilkcr  (Ber.  1890,  3174).  By  the  interac- 
tion of  xylene  and  cinnamcne.  phcnyltolyl- 
pentane  is  formed,  which  when  parsed  throuj;h 
a  red-hot  tube  forms  methyl  anthraoene  (m.p. 
207°),  hydrogen  and  methane  being  evdved. 
This  8>iithetical  production  of  methyl  anthrac«ne 
is  of  importance  in  its  relation  to  the  preient 
.  theories  of  the  mode  of  formation  of  anthraosne 
in  coal  tar. 

I  }'rop€rtic4. — Anthracene  crystallises  in  gl»p- 
teuing  white  scales.    It  melts  at  216-6*  (He»- 

Isert,  Ber.  1890,  2245),  and  boils  at  382* 
I  Schwxdtzer,  Annalcn,  2»it.  J 93).    When  pun-. 

:  it  shows  a  bluish-violet  tiuoreaoenoe,  but  thbt 
18  concealed  if  small  quantities  of  ydlow  im- 
purities (rritz-selic's  enrysogen)  are  prc<«i»nt. 
Ycliow-coloured  anthraoene,  on  enoawe  to 
sunlight,  is  bleached,  and  becomes  fluuiesteut. 
but  under  the>e  conditions  the  hydr.  «c\rbi«i 

j  undergoes  convennon  into  paranthracoir 
(Ci(H,o), — a  pectiliar  modifioation.  whidt  is 
nnieh  less  soluriie  than  anthraceii  .  :  unattackt-d 

^  by  bromine  and  nitric  acid  at  ItHi^  and  doc^ 

'  not  combine  with  piorie  acid  ;  it  melts  at  {■14^, 
and  is  tliereliy  eonverted  into  ordinary  anthn-  i 

,  cone  (Fritzsche,  J.  pr.  Chem.  101.  333;  (kvebe 

I  and  Liebermann,  Aniuilei^^^  Si^^L  ^b^^ ' 
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Sehmidti  J.  pr.  Chsm.  [2]  9,  248).  The  flnor* 
c-'fiKv  of  Hiithracene  and  certain  of  its  tleriva- 
tived  ius  be«n  referred  by  Lie  ber  maim  to  a 
pHtwnlar  noleenlar  grouping  (Bcr.  13,  913). 
M'Vfr  I'Ztitsth.  i)hysikal.  (^u-m.  1897.  468) 
»UribuU»  fluoresceace  to  the  presence  of  what 
ate  known  aa  flvorphoric  groups,  which  must 
bo  situated  Ik- t  ween  two  heavy  atomic  groups, 
iHualiy  benzene  nuclei.  The  solubility  of 
sathnwene  in  100  parts  of  Tsrious  solvents 
has  been  determined  bv  V<Tsiiiann  [.Tahreshericht. 
lAli,  423),  Perkin  (Jouni.  Hoc.  Arts,  27,  598 : 
Bveehi,  Ser.  13,  1078),  Findlay  (C'hem.  8oo. 
Tiatts.  1002, 1221)  with  the  following  lesolts 

Parts  of  anthracene 
Akohol  (absolute)  at  10*  tUsjiolvea  0-07«  (B.). 

„  „  b.p.      „  0*830  (B.). 

„  ipkgr.==0-8()0  at  16*        „  0  5m  (V.). 

„     „  =0-825    „  „  OaTMV.). 

„     „  =0-830    „  „  0  491  (V.). 

„      „  =0-835  „  0-47.-,  (V.). 

».     „  =0-»40    „  „  0-46U(V.). 

,.     „  «K)-860    „  „  0  423(V.). 

Ether        .       .  „     117.") )  v.). 

Chloroform        .  ,i     l  -73l>  (V.). 

Carbon  dtMulphide   „  „  1-478  (V.). 

.Acetic  acid         .    „  „  0  I4t  (V.). 

Light  petroleum  .    „  „  0\iU4(V.). 

„  .  b.p.  70*>-100*» 

at  15'  dissolves  0115  (P.). 
Benieno   .        .     „  „     1-290  (F.). 

„   h.p.  80"--100»  „  „  0-976  (P.). 

Tohwne     .       .  at  Urh"      „  0  020  fB.). 

.        .at  }>.{>.        .,  12-94(>  (H.). 

When  iutroducc<l  into  an  alcoholic  t^olutiou 
of  ptetio  acid  saturated  at  30''-^**,  anthracene 
iarma  a  picrate  C,4H.^C,H,(NO.)jO,  (  rvtal- 
Ika^  in  gUateoing  red  neodlcs  which  melt  at 
ISIT;  it  18  deoompoaed  into  its  constituents  by 
alcohol,  wat4^,  and  dilnte  alkalis,  even  in  the 
cokL  The  formation  of  the  picrate  is  host 
obtained  by  warming  molecular  quantities  of 
anthracene  and  picric  acid  on  the  water-bath  in 
chloroform  *olutiou.  On  oxidation  with  po- 
tMdum  diehromate  or  manganese  dioxide  an'l 
sjlphiiric  acid,  anthracene  is  converted  into 
anthiaquinone,  whilst  strung  nitric  acid  oxidises 
it  to  anthraquinonr*  and  dinitioanthraquinono ; 
nitro-  dcrivativo-i  of  anthracene  can,  however, 
be  preiiared  by  the  action  of  strong  nitric  acid 
SO  the  nydiocar bon.  if  care  is  taken  to  decompose 
»ny  nitrous  acid  which  may  lx>  formofl  during 
the  reaction  (Perkin,  Chom.  Hoc.  Proc.  188'J,  13 j. 
fflsuliulytic  oxidation  in  acetone  yields  anthra- 
quinone*  fFontana  and  Pcrkiti,  Chcm.  Zentr. 
1904,  li.  708) ;  the  same  product  results  by  the 
siwtiohrtic  oxidation  of  a  suspension  of  anthra- 
eene  in  a  2  p.c.  solution  of  cerium  sulphate  in 
20  p.c.  snlphuric  acid  at  80*-90*  (Farb.  vorm. 
Meirter,  Lucius  and  Bruning,  D.  R.  P.  152063  ; 
Chcm.  Zentr.  1904,  ii.  71) ;  or  by  the  oxidation 
of  anthracene  by  cerium  oxide  in  sulphuric  acid 
(Farb.  M.  U  k  li. ;  D.  R.  P.  158609;  Chem. 
Zentr.  1905,  i.  840) ;  or  by  heating  anthracene 
^th  charcoal  at  IfiO^-^OO**  (Dennstedt  and 
Ha.v].  D.  R.  P.  203$48  s  Chem.  Zentr.  1008, 
ii.  1750). 

Concentrated  sulphurio  acid  conTerts  anthra- 
eeno  into  sulphonio  acids.  Anthracene  mono- 
raiphonic  acid  is  obtained  by  the  direct  sulpfaona- 
tton  of  anthracene  with  sulpboric  aoid  of  63^  or 


64*B.,  and  about  60  p.e.  of  the  anthraoene 

employed  la  thus  converted.  If  sulphuric  acid 
of  60°B.  is  used,  two  isomeric  disulphonic  acids 
are  obtained,  and  these,  on  oxidation,  ywld  two 
anthrai|uin*mcdIsulphonic  acids,  which  are 
isomeric  with  the  two  acids  obtained  by  the 
direct  mlphonation  of  anthraquinone.  The 
^-ant hnicfnc  disulphonic  acid,  after  oxidation 
with  chromic  or  nitrio  acids,  and  subseauent 
fusion  with  alkali,  yields  aiixarin  {q.v.),  ana  the 
nionosul phonic  a(  id  similarly  treated  yirlds 
anihrapurpurin  {q.v.)  (La  ik>oi<ite  Auonomyo  des 
Mati^res  Golomntes  et  Fhtdoits  Cbemiques  da 
St.  Denis,  Eng.  Fhkt.  1280;  J.  Soo.  Chem.  Ind. 
1894,  32). 

Th»  same  acids  are  obtained  by  hmthift 

anthracon«>  with  alkali  hi.«;tilphat<>  to  *  HO" -1. '>()** 
(D.  R.  I*.  77311).  Anthracene  is  readily  attacked 
by  chlorine  and  tnomine,  and  yields  with  each 
element  a  series  of  adrlitlvc  and  suhstitution 
derivatives ;  additive  compounds,  apparently, 
are  the  first  produets  <rf  the  aotion,  and  these 
either  fh  rompo^c  during  the  reaction  or  can  be 
decomposed  by  boilmg  with  alcoholic  potash 
into  the  corrraponding  substitution  dsrivatives, 
which  also  form  additive  compoumls  by  the 
further  action  of  the  halogens.  The  chloranthra* 
ccnes  are  now  prepared  on  a  large  scale  (Clayton 
Aniline  Co.,  Eng.  Pat.  8744  ;  J.  So<-.  Chetn.'in.l. 
1900,  64).  Dry  chlorine  reacts  with  anthracene 
in  tlie  presence  of  lead  peroxide  at  a  high 
temperature.  Fifty  j»art.s  by  weight  of  anthracene 
and  10  y&rUi  of  dry  powdered  iea<i  peroxide  are 
trcate<l  with  dry  chlorine  at  220**  until  the 
weight  has  increased  to  120  parts.  The  tempera- 
ture, however,  may  be  varietl  between  180  and 
260**,  and  the  oomposition  of  the  product  varies 
with  thetemperaturo  employed  and  the  amount  of 
chlorine  absorbetl.  The  product  consists  mainly 
of  3-tetrachlorAnthraeaie  (m.p.  152"),  which 
is  readil\-  s<.»hdil.«  in  benzene  ana  cr^'stallises  out 
in  yellow  needles,  anil  anulhcr  part  much  less 
.soluble  in  benzene  and  more  highly  chlorinated. 
This  latter  consists  of  two  products :  hexachlor- 
anthraceuc  (m.p.  277°),  which  crvstailises  from 
tiiirobenzenc,  and  heptacliloranthraoene  (m.p. 
232°),  \\hich  is  more  soluble  in  benzene  than 
the  former.  Oxidation  converts  these  com- 
pounds into  c^doranthraquinones,  containing 
2  atoms  of  chlorine  less  than  the  orifjinal  com- 
pound. Treatment  with  a  mixture  of  mtric 
and  sulphurio  acids  results  in  the  formation  of 
chlornitroanthraquinones  which  yield  d^-estuifs 
un  treatment  with  fuming  sulphuric  acid.  The 
chloranthraquinonos  on  Vestment  with  fumirig 
sidphuric  acid  in  the  presence  or  absence  of  boric 
acid,  yield  hydroxy-  compounds ;  e.g.  1  : 4 
dichloranthraquinono  vields  (jHiviz>irin  ('/.'■.) 
(Farb.  vorm.  F.  Baeyor'&  Co.,  ¥t.  Pat.  385358  ; 
J.  Soc.  Chem.  Ind.  1908, 557).  Reducing  agents, 
such  as  sodium  amalgam  or  phosphorus  and 
hydrogen  iotiide,  convert  anthracene  into  the 
dihydrido  (Graobe  and  Liobermann,  I.e. ;  Lielxr- 
mann  and  Topf.,  Annalen,  212,  5} :  h\<lrogen 
and  nickel  oxide  at  260''-270*'  and  100-125 
atmos.  convert,  anthracene  first  into  tetrahydro-, 
then  decahvdro-,  and  finally  perhvtlroanthraceno 
(IpatieS,  ^okowlefi,  aad  'Bakttin,  ^r.  1008, 
996). 

EMimation. — Luck  (Ber.  6,  1347) :  Meister, 
Lucius,  and  Bruning  (Dinf^l.  poly.  J.  224,  659); 


Nicol  (Cihem.  6oc.  Trans.  1876,  2,  553|j;^.Ba0|M»t^- 
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(Chem.  News,  73,  178  ;  79.  187).  The  per- 
centage nf  aritliraccnc  in  a  sftmpV  of  the  com- 
mercial product  is  determined  by  oxidiaing  it 
to  ftnthrsqumone  with  ohromio  add,  disMlving 
the  product  in  Miilphurio  acid,  and  precipiUting 
with  water,  aince  the  as80ciate<l  impuriti<»  are 
either  deetroyed  durinj^  the  oxidation  or  are 
converted  ini  -  il]  l  onir  acids  soluble  in  wat^T. 
The  details  of  the  process  are  as  foUowis :  1  gram 
of  anthracene  is  introdooed  with  45  0.0.  of  acetic 
acid  into  a  fla.sk  connf^cted  \\ith  a  reversed 
condenser,  aud  heated  to  boding  ;  a  bolution  of  j 
K)  ^Tamn  of  ohromio  acid  in  10  c.c.  of  acetic  ; 
acid  and  10  f  v  at.  r  !■?  then  atUled,  drop  by 
<lrop,  to  the  boding  solution  during  a  period  of 
2  hours?  and  the  product  is  boiled  for  2 
hours  lmy,vr,  allow  i  d  to  stand  for  12  howrn, 
then  i)oure<l  into  400  c.c.  of  water,  and,  after 
fitaading  for  S  hou»  longer,  is  fili< tkI.  The 
anthraquinone  on  the  fHt.  r  is  washed  with 
water,  with  hot  dilute  alkali,  ami  then  with  hot 
water;  afterwards  it  is  placed  in  a  small  dish 
dried  at  100*,  and  dit;tstert  for  10  minutes  with 
10  times  its  weight  of  pure  concentrated  sulphuric 
aold  at  100*.  The  solution  of  anthraquinone 
is  sulphuric  acid  is  then  allowed  to  remain  for 
19  hours  in  a  moist  atmosphere,  mixed  with 
200  0.0.  of  water,  and  the  precipitat»  <l  anthra- 
quinone filtered  off  and  washed  fin*t  with  water, 
then  with  dilute  alkali,  and  linally  with  water ; 
it  i«  then  dried  at  100**  in  a  dish,  weighed,  i^ited, 
nrvl  the  a.sh  deducted  from  the  first  weighmg. 
Ihe  difference  gives  the  weight  ot  anthraquinone 
oociwpondhtK  to  the  amoimt  of  anthraoene 

pfesi  nt  in  th  •  sample. 

iiM^/iirt;!/-?.— Paraffin  is  usually  present  m 
erode  anthracene,  and  is  ettimated  by  treating 
tho  matrrial  ^\ith  fuming  nitric  acid,  keeping 
the  mass  cold.  VVlien  all  the  acid  has  been 
added,  the  mixture  is  kept  at  the  onlinary 
temperature  until  the  anthracene  has  dissolved, 
and  then  heated  until  the  paraffin  has  melted. 
The  eolation  ie  filtered  and  the  precipitate  uashiKl 
with  fuminfr  nitric  acid  until  the  filtrate  dis- 
solves in  water  without  turbidity,  and  then  with 
water  until  neutral.  Finally,  the  ]>arafTin  is 
wanhed  with  alcohol,  dissolved  in  warm  ether 
and  the  filtrates  collected  in  a  weighed  porcelam 
diah;  the  filtrates  nro  evaporaU-d  and  the 
paraffin  dried  at  105^-110*'  tot  ^l'^  ^om 
(Heusler  and  Herde,  J.  See.  Chem.  Ind.  1806, 
828).  The  detection  of  carbazole  and  yhen 
anthrene 
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AflTHRANOL.  Q-llydroxyanihroccnc 
^€(0H) 

is  prcpart«d  bv  the  reduction  of  anthraquinone 
with  hvdriodic  acid  and  phosphonis  (Licbermann 
and  Topf.  Annalen,  212.  0 ;  Ber.  1876.  1201), 
(  t  \  ith  t  iti  and  acetic  acid  (Liebermann  and 
tiinibei,  Ber.  1887,  1854).  Another  methoii  i-^ 
to  add  copper  or  aluminittm  powder  to  anthra- 
quinone dissolved  in  concentrated  aalphono 
acid  at  30*-40**,  and  ix>ur  the  product  into  water. 
The  crude  substance  ia  reorystallised  from 
glacial  arrtic  acid  containing  a  trace  of  aluminium 
and  a  little  hydrochloric  acid  (Baeyer  k  Co., 
D.  R.  P.  201542;  (  hem.  Zcntr.  1908,  ii.  1218; 
Bez'l/ik  ami  Friedlander,  Monatsh.  30,  871}. 
Antiiranol  has  l^cen  synthosised  by  heating 
1  part  of  0-beniylbenr.oic  acid  with  2  parts  of 
sulphuric  acid  at  100*  (Fischer  and  Schmidt. 
Ber.  1894.  2789).  It  crystallises  in  ooloariesB 
needles,  m.p.  165',  \*-ith  decomposition.  It 
dis-H(.lve«  in  alkalis,  and  then_  behaves  as  lU 
tautuoieride  antkrul  {q.v. ) ;  f.fj.  it  condeilMWHh 
benialdehvde  to  form  l>tMiziIi<line  antluol 
(Haller  and  Padova,  Compt.  rend.  141,  r. 


^ZfiaS  l  cwrieS  oui   also  Bad-  And.  und  Soda  Fab.,  D.  R.  P.  17t«D : 

m  the  purified  product  is  carried  out  j  ^^^^  ^^^^^  .  3^  j^^^^^j^ , 

alkaline  solution  of  anthranol  for  some  time,  tl 
becomes  oxidised  to  anthraquinone ;  hydrox.\1. 
amine  hydrochloride  converts  it  n\to  anthrfi- 
quinonedioxime  (Nietxki  and  Kehrmann,  Ber. 
1887,  ljl3).  Anthranol  yields  a  heoaoTl  d«i 
vative  (m.p.  164')  with  Inn/oyl  «hl.>ride  it; 
pvridine  (Padova,  Compt.  rend.  143,  121  ;  Ann. 
C\iim.  Phys.  [8]  19,  353).  and  a  diiodide  with 
iodine  in  benrene  soluti  n  I.i  -beraaaiin,  dawc 
and  Lindenbaum,  Ber.  11K)4,  3337). 

Dianihranol  Cj,H,,Oj  is  formed,  together 
with  a  little  anthraquinone,  v^hen  ainhr^m  ' 
I  dissolved  in  benzene  is  exposed  to  sunlight  for 
some  weeks,  or  when  the  hencene  solatMwi  it 
1  Knilpd  for  some  houiv.  Colourless  tabular  rr\  stall 

MATTEH1  ►  »•  VBnh 
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as  follows : —  ,    •        , , 

CarbazoU.  Sample  is  extracted  in  cold 
with  ethyl  acetate,  solution  allowed  to  evaporate,  | 
and  residue  tran^ferreii  by  a  few  drops  Of  same 
solvent  to  a  .  m  h-t.'la.s.-<.  On  ivaporation, 
ciirhrt7.nl.-  is  led  bt'hmd  ;  whi  n  Ueatod  with  a 
<irop  ot  nitrobenzene  and  phenanthsftquinone, 
it  yields  ohancteristio  small  copper  oolcnired 

^^^Lnnnthrenf.    Sample  is  extracted  with 

l)enzcne.  and  the  evaporation  residue  treated 
vith  a  (liiiilrophenanthraquinoae  in  nitroben- 
zene. In  thi^  ca^  mixed  crystals  areohtained 
having  tin-  form  and  colour  of  the  brown 
needles  of  the  phonanthrene  compound,  but 
containini?  a  largi  quantity  of  anthracene^ 
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ODLOmrXO  XATTXBS. 

AMTHBAQUINONE  C,H«<;^^g^,H4. 

OHtained  by  the  oxidation  of  anthrncpne  with 
thromic  acid  (Kopp,  JahrcsUiricht  I87b,  IIHS  ; 
LAurent,  Ann.  Cliim.  Phj'8.  [2]  60,  220  ;  72, 4  IT) ; 
AnnAlen,  34,  287 :  Anderson,  Annalen.  122, 
301  :  Graebe  and  TJebermann,  Annnlcn,  Spl.  7, 
2>r>  )  ;  by  the  flint  illation  of  calcium  bcnzoate 
(K.  kulo  and  Fnuichimont.  Ber.  1872,  908); 
hy  the  diatillatioii  of  bt'iizoic  acid  with 
jhoKjphimoa  pentoxidc;  by  the  di-stillation  of 
o-beiu6oylbcn«oic  acid  with  pho  1 1 1  rus  pcntoxide, 
ur  by  l^teating  it  alone  (Ullniaiin,  Annalen,  291, 
U  i  Behr  and  Dorp,  Ber.  1874.  578 ;  Liebcr- 
mann,  Brr.  1874.  805;  Porkin,  Chcrn.  Soc. 
Trans.  1891,  1012):  by  the  dry  tlistillation  of 
calcium  phthaUto  (PkuuMtOTit*,'^  R<  r.  1KS4,  l.'i). 
H«  Urr  (Zt  itsch.  a  ippw.  Chem.  1906,  19,  669) 
heats  1  part  of  phttialio  anhydride  nrith  3*5  parts 
<if  benzene  and  1*8  parts  of  aluminium  chloride 
■fi  a  lead  vessel  at  70*  until  thr  evolution  of 
nvdrogen  chloride  coaaes.  After  cooling,  water 
14  added  and  the  excess  of  benzene  removed  by 
-t#^am  fli.st  illation.  The  solution  in  mado 
^kaiiue  and  boiled,  and  then  un  addition  uf 
«cid  benzoyl  benzoic  acid  is  precipitated.  On 
heating  this  for  one  hour  at  LW",  anthraqtiinone 
i^  obtained  (cf.  Piccanl,  Bit.  1874,  1785 ; 
Friedel  and  (  raft,^.  Ann.  Chim.  Phys.  [61  1,  623  ; 
M Oiler,  J.  1863,  393).  Phonyl-o-tolylkotonc 
giTcs  anthraquinone  on  heating  with  lead  oxido 
or  oa  oxidation  with  manganese  dioxide  and 
sulphuric  acid  (Behr  and  T>orp,  Ber.  1873,  764  ; 
1874,  16  ;  Thorner  and  Zin(  ke.  R<>r.  1877,  1479). 

ItbduHrial  preparation. — Crude  anthracene 
<a5-^  p.c.)  is  slowly  added  to  a  hot  Eolution 
r-f  potassium  dichromate  in  a  large  woo<l  vat 
linwl  -with  lead.  The  solution  is  kept  well 
i>tirred  and  heated  with  steam  until  all  the 
antjiraccne  has  been  added.  The  steam  in 
then  cut  off  and  sulphuric  acid  is  run  into  the 
mixture  in  the  fom  of  a  fine  afHray ;  the  heat 
scneratod  by  the  reaction  keep  the  eolution 
DoiliDg.  The  crude  anthraquinone  is  then 
•eparated  by  filtration  and  dried.  It  is  dis- 
solved in  sulphuric  acid  without  applying  any 
hi'at,  and,  when  solution  is  complete,  transiferrcd 
to  a  large  vat  lined  with  lead  and  boiled  with 
>«Yter.  The  precipitated  anthraquinone  is  at 
once  separated  by  means  of  filter  i)res.«es 
from  the  s^ubie  compounds ;  the  pressou  oakes 
arc  boiled  with  a  solution  of  soaa.  and  thmi 
a-s^nin  hltored,  pressed,  dried,  and  linally  sub- 
liroed  (Levinstein,  J.  Soc  Chem.  Ind.  1883» 
219;  Kopp.  U.).  Poirrier  and  Roeenstiehl 
(Eixg.  Pat.  S431  ;  J.  Soc.  Chem.  Tnd.  1887, 
o^5)  oxidise  aathiaoene  in  a  dosed  lead-lined 
Vermel  bv  means  of  ferrio  flulphate.  The  vessel 
j«  heated  to  I20''-150**  during  72  hours,  com- 
pressed  air  being  injected  into  the  vessel.  By 
thin  moans  the  anthreoene  Is  virtuaUy  oxidiMd 
Hv  the  air,  the  frrric  sulphate  acting  as  a  carrier 
for  oxygen.  Another  proceea  oonsiata  in  the 
ab^rption  of  iitttio  oxiclee  dihited  with  air,  by 
line  nxidf,  copper  oxide,  or  a  similar  oxid'- 
of  low  baaicity.  Anthracene  is  mixed  with 
this,  and  *  flinam  of  air  or  oz3Fgen  is  paned 
through  the  mixture  at  250*'-350*',  anthraciuinonc 
befDff  prodoced  (Ch.  Fabr.  Grilnati,  Landshoff 
MMbw,  IK  a  p.  907170,  2lSSUi  J.  6oe, 
Vol,  L— r. 


Chem.   Ind.   1900,  360,  1310).  Darmstadter 

frVm.  Z<ntr.  1900,  ii.  151  ;  I).  R.  P.  109012) 
prt^pares  anthraquinone  by  the  electrolytic 
oxidation  of  anthracene  in  a  diromio^Msid  bath. 

Various    processes   have   been    patented  for 

Surifyiug  the  crude  anthraquinone  thus  pro- 
uccd.  Bronner  (J.  Soc.  Chem.  Ind.  IHH2, 
499  ;  1883,  410  ;  Eng.  Pat.  759  :  I).  K.  P.  21 081) 
dissolvcii  out  the  impurities  on  a  specially  con- 
structed circular  ilielf.  The  method  depends 
on  the  continuous  extraction  of  tht^  impurf^ 
product  with  an  amount  of  solvent  in.su llicicnt 
to  keep  in  solution  the  whole  uf  the  anthra- 
quinone and  the  pa.silv  soluiile  impurities. 
Baver  &  Co.  (1>.  R.  P.  ti8474  ;  Eng.  Pat.  5539  ; 
J.  Soc.  Chem.  Ind.  1893,  439)  dissolve  out  th(> 
inij)uritie8  with  liquid  sulphur  dioxide  :  SadU  r  it 
Co.  Ltd.  and  Driudgur  (l!.ng.  Pat.  17635  ;  J.  Soc. 
Chem.  Ind.  1902,  1072)  recrystalliw  the  erode 
anthraquinone  from  hot  aniline. 

Pf(//)«r/»e*.— .\nthraquinone,  as  usually  pre- 
pared, forms  a  felted  mass  of  crystals  of  a  pale> 
yellow  or  buflf  colour  ;  by  sublimation  it  can  he 
obtained  in  the  form  of  lemon-yelJov\  necdlcis  or 
golden-yellow  prisms;  ro.p.  277**;  b.p.  379*- 
381**  (corr.)  (Recklinghausen,  Ber.  1893,  1515); 
,  sp.gr.  l-438-i-4i9  (Schrooder,  ibid,  188U,  1071). 
Sparingly  eduble  m  alcohol  and  ether,  some- 
w-nat  more  soluble  in  hot  benzene.  It  is 
neutral  in  it^  react iun^,  and  is  insoluble  in 
dilute  acids  or  alkalis.  Anthraquinone  ia 
verv  .stable ;  it  is  not  affected  by  not  hydro- 
chloric acid,  or  by  boiling  with  caustic  potash  or 
calcium  hydroxide  solutions  ;  it  dissolves  in  hot 
nitric  acid  (sp.gr.  1  -41,  and  it  flepoj'itefl  in  crystah 
on  cooling  or  on  dilution  ;  it  di^soive^  unchauKcd 
in  concentrated  sulphuric  acid  at  100^,  and  is' 
precipitated  in  fine  crj'stals  on  pouring  into 
water.  Strongly  heated  with  sulphuric  acid, 
it  is  converted  into  mono-  and  di-suljihonic  acids 
(t*.  AuzARiN).  Anthraquinone  is  of  great  com- 
mercial importance,  as  it  is  used  in  the  prepara- 
tion of  alizarin,  quinizarin,  purpurin,  &c.  {v. 
AuzABiN).  I<^ision  with  zinc  or  treatment  with 
Bo<iium  methoxide  converts  it  into  anthraceno 
(Haller  and  Minguin,  Compt.  rend.  120,  1105) ; 
fusion  with  oauatio  aoda  converts  it  into  sodium 
benzoate  (Qraebe  and  Liebermann,  Annalen, 
160,  129),  and  bv  distilling  it  over  lime  benzene 
is  formed;  reduction  with  zinc  and  caustic 
soda,  or  with  sodium  amalgam  yields  oxanthranol 
Cj^H,oO,  and  dianthranol  (Diels  and  Rhodiun, 
Ber.  1909,  1076 ;  Meyer,  Ber.  1909.  143) ;  zinc 
and  amyl  alcohol  converts  it  into  dianthrol 
(Meyer,  Monatwh.  30,  165).  Phosphorus  pcnta- 
chloride  and  phosphorus  ozychloride  convert 
it  into  triohloranthraoene  and  other  chlorinated 
products  (Radulescu,  Chem.  Zentr.  l!>08,  ii. 
1032).  A  delicate  test  for  anthraquinone 
consists  in  reduolng  it  with  sodium  anwigani  in 
dry  ether.  On  adding  a  drop  of  water,  a  re<l 
colouration  is  produced ;  if  alcohol  \h  u.sed 
instead  of  ether,  addition  of  water  gives  a  green 
colouration  iriaus,  Ber.  1877,  927). 

Condensation  producU, — With  phenols : 
Seharwitt  snd  Ktiane«of.  Ber.  1903,  2020 ;  1904. 
3fiir>;  Deichler,  D.  R.  P.  109341;  Ch.  ui.  Zentr. 
1900,  ii.  360.  With  amines :  Bayer  &  Co. 
D.  R.  P.  86160, 107790, 136777. 136788.  148079; 
(  !  •  ii;  Zentr.  1902,  ii.  1272  ;  Chem.  Soc.  Abst. 
1904.  i.  326.    Aiyl  eth^r^^.  aryl-  and  alkyl- 

amino-  derivatives:  Bayer  &  Co.  D.  R.  P^.  , 
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168631:    Fr.   Piit.  354717,  362140;   J.  Soo. 

Chrm.  ln<l.  1905,  8S5,  1105;  lOOn.  752.  Thio- 
cyaiiatts  :  Bawr  k  Co.  D.  K.  V.  200054  ;  J.  6oc. 
Ghem.  Ind.  \m\  239.    Meroaptans :  ibid.  469. 

1.2-  aiul  1.4-Hn(hraquinono8  have  been  pre- 
jiariHi  from  a  authrol  and  1.2  -anthraquinone 
from  (r.  J)mu-\,  Bt  r.    1<)<»(),  l>26 ; 

Licbermann,  Ber.  1900,  2089 ;  HarUnger,  Bcr. 
190<5.  3537;  Jjigodzinski,  Ber.  1894,  1483; 
189.,.  1  i:  '  :  1906.  1717). 

ANTHRAQUINONE  RED  v,  AUZABIS  AVD 

AULIKD  COLOURINO  MATTEBS. 

ANTHRARUFIN  v.  AuzABOl  Ain>  alsjed 

COhOVmyc.  MATTSB8. 

AMTHROL 

CH 
CH' 

T\«o  isomeric  anl^rols  are  known,  a-  or  1- 
hydroxyanthracene  and  fi-  or  2>hydio3cy« 
anthracene. 

a-Antkrvi  is  pre|)ared  by  fusing  l-anthracene- 
sulphonic  acid  w  ith  5  parts  of  caustic  potatth  at 
260**,  dissolving  the  mass  in  water,  and  filtering 
off  the  yellow  flocks  which  separate  out.  The 
crude  product  is  recry stall ised  from  acetic  acid 
and  water.  It  forms  yellow  plates,  m.p.  152°. 
a-.\nthrol  dissolves  in  the  onlinary  solvents  with 
a  blue  fluorescence,  and  is  more  soluble  than 
i9-anthrol  (Schmidt,  Ber.  1904.  66;  Dienel, 
Ber.  1905,  8862;  v.  «]ao  Lmke,  J.  nr.  Cibem.  [2]  i 
11,  227). 

0-A7tthrol  is  prepared  by  fusing  S-anthracene-  * 
Hulphonio  acid  with  j>otai*h  and  rt'crv.stalli.sinr; 
the  crude  product  from  acetone  (Liebermann  | 
and  HSrmann,  Ber.  1879,  589 ;  Linke,  J.  pr.  | 
Chem.  [2]  11,  222).  It  can  also  be  oljtuin.d  by 
rcducii^;  h;^  druxyanthra^uinonie  uith  hydriodic 
acid  and  phosphorus  (Liebermann  and  Simon, 
!Rt  r.  1S81.  123).  It  forms  yellow  plates  melting 
with  decomposition  at  200%  and  is  soluble  in 
the  common  organic  solvents  vriih  s  yiolet 
fliioiTsccucc-.  By  reduction  with  so<Iium  in 
alcoholic  solution,  dihydroanthrol  is  obtained 
(Bamberger  and  Hoftmann,  Ber.  18^,  30A9), 
and  hy  heating  wit h  ncetarnidi-  at  2S0°  tiDfJu am, n 
is  obtained.  Azo-  dyestufis  have  bcca  obtained 
from  0.anthrol  (Act.  Ges.  f.  Anilinf.  D.  R  P. 

ANTIAR  R£SiN  or  UPAS  AMTIAB.  A 
green  resin  tvhioh  exudes  from  the  upas  tree 

{Autinrit  liixirarid  (I.t^^cli.),  order  Maraee.-e). 
Light  petroleum  and  benzuuc  extract  from  it  a 
suBsUnoe  analogous  to  eaoutobono,  a  fatty 
matter,  and  two  resinous  substances;  alcohol 
extracts  from  the  residue  a  very  ix>isonouB 
glucosidc,  mdiarin  (De  Vrij  and  Ludwig,  J.  pr. 

Chtn  .  103.  253). 

AMTIABm  V.  Gi.ucosiD£S. 
AUTI-GHLOR.  Linen  and  cotlon  fibres  and 

pa]Kr  |>i)lp  are  apt  to  retain  Komo  free  chlorine 
from  the  hypochlorite  used  in  bleachiTisr,  and 
as  this  causes  the  material  to  rot  slouly,  the 
manufacturers  use  certain  reagents  kiun^n  as 
'  anti*chlors '  to  remove  the  last  traces  of 
ohlorine.  The  first  substances  employed  were 
the  nentral  and  acid  i?ulphit«s  of  soda  (sodiuiti 
aulphite  and  bisulphite) ;  these  were  superseded 
in  1853  bv  sodium  hyposulphite,  vhidh  is  now 
very  largely  emi>lu\ed.  Calcium  sulphide,  made 
bv  boiling  milk  of  luuc  with  liulphur ;  siaiuious 
ohloride  lu  hydraohlorio  Mid  with  ■ubsequeitt 


treatment  with  fff'*'?'"  oacbonate  to  neutnUsB 

any  frre  acid  ;  ammonia,  and  sodiom  aitrile 
have  also  been  recommeadtxl. 

ANTIDIABETIM&  Ttade  name  for  a  pie- 
piration  said  to  be  composed  of  aaocfaarin  and 

niaauite. 

ANTI-FEBRIN.  A  trade  name  for  acti- 
anilide.  or  phenylacttamidi  (\IT,  NH-CO-t'H,. 
Discovered  b}'  Gerhardt  in  lHo3,  and  investigated 
as  an  antip>Tetic  by  Kusamaul  in  1886  (r. 

ACKTANILTDK) 

ANTIFORMIN.  Trade  nantc  fur  the  alkaline 
liquid  prepared  by  adding  caustic  soda  to  a 
solution  of  .'^odium  hypocnlorite.  Used  as  a 
disinfectant,  the  active  ingredient  being  the 
chlorine,  of  which  4  p.c.  is  liberated  on  treatment 
with  hydrochloric  acid.  Solutions  of  sodium 
hypochlorito  arc  prepared  in  Germany  by  the 
electrolysis  of  5  p.c.  salt  solution.  A  current 
of  110  volts  and  100  ampcrce  furnishes  nearly 
6(X)0  litres  daily  of  a  disinfecting  or  bleaching 
solution  containing  1  p.c.  of  available  chlorine. 

According  to  H.  Will  (Zeitsch.  Ges.  Brauw. 
1903,  865;  J.  8oc.  Chem.  Ind.  1904,  125),  it  is 
one  of  the  best  disinfectants  for  brewery  work. 
It  rapidly  softens  organic  impurities  and  facili- 
tates their  removal  by  scouring,  in  addition  to 
its  oxidising  action,  and  it  also  dissolvee  incru^sta- 
lion.  Its  germicidal  power  is  high,  and  a  d  p.c. 
solution  is  sufficient  for  most  purposes.  It  is 
used  cold,  and  may  be  .safely  applied  to  varnished 
s\irfacc8  with  a  brush,  provided  care  is  tiUcen  to 
prevent  prolonged  contact. 

ANTIFUNGIN.  Trade  name  for  magiMMriiun 
borate,  employed  aa  a  fungicide. 

ANTIGERMIlf.  Tnde  name  for  a  prepan- 
tiun  of  a  eopjRT  salt  of  a  weak  organic  acid, 
mixed  w  ith  lime.    It  is  used  as  a  fungicide. 

ANTIHTPO.  A  solution  of  potassiam  per* 
carbonate,  used  for  destroying  .'^odiuin  thio- 
sulphate  in  photographic  negatives  and  Dcmte. 

ANTIMOmlf.  Tnde  name  for  antimony 
calcium  lac  1      .  used  as  a  tannin-fixing  mord-int. 

ANTIMOlillE.  JKative  antimony  sulphide 
{v.  AKmtoirr). 

ANTIMONY.    {Aidijnoine,    Fr. ;  Antiimm, 
Ger.)  Stibium.   Sym.  Sb.   At,  wU  120-2. 
Oeewrence. — ^Antimony   ooeurs  natire  in 
I  small  quantities,  oeeasionally  in  rliombohedrsl 
I  crystals,  at  Andreasberg  in  the  Uartz,  Fruhcain 
I  in  Bohemia,  Sala  in  Swedm,  AUemont  in  Tnnee, 
,  in  the  United  States.  Ne\s  South  Wale-,  n:.  ' 
Quebec.    It  occurs  in  large  masses  in  idarawak, 
Borneo. 

Combined  \\ith  oxygm  as  the  .ses^^uloxide 
SbjO},  it  occurs  in  antimony  bloomy  tchiie  oal*- 
imm|f,  or  mlenltitAe,  and  in  temirmimtile^  benu; 

f()un«l  in  \\orkal)le  (juantifie.s  in  the  Alu'trin 
province  of  Constautinc.    In  aalimony  ocMt 
or  cervmUiUy  and  in  sftUcoalfs  and  wigeritt,  it 
occurs  aa  antimonite  of  antimony  SbjOi- 

Combiued  mth  sulphur,  it  occurs  a^  ^)?»^t£r« 
antinumile,  or  grey  aniimeimf  ore  8b..^^:,.  In 
\inion  with  sulphur  and  osi/gt,n   togt^thir.  it 
,  forms  red  antimony,  anlinwn}/  bUndc  or  i*r- 
I  muHe  Sb,0,2Sb,S,. 

With  arsenic,  antimony  is  found  in  nllr- 
i  fnoniite  or  arHnical  atdimony.    With  stiver, 
in  diteraaiie. 

<  With  sulphur  and  metal-:,  antimonv  forms  - 
I  number  of  suiphantitnontke,  among  which  sa«> 

I  be  meatioiwd  unht»Utt  jamesonUe,  hcmhtngtritt. 
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And  fmther  ore,  oontaining  antimony,  sulphur, 

»rui  h-n.  ]  ;    11,  ''nriji/n'tCf  pyrani'irit'-^  r\nd  sUpkan- 
cuutauiiii^  mlver ;    beriUicrtU,  ooatainiog 
COpptT  glcmee.  Antimony 
is  found  in  certain  ferruginous  watf  r- 

The  antimony  minerak  of  coniuiercial  im- 
portanoe  u  ores  arc  stibniief  and  the  decomposi- 
tion producta  which  are  usually  as.-ioci<itetl  with 
it  and  sometimes  entirely  replace  it,  viz.  kerme- 
$ii<,  valentimlet  tenarmonHle,  and  cenmUiU. 

Antimony  orra  occur  in  workable  quantities 
in  Mexico,  Caiiiomm,  North  America,  Canada, 
Australia,  Japan,  Borneo,  Cape  of  Good  Hope, 
N>w  Zealand,  Asia  Minor,  Algiers,  Italy,  Spain, 
Portugal,  Corsica,  and  Sardinia.  Small  deposits 
of  antimony  sulphide  have  been  disooTOml  in 
Cbrawall,  Cumberland,  and  Scotland. 

The  veins  in  which  stibnite  in,  found  are 
nmially  4—0  inchea  in  width,  but  in  some  rich 
mines,  aa  in  Nevada,  they  are  several  iwi  at  rosn. 
The  gangue  materials  are  quartz,  with  isomu 
ro^-n-8par  and  heavy  spar,  and  from  these 
the  sulphide  can  only  bo  separntt-d  by  han<!- 
picking  or  liquation.  It  m  uccaciuualiy  found 
in  pocKets,  when  it  ia  uauaUv  Ter>'  pure. 

By  far  the  most  general  ore  of  antiinoDV  i.< 
the  sulphide,  but  in  sume  cases,  as  in  Alucna,  the 
«zkk»  is  found  in  workable  quantitiee,ancl  in  other 
cais-r?  l>oth  oxi<le  and  .su)|>hid«»  occur  tcwetlier. 

£jrirurltu)i. — Metallic  aiiiimony  and  iti>  cuui- 
pomuLs  are  nearly  always  extracted  from  the 
or*^  by  flry  methods.  According  to  their 
iniilabiJjty  for  the  aeveral  methodic  of  truatmeut, 
the  ores  fall  into  two  bcoad  clutee : 

(a)  Solphide  ona  ooatainiog  over  40  p.o. 
jtibnite- 

(b)  Sulphide  ore«  containing  loss  tlian  40  p.c. 
of  the  sulphide,  and  oxide  orc^  of  any  jrrade. 
In  ihis  clmsa  ako  may  be  included  liquation 
residues  and  flue  deposits,  &c. 

Prdiminnnj  tnatment  of  f*reA. — Ores  of 
cUas  (n)  arc  umkI  for  the  production  of  the  metal 
}ay  the  Engliah  process.  If  the  content  of 
sulphide  is  over  90  p.c,  the  ore  requires  no 
preliminary  treatment,  but  less  pure  ore  is 
subjected  to  a  process  of  liquation,  in  which  the 
iodphide  ia  melted  and  aUow«d  to  nin  away 
from  the  gangue. 

The  following  method  of  liquation  was 
formerly  u»e<l  where  fuel  is  plentiful,  as  at 
MalboKsc,  in  the  Department  of  Ard^che,  Wolfs- 
berg  in  the  Hartr,  and  in  Hungary.  The  ore  wa.s 
placed  in  small  lumps  in  a  number  of  conical 
IPita  of  46  k0O8.  capacity,  each  perforated  below 
and  btAnding  on  a  perforated  plate  over  a  .^^unken 
rwseiver.  The  poto  wtre  aurrounded  by  fuel 
which  continued  to  bum  for  10  hours,  the  melted 
valphide  collecting  in  the  receivers. 

At  La  JUncouln,  Wolfsbei^,  and  Haute  Loire, 
the  pots  w«TO  contained  m  a  reverberatory 
furnace.  At  Schtnollnit/,,  in  Hmiyary,  the 
melted  wilphide  ran  through  channcia  into 
rec^iTcra  ontode  the  fumaoe. 

At  Malboec,  thfl  jxits  are  replaced  by  cylin- 
drical tubes,  pof orated  below  and  standing  on 
Msiilarly  petforatod  plates  above  the  veoeivers. 
Hach  cylindtr  has  a  capacity  of  500  lbs.  of  ore, 
four  being  heated  in  one  furnace.  £ach  has  a 
hole  at  aide,  through  which  the  raidues  are 
removed,  these  holes  being  closed  duritii:  the 
beating.  The  reoeiven  are  of  day,  or  of  iron 
t««atcd  Willi  day* 


Hie  method  of  liqoation  in  reverberatory 

furnaces  is  used  in  some  places  Avhero  ore  can 
bo  mined  cheaply  but  fuel  is  ciear.  The  con- 
somption  of  fuel  per  unit  of  sulphide  liquated  is 
least  with  this  type  of  furnace,  but  there  is  a 
considerable  loss  of  antimony  by  voiatitisation. 
This  loss,  however,  can  bo  prevented  by  the 
use  of  suitable  condenaing  apparatus  eonlL  as 
Herrenschmidt's  {v.i.). 

In  any  process  of  liquation  the  temperature 
must  bo  carefully  regulated,  as  too  lo\\  a  tempera- 
turo  rusultii  in  a  iow  yidd  of  sulphide,  the 
residues  containing  too  much  antimony,  while  too 
high  a  temperatfire  increases  the  Joss  by  volatiii* 
sation. 

Ores  of  class  {b)  are  dther  roasled  to  the 
non- volatile  tctroxide,  or  to  the  volatile  trioxiflr, 
or  are  subjected  iv  une  of  the  direct  retluctiuu 
procciises. 

The  oxidation  of  the  sulphide  to  totroxide 
takes  place  at  temperaturcii  between  ^50^  and 
400*  in  presence  of  excess  of  air.  If  the  ore  ia 
impure,  antiinonate.s  of  the  nietallie  impurities 
are  formed  at  the  .same  lime.  During  the  roasting 
there  is  a  great  tendency  for  the  ore  to  frit,  and 
tlii^  necessitates  the  constant  rabbling  of  the 
charge.  The  presence  of  gangue  renders  the 
ore  lew  liable  to  fuse,  so  that  the  process  is  most 
easily  carried  out  with  poor  orp^.  r.7.  ore -dust, 
for  the  tre«iiiiiufit  of  wliich  it  ia  largely  used. 
The  furnaces  employed  are  of  two  daises ; 

id)  Rabble  furnaces,  having  an  oir^-shaped 
flat  bed,  with  a  furnace  uii  cither  sidu  and  a 
working  door  at  the  toot.  With  these  the 
proc**«s  is  intermittent. 

(6)  "  Fortschaufelungsofon,"  in  which  the 
roasting  is  currie<l  oil  continuously.  These  fur- 
nace«  arti  40  45  feet  long,  by  8  feet  high,  by  2  feet 
wide,  and  have  10  working  doors  on  each  side. 
The  ore  in  charge<I  in  at  one  end,  and  is  then 
gradually  worked  along  the  bed  during  about 
40  hours,  and  finally  di.scharged  at  the  other 
end.  Fresh  ore  continually  charged  into  the 
furnace  at  the  rate  of  6  cwts.  every  8  houn*. 

The  oxidation  of  the  sulphide  to  volatile 
trioxirie  takes  place  at  about  400**  with  a 
carefully  regulated  amount  of  air.  This  pro- 
cess, provided  suitable  condensation  apparatus 
is  installed,  jpresenta  marked  advantages,  and  is 
finding  an  mcmwing  application,  especially  in 
dealing  with  poor  ores.  It  may  be  noted  that 
i  arsenic  is  completely  separated  &n  the  more 
I  volatile  trioxide,  that  any  aold  or  silver  present 
is  left  in  the  residues  and  can  afterwMds  be 
extracted,  that  there  is  no  lo.^a  of  antimony, 
and  that  the  consumption  of  fuel  in  low.  Many 
different  forms  of  plant  have  been  use<l  for 
this  process,  but  in  most  the  roasting  takes 
jdaoe  in  a  cupola  or  reverberatory  fumaoe. 
The  earlier  forms  of  condensing  apparatus  are 
of  two  classes  : 

(a)  in  which  the  vapours  are  passed  through 
a  series  of  flues  and  ohamben  and  finally  through 
'  water-tanks  in  which  the  laet  traces  of  oxide  are 
de}X)sitod. 

(6)  In  which  the  fumaoe  fpumn  are  cooled 
below  100*  in  flues  and  flien  filterrd  thronudi 
canvas  or  other  coarac  fabric  {v.  Chatillon,  Fr. 
Pat.  189974,  1SS8;  and  382504,  1907;  Wool- 
ford,  Fr.  Pat.  200246,  1889;  Plews.  I'.S.  Pat. 
I  704307.  1902).  iierrenachmidt  ba^  patented  a 
!  complete  ijlsat  for  this  pEocess  (Fr.       333306^  ^ 
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1903,  aad  386107,  1908).  which  differs  materially 
from  any  earlier  apparatus. 

Tlie  roasting  furnace  is  partly  of  brick  and 
partly  ca«t  metal,  and  i^  provided  with  a  hopper 
through  which  the  ore,  mixed  with  4-5  p.c.  of 
ga:,-coKe  or  0-7  p.c.  charcoal,  ia  introducetL 
The  iiASfn  ]m.^t<  iron)  the  furnace  into  a  chamber, 
att(l  then  through  a  s^esi  of  cast-iron  tubes 
placcJ  nearly  vertical  and  air-cooled,  in  which 
th(;  main  i)urtiou  of  the  trioxitle  is  deposited. 
'Ihe  iRjsit  traccsi  are  removed  by  forcing  tliu  ga;*es 
Up  a  tower  tilled  with  coko  over  which  water 
tiows.  The  draught  is  maintained  by  two 
centrifugal  fans,  working  tandem.  It  i^  stated 
that  6  tons  of  ore,  containing  1 0-15  p.c.  antimony, 
can  be  treate<l  in  24  hours,  with  a  yield  of  over 
90  p.c,  and  that  tJie  cost  of  pnodueing  1  ton  of 
oxide  in  70  franco 

Smelting  of  the  mdaL — Antimony  is  prepared 
from  '  crude  antimony  '  or  high-grade  stibnite 
oree  by  the  '  English  '  or '  precipitation  '  method. 
The  ore,  of  which  the  composition  has  been 
determined  by  analysis,  is  ground  under  edge- 
runnen  to  the  sico  of  a  ha7.el-nut,  or  smaller, 
and  is  subjected  to  three  operations  : 

Singlinfj.  This  process  is  carried  out  in 
(^ciblos  of  which  about  forty  are  arranged  in  a 
double  row  on  the  hearth  of  a  long  reverberatory 
furnace  having  a  gnite  at  cHtli  civl,  and  a  flue, 
leading  to  condensing  oiuunbers,  in  the  middle. 
The  oraeiblee  are  about  20  inches  high  and  11 
inches  ti(To?ifi,  ftiid  art'  made  uf  a  mixture  of 
6  parts  tire-clay  and  1  part  plumbago.  The 
charge  for  each  pot  is  4i  lbs.  ore.  Iff  lbs.  iron 
{of  whith  about  2  IbM.  is  in  the  form  of  turninL';<. 
and  14  lbs.  as  tin-plate  cuttings  beaten  into  a 
ball),  4  lbs.  salt,  and  1  lb.  slag  from  *  doubling  ' 
(r.i.).  These  materials  are  intnxluced  into  the 
red-hot  crucible,  and  kept  in  a  state  of  fusion  for 
2-3  hours,  at  the  end  of  which  time  the  eontenta 
are  poured  into  moulds,  and  the  antimony  is 
removed  from  beneath  the  sla^.  The  product, 
known  as  singles,  usually  contams  about  01  p.c. 
antimony. 

JJouhling  m  carried  out  in  crucibles  arranged 
in  a  furnace  as  previously  described.  The 

charge  for  each  pot  is  84  lbs.  broken  sin^'les. 
7-^  lbs.  liquated  8\Uphide,  and  4  lh».  salt,  and 
the  fusion,  which  takes  abont  1|  hours,  is 
closely  watched,  the  uorkmeu  juduiny  fi  n:  the 
nature  of  the  flag  when  the  operation  is  complete. 
The  slag  is  then  removed  with  an  iron  ladle, 
and  the  metal  nm  into  nunilds.  This  product 
is  called  bowl  mekU  or  eUtr  boicU. 

Frcnchingt  or  mdting  for  star  mdol  {v.i.  under 
Refining). 

In  tho  English  process  the  loss  due  to 
slagging  and  volatiuaation  is  small,  being 
only  2-5  p.c. 

The  sulphide  may  be  mixed  with  half  its 
weight  of  cnikrcoal  to  preirentoaking,  and  roasted 
at  a  gentle  heat,  the  heat  Ix'in^  L:radually  in- 
creased, but  not  to  melting,  whereby  large 
quantities  of  sulphurous  aoic^  areenious  oxide 
ami  ant  imonious  oxide  are  evolved,  the  two  latter 
bemg  collected  m  lluva.  20  p.c.  of  the  antimony 
is  stated  to  pass  of!  in  this  operation^  the  greyira 
or  red  nias.s  whii  h  i<  tnaiiis  ron-ist  ing  of  anti- 
mony tetroxide  containing  about  ouc-sixth  of 
its  u  eight  of  t  he  trioxide  and  some  sulphide. 
'Phis  residue.  kn"U7i  «>-  antimnnv  ns'h.  is  mixed 
with  U  o  part  of  cream  of  tartar,  or  1  part 


charcoal  and  0*5  part  of  potash,  or  |  put 
charcoal  saturated  with  a  concentrated  solution 
of  sodium  carbonate,  and  fused  in  a  covered 
crucible  at  a  low  red  heat,  and  poured  into  a 
hot  mould.  100  parts  uf  .sulpliide  yield  44  parta 
of  antimony.  The  slag  which  rises  above  the 
metal  consists  of  alkaline  carbonate  mixed  with 
double  sulpliide  of  antimony  and  potassium  or 
sodium  with  charcoal,  and  is  known  as  crocnt 
of  antimony.  The  action  of  the  charcoal  to 
this  reduction  consists  in  the  removal  of  the 
oxygen  from  tho  antimony  oxide,  producing 
metallic  antimony,  and  in  tho  reduction  of  a 
part  of  tit  alkali.  Hie  alkaline  metal  thus  set 
free  combines  with  the  sulphur  of  a  part  o( 
the  antimonious  sulphide,  freeing  an  equiralent 
quantity'  of  tho  antimony  and  forming  a  double 
sulphide  of  antimony  and  potassium  with  a 
further  quantity  of  the  sulphide. 

Tho  sulphide  may  also  be  rcduoc<l  by  fusing- 
8  parts  of  sulphide  with  6  parts  of  cream  of 
tartar  in  a  crucible  heated  neariy  to  redness, 
then  adding  2  or  ^  parts  of  potassium  nitrate, 
and  fusing  until  periectlv  liquid ;  or  8  parts  oi 
sulphide  are  mixed  with  6  parts  of  cream  oi 
tartar  and  3  parts  of  nitre,  ami  are  thrown  in 
portions  into  a  xed-hot  crucible  and  heated  until 
perfectly  fluid.  By  quietly  fusing,  with  frequent 
stirring  to  prevent  frothing,  a  mixtun-  of  S  p«rt> 
sulphide,  1  part  sodium  oarbonate,  and  1  [lan 
ehueoal,  66  p.c.  of  metal  is  said  to  he  obflamed 
from  the  sulphide. 

It  is  possible  also  to  reduce  t  he  sulpliide  on 
the  hearth  of  a  reverberatory  fumaoe.  The 
jmrtially  roa«t«Ml  ore,  whieh  contains  the  s\dphiii> 
and  oxides  of  antimony,  is  mixed  and  fused  with 
8-13  p.c.  of  coal  and  9-11  p.o.  of  aoda,  fire* 
quently  with  the  addition  of  iron,  in  uhich  eii.>~< 
the  sla^  produced  is  much  lees  fusible  and  Uoe^ 
not  entirelv  cover  the  bath  of  metal ;  the  snti* 
mony  proiiuce<  1  also  contains  nnu  h  iron  fT>i:igl. 
poly,  J.  I(i2,  441)).  Whore  carbonate  of  soda  i« 
used  for  the  fusion  the  mass  froths  ooosidenibly 
ami  attacks  the  furnace  hearth. 

Tho  metal  is  jnreparod  from  either  of  the 
oxides  by  one  of  the  numerous  fcductioii  pro- 
cesjseai  ni»\v  in  u  i 

(a)  Hcductiuu  in  reverberatory  fimuM^  is 
earned  out  at  Bouc,  Scpt^mes,  New  Bkwiawiek, 
&c.  The  fumaoe-be<l  is  ej/ii- shaped,  d<vp  in 
proportion  to  its  width,  and  isprovidod  with  a 
tap-hole  at  the  lowest  point.  The  fomaee  gsaes 
are  paasod  throu^/h  a  lon;^  series  of  coudcnjiinz 
chambers.  I'irst  90-110  lbs.  flux  (chiefly  salt, 
with  some  soda  and  aodiara  solpliate)  and 
220  1?!V>  lbs.  of  sla^'  from  a  previous  ofK'ratior, 
are  melted  on  the  heartii,  and  then  400-^500  li>s. 
of  roasted  oreand  67-76 Iba.  of  chaiooal  are  added, 
and  the  N\hole  kept  in  a  state  of  fusion  till 
reduction  is  complete.  At  New  Brunswick  the 
reduction  and  refining  are  carried  out  eonw> 
seoutively  in  the  same  operation. 

(6)  Some  French  smelters  reduce  an  oxidi^Nl 
ore  containii^  30-40  p.o.  of  antimony  in  a 
3-tuyered  shim  furnace  at  the  rate  of  2-2^  tons 
per  24  hours,  with  the  consumption  of  aboui 
half  that  wight  of  ooke.  The  r^ulus  contains 
02  05  p.0.  ot  aatimoqjt  and  is  subsequeotiy 
rertnod. 

At  BAnya,  Hungary,  antimony  ores  are 

mixed  with  silicioxis  material  and  s^meltcd  in  * 
Wast-fumace  for  impure  reggj^^^^ly^i^t^ 
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ffljuetl  lu  &  rcverberatory  furnace.  The  bl&st- 
fumace  u^l  ia  a  round  stack  6  m.  high  and  1  -4  m. 
(Iwrnttf  r  Jit  the  throat.  The  hearth,  which  is 
1  m,  iicrois,  is  litt<;d  with  Hve  water- jacketed 
tvyerei*.  and  has  two'ontlets  for  ttla^  and  metal 
reispectiv»»ly  ;  a  third  o))cning  is  need  for  blowing 
out.  A  bla.st  of  lo  era.  per  minute  is  umxl,  and 
tlie  gMCd  are  collected  by  a  tube  at  the  throat 
and  passed  through  a  con<h  ti«ing  apparatus. 
Such  a  furnace  will  run  for  3  weeks  coutinuously, 
tmeiting  about  30  tons  of  materiil  duly  (Beig. 
a.  Hutt.  Zeit.  1886.  p.  102). 

{e)  Re<luction  in  crucibltvs  i^  only  u»e<i  when 
ridi  oce  or  tho  trioxide  is  available.  The 
reducing  air^'nt  i«  carl)on  (c  harcoal  or  anthracite), 
andsodtiini  sulphate  and  carbonate  are  added  to 
i<mn  a  slay. 

ConsideraMc  (luantilics  of  antimony  ore  are 
now  treated  directly  fur  the  productiun  of  the 
raei»L  One  such  process  which  has  been  success- 
fully  naed  for  some  time  depends  on  (he  reduction 
of  the  sulphide  in  a  bath  of  molten  ferrous  sul- 
phkie  containing  iron  (v.  T.  C.  iSandcrson,  LIS. 
Pat.  714040,  1902;  Cooksnn.  Fr.  Pat.  324864 
1902;  and  Herronschmidt,  Fr.  I'at.  296200, 1900). 

Another  method  consista  in  the  reduction  of 
the  mlphide  with  carbon  in  water- jacketed 
Uist-fiimacos.  This  has  been  uaed  by  Hering 
fat  the  treatment  of  liauation  rosidueji. 

Germot  (Revue  clea  Produits  (/hcmiques, 
Dec.  15,  1907)  and  llerrenschmidt  (Fr.  Pot. 
333340.  1903)  have  used  GOllV«ft«m  for  the 
mdting  of  anlphide  ores. 

Methods  of  treating  antimony  ores  have  also 
been  proposed  by  which  the  antimony  is  con- 
verted into  tM  volatile  chloride,  aa  in  Lyte'a 
process  of  roasting  the  ore  with  nit.  The  ore 
may  also  be  subjected  to  the  action  of  hydro- 
chloric acid  g»a  in  a  reverberatory  or  muffie 
fafBace,  the  volatiliaed  chloride  being  condensed 
in  a  i^>Iution  of  hvdrochlorio  Mid  (DiiiffL  poly.  J- 
260,  7»-88,  and  129-133). 

AiiKmg  prooenes  allied  to  the  smelting  of 
antimony  ther«^  need  f>nl\  Iw  mentioned  that  of 
Haicnachmidt  for  the  extraction  of  gokl  from 
wdiiiiony  (Vr.  Fbt.  S80013.  1904).  This  de. 
pend."  on  the  fact  that  whvn  a  small  quantity 
of  antimony  is  melted  with  or  reduoed  from 
anrif^roiui  stibnite,  all  the  ^Id  preaent  in  the 
siilf»hiile  pascses  into  the  metal. 

Many  propoMJs  have  Uwn  made  for  the  ex- 
tnetioa  of  mtintonv  by  wet  or  electrolytic 
m«th<Nls.  {>ut  they  have  not  he<'n  a  .-success 
commerciailv.  Keference  may  be  made  to 
Haing  (Dm'gl.  poly.  J.  230,  253),  and  Borohers 
(Electrol  \  1 1-<  he  Gewimiiing  dat  Ant.  Ghein.  Zeit. 
li  1883,  1023). 

Jif fining  of  Antimony. 

Unrefined  antimony  oontaina  solphur,  irm, 
•tMBie,  and  ■ometimea  oopoer  uid  leed.  The 

f -llow  ing  analvHCH  j<ho\v  the  composition  of 
typical  aampies,  i.  and  II.  being  metal  made 
wnh  eenp  mm,  the  arseiuo  and  ffold  being  dtie 

*.<<  a'lmixed  pvrif  ;  :  III.  and  IV.  metal  from 
roasted  ore  smelted  in  a  blast  furnace: — 


I. 

u. 

m. 

IV. 

Antiroooy  . 

94-5 

840 

97-2 

05  0 

Iron  . 

3-0 

10-0 

2-5 

4-0 

Sulphur 

2-0 

5-0 

0-2 

0'7» 

Arsenic 

o-2r) 

1-0 

01 

0-25 

<;okl. 

traces 

I  All  thcBC  impuj*itiej<,  except  lead,  tan  be 
I  removed  by  slagging  with  uxidising,  sulphariaing, 
'  or  chloriaatiiifT  agents.  The  usual  fluxes  are  : 
Glauber  salt  and  charcoal,  which  remove  copper 
and  iron  aa  sulphides,  and  arsenic  as  sodium 
arsenate;  and  antimony  glass  (antimony 
oxysulphide)  which  eliniiuutcs  .sulphur,  t.'hlor- 
idee,  such  as  aalt  or  carnallitc.  nnujt  be  used 
with  cautimi,  or  great  lose  by  volatiliMtioa  may 
result. 

Refining  in  CTMcibles  finds  itM  chief  ap])lication 
in  the  English  proco-na.  The  ' -t,ir  bowls  '  (f.A.) 
are  cloAncd  from  slag  by  chipping  with  sharu 
hainmers,  and  the  metal  is  tlien  broken  amail 
and  melted  with  2-n  )).(■.  of  antiuu.ny  flux,  pro- 
pareti  by  melting  to^eiher  Americau  jMtashus 
and  powdered  stibnite  in  \arymg  proportions 
(approTimately  3  parts  potashes  antl  2  parts 
stibnite)  imtil,  by  experimcut,  the  correct  com" 
position  is  found.  The  refining  is  carried  oat 
in  the  jxits  nearest  the  grates,  and  takes  30 
minutes  to  1  hour,  the  charge  for  each  crucible 
being  84  lbs.  The  finiahod  product  is  nm  into 
S-lb.  in;iots.  which  are  carefully  surrounded  with 
slag  and  allowed  to  cool  without  disturbance. 
The  coal  consumption  is  large,  but  is  com- 
pensate<l  by  a  much  smaller  loss  by  volatiiisation 
than  occurs  in  other  processes. 

Refining  in  rtvtrberatory  fumau*  is  uaed  at 
Millcschau,  B&nya,  8iena.  and  Oakland.    It  ia 
imperative  that  the  be<i  of  the  furnace  should 
I  be  ti^ht  and  able  to  withstand  the  action  of  the 
I  alkali  flux,  and  this  is  best  attained  by  making 
it  of  one  solid  piece  of  soft,  weathered  granite. 
A  fairly  good  substitute  for  the  granite  is  a 
mixture  of  burnt  and  raw  clay  well  rammed  into 
an  iron  box.    An  example  of  such  a  prooess  is 
i  that  recommended  by  Helmhacker  ami  used  at 
MiHe»chau  (Berg.  u.  HUtu  Zeit.  laSS,  191;  and 
Dmul.  poly.  J.  260,  123). 

A  *  glass  of  antimony  '  is  prepared  by  funing 
a  mixture  of  the  orystaUine  antimony  oxide 
which  coUeota  on  the  hotter  portions  of  the  fines 
with  sulphide  of  antimony,  until  it  form.s  a 
glassy  dsjrk  orey  or  twown  mass ;  this  is  mixed 
with  the  oarbooate  for  the  pnrifioatiOD  of  the 
metal,  and  is  occasionally  used  alone  where  the 
metal  is  but  slightly  impure 

The  bed  of  the  ftmwee  bi  heated  to  a  eberry 
re<I  and  fMK)  tt)  700  kilos,  of  crude  atitimony 
placed  on  it;  a  quantity  of  oxide  and  some 
arsenfe  «aeape,  and  in  from  30  to  flO  mimites  the 
metal  has  run  I*  >\\n.  From  3  to  7  I'.c.  (according 
to  the  purity  of  the  metal)  of  carbonate  of  soda, 
sometimes  mixed  with  eoal  or  ooke,  is  then  added. 
The  met;d  1  ihu  .  '  <  v»Ted  and  fumea  leas,  .small 
of  tlame  appearing  oooasiooaily  on  its  sur- 
;  the  temperature  Is  raised,  the  metal 
remainini;  under  the  slag  for  from  1  to  3  hours 
(determined  by  the  n'orkman),  the  slag  then 
beoomes  thick,  and  is  lemoved  by  drawing  it 
through  the  door  with  •  loag-handled  flat 
transverse  iron. 

Thrse  p.e.  of  antimony  sulphide  and  1^  p.c. 
of  oxide  are  then  thrown  on  the  surface  of  the 
metal,  and  when  melted  4|  p.o.  carbonate  of 
potash,  or  of  a  mixture  of  eannmate  of  potash 
and  soda,  am  added.  By  this  means  the  iron 
and  last  traces  of  sulphur  are  removed;  in 
kes  than  15  minntes  the  refining  is  complete,  and 
the  critical  operation  of  ladlini;  is  j>erfornied 
A  oast-iron  hemispherical  Udlc,  ho^cipj^J^^^*i{^^jQg[g 


278 


ANTIMONY, 


kflm.,  is  riveterl  to  m  elmin  hanging  from  the 

roof  t  xactly  in  front  (jf  the  workiii;;  (ioor,  Ih  fori- 
which  Uie  oattt-irgu  moulda  for  recciviug  the 
metal  are  amiifircd  on  a  ntone  table.  The  work> 
1  i'l  ;lip8  Ill's  ladli"  ()Mi<[ucly,  removing  somo  alag 
with  tho  motali  part  of  this  is  £rat  pourea 
hito  the  mould  to  prevent  the  tnetaf  from 
actually  touching  the  mould,  and  the  jiR'tal  is 
well  covered  with  the  slag  and  left  at  rest. 
Unleea  thiti  be  done  the  '  stMring  *  will  be  im- 
jK  rfcct,  and.  as  ih\n  ia  conBideT<>d  a  1('«t  of  purity, 
its  value  be  lowered  in  the  market.  The 
dag  may  gcnemny  be  lined  agam.  ,  The  oxide 
condensing  iti  tin-  flurs  is  n-innvi'd  as  M-ldorn  as 
possible,  as  ihi^i  operatiua,  as  well  as  the  furnace 
work.  Is  yrry  injurious  to  the  workien. 

The  vmi  of  refining  100  Idlofl.  of  nguliis  is 
from  4  to  (>  ahillioga. 

Star  antimony  ninially  oontahia  umall 
amounts  of  iron,  Ir  i  l.  suljihur,  and  nrsci  in  Viit 
can  be  further  ptu-ihcd  by  Liebig's  method, 
which  consiata  hi  fusmg  the  metal  snooeasivdy 
with  12  p.f.  sodium  carl)onato  and  0  p.c.  anti- 
mony sulphide,  and  again  with  aodium  oarbonato 
to  wfaioh  a  little  nitie  has  been  added. 

Unlikii  many  other  metals,  antimony  carri^ 
on  its  face  its  own  character  for  purity.  When 
*  pure,*  a  beautiful  fem  leaf  or  *  star '  appears 
u}>on  its  surface,  and  according  to  tlie  lentrth 
and  form  of  this  '  star '  on  the  ingot  its  quality 
is  determined.  *FhB  preeenoe  of  a  nlativdy 
small  pcroentapc  of  impuritjes  in  the  metal  w\]l 
prevent  it  from  '  starring.'  It  is  this  peculiar 
ebaiaoteriatie  of  pore  antimony  to  errBtallise  on 
the  ingot  in  the  fem-k-af  or  star  form  \\hen 
cooling,  which  originates  the  trade  term  of  '  star 
antimony  *  for  good  quality  of  antimony* 

For  pharmaceutical  purpo'^es  it  is  important 
to  prepare  antimony  quito  free  from  arsenic. 
This  may  be  aocompuahed  by  \V6hl«r*a  method. 
A  mixture  of  4  parts  powdere  l  romracrcial 
antimony,  5  parts  sodium  nitrate,  and  2  parts 
aodinm  carbonate  (to  prevent  the  formatmn 
of  inpohililo  antimony  nr-r  natf')  is  thrown  into 
a  red-hot  crucible.  Combustion  takes  plaoe 
quietly,  the  mass  is  pressed  together  and  more 
BtTongly  hmtrd  for  half  an  hour,  po  as  to  bocnmp 
pasty  without  fusion,  being  pre.«tfled  down  as  it 
rises  from  aTohition  of  gas.  While  itlll  hot 
and  soft,  it  is  rfmovod.  reduced  to  powder,  and 
boiled  with  frequent  stirring  in  water,  tho  finer 
powder  is  poured  off  with  the  water,  and  the 
fffsidue  a'^-ain  treated,  the  ^\as}^inp^  being  mixed 
with  that  rirst  obtained.  'J'lie  a\  uttT,  wluch  con- 
tains the  whole  of  the  arsenic  {)ut  no  antimony 
(Meyer), is  removed  from  the  insoluble  portion 
by  subeideacc,  docantation,  and  filtration.  The 
reeidno  of  sodium  antimonate  should  be  white, 
but  thf  pn^sence  of  If^ad  impart??  a  yellow  colour. 
It  is  tlried  and  fused  with  half  its  weight  of  cream 
of  tartar  at  a  mo«lorate  heat,  cooled,  broken  into 
small  Itimp*'.  nnd  thp  pota.>wium  and  60<lium 
removed  liy  tioti  in  water.  Tho  powdered 
nict-al  is  then  f\i-ed  into  a  button. 

This  method  nui\  bf  u.^iod  quantitatively  for 
the  separation  of  antimony  from  anienic.  If  the 
sodium  nitrate  berc|daoecl  by  potassium  nitrate, 
a  |K)rtion  of  the  antimony  will  enter  into  solu- 
tion with  the  arsenic  as  potas.«iuin  antimonate 
(r.  C.  Meyer,  Annalon,  46,  236;  (Jhem.  Zentr. 
1348,  82S).  Arsonir  mny  nl^u  be  completely 
removed  by  fu-ning  the  aniiniony  in  succession  j 


'  with  1st,  potassium  carbonato ;  2nd,  |x>taasium 
tn'trate;  3rd,  antimonic  oxide;  4th.  ]H)t«a8inm 
carbonato^  (Th.  Martins,  Ka»tn.  Arvh.  24.  253). 
or  by  fusing  three  times  with  fresh  portions  of 
sodium  or  potassium  nitrate. 

Duflos  (Kastii.  i^roh.  10,  56)  recommends  a 
prooess  hi  which  the  arsenic  is  driven  off  aa 
Muoride  1>v  means  of  sulphuric  acid  and  fluorspar. 

1  iiiee  furtlier  8chw.  42,  601 :  also  Bachner  and 

I  Herherger,  Repert.  38,  381.  2.'i<i.) 

Pure  antimony  may  be  obtained  by  heating 

1  tartar  emetio  to  low  redness  and  digart>ing  the 

I  resultant  mass  m  water  to  remofo  like  potassium. 
Hie  |)o\v<li-r  thus  obtained  may  then  bo  dried 

I  and  fused  into  a  button. 

Te^  for  Impurities  ut  Antimony. 
Sulphur.    The  powdered  metal  evolirae  sul" 
!  phuretted  hydrogen  gas  (which  biaokens  lead 
;ia|)er)  OH  heating  with  stnn^  hjdrodhkrie 
I  acid. 

I      Palaatkm  or  »oiimm.   The  metal  is  grcyi>ih 

and  loses  its  lustre  on  exposure  to  air  ;  it  has  an 
j  alkaline  taste  and  reaction,  and  evolves  hydrogm 
on  immersion  in  water. 
'  Arsenic.  If  deflagrated  «ith  J  its  vei^ht 
of  sodium  nitrate^  boitod  with  water  and  tihertyl, 
the  anenie  enters  into  solution,  leaving  th^^ 
antimony  behind  ;  tho  solut  ion  is  .satunited  w  uli 
sulphuretted  hydrogen  (if  an  orange  precipitate, 
consisting  of  antimony  sulphide,  taUa,  this  must 
be  filtered  quickly;  it  is  due  to  the  presence  .  f 
a  traco^  of  antimony  in  the  solution).  The 
arsenio  is  deposited  as  the  lemon-yellow  8idphi«le 
on  jjtanding. 

1  Lead  and  copper.  The  metal  is  powdered 
1  and  treated  with  dilute  nitrie  aoid,  evaposated 

'  nearly  to  dryness,  taken  up  with  water  ari  1 
tillered  ;  tho  addition  of  sulphuric  acid  ^irecjpi- 
tates  white  lead  sulphate,  and  tlM  addition  to 
the  filtrate  of  jn^tassium  ferrocyanide  gives  a 
brown  precipitate  lu  presence  of  copper. 

If  sulphur  as  well  aa  lead  be  present  in  the 
antimony,  the  lead  is  converted  at  once  into 
sulphate  by  the  action  of  uitric  acid,  the  residue 
on  evaporation  is  digested  uith  yellow  am- 
monium sulj)hide.  ^vhi  !i  '.i'  Ives  the  antimooio 
oxide  and  leaves  blai  k  lead  sulpLi«ie. 

Iron,  The  pondered  metal  is  ignited  with 
three  parts  nitre  and  washed  with  boiling  wat*^, 
the  residue  is  boiicii  with  hot  dilute  hydrochlonc 
acid  ;  on  the  addition  of  potassium  fettooytnids 
a  blue  precipitate  is  produced. 

When  antimony  containing  ati^ciuu  and  iron 
is  heated  on  charcoal,  it  gives  a  garlic  odour  and 
becomes  coated  with  oxide  of  iron  ;  it  ceast*^  to 
bum  on  removal  of  the  flame,  and  yitldi»  a  tiull 
surface  and  yellow  oxide  (liebig).  The  pure 
metal  under  such  circumstancfs  hnnis  brilliantly 
and  becomes  coated  on  cooling  uith  white 
crystals  of  the  oxide. 

Dtttrtion  of  antimony.  When  fuM^<i  on  c  har- 
coal with  potassium  cyanide  or  sodium  ca.rl»onatf 
or  a  mixture  of  the  two,  antimonial  compounds 
prodneo  a  brittle  \\hite  bead  of  nietfillic^  ant  imony 
\^ith  white  fumes  and  a  wiiile  lueru.stai  lou  ot\ 
tho  charcoal ;  the  bead  leaves  a  white  restidije 
on  treatment  "  th  nitrii-  aeid,  which  is  .solubif 
in  cream  of  tartar  or  tartaric  acid.  Sulphide  o( 
antimony  melt"?  readily  in  the  canille  flame. 

A  delicate  confirmatory  t«'st,  giv<ni  hy 
CVookes,  is  to  add  to  the  whit«  incrustation  <aQ  . 
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the  chATcoal  one  drop  of  ftminonium  sulphide, 
mhm  the  fbmuiljoii  of  the  orange  eolplufle  ie 

concIiu«i\  0  c-vidcnco  of  the  presence  of  antimony. 

Eidimation  Qntinwny.—Fire  aamy.  lu 
valuing  urps  eontotninfr  tho  Nulphido  the  om  m 
hrnk«-n  into  i)i''ct'S  aln  'it  '  U)  1  inch  d  um  tcr, 
Md  from  2000  to  7000  graios  oC  tho  lumug 
(Avoidag  dnat),  •ooofding  to  the  probaMe  tioao 
new  of  the  ore,  are  selected.  A  Heiisian  crucible 
wUh  *  hole  at  the  bottom  covered  with  a  piece 
of  ehaieoal,  is  plaoed  withm  another  cnioiUe 
ef  lOeh  «ze  thiit  til  -  up})or  on(5  ontors  nbout  1 
ineL  Tho  ore,  mixed  with  charcoal  of  about 
«qaal  quantity  and  sue,  is  placed  in  the  upper 
f-racihle,  covered  with  a  layer  of  charcoal  and 
luted  down.  Heat  is  then  applied,  the  lower 
eneible  being  below  tiie  furnaee  fa«ni  and  mx' 
ruonded  by  ashes  to  koop  it  cool.  Tlio  licat 
should  bo  maintained  at  a  chcrrr  red,  but  not 
h^hir,  for  from  1  to  1|  hoars.  On  cooling,  the 
regulusia  removed  hmn  tho  lower  crucible  and 
wwhed.  It  should  bu  well  fused,  bluiah-grev, 
•ad  of  hri^t  fibrous  erystallfaie  fraetnre,  t6e 
residue  in  tnf^  itr  p-  r  oniciolo  should  bo  examined 
to  aee  if  it  is  free  from  visible  sulphide.  As  the 
sdpiude  contains  71*8  p.c.  of  vaSamaay,  the 
peit>eDta{:e  of  available  antuDony  in  the  ore  may 
be  roughly  calc\dated. 

The  fire  assay  of  aa  ore  lor  metatUe  antimony 
(.aTTiccl  out  as  follow.s  :  Tf  the  oro  contains 
^phide,  it  is  roasted  to  oxido  at  the  lowest 
pMiUe  temperature  in  a  scarifier.  Oxide  ores 
nfwi  no  preliminary  treatment.  The  charge  is 
made  up  of  ore,  10  gramas ;  Hodium  bicarb.,  25 
erams ;  argol,  5  grams  ;  salt  to  cover  ;  and  is 
h'-ated  carefullv  in  a  clay  cnicible  for  the  shortest 
iivat  and  at  the  lowt*£it>  temperature  that  ^vill 
msure  complete  reduction.  The  resulting  me- 
Isllit"  button  is  cleaned  by  washing,  and  weighed. 

H  d  asmy. — (a)  Gravimetric.  The  antimony 
it  obtained  in  solution  as  antimonate  or  anti- 
monitf.and  hydrogen  sulphide  is  passed  into  the 
cvlti  liquid  for  2Q  minutes.  Then,  without 
stopping  the  current  of  gas,  the  solntion  is  heated 
to  boilii^,  and  the  gas  allowed  to  pass  for  another 
Id  minutes.  Tho  resulting  precipitate  of  sul- 
phide may  then  be  subjeoted  to  one  of  two 
methods  of  treatment.  It  raa\'  Ijc  collcctfxl 
on  ft  Gooeh  crucible,  washed  with  liot  dilute 
i'-etir  acid  saturated  with  hydrogen  sulphide 
and  heated  to  POTiftant  weight  at  23*'^  hi  a 
k:um-nt  of  carbon  dioxide.  Or  tho  prwipitatc 
may  be  collected  on  a  filter,  washed  successively 
•i^ith  hut  water,  alcohol,  e<]ual  parts  alcolud 
ami  c&rbon  disulphide,  alcohol,  and,  iinally, 
alher,  and  then  dried.  The  greater  part  of  tho 
jweipitate  transferred  to  a  watch-glass,  and 
that  still  adheriix^  to  the  paper  is  dissolve<l  in  a 
little  hot  ammonmm  sulphide,  and  the  solution 
Allowed  to  run  into  a  weighed  ]X)reeIain  cru- 
cibk;.  This  is  then  evaporated  to  dryiieas,  the 
main  portion  of  tho  precipitate  added,  and  the 
■>'holo  troatol  with  fuming  nitric  acid  and 
v.*rmcd.  the  cruoible  being  covered  with  a 
vstch-glass.  When  tho  violent  action  has  sub- 
ttled,  the  contents  of  the  crucible  are  evaporated 
to  dr^iicds,  agam  treatetl  with  nitric  acid,  and 
fiaallir  evaporated  to  dryness  and  heated  to 
fwlnesR  till  the  weir^ht  is  con.stant.  The  anti* 
Doav  is  then  weigbeil  a.s  tetroxicle. 

(6)  Volum4trif.    The  moat  important  volu- 
msihod  is  that  ol  Mdhr,  in  which  anti- 


mony trioxidc  or  any  antimonious  compound 
is  dissolYed  in  a  sotntion  of  tartaric  acid,  neutra* 

lise<l  with  soiliuni  carbonate,  treattHl  with  a 
cold  saturati4  solution  of  sodium  bicarbonate 
in  the  pro^xirtton  of  10  CO.  to  eadi  0*1  gram 
Sb.jOj,  and  (juickly  titrated  with  JV/lO-iodine 
solution,  using  starch  as  indicator. 

(e)  ^tehttyHt.    Olasien  and  others  have 

shown  that  if  anlim  uy  .sulphidii  (»•.".)  w  dis- 
solved in  the  minimum  amount  of  conoen> 
trated  solution  of  sodium  sulphide,  and  treated 
with  excess  of  so<liuni  sidphite,  or,  iK'ttvr. 
potassium  cyanide  solution  (to  destroy  poly- 
sulphides),  the  liquid  can  be  suooessfully  electro- 
lysed  in  the  cold  with  a  current  of  0-26-O%5  amp., 
using  a  platinum  dish  as  oathode.  The  process 
takes  alwat  12  hours,  and  gives  a  good  coherent 
deposit  of  metal  which  can  be  washed  with 
water,  alcohol,  and  ether,  suid  finally  dried  and 
weighed. 

Propf rites  of  Anlimony. 

Antimony  is  a  lustrous,  Unish-white  metal, 

which  has  a  coarsely  laminated  or  granular 
structure,  according  as  it  has  been  slowly  or 
quickly  cooled.  By  partial  solidification  it 
can  be  obtained  in  obtuse  riiombohedra, 
approximating  to  cubes. 

The  sp.gr.  of  the  metal  is  6-72-6>86.  It 
melts  at  630-r>°('.  (Heycock  and  Xeville.  Chem. 
Soc.  Trans.  1895,  and  boik  at  about  1350** 
in  a  current  of  hydro^;en.  Antimony  has  a 
hanlne.ets  of  3-3-5,  and  is  so  brittle  that  it  ran 
readily  bo  powdered.  It  is  a  bad  conductor  of 
heat  and  enetricity. 

The  most  important  physical  property  of 
antimony  is  that  of  expanding  on  sotiditicat  ion, 
a  property  possessed  also  by  its  allovs.  At 
the  ordinary  temperature  it  IH  not  nct-ed  on  by 
tho  air,  but  ^  xitHses  quickly  oa  meltmg,  and 
bums  at  a  r  l  lieat,  producing  white  fumoa  of 
the  trioxide.  it  is  oxidised  f\v  nKrin  acid  of 
various  strengths,  diiuto  acid  producing  princi- 
pally the  trioxide,  and  the  concentrated  acid 
producing  tho  peutoxido  (H  Ho^e,  Aoalyt. 
Uhom,  1,  258).  Dilute  bulphunc  and  hydro- 
ohloric  acid.s  arc  without  action  on  it,  but  the 
strong  acids  produce  the  .suljihTt  "  and  chloride 
respectively.  When  fusotl  wiili  borax  or  other 
vitriQring  material,  it  imftarts  to  thorn  a  yeUow 
colour. 

Antimony  combines  directly  with  tho  halo- 
gens with  evolution  of  light  and  heat,  and  also, 
at  ft  hi{rher  tein|xTature,  with  tho  element«<  of 
tho  buiphur  group,  and  M'ith  phosphorus  and 
arsenic.  The  element  occurs  in  tlueo  modifioa- 
tions :  (I)  the  crystalline  or  ortlinary  form 
described  abuvu ;  (2)  an  amorphous  yellow 
modification,  soluble  in  carbon  disulphide,  which 
is  produced  by  the  action  of  ox^'pen  on  liquid 
stibine  at  —00";  and  (3)  tho  amorphous  ex- 
plosive antimonv,  which  is  best  prepared  by  the 
action  of  a  weak  constant  electric  current  on  a 
concentrated  acid  solution  of  antimony  tri- 
chloride, the  strength  of  current  bearing  a  con- 
stant relation  to  the  surface  of  deposition,  not 
le£*ij  than  ^  grain  being  deposited  wr  sq.  inch 
per  hour.  Thus  produced, » is  bright  and  steel- 
like  in  appearance,  with  an  amorphous  frac- 
ture, and  sp.gr.  5 -78.  When  heated  to  200°, 
or  struck  or  scratched,  it  rapidly  changes  into 
the  crystalline  form,  increasing  in  density,  with 
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the  prodaction  of  pretA  hmt.    Antimony  tri- 

rhl«)ri<lo  i.s  aluav  s  cniitaiiicd  in  the  metal  to  the 
extent  o£  4-^7  U  p.c.,  &nd  is  given  off  wlien 
tho  form  chanson.  It  is  prowible  that  thix 
Hubf>tauce  in  a  wJid  M>liinim  of  an  antimony 
halo!gea  coupountl  iu  an  allutropic^  lurm  of 
antimony,  antl  that  th«  explosion  oofwiata  in  the 
rapid  transf.irnmtinn  of  the  latt« t  into  the  stable 
form.  The  change  is  accompanicil  by  an  evolu- 
tion of  heat  amounting  to  20  oalfi.  per  fnm. 
Cohen  an.l  nflii  r-<  (Z*'it.  phvHikal.  ('h(  in.  IW4. 
47,  1 ;  1905,  60,  2«l ;  62,'  129)  have  hIiouti 
that  this  change  goes  on  slowly  when  explosive 
antimony  is  jm-st  rved. 

Antimony  ia  precipitated  as  a  fine  ^wder  by 
the  action  of  sine  on  an  acid  solution  of  an 
antimonx  s;Ut.  In  Ihis  fnrm  it  is  ?old  as  '  iron 
black  *  for  producing  an  appearance  of  polished 
steel  on  papier  machd,  ])laster  of  Fkuris,  and  zinc 
ornaments. 

Brass  can  bo  covere<l  with  a  fine  lustrous 
coating  of  antimony  b\'  dipping  in  a  hot  mixture 
of  1  part  tartAr  otnt  tic.  1  part  tartaric  acid,  3  or 
4  parts  powdered  antimony,  3  or  4  parts  hydro- 
cluode  acid,  and  S  parts  water. 

It  may  be  dt  posited  clcotrolj'tically  on  brass 
or  copper  by  u«iug  a  bath  of  tho  double  chloride 
of  aotimony  and  ammonia  aoididated  vith 
hydrochlorio  acid. 

Alloys  of  Anlimony. 

Antimony  alloys  with  most  of  the  heavy 
metals   and    with   the   alkaline   metalti.  ft 

generally  increapes  the  fusibility,  britth  ru'ss,  and 
ardncss  of  the  metals  with  which  it  is  com- 
bined, and  imparts  the  valnablo  ])roperty  of 
expanding  on  solidification,  thus  pro<lucine  very 
fine  impressions.   The  alloys  of  silver,  gold,  and 
lead  with  antimony  have  a  greater  density  than 
the  mean  «>f  tin-  const ituent«,  while  tho«e  of 
iron,  tin,  and  zinc  are  of  less  density.  The 
shaipeet  im])ressions  are  produced  when  any  of 
these  alloys  are  cs«t  at  a  low  temix?rature  (J  . 
SfK.  Chem.  Ind.  1,  982).    The  castings  are 
wroally  made  in  brass  monlds  coated  with 
lampblack  and  turi>entin<\ 

With  Uadt  antimony  mixes  readily  in  all 
jirojKirtions.  By  the  addition  of  antimony  to 
re<l-li(>t  li-a<l,  alloys  \\hic]»  cri  lal'i  >  in  rhoni- 
bohedra  have  been  obtained  by  i:\  de  Jussicu 
(Compt.  rend.  38,  1321-1322).  An  alloy  of 
t  ipial  parts  of  leati  and  antimony  is  \  »  i  \  lirittle, 
and  rings  when  struck.  Nasmyth  has  rucom> 
mended  the  addition  of  5  p.c.  antimony  to  lead 
for  n-f  in-tcad  of  bronze  in  faking  casts  of 
worlu  of  art  (Atbcnieum.  No.  inn,  511). 

Type  mftal  is  essentialh-  an  alloy  of  lead  and 
antinmiiy.  fn-iiunitly  wiih  atldition  »>f  tin  ami 
containing  less  frequently  bismuth  or  copper. 
A  few  examples  of  common  type-metals  are : 

Bl»- 

I/*a«l  Antimony  Tin  Topppr  niuth 

Type  metal     .  r>r>  30  if.  — 

.  70  18  10  2  — 

.  TjO  28  —  —  22 

stereotype  plate  «.")-7  14  -3  —  —  — 
  70  15  —  —  15 

Linoty|K>  metal  «4-5  13-5  2  —  — 

Wetterst^Hlt's  }>atent  ship  sheathing  eonmsts 
of  KHi  l<  ;nl  to  abotit  n  antinionv.  dnf*  not 
apiH'nr  to  have  been  xn^tl  to  any  extent.  'Vho 
Alloy,  oontajiuaf;  varying  proportions  of  aiiti> 


mopy,  is  also  used,  mnder  the  name  of  hard  lead. 

in  leatl  pip<  s.  f  ir  Tiiaking  pumps  and  taps  for 
raising  acid  in  aikali  vtorks,  in  the  maiiufaM.-tun- 
of  rannon-lMiltH  and  ^liot,  and  for  the  omeiy 

wbe«'ls  and  tools  of  (he  Ia|>iil;irv 

Tin  furiuri  tJUinerous  usflul  uiU>^^>  uilii  aiiti- 
'  mony,  especially  the  addition  of  other 

metals.  Common  Britannia  mftal  consist* 
of  tin  HO,  copper  3,  antimony  9.  Britanuia 
metal  for  castings  :  tin  210.  eoppn  4.  nntinuNiy 
12:  ditto  for  lamps  :  tin  300.  copper  4.  antiroony 
15.  ihu  best  Britannia  metal  contains  tin  i^K 
antimony  10,  lead  and  bismuth  bein;:  carefully 
exeluded.  Copper  also  is  never  added  rxfx'pt 
for  the  production  of  colour.  The  exact  pro- 
port  ion  of  antimony  used  depands  on  the  quMity 
of  the  tin,  and  is  nlwavH  ascertaine*!  exp<*ri- 
nientally.  Increasing  the  proportion  of  anti- 
mony liaiaea  the  m.p.,  increases  the  hardnesas, 
and  decreases  the  malleabilitv  of  the  alloy. 
Good  alloys  take  a  brilliant  polish,  and  bhow  a 
ftne-giiained.  jagged  fracture.  The  presence  of 
arsenic  in  tho  antimony  tliminishcs  the  ductility 
of  the  product  {v.  Bbitankia  mxtai.).  Superior 
pewter  is  made  by  fining  togellnr  iia  12,  oopper 
1,  antimony  1. 

Mtial  argenitttn  contains  tin  85*5,  antimony 
14-6. 

Ashhury  mrial:  tin  77*S,  line  i-S,  antimony 
19-4.    Ships'  nails,  tin  3,  lead  2,  antimony  1. 

Minofer  is  tin  68*0,  aiitimoay  18%  copper 
3*3,  and  zinc  10. 

Bmring  or  atUi-frictum  mdal  asoally  oontAiiLS 
antimony,  tin,  and  copper,  but  tho  compositiim 
is  very  variable,  and  some  cheap  varieties  ooo« 
sist  chiefly  of  iron  or  zinc.  Occasionally  lead 
and  tin  or  lead  and  zinc  are  alloyetl  with  anti- 
mony to  form  bearing  metals.  As  the  name 
indicates,  it  is  used  for  machinery  bcsirings,  being 
especially  suitable  for  light  loads  at  high  spe<xd.<. 
As  examples  of  these  aJloys  the  foUowing  may 
bo  given 

Antimony  Tin 
Babbil'a  metal  .        .   8*3      83  3 
Very  hanl  bearings    .  —  6 
Cheap  bearings  .        .   —  1'7 
U.S.Rly.  Babbit  metal  7  4  !i8-9 
German  Rly.  Babbit 

metal    .        .        .111       8S-3     .'ir.  — 

Copper.  Tho  presence  of  0-15  p.c.  of  anti> 
monj'  rsndert  eopfier  both  cold  and  hot  ihari. 
With  \nr  >  ill::  ])rojK>rt ifnis  «»f  tli*-  tuo  metal*, 
shades  from  pure  copper-red  to  rose-rcd«  crimson, 
and  violet  may  bo  obtained,  the  last  when 
equality  is  roache<l.  Two  definite  compounds  of 
copper  and  antimony  appear  to  exist,  via.  iSbC\ij» 
a  violet  alloy  known  aa  *  Regains  of  Veana,*  aad 
SbCu,  fKamenskv,  Phil.  Mu-.  '."I  17,  r. 
ako  Ball,  Chem.  l^oc  'iVans.  1666,  161). 

Antiinony  is  firequenlly  added  to  braas  to 
heighten  its  rnlonr.  The.se  alloys  ar«-  harder  ari  I 
finer  in  texture  than  copper  or  brass,  and  take  a 
better  polish.  Antimony  ia  Bometimes  added 
for  this  reftson  to  the  matrrif\1  for  ronoavr 
mirrors.  It  is  also  added  occasionally  to  bell 
metal,  as  it  is  believed  to  add  to  the  intensity 
and  cleame<-  rf  tiie  .-onnd.  Many  celebrated 
old  bells  eon  lam  antimony,  e.g.  '  Old  Tom '  of 
Lincoln,  which  oontafais  about  0^  p.e. 
'  Zinc.  Antimony  forms  definite  crystalline* 
I  compounds  Mith  unc,  which,  however,  diflrr 

i  widMy  in  oonapontioD  while  i«Utni&g  (Iw^mma 

Dlgitizec  by  Google 


Cop^r 

2  5  Iron  70 
7  Zinc  90 
3-7  — 


ANTIMONY. 


281 


fbrni.  Thej  dccompoec  \«ater  rapicUy  at  the 
boiling  temperature,  and  this  aeikm  is  promoted 

hy  the  im-wnoe  of  tracf^i  nf  platmic  oliloridr^. 
Cooke  lum  Hu^rKc^^ti-d  Ihu  HUitability  of  thU( 
naotkm  for  tlie  proparatkm  of  pnte  hydro^^n. 

Iron  rotitAiniiit:  less  t!iaii  }  ji.c.  of  antimimy 
U  both  hot  and  cold  short.  A  mixture  of  7  parts 
antimony  and  3  parts  iron  bMted  to  tdiitoncos 
\«hh  chftrcoal  fornix  a  hard  white  alky  whioh 
»irikee  tiparkn  with  stoeL 

Alloys  of  aniimonff  and  atmninitam  have  heen 
;riKi-<l  by  P«fchcux  (Compt.  niirl.  138, 
l»A)*j),  \thich  vary  in  corapoHitioa  from  SbAly. 
to  8t»Al4o.  having  a  density  of  8*73-2'00,  ana 
m  y,.  7nO^  730*.  Tlusc  al!  .  /^  ftxpand  on 
K)iMlifying,  an(i  are  hard,  but  fairly  malleable. 
They  «re  unaltored  by  air  or  water  at  ordinarv 
tempcraturrs,  nnd  thi.-<  iir  jyi'^rt'.'.  mm^in**'!  ^vith 
their  lightness  and  maiii^bilitv,  bhoulU  rentier 
them  useful  fai  the  hnflding  of  light  struetures 

SQch  as  rcplancs. 

MtU^d  ijoid  al»M.rl>s  tho  vapour  of  antimony, 
but  gives  it  up  aluioH  t  <-nt  ircly  on  further  boating. 
Gold  loses  its  mall*»ibilit y  wnon  5^  of  antimony 
is  present.  An  allov  of  9  gold  and  1  antimony 
is  whit«  and  very  hrittle,  with  an  amorphous 
pnrrr>liiin-likefrArtiiro.  Silver antimonide  oocurt 
ad  the  mineral  dUcnmte. 

CoMi*(irxDs  OF  Anttmonv. 

The  principal  coaipuumU  of  aiitiinoiiy  arc 
formcfl  by  oombiuatkio  with  oxygen,  sulphur, 
and  chlorine  ;  some  componndu  ronlain  two  of 
theee  n(»gativc  cleroentM,  of  which  the  oxvchloride 
or  pomer  </  JllponolA,  and  the  oxysulphide  or 
^lojM  of  antimony  are  examples. 

The  most  important  uf  these  are  tiic  tri- 
chkifide,  trisulphifle,  and  trioxide. 

Antimony  trisulphlde  Sli  .S3. 

Crude  antimony,  aHiimomj  orf,  Msquisul- 
phid^  of  nniimony  ;  8ekmjd»iii"<j<glant  I  QraU' 
Spie**gtanzerz  ;  StMum  snlfhimUvM  nigrum  ; 
lupwf  meiaUorum. 

This  substance,  as  it  ocKsurs  naturally,  or  after 
liquation,  is  nsually  too  impure  to  be  t  mployod 
for  other  purposes  than  the  preparation  of  the 
metal. 

The  ordinar}'  sulphide  nay  be  prepared  by 
the  following  methotis  : — • 

(1)  Thirteen  parts  pure  antimony  are  mixed 
with  5  parts  flowers  of  sulphur,  and  projected  in  ; 
portions  into  a  red>hot  crucible ;   when  com- 
pletely f  ujted,  it  Is  poursd  out  and  any  ftee  metal 
detached. 

(2)  .Sulphuretted  hydrogen  preeipitates  it  as 
an  orange  preeipitate  hom  a  solutioa  of  an 
antimony  salt* 

(3)  Digest  for  two  hours  in  a  closed  vessel 
1  part  CTudo  antimony  sul])hi<li".  1  {)art  ]K»arl 
ash,  1|  y^tU  lime,  and  15  parts  water,  and  add 
sotphrmno  acid ;  the  alkaline  snlnho*  salt  first 
formed  is  di-comjKwed  by  the  aoi(f  \\ith  the  ])re- 
cipitation  of  the  ^ure  sulphide.  Antimony  sul- 
phide is  sduble  m  aHcafine  sulphides  and  'in 
a*  III  p>tas8ium  •^ulphat<-.  When  nnely  p<)\vdere<l 
aad  rubbed  to  a  paste  at  20**  or  30°  with  strong 
sodium  sttlpiilde  solution,  a  copper>'  metlllio 
rrja-^«  is  prrxlucctl.  and  the  liquor,  on  luMition  of 
wore  sodium  sulphide,  yields  Schlippe's  salt. 

The  sulphide  is  used  to  some  extent  in  re* 

flnini.'  ^'old  fn^ni  silver  and  copper,  and  in  the 
preparatitm  of  safety  matches  and  percussion  > 


1  pellets  for  cartridges,  in  pyrotechny  and  in 
veterinary  8ui^er>'. 
I       Kermes  mlncra?.  '?i-r<'/  auttmony  sul- 

phide.   Pultm  Ctiithiistdiinrum.    tSulpk.  etibitl' 
;  turn  rubmm. 

Kerrnns  mineral  usually  oonsiwtH  of  a  mixture 
of  the  trisulphlde  and  trioxide  containing  alkali. 
Bermlias  and  Rose  state  that  some  samples 
examined  by  them  consisttxi  of  a  true  double 
stilphide  of  potash  ami  antimony. 

•Preparation. — Fuchs  assertM  that  if  ant  imony 
sulphide  is  heated  and  auddenli/  i  u«ile<l  In  water 
1  it  yields  an  orange-red,  less  dense  |>owder  of 
I  kermes.   A.  Bitte  (Gompt.  rend.  lOS,  212)  does 

I  not  confirm  this  ptTtenr nt 

(1)  Four  parts  ^ure  {.HJio^isiuiu  carbonate  and 
1 1  parts  pure  antimony  sulphide  are  heated  to 
fusini;  in  n  rnvwd  cnieible.  cooled,  txiiled  with 
water,  and  lilltred.  I'lie  s-olution  on  exposure 
to  the  air  deposits  kermw,  the  residue  from  the 
first  boiling  is  heated  with  the  mother  liqtior 
from  mjme  previously  deposited  kermes,  and 
yields  a  further  quantity ;  this  operation  is  re- 
peate<l  until  an  insoluble  residue  of  trisu1])hide 
and  trioxide  is  left.  Each  succei^tiive  deposit  of 
the  kermes  contains  a  larger  amount  of  the  oxide. 

(2)  Fuse  together 2 parts antimon>  .  1  nulphur. 
and  3  sodium  carbonate:  or,  1  aniimony 
sulphide  and  3  or  4  tartaric  acid,  until  fumes 
ccHFc  to  be  evolved ;  and  treat  the  product  as 
in  ID- 

{'A)  'I'lie  slaga  from  the  reduction  of  antimony 
ore  with  cream  of  tartar  slowly  precipitate 
kermes  when  troate<l  with  water ;  this  is  soltl  to 
veterinary  surgeons  as  *  kermes  by  the  dry  way.* 
When  antimony  iMulphide  is  lioiled  with  potetsh 
and  precipitated  with  an  acid,  the  kermes  pro- 
duced contains  no  oxide  (Liebig).    The  kermea 

Eroduce<i  by  tbe  action  of  dilute  alkaline  car- 
onate  on  antimony  sulphide  also  eontaias  no 
oxide  (Rose).  The  oxide  may  be  removed  from 
ordinarv  kermen  by  ilicpstion  with  tartaric  acid. 
A  solution  containing  so  much  alkali  as  to  give 
no  ]ir  '  ijiitate  on  cooling  gives,  when  treat«:l 
with  carhonic  acid  gas,  a  highly  sulphurated 
kermes  coutainiug  antimony  pcntasulpnide. 

Kermes  is  a  brfj«ti-red,  loosely  coherent 
po^vf^e^,  with  a  brown  streak,  containing  water, 
which  is  given  off  below  100*.  It  is  light4.'r 
than  the  ordinary  sulphide.  The  ki  rmi-s  con- 
taining antimony  oxide,  when  fused  and  solidl* 
fied,  is  destitute  of  crystalline  structure,  while 
that  free  from  oxide  produces  a  highly  ciystalline 
solid. 

Antimony  pentasulphide  SbjSj.  OMen  sni- 
pkide  of  antimony  ;  gidphur  antimonii  auratum. 

Prepared  by  boiling  the  trisulphlde  with  potash 
and  ground  sulphur,  filtering  ami  precipitating 
with  acid.  Re<lwood  recommends  4  parts  black 
antimony  sulphide,  S  lime,  and  80  waier, 
digested,  filtered,  and  ])n  ( ipitated  with  hydro- 
chloric  acid  ;  or,  2  sulphide,  4  potasjsium  car- 
bonate, and  1  sidphur,  to  be  fused,  treated  with 
20  parts  water,  nltered,  and  the  solution  pre- 
cipitated with  a  largo  excess  of  sulphuric  acid. 

On  treating  the  mother  liquor  from  kermes 
mineral  with  an  acid,  the  pentasulphide  is  pre- 
cipitated witVi  evolution  of  s>dphurctto<l  hydro- 
goo.  The  mother  liquor  from  Scblippe's  salt 
also  yields  this  sobstance  on  the  addition  of  an 
acid'fR.  P.iril  (  hem.  Soc.  Trans.  1876,  1, 
748).   It  generaUy  contains  free  suljgJ^pB.^^  by  Google 
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Aatimofiy  pentaanlpliide  b  of  aome  import- 
ance commercially,  as  it  IB  used  in  the  prooMe  of 
vulcanising  rubb^. 

Antimony  pAntMulphide  oombuiw  with  alka* 

liiir  ,>uli>1uili  s,  foriiiinj,'  .siilph.'intimonatott,  which 
as  well  a«  tho  sulf^iaatimoniteB  (which  contain 
\em  milphnr)  are  Imown  a«  '  liven  of  antimony.' 

Of  (htse  Ihe  sodium  s\ilphant  imonat«»  OF 
ScMippc's  saU,  is  the  motit  important. 

A  miztuTP  of  1 1  parts  finely  povrdend  anti- 
mony trisulphirh',  13  cr\>l^ilh-<'<l  sodium  car- 
bonate, 1  flowers  of  nulphur,  6  recently  slaked 
lime,  and  20  water,  i8  digested  at  the  ordinary 
temperature  for  24  hours  with  frequent 
stirring,  in  a  vessel  which  can  be  dosed.  It  is 
then  strained  and  washed  Beveral  timet  with 
\vatf>r,  the  solution  and  washings  nrv  <  .  aporated 
in  a  porcelain  or  dean  iron  dish  uultl  a  sample 
yields  crystals  on  oooling  ;  the  sohition  is  then 
cooled,  nnd  the  ti  ihant  crystals  washed  with 
cold  water  and  dried  in  the  open  air  or  in  a 
desicoator  at  the  ordinary  temperature.  The 
salt  is  more  rapidly  ff  rMKnl  when  tho  mixture  is 
hMted  (liiebig,  U&ndwurter.  d.  Chcm.  2tc  Auf). 
2, 130 ;  aho  Gm.  4,  384). 

Oxv.'5;iilphidf'j*  of  arttimony  arc  '^crnK-d  by  the 
oombination  of  the  sulphides  and  uxidcs  or  by 
the  partial  oxidation  oi  the  snlphideB. 

Anfimont/  rriXH.-i  or  xaffron.    Fupp  together 

3  parts  of  antimony  trioxido  and  1  part  tnsul- 
phide,  or  fuse  the  oxide  with  Uie  ealenlated 
quantity  of  Fulphnr. 

The  scoria  from  the  fusion  of  the  sulphide 
with  oarhon  and  allcaline  oarbonate  in  the  pre* 
pn  ration  of  tho  metal  ia  known  •«  oroona  of 
antimony. 

Croeos  of  antimony  is  a  brownish>yeliow 

hotly. 

Qlmt  of  antimony.  Vttrum  aniiinonii.  When 
antimony  snlphide  is  fused  until  the  neoeseary 

amount  of  sulphide  has  been  converted  into 
oxide,  tho  whole  forms  a  glassv  mass  of  this 
eompound.  Tho  best  method  of  preparation  is 
to  roftst  thf  suli)hiJo  rompletoly  into  oxi<U'  and 
fuse  the  pruduct  with  ^  part  of  sulphur.  Its 
odonr  varies  with  tho  proportion  of  sidphur 
present  from  yt  Ho  wish -red  to  hyacinth  n-d.  Tho 
best  quality  is  of  a  fine  red  colour,  and  con^ 
tains  8  antimonioos  oxide  and  1  antimonions 
sulphide. 

Antimony  cinnalMir  in  an  oxy.iulphido  of  a 
fine  vermilion  colour,  soft  and  velvety,  and  un* 
alti-rr'd  1)v  air  or  liidit  :  it  is  n^-d  in  tin-  ]irrpara- 
tiun  of  oil  and  water  culuur.s,  and  in  caiitu. print- 
ing. It  is  prepared  by  dis.«olving  antimony 
oxi<le  in  hydrochloric  acid,  and  plaring  the  solu- 
tion in  a  large  wooden  tub  which  in  4  filled 
with  calcium  hyposulphite.  Tho  Jiiixtnre  is 
-tirn  d  and  heated  \\ith  -steam  to  7<»',  tlic  pre- 
ciuitate  soon  subsides  as  a  ytilloui.sh  flt  dirnent 
which  changes  to  a  bright  orange-rcil,  and  h 
thoHMir'hly  wa^lird,  aii(l  dri'«l  Ix  lou  r){»°.  X. 
'JVck     hem.  ZuiiLr.  2<),  JhHO)  pn  parrd  it  from 

4  ])arts  tartar  emetic,  3  tartaric  arid,  IH  water 
mixed  at  W)*  with  hyposidphite  of  ^-o  la  and 
h«'at^M|  to  IX)**  (Wagner),  or  4  volumes  antimonious 
efalorido  of  sp.gr.  l'li»  mixed  with  !()  vols.  Water 
and  10  vols.  h\ pf >  iiliihitr»  of  1-19  sp.gr.*  and 
heatotl  gradually  to  o,'>^  (Mattieu  Bhssay). 

A  ntimony  yellotr  ( J/.'rtwi'c*.*  ydlow).  Accord- 
ing to  th"  nifthol  of  Mrritni'i'.  a  miTtnrf  of  3 
partd  bismuth,  24  parts  antimony  sulphide,  and 


64  parts  nitie,  is  thrown  little  hy  little  into 
a  heated  crucible.  fus<-\l,  powdi-red,  washed,  and 
dried.  In  this  way  bismuth  antimooato  is  pro- 
ducer!.  Of  this  1  part  is  mixed  with  8  parts 
ammonium  rhloridf  and  12S  jiart^  litharL;e,  antl 
fused  lis  before.  The  time  occupied  and  the 
temperatnre  need  eanse  oondderaole  vanationa 
in  the  colour.  Merimee's  yellow  is  a  fine  ^xjr- 
mauent  colour  of  ^ood  body*  i*  only  used 
for  the  finest  paintmg. 

Naples  yellow  is  essentially  nn  antimonato 
of  lead  containing  ejroesa  of  load  oxide*  but 
mixtnres  of  earboMte  and  ehromato  of  lei»d  ate 
also  soM  under  the  name.  Many  jtrorosscs  may 
bo  used  for  its  preparation.  According  to 
Bntnner,  a  mixtnre  of  1  part  tartar  emetie,  2 
parts  lead  nitrate,  and  4  parts  soflinm  chloride  is 
heated,  just  to  fusion,  for  2  houcs.  The  cooled 
mass  is  plaoed  in  water  and  soon  falls  to  pieeea. 
According  to  Guimet,  it  n  a.  l>e  produwl  l»y 
beating  a  mixture  of  1  part  potasnom  antimo- 
nate  and  2  parte  red  lead.  It  is  a  fine  Tsry 
permanent  orange  or  yellow  pigment,  n.'*ed  in 
oil-painting,  and,  mixed  usually  with  a  lead  gUss, 
for  glass  and  porodain  ataininf . 

Antimony  trichloride  {Butt>r  of  antimony'^. 

Prepared  by  dissolving  the  sulphide  in  strong 
hydroottlorio  aeid  with  a  small  quantity  of  nttrie 
avid  and  ovn]i  inting  to  dryness. 

To  prepare  the  ptire  chloride,  the  acid  solu- 
tion is  evaporated  nntil  it  just  crystellisee  00 
standing  in  a  cool  place  ;  it  is  then  tninsft  rred 
to  a  retort  and  distilled  until  a  lirop  of  the  dis- 
tillate eolidifiea  cm  a  cold  surface  j  tlie  veeeiTer 
is  then  changed,  and  the  fnrther  dirtillate  is 
pure. 

It  is  a  white,  buttery,  semivitreons.  detiqms 

scent  solid.  When  piu*,  it  w  rrv^taliine,  and 
melts  sharply  at  73  •2*,  and  bods  at  223-5'' 
(Beekmann,  Zeitaeh.  anorg.  Cliem.  1906,  51, 96}. 
It  is  as  a  caustic  in  modjrin'\  ff  r  the  yr^- 
paration  of  tartar  emetic,  and  as  a  ■  bronzing 
sduticn*  for  gunobarrels,  Ac.  For  this  par- 
fK>f;o  a  sntnrated  solution  is  mixed  v  i'h  rilivc 
rubl»ed  over  tho  warmed  metal  and  exjxised  lo 
tho  air  until  tho  proper  colour  is  produced. 
When  !  i  n/.i-d,  the  metal  is  poli>hed  with  a 
burnisher  or  with  wax,  or  coat«a  with  a  varnish 
of  2  oz.  whellao,  8  drachms  dragon's  blood,  dis- 
solved in  2  quarts  of  methylafce*!  spirit. 

AnUmony  oxychloride.  chlonde, 
powder  Alffvnth;  jMileM  AlganOU;  8, 
Argelicus  ;  mercuriii-^  ii'trr,  K-r. 

Water  is  added  to  a  (solution  of  the  tnchlor- 
ido  until  it  is  distinctly  turbid,  wlieM  it  is  filterv^^l 
(tho  precipitate  carrit  *  iIowti  any  trnrrs  «.f  >nl- 
phurctted  hydrogen  which  may  be  present,  and 
which  if  left  wotdd  soon  turn  the  sabeiancf 
yellow).  Five  to  ten  volumes  of  water  are  add' d. 
and  the  precipitate  is  washed  with  cold  wnifx 
and  filtered.  Its  composition  varies  with  the 
temperature  at  which  it  is  prodiu  t-d  and  thf 
amount  of  water  used,  varying  l>ct\ve«:u  SbCK  I 
and,  where  a  very  lare<,>  amount  of  water 
hecn  used.  Rh,0,.  It  is  a  white  powder, and  is 
prinej{MUy  uijed  for  the  prcjiariitton  of  pore 
antimonious  oxide  and  tartar  emetic. 

Antlmonloas  oxide  J^h.O,.  Trioii!''  of  anti- 
mony. If  antimony  is  powderc*d  and  heated  iu 
a  shallow  dish,  it  eventually  forms  antimony 
tctroxide  ^bjO, ;  thi?!,  together  t^-^Mi  tho  Tjr- 
changed  metaL  is  fused  in  a  crucible,  whcai 
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tk  tetroztde  and  antUnony  rea4it»  forming  anti-> 

inonious  oxido,  the  exer^<i  of  aatimony  sinking 
to  the  bottom  of  the  cruciblo. 

For  pharmaceutical  purixiscs  20  parts  of  finely 
r^juilt  nil  .vnt  iiT-(  n y  sulphide  arc  gradually  .uMi  H 
io  iUU  parts  hydxi^chloric  acid  containing  1  part 
nitno  add,  «ad  hest«d,  gently  at  first,  and 
tht-n  fT'.-r"  ■^troncly,  until  sulphuretted  hydrogen 
OciM-s  to  i»i  evolved.  It  is  then  boiled  for  an 
ht'iir.  enough  wator  is  «ddeii  to  produce  a  slight 
Iirecipitate.  which  removes  the  la^^t  traces  of  siil- 
phurettcd  hydrogen,  and  filterod  into  a  vcasel 
containing  1  gallon  of  water,  precipitating  the 
uxychloridf,  which  is  filtered  and  washed  until 
It  cea<Mi»  to  have  an  acid  reaction  ;  it  han  then 
become  converted  into  the  trioxide. 

It  i.s  a  whit*'  fusible  solid,  slightly  soluble 
in  WAttr,  volatilo  at  a  red  heat.  It  becomes 
farther  oxidised  to  the  tetroxide  8b|0«  on 
kit  ins  in  air,  and  is  then  non-volatile. 

Ill  prej>cnco  of  alkalis  it  absorbs  oxygen  ; 
for  this  reason  it  hes  been  pfoposed  to  use' it  for 
reducing;  nitrobenzene  to  enfline,  end  in  the 
preparation  of  aniline  re<l. 

It  is  used  for  the  preparation  of  tartar  emetic. 
Whtn  r^nnd  with  linseo<l  oil  it  i.s  .sometimes 
nod  as  a  substitute  for  whit^  lead,  bciiig  U-ss 
inilliiiNiS  to  the  workmen  and  less  acted  upon  by 
nuphur  gases  ;  it  has,  however,  less  *  body  *  and 
id  more  expensive. 

TarUr  emetle.  Potassium  antimony  tartrate. 
Tartanu  tiibiaitis.  Brefhuvin,^tnn  ;  ftpir.sxqktnz- 
teeinMein.  2L\H,K(SbUjO„H,U.  Three  jmrts 
uitiiDonious  oxide  and  4  cream  of  tartar  are 
made  into  a  thin  pn-iU'  with  water  and  tligested 
for  about  hali  au  hour,  keeping  the  wat^'r  at 
constant  volume;  8  parts  of  water  arc  then 
•dded,  hr)iled,  and  filtered  wliilst  hot.  The 
oxychloride  or  oxysulphid©  may  be  substituted 
for  the  oxide,  but  not  so  satisfactorily. 

Tartar  emetic  forms  oet-ahe<lral  crystals, 
"iurfi  give  oflF  a  j)art  of  their  «  ater  on  exposure 
to  the  air.  Tiwy  dissolve  in  14-5  parts  cold  and 
in  1-9  part?  boiling  %\atcr.  Thoy  .^how  an  acid 
resetion  uith  litmui>,  and  have  a  nauseous 
'  K  tallic  taste,  5-10  centigrsms  censing  Tomiting, 
«xd  larger  quantities  bring  very  poisonous. 

It  is  used  in  medicine  and  in  the  preparation 

pomades,  &c.,  and  also  largely  as  a  mordant 
m  dyeing  and  calico-]irinting.  Mixtures  of 
tsitsr  emetic  for  mordantint;  are  sold  containing 
a*  much  as  33-59  p.c.  zinc  sulphat*-  at  a  lower 
price,  under  tho  names  tartar  unrfir  potitler, 
tartar  emetic  fubstittde,  antimony  nwrdnni,  fee. 
It  is  known  that  zinc  acetate  may  partlj^'  replace 
tlw  tartar  emetic  with  advantage,  but  the 
Hdpiiate  appears  to  be  a  simple  adulterant  (H. 
Smid,  Chcm.  Zeit.  1882,  949). 

Several  other  compounds  of  antimony  have 
proposed  for  mordants  instead  of  tartar 
♦metic.    E.  Jacquct  (Dingl.  poly.  J.  257,  168) 
•flriwd  the  tise  of  a  mixture  of  basic  antimony 
t»ulat©  with  twice  its  weight  of/ ammonium 
•tvUt  ■.    Nolting    recommended    tho  double 
ntaiate  of  potash  or  of  ammonia  and  antimony 
n>ingl.  poly.  J.  [3]  255.  122).   It  is  stated  that 
•  Utter  ci>nipoiDidB  bavo  long  been  used  under 
other  names. 

tlie  nse  of  the  fluoride  (which  is  not  pre- 
'ipitate<l  with  excess  of  water)  and  the  double 
tluotidfia  of  antimony  and  tho  alkalis  has  been 
I«taBtsd  by  8.  M'Imui.   Watson,  jun.,  patented 


a  prooeas  for  using  trichloride  with  sufficient 
common  salt  to  prevent  the  precipitation  of  the 
oxyclilorido  ((I.  VVat,son,  J.  Soc.  Chem.  Ind. 
1886,0^591  ;  B.  W.  (Jcrland,  .1.  Soc.  (^hem.  Ind. 
1884,  4,  043;  and  Kopp  and  Brw<  ri\  .T.  Soe. 
Chem.  Ind.  1888,  666).  A  double  salt  of  anti- 
mony  fluoride  and  ammoniom  sulphate  SbF, 
(N  114)280,.  known  as  'antimony  salt^,*  is  nl^M> 
u.sod  in  dyeing,  but  as  it  attacks  glass  as  well  as 
metal,  it  should  bo  stored  and  wonted  in  wooden 
vessels.  A  (jood  liath  i-t  100  litrof?  water,  400 
grams  antimony  iialt^i,  200  grama  soda  crystals, 
at  a  temperature  of  50*  {^wy,  BuU.  Soe.  Ud. 
Mulhousc.  ISSB.  301). 

'iartar  emetic  a  mordant  has,  at  tho 
present  time,  been  largely  superseded  by  the 
double  oxalate  of  potassium  and  antimony,  a» 
it  is  cheaper  than  the  tartrate,  and  equally 
efficient,  although  it  contains  leas  antimony. 

Recently  F.  Dilring  has  recommend' <i  the 
use  of  the  double  lactate  of  ahtimony  and  cal- 
cium, which  can  rciulily  i >e  obtained  by  mixing, 
in  the  dr  \  t  ite  or  in  solution,  alkali  lactate 
with  *  antimony  salts,'  or  other  antimonious 
compounds  (Farber,  Zeit.  [20]  319).  He  states 
that  at  least  80  p.c.  of  the  antimony  in  the 
sf)luti(>n  will  actually  go  into  tho  cloth  as 
raor'lu.f. 

ANTIMONY  SALTS.  A  compound  of  anti- 
mony tiuoride  with  amiuonium  sulphate  used  as 
a  mordant  [v.  Antimoxy). 

ANTINONIN.  I  rade  name  for  a  solution 
of  pota-ssium  o-dinitrocresol  used  as  a  fungicide. 

ANTIPTBDnE.  PAenyU>iK«ayl|iyra2o/oiie  (v. 
Pyrazolb). 

ANTIRRHINIC  ACID  v.  Digitalis. 

ANTISEPTICS  r.  Disinfectants. 

ANTISEPTINE.  Said  to  be  a  mixture  of 
zinc  iodide,  zinc  i^ulphate,  boric  acid,  and  thymol. 

ANTISEPTOL.  Cinchonidin^  ioitmilpkalU, 
used  as  a  -^tib-t  •ti-.tf  f.ir  iodoform. 

ANTITH  E  R  M I N .  /  'A/ »  nlhydrazom  of  l^xvulic 
acid  CH,  C(N,H-{;,H,)  Cri;-CH,CO.H  is  ob- 
taincd  by  dissolving  phenylhydrazine  in  dilute 
acetic  acid,  adding  an  aqueous  »ulution  of  tho 
equivalent  quantity  of  Iwvulic  (acetopropionic) 
aeid,  and  cry  stall  i-inw  the  resulting  yellow  pre- 
cipitate from  alcohol  (Farbw.  vorm.  Meister, 
Lucius  &  Brftning  m  Hocbst  a.  H.,  Ger.  Fat. 
37727). 

It  forms  colourlobs,  iaodorou."?,  and  tasteless 
scale.*?,  melts  at  98''-99*',  is  sparingly  soluble  in 
cold  water,  .«o!uble  in  alcohol,  etlu  r.  or  dilute 
acids.  It  has  been  employed  as  an  antipyretic 
(Nicot,  Chem.  Zentr.  Iss7,'4ir>) ;  but,  according 
to  Stark  frhem.  ami  \  :$2,  051),  its  use  in 
medicine  is  now  almu&t  abandoned.  Inasmuch 
as  it  is  decomposed  by  alkalis,  its  physiological 
activity  is  probablv  dtio  to  phenyibydrasine 
(Gohe  &  Co.,  Chem.  Zentr.  1888,  49).' 

ANTWERP  BROWN  v.  PlOMBNia. 

ANVULAr.  Ami.aki. 

AOOD  I-BALSAM.  BaUaam  of  Mecca  (v. 
Oi.K"!u;mns). 

APATITE.  A  crystallised  mineral,  consist* 
ing  of  calcium  pho.sphate  in  combination  with 
Huorine,  chlorine,  hydroxyl,  or  carbonic  acid, 
tho  formula  beinc(CaF)Ca4{P04),  or  SCajlPO,), 
4-  C^Fj,  where  F  may  be  replaced  by  Cl,  OH,  or 
COj.  There  are  tlois  several  chemical  varieties, 
namelv,  fluor-apatite,  chlor-apatitc,  hydro- 
apatite,  and  carb-apatite ;  the  laat  fej^^^y  Qoogig 
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callod  podolito  (W.  Tsrhirw  insky.  1007).  Slnii- 
liiriiy,  by  partial  replAcemont  of  the  cnktum, 
then  Me  the  ohemioiu  yarieties  ntangan  a)>;itite, 
cupro-apntiU;,  ami  tali  -apjif  ilr.  Jn  (ulttitioii  to 
these,  some  other  trivial  names  are  appUed  to 
varieties  of  oryBtaUiMd  apatite ;  for  example, 
asparncxJs-stoiu',  from  Murica  in  Spain  ;  nioro- 
zite,  from  Arondai  in  Norway ;  and  IrancoUtc, 
from  Wheal  Franoo,  near  Taviitook  in  Devon- 
shire. The  distinction  Iwtweon  tluorapatite 
an(i  ehlor-apatite  however,  the  only  one  of 
any  importance.  (For  the  varietiea  of  imuMive 
apatite,  r.  PnosrnoRiTB.) 

Apatite  ia  often  loond  tm  well-developed 
otyatab.  Theoe  belong  to  the  hexagonal 
Bjntem,  and  arts  ubuhIIv  hounded  by  a  six-sided 
priam  and  pyramid  with  the  baaal  plane,  though 
nometimes  numerooa  other  brilUant  facets  are 
present.  The  colour  is  commonly  greeniah  or 
tiroH-uiab,  but  aometimea  aky-blue,  violet,  or 
oolouriesB.  The  eryatala  may  be  tfanaparent  or 
op*qno.  anfl  they  have  a  vitreous  to  sub-rcsinous 
lustre.  SD.gr.  3 '2  ;  hardness  5  (the  mineral  can 
be  soratohMl  with  a  knife).  Owing  to  its 
variable  appearance,  ajialite  i.-^  fretpiently  mis- 
taken fur  other  mineralB,  and  it  well  deserves 
itfl  name,  from  Aswriv,  *to  deoeive.'  In 
determining  the  mineral,  it  is  always  well  to  tert 
for  phos^oric  acid. 

As  mwroseopic  crystals,  apatite  is  present  as 
an  accessor}*  constituent  of  i^nirni^  r(x;k3  of  all 
kinds.  It  also  occurs  in  metauturpliic  rocka  and 
in  metallifnous  veins.  Fine  specimens  are 
found  It  many  localitiom,  liut  onli-  in  two 
regions  in  Norway  and  Canada — i»  (.rystallisecl 
apatite  mined  for  commeroial  purposes.  In 
winthern  NorA\ay,  in  the  neighbourhood  of 
Kragero  ami  Bamle,  extensive  deposits  of  chlor- 
apatite  occur  in  conneotioti  with  gabbro  (a 
li'Toxmr-felspar  rock  of  igneous  origin).  Large 
deposits  of  Huor-a[j«itite  arc  mined  in  Ottawa  <Jo., 
Quebec,  and  in  Renfrew  Co.,  Ontario ;  here  the 
miTj' ml  formA  beds  in  Lsurentian  gneiss,  usually 
iu  a^.sociatiuu  with  crystalline  limestone. 

L.  J.  8. 

APERITOL.  A  niirture  of  equal  parti?  of 
valerianyl  and  acctyiphcnolphthaiein,  usetl  as  a 
laxative? 

APHTHITE.  An  alloy  conUining  800  part« 
of  cop{>er,  25  of  platinum,  10  of  tungsten,  and 
170  of  gold  (Zeitj'.  f .  (1.  C,  Grossgew.  Ol3). 

APIGENIN  V.  FI.AVONK. 

APIIN.  A  glucoside  contained  in  parsley  and 
celery,  forming  on  hydrolysis  apigtmn  and  a 
disaerharide.  marie  np  of  a-glucose  and  a  pentose, 
apio^'  (\'ongericht*»n,  Anualen,  1901,  121),  (v. 
TPlaxow.  and  GLUCOsmBS). 

APIOL  V.  Oils,  Es*;evtial. 

APIOSE  V.  Carbohvi>kat£s. 

AnOS  TUBEROSA  (Hoeiioh.),  Glycine 
aptos  (Linn.).  A  lej^uminnn?!  plant  from 
Korth  America,  the  roots  of  which  have  been 
proposed  as  a  substitute  for  the  potato,  and  the 
young  stfds-  for  peas.  Payen  (Compt.  rend.  28, 
180)  gives  the  (uUowing  analysis  of  the  root : 
Nitrogenous  matters,  4-5;  fatty  matters,  0-8; 
starch,  sugar,  &c.,  33-55;  cellulose,  &c.,  1-3; 
inorjinnir,  2-26;  wat<^r,  57*8  (c/.  Brighetti,  Chem. 
Zentr  I  I  «>,i.014). 

APIUM  r.  t)l[  I'^I'NTIAL. 

APiUM    PETKOSELINUM   (Carum  pttro- 
ulinrnm)  n,  Flavoms. 


APOLLO  RED  v.  Azo-  coLorRiNC  mattmb. 
APOMOBPUINE  V.  Vsqbto-Alsaix>u>s. 
APOPHTLLITB  v.  Caixtium. 

APOREINE.  \  poisonous  »lkaloi  l  found  it 
the  juice  of  Vapaxxr  dubium,  Give«i  c  ry»taJ- 
lino  salts.  The  hydrodbloride  C|j,H,«X<),*.HC1, 
forms  silvery  nacreouM  ^^cale.^,  subliminu'  without 
decomposition  in  dry  carbon  dioxide  between 
220*  and  240*. 

APORETIN  V.  Rni  MAKn. 

APOTURMERIC  ACID  v.  Turmekk  . 

AFPLB.  The  fruit  of  />nM  umiIim;  Vaaj 
varieties  are  known,  rliff  nng  gyeatly  In  Star, 
shape,  colour,  and  flavour. 

The  solid  matter  of  apples  eonsists  largely  of 
sugan— glttCOSe and  sucrose;  their  acidity  is  duo 
to  miUie  acid  CsH«0(CO0H)g.  In  unripe  apples 
staroh  is  present — sometimes  to  the  ezteat  of 
4  or  5  p.c,  hnt  the  fully  ripened  fruit  is  devoid 
of  starch.  Cellulose  forms  about  1  p.c  oi  the 
weight  of  the  ripe  fruit,  pentosans  about  O'S  puC, 
and  perto.-u-  niatt'  Ts  also  al.out  0  5  p.e.  Miner  d 
matter  is  usually  between  0'2  and  0-3  p.c,  and 
about  half  of  tins  is  potash. 

Tlie  followin;^^  imly.Hcs  of  Ainericai\  Bald  w  in 
apples  show  the  clmoges  which  occur  dunng 
ripening : — 


Very 
srecn  ' 

Bfpe 

Ov«* 

■ 

Water 

81-33 

79-81 

■ 

80-36 

80-30 

Solids 

18-67 

20-19 

l?»-«4 

19-70 

Rc<luoing  sugars . 

()-40 

H-4!i 

7-70 

8 -si 

C^ne  sugar . 

J  •().'{ 

4  Oo 

tt-81 

5-2ti 

Staroh 

414 

3U7 

017 

none 

Free  malio  aoid  • 

114 

0-05 

0-48 

Ash  . 

0*27 

0-87 

0^ 

The  following  figures  relau*  to  !South-.\fnc*ii 
apices  (lofl^).   The  flesh  and  rind  of  the 
fniit,  the  core  Mid  pips  being  rejected,  eoe< 

tained : — 


Vactety 

Koo 

r 

Rei- 
nette 

de 
CmumU 

JJor- 
tben 

Vcr»- 
feld 

\ 

isr 

Water  . 

85-08 

82  1 4 

ST-ti.'i 

Dry  matter 

14-92 

17-36 

12  35 

Ash  . 

0-313 

0-262 

0-270 

0-2t>» 

Acidity  (as 

malic  arid)  . 

0-47 

0«5 

0  48 

0  71 

0-47 

Reducing  sugarii 

7-44 

6-87 

10-26 

y-4a 

10-85 

Cane  sugar 

4-63 

3-68 

4-77 

1-36' 

1  5s 

Nitrogen 

0-046 

0-094 

0-058 

0-057 

0O43 

Crude  fibre 

1-33 

1-24 

1-26 

08» 

Percent,  in  ash: 

Potash 

54-48 

48-52 

53-3n 

.'.1-5$ 

Lime  . 

2-63 

1-1« 

1-82 

2-70 

Silica  . 

1*51 

1*68 

1-S5 

tm 

Ph(x^]ihorus 

pentoxide. 
Sulphur  tri- 

1115 

12-10 

8-09 

1216 

oxide 

2'4n 

2-67 

3  13 

3dU 

Chlorine 

0-89 

102 

H10 

The  proportions  of  lime  found  in  these  applet 
!  are  apparently  lower  thau  those  usuaUy  UiaeoA 
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ia  AoMMMi  apples,  while  the  figures  for  pbos- 
pboTUK  pentoxitlf!  an<l  chlorine  are  higher. 

Hotter  {Chem.  Zcntr.  1000,  ii.  491)  gives  the 
{oOdh  ing  analyna  of  ftpple  aoh  t — 

E,0  CaO  HgQ  Fe.O,  810*  80.  P<0| 
51-58    4-22    3-71    lls    1-^     2^  10-42 

Certain  varieties  of  apploe — particularly 
those  used  for  cider- ma  king — are  rich  in  tannin, 
and,  when  the  cells  are  broken,  by  cutting 
the  apple  or  by  a  brui.'^'-.  ^'■<  a8  to  admit  air,  a 
browning  takes  place— probably  by  the  action 
of  an  oxvilaso  upon  the  tannin. 

Otto*(Bif  !  Zf-ntr  l'»01.  u.  563  ;  and  1902, 
SI,  107)  found  that  the  percentage  of  water 
increa!H»  during  ripening  on  the  tree,  but  di- 
minlsht!?*  on  <tr>rin;^,  that  the  st^irch  diminishes 
and  tiually  disappcani,  vvhiic  the  cellulose 
nmiiis  oofutent.  The  nitrogen  increases  during 
ripening  on  the  tree,  but  afterwards  diminLshes. 
The  acidity  dimiuishett  during  ripening,  both 
before  and  «ftar  gfttheriag. 

TnflrT  normal  conditionf,  the  ntan  h  pn«ent 
iu  unripe  apples  is  convorttni,  during  ripening, 
into  mgar  by  tho  diastase  present,  but  if  the 
unripe  appli'H  Ik-  brui>ied,  this  change  is  incom- 
piet*;  m  the  brui^jod  portion,  and  atarth  may  be 
found  in  the  bfowncd  tissues.  Acconlin^;  to 
WarcoUier  (Compt.  rend,  1905,  141.  405),  tbb 
is  due  to  the  paralysing  effect  uiK)n  the  diastase 
ef  the  tannin  which  escapes  from  the  bruiso<i 
ceils  (and  which,  by  the  action  of  an  oxj'dase, 
eives  rise  to  the  browning),  thus  preventing  the 
saocharitication  of  the  gterehp  upozi  which 
DCNrmal  ripening  depends. 

Apples  are  now  dried  by  artificial  heat  (with 
or  without  the  use  of  sulphur  dioxide,  which 
improvce  the  colour),  and  sold,  either  as  whole 
fruit  or  as  '  apple  rings.'  Fresh  apples  yield 
about  one-seventh  of  their  weight  of  the  dried 
product.  Zinc  is  frequently  found  in  dried 
applets  probably  from  contact  with  *inc  trays 
'luring  the  drj-ing  process.  As  much  as  0*58 
gram  Za  per  lulogram  has  boea  found  ta  Amori- 
oan  driedapples.  American  analyses  give  as 
the  averayo  components  of  dried  applf.s  :  3H  p.c. 
water,  1*4  p.o.  protein,  3*0  p.o.  ether  extract, 
57*6  p..e.  ewbohydratee.  aad  1*8  p.o.  ash.  The 
flavour,  anfl  particularly  the  odour,  of  apples 
can  be  imitated  by  MO<ainyl>Ma*  valerate  dissolved 
■ifpiritsaf  wine.  ThisoonBtitatas  (he 'Msonee 

APPLn,  MKHCB  OT,  v.  Aitlss. 

APPLE  TREE.  {Pi/m^  maUi«,  L.  ;  Pummt  , 
Fr. ;  Ap/elf  Ger.)  The  wood  is  much  used  in 
tamerr,  and  thai  of  tiie  orab  tne  is  used  by 
millnTijrht.i  for  the  tfcth  of  mortico  wheels. 
The  bark  contains  a  tamun  identical  with  that 
eontatned  in  liotiBH>toslimri>  teriL. 

APRIOOT.  Tbe  fruit  off  PmMU  ornMiMaea 
jLinn.). 

Hm)  followicg  analyses  were  made  by 


i Seeds  (stone)  .  4-30 
Ash     .       .  .(0-07) 

Total  insoloble  matter,  ex 

eluding  ash      .  . 
Water 


3-22 
0-94 
I  00 
(0-10) 


-5-42  51  (» 

84*96  8212 


100-00  lOOOO 

In  Calif omian-gTown  apricots,  ColVn'  (Exp. 
Stat.  Record,  1893,  4,  918)  found,  in  the  whole, 
fredi  fruit,  water,  8ff>16;  diy  matter,  14-84: 
containing  nitrogen,  0*104 ;  eqgMr,  11*10 ;  ash, 
0-49. 

The  ash  was  found  to  contain : 


SiO 
5 


•25 


I.  n. 

Medium  Ijir^R 

sixc     wt.tiO  grama. 
.  114  1-63 
I  Free  acid                .0-90  0-77 
Soluble  I  Nitrogenous  matter.  0-83  0-39 
I  Pectins,  gum,  Ac.    .  5-93  9-28 
■  A  h               .       .  0-82  0-75 
lotai  •oiubie  matter   9-82  12-72 


KjO   NajO    CaO   MkO  MnO .  V  .O^  SO^ 
69-36  10-26  3-17  3  U8   0  37  13-09  3-03 
CI  Fe-Oj 

0-45  1-68 

Califomiaa  iipricots  appear  to  contain  more 
nitrogen  than  the  £urof>can  fruit.  As  many 
other  aiialvHos  ajiree  in  <i!\iiiLr  about  II  pe.  of 
sugar,  it  is  probable  that  sumo  error  has  been 
made  in  TVesenins*  figures,  though  they  have 
been  widely  quot^-d. 

The  sugar  is  chiefly  sucrose,  with  a  litUo 
dextrose,  «id  invert  susar,  wfaicAi  lieoomes  less 
when  the  fruit  rijx'ns  (T)<!smouli^rc  .\nn.  Chim. 
anal.  IfHJ2,  7,  323).  The  colouring  matter  is 
pn>hfthly  related  to  eanotene. 

The  aci<iit  of  apgnoots  is  ohi^y  due  to  malio 
and  citric  acids. 

The  kernels  of  apricot  *  pits,*  or  stones,  lilce 
those  of  fhr  other  members  of  tho  Prunus 
family,  contain  amy^dalin  and  about  40  p.c.  of 
a  faUy  oil  reeemblmg  almond  oil.  I1iis  oil 
has  a  sp.gr.  of  i  at  IS-S'.apale-N  ellow  colour, 
and  a  slight  odour  of  almonds  (Mabua,  Pharm.  J. 
Trans.  [3]  10,  707).  More  recent  determinations 
give  the  followini,'  (Dieterich.  Chem.  Zontr.  1J)02, 
2  1 15],  943) :  sp.gr.  at  16°C.  0-915-O-921,  at  90*, 
0-e010-0*9015;  solidifying  point,  --U**  to 
saponification  value,  193-1-215-1 ;  iodine  value 
(Hiibl).  100-108-7  ;  refractometer  value  at  26% 
85-6-67 -0  ;  at  40*,  68  0  ;  at  60*.  52-25.  Itean  be 
distinjiuished  from  almond  oil  by  Bilxr's  reagent 
(fumuiu  nitric  acid,  sulphuric  acid  and  water), 
with  w-nich  it  gives  a  red  colour,  while  almond 
oil  only  yields  a  faint  yellow. 

The  flavour  of  apricots  can  be  imitated  by 
a  mixture  of  iaoamyl  butyrate  and  Moamyl 
alcohol. 

Dritjd  aijricota  are  prepared  either  bv  sun- 
drying  or  oy  artificial  heat,  sulphur  dioxide 
beinv;  oftt>n  employed  in  tht>  latter  case,  in  order 
to  pruvcut  darkening  in  colour.  They  are  largely 
used  in  America  and  in  some  of  the  colonics. 
American  analy.s(«s  show  thom  to  contain  about 
32  p.c.  of  water,  63  p.c.  of  carbohydrates,  2-9  p.c. 
of  nitrogenous  matter,  and  1*4  p.c.  of  ash. 

H.  I. 

APRICOT.  ESSENCE  OF.  A  mixture  of 
tSOaiii\i  ImiIm^lIi'  ;ui<[  I I invl  alcohol. 

APRICOT  KERNEL  OIL'i.  Ai.mohD  OIL. 

AQUA  FORIIS  t;.  NimiC  acid. 

AQUA  RBOIA.  NUnmuriaiic  acid  ;  Konigs- 
uxisaer.  A  name  piven  by  the  alchemists  to 
a  mixture  of  nitrto  and  hydrocliloric  acids, 
originally  prepared  by  dissolving  sal  ammoniao 
in  .strons;  nitric  acid,  and  UM-d  by  them  as  a 
solvent  for  gold,  .uipkur,  A^c.  ^«f5(}|^*d^oOgIe 
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by  mixnig  1  vol.  of  nitric  add  wH3n  4  Ttda.  of 

hydrochloric  acid.  The  mixture  is  at  first 
colourleiiH,  but  gnuiually — especially  on  heatinp 
—Acquires  *  deep  orange-yellow  colour,  dm-  td 
the  formation  of  nitroayl  chloride  and  free 
chlorine :  H2<0,  +  3HC1  =  NOCl  +  Q,  +  2H,0. 
The  mhrent  action  of  aqua  regia  appews  to  be 
iii  i  iTilv        t  n  the  free  chlorine. 

AQUA  VnJE.  An  alchemii»tic  name  U8(!d  to 
denote  oommon  alcohol  as  obtained  by  distilling 
a  liri  ii  1  .hi  h  !ii  undergone viiKMuienneiitation. 

AHABiC  GUM  v.  Gums. 

ABABnfOSE  r.  Cabbohydkatks. 

ABACHIDIC  ACID  CH,(CH,)i,COOH  is 
found  partly  freo  and  partly  as  a  glyceride  in 
eutli*ailt  ou (from  Arachis  hypoqaea  (Linn.));  in 
Iniltcr,  and  in  the  fruit  of  Ntjthrhnw  lap-pncenm 
( Hcintz.  Vogg.  90,  146  ;  GrwtitiHnn,  Aimak  u,  89, 
1;  Oaden^  Zetta.  f.  Chem.  1S07,  251.).  It 
has  been  jwpared  by  treating  J)elitii(.li.  n<-'v] 
C,,U4qO,  with  fuming  nitric  acid  (Uro-s^umuu, 
Ber.  1803,  644),  and  synthetically  from  aceto- 
acctic  ester  and  octodecvl  iodide  (Schweizcr, 
Arch.  Pharm,  1884,  753)  ^ra. p.  77**  (BaczewRki, 
HonAtsh.  17,  530). 

ARACHIS  OIL  is  obtained  from  the  seeds  of 
Jrachis  hypoyaa  (Lum.), which  areknov n in  cum- 
meree  as  earth  nuts  or  monkey  nut«.  The 
cultivation  of  the  arachis  plant  dates  back  f^o 
far  in  history  that  its  origin  ib  unknown.  It  is 
freqnently  asaumcd  that  the  home  of  the 
ariuhin  nut  is  Brnzil.  The  phmt  is  chiefly 
cultivated  in  the  Eaat  lnilic4>,  Indo- China,  Java, 
Janan,  the  West  Coast  of  Africa,  Mozambique, 
Madnpaecar,  Egypt,  Spain,  Sicily,  the  United 
btatcs  of  Amenca,  the  Argentine,  and  in  the 
West  Indian  Islands.  The  East  Indian  and 
Went  African  nuts  represent  two  distinct 
varieties.  In  cr-minerce  a  distinction  is  made 
between  decorticated  and  non-decorticated  nuts. 
The  Indian  aixl  Mozambique  nuts  are  usually 
decorticated  bclore  they  arc  shipped  to  Europe  ; 
as  they  undo^  tome  defenmcntal  changes  on 
the  voyage,  they  cHnnot  be  used  for  the  produc- 
tiuu  of  best  edible  oil,  and  are  mostly  worked 
up  for  soap  oil.  The  nuts  coming  from  West 
Africn  mostly  arrive  non-decorticated,  and  are 
therefore  suitable  f(jr  the  preparation  of  best 
edible  oil,  the  lower  qualities  only,  derived  from 
a  veeond  and  third  exjiression  (we  below)  being 
used  for  technical  purposes.  The  approximate 
composition  of  araohis  nut,  taking  the  average 
of  nuts  from  vRrious  places  of  orisin,  is  as 
follows :  oil,  38-00  p.c.  ;  water,  4-6-12-8  p.c.  ; 
albuminoids,  215-31  p.c. ;  carbohydrates,  5-19 
p.C. ;  fihre.  M^  l  ]).c.  :  ash,  1 -6-3  0  p.c. 

The  undecurticatcd  nuts  are  shelled  by  special 
machinery  and  the  inner  red  skin  A\hich  sur- 
rounds the  kernel  is  removed  as  completely  as 
possible  by  a  bla*t  oi  air.  The  separated  and 
cleaned  kwnels  are  then  ground  in  the  usual 
manner  and  stibjectcd  to  hydraulic  pressure. 
As  the  kernels  contain  so  high  a  proportion  of 
oil,  the  expression  of  the  oil  is  carried  out  in 
two  stages :  frequently  the  meal  is  even 
expressed  three  timen.  The  first  expression 
tUMS  place  at  the  ordinary  temperature,  and 
yields  the  '  cold-dra\\Ti '  oU ;  the  second  ex- 
pression is  carrietl  out  at  a  temperature  of  30®- 
32**:  and  the  third  expression  at  SO^-Sf)*. 

Tlie  ♦  cold-drawii  *  oil  is  nearly  colourless, 
&jid  Uao  a  lUcotiOut  t4u:te,  recalling  that  of 


kidney  beana;  it  is  used  as  salad  oil,  and  soM 

under  the  name  *  huile  surfinc*  The  oil 
obtained  by  the  next  expressiuu  also  nerves  fc»t 
edil)le  purpoBcs,  in  the  sardine  and  mar^garine 
industries,  or  for  burning  ;  the  lowest  quality, 
which  has  been  ex|>ressed  at  the  highest  tempera- 
ture, is  chiefly  used  for  aoap-malmig. 

The  arachis  cakes  serve  an  excellent 
cattle  food,  for  thev  contain  the  highest  amount 
of  proteids  iA  all  knoifm  oil  cakes ;  moreover, 
these  proteids  are  more  eaailj  digested  than  those 
of  other  cakes. 

On  standing  a  few  degrees  above  freezing- 
pf)int,  •  stearine '  deposits  from  arachis  oil. 
J  liis  stcarino  contains  arachi»  which  docs  not 
settle  ont  as  a  crystalline  mass,  SO  tliAt  it  oannot 
be  removed  in  the  usual  manner  by  expression, 
licuce  it  is  necessary,  in  order  to  *  dcmargari- 
nate '  arachis  oil,  to  allow  it  to  stand  for  a 
]>rolonyed  time  in  the  cold,  when  *  mnrgarinf 
(i  arachido  '  settles  OUt,  so  that  the  supemaUuil 
clear  oil  can  bo  dra>\-n  off. 

Amongst  the  solid  fatty  acid.-i  of  arachis  (.11. 
arachidic  acid  and  lignuceriu  acid  have  bevn 
i<lcntified.  These  two  acids  are  ohancteristic 
of  arachis  oil,  and  as  the  ir  proportion  can  be 
determined  quantitatively,  the  separation  and 
determination  of  '  crude  arachidic  acid  '  {i  f. 
a  mixture  of  arachiilic  and  lignocmr  acirts) 
furxiijshes  an  excellent  means  of  idcutiiuns 
arachis  oil,  and  determining  its  proportion  in 
mixtures  \\ith  other  oils.  Aniontr^t  the  liquid 
fatty  acids  vi  arachis  oil,  oleic  at  id  undoubtedly 

Ere<iominat4^ -s :  in  addittoa  to  it  there  has  abb 
een  proved  the  pwwence  of  h>pog«io  and 
linolic  acids. 

Arachis  oil  has  a  sp.gr.  0-917-0-9I9  at  U'  ; 
its  iodine  value  fluctuates  ^^et^^et  n  87  and  10(». 
As  the  iodine  \  alue  of  arachis  oil  lies  so  near 
that  of  olive  oil,  a<luIteration  of  olive  oil  with 
arachis  oil  takes  place  on  the  largest  scale  ; 
indeed,  very  frequently  arachis  oil  is  entirely 
substituted  for  olive  oil  (as  in  the  preparation 
of  tinned  sanlines). 

Arachis  oil  is  chicUy  expressed  in  the  South 
of  Europe  (Marseilles  and  Trieste);  therefore 
the  lower  qualities  of  this  oil  enter  larp'  Iv  into 
the  couijiosition  of  the  soaps  of  South  J:.'uroi*e. 
Thus,  one  of  the  most  characteristic  coniponenta 
of  the  Marseilles  white  soap  is  araehLn  oil.  The 
quantity  of  arachis  nuts  imported  into  France 
cluring  the  year  1907  wa.s :  arachis  nuts  in  shells^ 
163,241  tons ;  decorticated  arachis  nut.-*, 
117,404  tons.  ITic  total  quantity  of  arachis 
nuts  produced  in  the  world  may  be  taken  to 
amount  to  about  350,000  tons.  Next  to  France, 
arachis  nuts  are  lai^ely  imported  into  Trieste, 
Delft,  and  in  smaller  quantities  to  CkTmany 
(about  25,000  tons),  and  to  the  United  States:  of 
America.  The  latter  country  produccis  about 
50,tX'<>     ;  s  per  aimum.  J.  L. 

ARAGONITE.  The  ort  horhombic  form  of 
cium  carbonate  (OCOj),  differing  from  the  more 
common  diniorjihous  form  caleito  (^.r.)  in  its 
greater  density  (sp*6'^'  2*93),  greater  hardoMS 
(H.  3^).  and  tn  toe  abemce  of  cleavage.  It 
crvstallises,  tof;eihcr  with  calcite,  from  aqueous 
solutions  containing  carbon  dioxide  at  tempm^ 
I  turcs  above  18*,  and  the  presence  of  various  saHs 
:  in  the  solution  favours  its  growth.    In  nature 


it  is  deposited  by  thermal  springs,  for  int^tamr. 

1  those  of  Carlsbad  in  Bohemia,  in  the  ionn 

LJigitizeJby  Google 


AROHIL  OR  ORCHIL. 


287 


Cft-lilce  eonoretions,  this  variety  of  the  minenl 
bp  known  as  pisolUf.  Anothpr  variety, 
called  fM-Jari  (flower  of  iioa),  is  found  as 
■lOV'inute  oonlloidal  forms  hi  the  iroB-mhws 

of  Styria.  Cryst-ils  were  first  found  embedded 
in  red  clay  and  g^  pum  in  Aragou,  Spain  ;  and 
dimn^nt  groups  of  spear-like  otystels  have  been 
found  in  an  inn  (hlBBUKtite)  mine  in  west 
Cumberland.  JU  J.  & 

ARAUA  BARK  or  FaUe  Pnekt^f  AA  Bark, 
the  bark  of  Aralia  spinosa  (Linn.),  contains  a 
Tolatile  oil,  an  amorphous  bitter  substance, 
(tannin),  a  grey  acrid  reein,  end  a  g^lnooeide  to 
vhich  the  name  aralt'in  has  been  given  (Lilly, 
Pharra.  J.  [3]  13,  305).  By  boiling  armlexn  with 
dilate  hytirodhlorie  aeld,  antinhn  ii  obteuied 
(Holden,  Pharm.  J.  13]  11,  SIO;  CheBL  Soo. 
Trans.  40.  105). 

ARABOBA  POWDRR.  Ooa  Poteder ;  Cfkry§- 
arohin.  A  powdor  varying  in  colour  from  a  pale 
pnoiroee  yellow  to  brunre  and  purple,  which 
eoQecks,  possibly  as  the  result  of  oxidation 
of  the  resin,  in  the  cavitirs  of  the  stems  and 
branches  of  the  Andtra  Araroba  (Aguiar)  (ord. 
Ltgnm\noaa\  a  tree  inhabiting  the  forests  of 
Bahia  in  Brazil  (Af;uinr,  Pharm.  J.  p]  10,  42 ; 
f/.  Greeniah,  ibid.  [3J  10,  814). 

Crude  araroba  was  examined  by  Attfield  in 
IH75  (Pharm.  J.  [3]  5,  721),  and  found  to  contain 
inoiiture,  1  p.c. ;  yiucostdf,  bitUr  coiusiUutut  and 
ofo&in,  7  p.c. ;  ytUow  crystalline  substance  ex- 
tracts*!  with  benzol,  supposed  to  bechrvsophanic 
»t  id,  p.c. ;  resins,  2  p.c  ;  vnody  fibre,  5  5 

p.c.  On  incineration,  0-5  p.0.  of  oalk  was  obtained. 

The  yellow  crystalline  compound  which 
constitutes  the  chief  j>art  uf  Gua  powder  and 
to  vltidi  ite  eotivity  is  probably  due,  iras 
'ub^equentlv  examined  by  Liebermann  and 
Niilkr  [Bi'T.  11,  lt)03;  Annalen,  212,  29).  It 
>*a*  shown  to  be  chryaardbin,  independent  of, 
i'Ut  rlopfiv  rclatcf!  to,  chrysophanic  acid,  and 
into  which  it  i-<  rcadiiycon  verted  by  the  oxidieinp; 
action  of  the  air.  This  ia  most  expeditiously 
♦ffccted  by  leading  a  current  of  air  through 
Goa  powder  dissolved  in  aqueous  pota(;h. 
Hesse  (Annalen,  300,  32)  finds  that  araroba 
p<^>»der  contains  no  chrysophanic  acid,  but  is 
a  mixture  of  chrysarobin  C,rH,;03,  with  a 
■>uMance  yielding  methyl  iodide*  by  Zcisel's 
itH  thod,  which  wm  assumed  by  Hoiim>  to  bo 
du^sarobin  methyl  ether. 

Araroba  powder  has  been  fully  investigated 
by  Jowett  and  Potter  (Cheni.  Soc.  Trans.  81, 
1575),  who  have  isolated  the  following  diubstanoes: 
cAnfMra6t»  G,|H,jO,  ;  dichnjmrdbin  CjoH^^O,; 
dickrymrobin  mdhi/l  dhtr  C,,H,p7,  melting 
»t  160";  and  a  aub.stancc,  CijHj^O,,  m.p.  181*. 

Pore  chr\'8arobin  prepared  itom  the  com* 
mercia]  prtwluct  by  extraction  with  light 
petroleum,  (li.%tiiiing,  and  recrystallisiug  the 
r>-^idae  repeatedly  from  a  leige  miaatny  Of 
ethyl  acetate,  consists  of  leraon-yeilow  scales 
melting  at  202"  (oorr.)  insoluble  in  aqueous 
fxiium  carbonate,  but  soluble  in  caustio  ukahs, 
nvin^  a  yellow  solution  which  becomes  red  in 
hm  air.  It  dissolves  in  concentrated  sulphuric 
A('.d  with  a  yellow  oolonr.  On  distillation  with 
zinc,  ^•methvl  anthracene  is  obtained.  When 
aoe^rlated,  cniysarobin  yields  a  diaoetyl  com- 
poaud,  C-jHipOjAcg,  m.p.  193®,  and  a  triacetyl 
compouna,  t",,H,0,Ac,,  m.p.  2.38".  A  minute 
^piaoiity  (1  lug.)  of  chrysarobin  spriuJdud  uu  u 


drop  (rf  fnmmg  nitrie  aeid  givea  a  ted  aolntion, 

which  when  sprca^l  m  a  thin  layer  and  treated 
jiith  ammonia  strikes  a  violet  colour  (Pharm, 
Germ.). 

Dichrvsarobin  consists  of  oraii;rc  crystals, 
decomoosing  at  about  250".  It  is  distinguished 
from  onryaaxobin  by  being  insoluble  in  beniene ; 
it  also  appears  to  be  more  readily  oxidised, 
yielding,  similar  to  chrysarobin,  chn'sophanic 
aoid.  A  hexa-aoetyl  derivative,  Ca»His^TAo„ 
m.p.  178"-181",  has  been  obtained,  and  on 
distillation  with  zinc-dust  /3-methyl  anthracene 
is  formed. 

Though  sometimes  administered  internally 
as  a  purgative,  araroba  powder  is  used  in 
mediome  almost  exdnsively  as  an  external 

ronie<ly  in  the  form  of  ointment  in  the  treatment 
if  certain  skin  diseases.  A.  S. 

ARASniA  6UR0I.   An  impure  gambojge 

from  Camani,  ohtaincd  probably  from  a  species 
of  Garcinia  (iM  niock,  Pharm.  J.  [3]  7,  451). 

ARBOL-A-BREA  RESIN  ia  ODtauied  from 
Canarium  luzonicum  (Miq.),  a  tree  belonging  to 
the  Burseracete,  growing  in  the  Philippines. 
The  resin  it  grejrish-yeUow,  soft,  glutinous, 
and  has  a  strong  a;.'rccablc  odour.  It  contains 
61 -29  parts  of  resin  very  soluble  in  alcohol; 
25'00  porta  of  resin  sparingly  soluble  m  alcohol ; 
6-25  essential  oil  ;  0'52  free  acid  ;  0-52  l)ittc  r 
extractive  matt<>r ;  6*42  woudy  and  earthy 
impurities  (Bona.strc,  JooT.  Pharm.  10,  129). 
Baup  has  isolated  four  crystalline  substances, 
Amynn,  Brtidin,  lirein,  and  Bryo'idine  (Ann* 
CSiim.  PhATs.  13]  31,  108). 

ARBUTlH  V.  liLtrcosiDES. 

ARCHIL  or  ORCHIL  {OrseilU,  ¥t.  ;  Orseilk, 
Qqt.  ;  OricdlD^  1%.)  eppean  in  omnmerae  in  three 
forms  :  (1)  as  a  pasty  matter  callc<l  archil ;  (2) 
as  a  mass  of  a  drier  character,  named  perns ; 
and  (3)  as  a  reddish  powder  called  ciufteor. 
It  is  obtainc<l  from  various  lichenn  of  the  genu.s 
Roccella,  growing  on  the  rocky  coa.sts  of  the 
Azores,  the  (Janarios  and  Caix-  dc  \'erd  Isles, 
also  of  the  Capo  of  Good  Hojk'.  Madeira,  (  urijica, 
Sardinia,  &c.,  and  from  Ochrukcfua  iartarta, 
growing  in  Sweden  and  Norway.  Mone  of 
these  lichens  contains  the  colouring  matters 
ready  formed,  but  they  contain  certain  colour- 
less acids  of  the  typo  uf  lecanorie  acid,  deriva- 
tives of  orcin,  intt»  which  they  can  be  n^adily 
converted.  Thus,  lecanorie  acid  (1)  gives  tir><t 
ocaellenic  acid  ;  (2)  and  subsequently  orcin  (3) 
according  to  the  following  soheine.   {8ee  under 

LlOAHOKlC  ACID.) 
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CH,  ca 


OH 
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CH, 

OH     .  OH 
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OH 


Orcm  itself,  when  acted  upon  by  air  and 
ammonia,  changes  into  a  iiurplc  suh.stancc  called 
(mun,  w  hich  is  the  name  applied  to  the  colouring 
matters  of  archil  (Robiquet^  Ann.  Chim.  Pbys. 
[2]  47,  238). 

Finely  powdered  orcin  is  placed  in  a  thin 
layer  under  a  bell  jar.  together  with  a  hcaker 
coutaiuiuu  strouu  aiuuiuuia  Molutiuu.    As  soou 


288 


ARCHIL  Oft  ORCHIL. 


BM  the  aulwtance  ha«  become  brown-coloured, 
it  is  removed  and  exposc<l  to  air  for  some  time. 
It  ifl  then  dissolved  in  very  dilute  animoni* 
■olution,  rcprecipitated  with  acetic  acid,  and 
dried.  According  to  Gerhardt  and  Laurent, 
orein  ha«  the  cornposition  C'lfH^NOs  (Ann. 
Cliim.   Phys.   \^]  24,  315),   but  luon-  rorcnt 


reeoarchos  indicate  that  it  is  a  mixture  of  |  orohil  paste  itself 


of  the  air  or  oxygen  is  entrapped,  and 
therefore  a  more  powerful  oxidising  effect. 

Orchil  liquor  is  prepared  by  extract  in;;  the 
lichens  wiih  Ixiiling  water,  concentrating  the 
extract  to  from  8  to  10*'Tw.,  and  submitting  this 
to  the  action  of  air  and  ammonia;  whereee 
orchil  txtract  is  produced  by  the  extSACtMMt  of 


oubstances.  Liebermann,  for  instance  (Ber. 
7,  247  ;  S,  1649),  considers  that  l)\  this  re- 
action  three  colouring  matters  aru  produced, 
having  respectively  the  formulie  (a)  CnHj,NO«; 
(6)  C,,H„k,0,;  and  (c)  (  ^H.^NjO,. 

Zulkowski  and  Peters  (Monatab,  11,  227} 
allowed  oroin  to  remain  in  oontaot  vita  Mnmcmie 
fur  two  months.  Mid  from  the  pfoduct  iwdjrted 
three  substances: 

(a)  Red  orcein  CigHjtNjO,,  the  mftiii  pro- 
duct, which  n)){K'nr.s  to  lie  focmed  tfOOOXdiog  (O 
the  foiiowing  equation  : — 

4C,H,0jr2NH,+60=C„H,4Nj0,+7H,O. 
It  is  •  brown  crystalline  powder,  soluble  in 


In  former  times  archil  and  cudbear  were 
frequently  adulterated  with  magenta,  certain  h/o- 
coloura,  extracts  of  logwood,  brazilwood,  &c.; 
but  as  the  importance  of  these  dyestuffii  has 
now  very  greatly  diminished,  such  a  contamina- 
tion is  at  the  jpneent  time  of  rare  oooomnoei. 

Archil  and  its  prepwations  are  salMtantiv« 
colouring  matters,  which  dye  well  in  a  neutral 
bath,  but  have  the  useful  property  of  behaving 
nearly  as  well  under  slightly  acid  or  alightly 
alkalme  conditions.  Even  lolours  of  (<>a- 
siderable  int^isity  are  produced  from  it  i»ithouli 
difficulty,  but  unfortunately  these  are  not  fast 
to  light.  Wool  iti  dyed  in  a  neutral  Iwith.  <->r 
with  addition  of  a  trace  of  sulphuric  acid,  aad 

aontvtoo, 
Arohil  is 


alcohol  with  a  re.l  colour  and  in  alkaline  «>Iu.  |  ^i^i^iH^m  the  <»  •cp  -llmtioo, 

turns  with  a  biue-violet  tint.  »«»  w  uywx  m  vt  M»|r  auvwww, 

(6)Acry8Umneyellowcompound.C„H„N  ac.d  Ix  n^g  s<>metim«a  added. 

which  isiicounteJforasfolUs:  -      '  ''""^  tS^tJ? ^f^^^^^t^  .     ,    ^      .  i 

•J  .  tr  r»  xTu  on  r.  Tj  X-  u  f\  i  Arehii  was  at  one  tune  employed  to  a  large 
•><  7"hO,  +  NH,+30    C  ^,H,aN(>6  +  4HjO.       extent  for  'bottoming'  indigo,  that  is  t<.  .-wiv. 

(c)  An  amorphous  product  similar  to  litmus.  '■  the  fabric  was  first  dyed  with  archil  and  subae* 
These  substuioBs  can  be  prepared  much  more  ,  quently  with   indigo.   The  reverm  procew. 

rapiilly  by  the  addition  of  hydrogen  petOXide  I  known  as  '  tojiping,*  has  again  bei  ti  eonsidera1>l\ 


to  an  ammoniacal  solution  of  orciu. 


in  vogue.   Cudbear  uid  archil  ue  also  u^tcd 


There  ean  he  no  doubt  that  this  reaction  '  to  a  umited  extent  ui  eonjunetion  witli  other 


proceeds  in  several  stages,  and  tliat  the  cha- 
racter of  the  product  varies  according  to  the 
duration  of  the  prooesa.   This  is  weu  known 

to  inannfacturcrs,  who  can  prepare  at  a 
blue  or  a  red  orohiL   The  constitution  of  thuMi 


dyestuffs  for  the  production  of  compound 
shades.  White  wines  are  sometimes  coloured 
with  arohil,  but  its  presenoe  ean  be  detoeted 

hy  precipitating  with  lead  acetate  and  extracting 
w  ith  amyl  akohol,  whw  a  red  colour  indicates 


colourinir  matters  has  not  yet  been  determined,  the  pcessQoe  of  airhil  or  maoenta.  The 


h\it  in  view  of  the  circumstances  by  which  they 
are  produced,  it  is  most  probable  that  they 
are  members  eitlier  of  the  iMMSIflS  or  IXBCUOM 
groups. 

ChrchU  was  origiually  jnepared  from  the 
lichens  by  means  of  stale  urine,  whidi  supplied 
the  nccet«.sary  ammonia,  but  ammonia  solution 
is  now  exclusively  employed.  The  older 
methods  have,  lioworar»  been  greatly  improved, 
and  in  the  plaoe  of  barrels  the  operation  is 
oarried  out  in  large  horizontal  or  vertical 
oylkidflra  fitted  wini  stirrers,  and  suitaUe 
openinge  for  the  admission  of  air. 

In  sodl  an  apparatus  the  weed  is  digested 
with  about  three  times  its  weight  of  ammonia 
solution  at  00*  for  from  three  davs  to  one  week, 


of  a  little  hj'drochloric  acid  changes  the  cvdour 
to  yeUow  if  magenta  bo  present,  but  docs  not 
alter  it  if  avchilli  the  adulteraai  (Haas,  Zeiteeh. 
aoaL  Ghem.  20,860 ;  J.  Soo.  Ob«m.  IikL  1. 1  lOV 

A.  G.  P. 

ARCHIL  WM  V,  Ago-  ooloujikq  VATTBsa. 
ARCHIL  flUBSTlTUTUI  r.  Aid*  oohovmmko 

ARBCA.   A  geniui  of  palms  containing  the 

important  species  Artca  Catechu  flimvl  {h't'I 
nui  or  cireca  nal),  the  fruit  of  which  is  used  mt>  a 
masticatory  in  the  East  Indies.    It  eontaina  an 

inferior  cat«'chu.  tajuiic  and  gallic  acids,  am- 
monium acetate,  fats,  oils,  gum,  nitrogenous 
rafaetanoes,  and  a  dye  (arera  red).   The  charcoal 

of  the  nut  is  used  a.s  a  tooth  jKjwdcr.  and  the 


the  admission  of  air  being  regulated  according  |  ground  nut  is  employed  as  a  remedy  for  tape 
to  the  judgment  of  the  manufacturer.   The  \  worm. 


Hrnt  product  of  the  reaction  has  a  blue  coknir, 
and  if  the  process  be  stopped  at  this  point, 
there  is  formed  the  dyeware  known  s«  Uue 
orrhit.  On  the  other  hand,  if  tho  action  of  the 
air  Hiul  ummonia  is  allowed  to  proceed  further, 
fccf  orchil  is  obtained.  These  orohil  pastes 
when  dried  nnrl  tlncl\  gro<ind»  COQtftitnte  the 
product  knoHTi  cwdbmr. 

Bedford  (Ger.  Pat.  S7612,  1889)  blows  aur 
or  oxy^^en  through  the  ammoniacal  mixture, 
iR^ch,  especially  in  the  lati«*r  case,  materially 
shortens  the  process.  The  apparatus  employed 
\h  creeled  \crtirally.  and  by  an  incrcnious 
arrangement  ot  projecting  shelves,  the  edges  of 
whidi  ate  turned  down,  a  oonaideMble  quantity 


AREOMETER  v.  UTDVOHnu. 
AR6AL  V.  Aroul. 

ARGAH  OIL.    An  oil  obtained  from  the 

kemeLs  of  Ar.-j.inia  Sid(roxi/lon  (Roem.  et  iSchult) 
(ord.  8apolaci<z)t  growing  in  Morocco.  The 
kernels  are  first  rossted,  ground  to  powder  and 
mixe<l  with  water,  when  tlM  oil  Mpatates  (fham> 


J.  m  10,  127). 

Ari  


AUminium  ftrpaie  (r.  Ai.r- 


ABMTAlf. 

ARGENTINE.  A  name  given  bv  H.  Kirw^ 
in  1794  to  a  variety  of  calcite  (CaC6,)  occurring 
as  small  scales  wnh  a  pearly  white  or  olvtcy 
lustre. 

VMy  divided  spongy  tin. 

Digitized  byXiOOgle 
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made  bj  ledmlnr  *  W9tk  mlnikm  of  tfn  nit 

(120  grams  in  GO  litres  of  Wiiter)  by  zinc.  The 
ua  it  ooUeoted  ia  a  sieve,  wa«hod  with  water, 
mod  dried  m  s  gentlo  hmt,   ITnod  for  tin-plat  ing 

and  also  for  printing  upon  fabrics  ;m«l  i^iijw  r 
iDeut.  lad.  ^tt.  23,  256;  J.  Soc  t'honi.  JuiL 

ARGENTITE.  A  minenJ  consisting  of  silver 
=<uiphide  Ag^,  and  occurring  as  cubic  crystals 
or  as  compact  masses.  It  is  blackish  IcaJ-grcy 
m  colour,  and  perfectly  scctilo  ;  surfaces  cut 
ith  a  knife  arc  bright  and  shining.  Containing 
HT-l  p.c.  of  silver,  it  ia  a  valuahlc  ore  of  the 
metal  uben  met  with  in  quantity,  as  in  the 
(.'oinstook  lode  in  2ilev»da  and  in  Mezioo. 

L.  J.  S. 

ARGBNTOLb  A  synthetic  antiseptic,  con- 
sisting of  a  compound  «»f  '-ilver,  with  quin(>>»il, 
f»f  the  fc^muU  C',HjN(Oll/i>Oj*Ag.  Fonuii  a 
yeUowidl  povder,  of  a  faint  smell,  sparingly 
^»lublc  in  mter  and  alcohoi  (Phamu  Zeit.  1807, 
42,243).  

ABOBMTORAT.  Trade  name  for  a  flash- 
fiouTrler  ccirisistiiig  uf  ;i  inlxtiiri"  of  potassium 
p«TOhk»ate  and  altuninium,  uscil  in  photo- 
wngtji  gives  vtry  little  amoko  (v.  Flasr- 

ARGINASE.  An  cnryrae  occurring  in  the 
liver,  also  present  iu  the  kidney,  the  intestinal 
mucous  membrane,  thymus,  and  other  organs 
iKossel  and  Dakin,  Zeit^h.  physioi.  Chem. 
im,  41,  321),  and  found  by  Shiga  (Zeit<4ch. 
lAyi^oL  Chera.  1904,  42,  fi02)  among  the 
luymes  obtained  from  yoast ;  it  can  be 
j-xtracted  from  the  liver  by  water  or  dilute 
<  etic  acid,  ami  is  precipitated  from  solution 
by  alcohol,  ether,  or  ammonium  sulphate. 
Arj^inaee  is  a  specific  enzyme  for  the  exclusive 
hydrol>  -IS  oi  a-arginino  or  of  substances  con- 
taining the  (/-arginine  grouping,  which  it  converts 
ftlraost  quantitatively  into  carbamide  and  d- 
fmithine.  Creatine  and  other  guanidino  deri- 
vatives structurally  similar  to  arginino,  or 
cuanidino  itself,  are  incapable  of  hydrolysis 
hv  this  ensymo  (Dakin,  J.  BioL  Chem.  1907.  3, 
lav  M.  A.  W. 

ABGIIilME  CaHjiOjN.,  a'amino-S-guaninO' 
n^pdmeaeidmi ;  qNH2)  NH*(GH,),'CR(NH,)- 

CO.H,  first  isolated  by  Schul/.c  and  Stoiger 
(B«T.  1886,  10,  1177)  from  the  etiolated  germi- 
nated eotvledons  of  Zmpi      is  the  most  widely 

fU'-tribut»-<l  dissociation  product  of  protcid 
milter,  and  can  be  obtained  by  hydrolysis  of 
the  prot««d  matter  of  seeds  of  Lupine  Ivteus, 
'  vcHrbiia  jypo,  Pirra  rxcflsa,  to  the  cxtrnt  of 
10  p.c,  Abt(i pectinataf  Finns  sylvtstris,  and  other 

ooifers  (Schtdze,  Ber.  1891,  24,  276 ;  Zeiteoh. 
phv^iol.  Chem.  1896,  22.  411,  435;  1897,  24, 
2Tfi).  According  to  Suzuki  (Chem.  Zeit.  1899, 
23,  658)  th^  arginiiK-  oljt.iined  from  the  seeds 
of  conifpr?  cxi-ts  already  fiirnu-il,  hut  in  loo-o 
toinbination  M-ith  the  proteid  luatcrtal,  and  is 
sbo  fcodueed  synthetically  in  the  plant  from 
'mraonium  finlt«  and  nitrates,  cither  in  full  or 

liffu-scd  daylight  (BulL  Coll.  Agr.  Tokvf>  hup, 
I'nir.  1900,  4,  25).  Ai^me  is  al-^o  one  of  the 
f^frtwtitu'  fits  of  the  product  of  hydrolysi-;  of 
protetds  of  animal  origin,  thus,  horn  yields 
2-2S  p.c. ;  glue,  2-60  pwc. ;  oon^dutin,  2-75  p.c. ; 
albumen  from  yolk  of  ntjcr.  2*S  p.c. ;  from  \\hito 
U  egg,  0-8  p.c. ;  blood  scrum,  0  7  p.c. ;  and 
Vou  L—T, 


casein,  <HUS   p,c^  (Hedin,  Zeitseh.  physioL 

Chem.  1891,  20,  186),  whil>it  th<'  protamines 
mlmtnct  aturinct  ClnptiiUt  Hcombrine,  Cjfclopte- 
rint,  and  CreniUbrint  yield  argintne  tm  the 
chief  pr((iluc(  uf  hydrolysis  (Kossc!.  Zritsch. 
phvsiol.  Chem.  1896',  22,  176;  1898,  25,  165; 
1899,  26,  588;  1904,  40,  565;  1910,  69.  138). 
In  cases  of  jihosphorus  poisoning  ar-iuii  "  is 
found  in  the  urine  (Wohlgemuth,  Zcitsch. 
physioi.  Chem.  1905,  44.  74),  whilfrt  the 
amount  obtained  from  the  Hvit  is  (lln  ini  ln^I 
(Wake man,  Zeitsch.  physioi.  Chem.  1908,  44, 
335). 

Wlicu  arginino  is  heate<l  with  harintn 
hydroxide,  it  is  dccompo0>od  into  ammonia, 
carbamide,  and  ornithine  {q.v.  \  (a^-dummomleric 
acid);  cyanamido  reatts  with  ornithine  at  fho 
ordinary  tomperaturo  to  form  arginino  (Schulzo 
and  Wmtorstrin.  Zeitsoh.  phvsiol.  Chem.  1898, 
26,  1;  B«T.  1800,  32.  moi).  or  vitfi  o-b<>n. 
zoylomithine  to  form  tho  benzoyl  derivative 
of  arginine,  and  this  is  readily  hydrolysed  to 
ar;4itHtie,  wlii(h  is  thus  proved  to  bo  a-amino- 
S-guamtio-n-valeric  acid  (ijoreosen,  Ber.  1910, 
43,  643). 

Arji^ininc  crystallises  in  brilliant  monoclinic 
platos  (Haushofer,  Zcitsch.  physioi.  Chem. 
1887,  11.  53);  m.p.  207*-2OT-fi*  (OnlewHc 
Zcitseh.  physioi.  Chem.  1S09.  27.  17S);  it  aho 
crystallises  with  1H,U  ia  rhombohedra  (Hedin,  ^ 
Zeitsch.  physioi.  Chem.  1895.  21.  160);  it  dis. 
solves  readily  in  water,  and  i.s  .sfwirinply  f-nluble 
in  aloohoL  Arginine  contams  an  asymmotric 
carbon  atom,  and  the  dextrorotatory  form  is 
the  natural  product,  tho  hy<lrochlorido  has 
[«]d+12"6*  in  aqueous  or  +25'5*  in  hydrochloric 
acid  solution.  Arginine  is  strongly  alkaline, 
and  it.s  hulufion  absorbs  earhon  dioxide  from 
the  air ;  it  forms  well  defined  crystalline  salts 
with  adds,  and  compounds  with  certain  raetallio 
salt.s  ((^ub  uitz,  I.e.).  The  niiraff  CJIj/),X„ 
H.\<),.Ui,()  has  m.p.  126**;  the  dinitrate 
C,Hj,(».N^,2HN0,  has  m.p.  151«;  the  hifdro. 
chloride  C,Hj  ,O.N„HCl.H  ,0  melts  and  d.'eotii- 
poses  at  209°  when  anhydrous ;  the  «»7i-er 
nitnte  eompoundt  C,H,40,N«,A«;NO„|H2() 
decomposes  at  lt^4®,  and  C4H,40jN4,.Vs.OfOj, 
HNOg  melts  and  decom|x>ses  at  180° ;  the 
cnpric  nitrate  compound  2C,H,40,N4,Ou(NO,)2, 
3H5O  melts  at  112°-114'*  or  deromiioses  at 
232*'-234**  when  anhydrous ;  the  copper  aulphaU 
eomponnd  melts  at  110"  or  decomposes  when 
anhydrous  at  235'-238*  ;  the  picratr  C,H ,  jOiX^. 
C,H,0^N„2H,0,  m.p.  205°,  dissolves  in  204-1 
parts  of  water  at  16*;  thepwwtoiMi/*' C.Hj^OjN,, 
C,oH,n.,X„H,0,  m.p.  23r.  di.^olves  in  1124 
parts  of  water,  or  2885  parts  of  alcohol  at  tho 
ordinary  temperature  (Schulze  and  Steiger, 
Ber.  1886,  19.  1177:  H(>din,  Zeit^ch.  phy.siol. 
Chem.  1894,  20,  186 ;  Gulewitz,  ibid.  1899,  27, 
178 :  Steudel,  ibid,  1903, 37,  210 ;  Reisser,  iMC 
1906,49,210). 

Certain  aoyi  derivatives  and  is-sters  uf  arginine 
have  ako  iR-en  prepared,  the  dibenzoyl  df  rimlivf 
r^H ,  .O^XjHz.  rrystallisr-^  in  rhntni)ie  needles 
or  priani.s,  m.p.  2lT-5'^-2l.'i''  (Gulewitz,  i.e.),  the 
0'naphthahne4idphonic  derivative  C«II,]<>^N\- 
SOj-C'ioH;  w  ft  ooloiirle'<s  |>owflfr.  m.p.  ss^  s.'.*" 
(Ileis-ser,  I.e.)  ;  diarginyimfiuitu  is  i.si)latt-d 
as  the  diiHcratf  C,,Hj»0>',,(C,H,()..\,),.2H.,(), 
m.p.  207°,  from  the  pro<luct  fdttnined  hy  hvdro- 
lysing  pepiii  extract  with  hydrogen^ rii|orJt[<^^  GoOgle 


290 


ARGININE. 


arginylnrtjinine  pimtlt  f ^H^^C „(  gHaOjN,, 
2H,0,   III.]).  is  .siniilarl}'  obtained  fiom 

felatin  (Hu^ouenq  and  Morel,  Compt.  rend. 
909,  148,  236) ;  arrjininB  methf^  etiier  hydro- 
rhhtride  ha«  tn-i).  19')°  (corr.)  w  ith  dfcomposition, 
the  picruU  lurnui  iemon-yellow  cryatals*  which 
melt  and  deoompoM  at  218*  (cozr.);  and  the 
nitrate  melt«  at  180°  (corr.)  (Fischer  and 
Suzuki,  SitcuDgber.  K.  Akad,  Wiaa.  Berlin, 
1904,  1333). 

The  jtresence  of  arginiiic  assists  the  tr\  ptic 
digciitiun  of  proteid  inatt4>r  and  aida  the  omulsili- 
cation  of  fata ;  this  appoara  to  be  oonneoted  with 
it'^  alknlinitv.  as  sodium  carbonate  acts  Himilarlv 
{LawtoH,  ZeiU>ch.  phystol.  Chem.  1899,  2S, 
903).  When  arginine  (hydroehloride  or  ear- 
bonate)  is  administert-d  as  a  food,  it  suffers 
complete  decompoaition,  and  37-77  p.c.  uf  the 
nitr^^  «>  ghren  reappears  as  urea  (Thompson, 
Zoitsch.  physiol.  Chmi.  1005,  33,  lOr.),  and  tlie 
amount  of  arainiue  in  the  various  organs  shows 
no  inerease  (ur^lmeister,  Beitr.  Ohem.  Fttysiol. 
Path.  1905,  7.  27). 

Arginine  is  readily  oxidised  by  hot  calcium 
or  barium  perman|(anate  yielding  euanidine, 
7-<?imninobut>Tic  acid  and  succinic  acid  (Be'nech, 
Kutflcher,  Zeitsch.  physiol.  Chem.  1901,  32,. 
278,  413),  and  the  eetimalion  of  the  number  of 
arginine  groups  in  proteids  is  baaed  nn  thi.s 
react  ion  (Orglmeister,  l.c. ;  Kutscher  ami 
Ziclcgraf.  Ritzungsber.  K.  Akad.  Wiss.  Berlin, 
1{M)3.  2H.  f524),  the  fjuanirline  thvis  obtained 
being  isulateii  in  the  form  of  its  sparingly  soluble 
]nomto,  and  either  weighed  as  suoh,'  or  the 
nitrogen  e«timato<l  in  the  ustial  way.  Another 
method  of  isolating  and  estimating  arginine 
is  baaed  on  .Siegfried's  carbamino.  reaction  of 
amino-  acids  (Zeitsch.  jthvsiol.  ('b(<m.  1905,  44, 
85  ;  46,  402  ;  1907,  50,  171 ;  ii*  r.  1906,  39,  397), 
whereby  the  barium,  strontium,  or  calcium  salt 
of  the  correspomling  carbamic  acid  is  formed 
when  carbon  dioxide  is  paascd  into  a  solution 
ut  ill  amino- acid  containing  excess  of  alkali 
earth  hydroxide  until  the  soltttion  ia  noatial 
to  pheno]}>hthale]iu— 

BCH-NH, 

I  ■+Cft{OH),+CO, 
OOgH 

R(JHNfl-00,N 

=  ho.  

The  barium  and  strontium  salts  of  these  com- 
plex carbamio  aoids  are  much  less  veadily 

soluble  than  the coiTc^-ponding  amino  nf  id,  and 
afford  a  means  of  isolating  the  coiiipounds 
(D.  R.  P.  188005,  1906).  In  order  to  estimate 
the  nminn-  nrid,  the  filtrate  rontainiii^  the 
calcium  Kali  ot  ihti  uarbamic  acid  is  decumpoisod 
by  heating  with  boiled-out  watt  r  into  calcium 
carl>on?\1  and  the  amino  acid ;  the  ratio  CO, :  N 
is  detcruuuf  (I  by  weighing  the  calcium  carbonate 
thus  precipitated,  and  <'.«*timating  the  nitrogen 
in  tlie  filtrate  bv  Kjoldahl'H  method  (ZeilKth. 
pln  ^iol.  Chem.  l\m.  54,  423). 

d7-.\rginine  ia  remlily  produced  by  the 
trvptic  fermentation  of  fibrin,  or  by  heating 
f/-"ar^inine  nitrate  at  210*-220**  for  15-20 
minutes  (Kut.scher,  Zeitsch.  physiol.  C!hem. 
1901.  .'^2,  476)  or  by  heating  rf-arginine  in  50  p.c. 
sulphuric  acid  in  scaled  tubes  at  lOO^-lSO*  for 


33  hours  (Reisser,  Zeitsch.  physiol.  Chem.  1906, 
49,  210) ;  it  decomposea  at  210'*  (Cathcart,  Tr 
Phvaid.  Soc.  1906,  39) ;  the  nUraU  (\,Hi,0,N,. 
HNO„  has  m.p.  216";  the  dinUrate  C,H,,0|N,. 
2HXO3,  m.p.  161*;  the  cupric  nitrate  deritnti'' 
2C.Hj.40,N^Cu(N0,)a,3H,O.  m.p.  228**-22*i» : 
the  suver  nitrate  derivative  (CjHj^OjN^.HNOsi^ 
AgNO,,  m.p.  170''-  1 7i^^  the  picraU  C^H^jOjN 
CJbi,OTNa,  m.p.  200°-201%  is  SMtfing^  aotuUe 
100  parts  of  water  at  19"  disscuve  O'Se  parta ; 
the  piirolounfc  (",11  ,,O.X|,C,oH,OjN4,  m.p. 
248°,  100  C.C.  of  water  at  16^  diaaolve  0-U3 
grams  of  salt)  the  fi-tuipklUttiu  tmlpkamalt 
C,H„0,N\-  80«<!iJH„iH,0,  has  m.p.  8S*-90* 
(Reisiier,  I.e.). 

/-Arginine  is  forme<l  by  treating  ttt-arginin*' 
carbonate  with  the  expnased  juice  of  calT^^ 
liver,  the  ferment  rrrf/iVrnfr  prefjent  in  the  extract 
destroys  the  d-argiuine,  and  does  not  ultack  the 
la*vo-  isorocridc.  With  the  exception  of  the 
difference  in  optical  activity',  the  salts  of  /- 
arginine  are  identical  with  those  of  the  dextrx>- 

isomeridc,  l-Mrginin€  hj/dneUonde  has  la]^^ 
-20*51*  (Reiner,  U,),  VL  A.  W.*" 

ARGININE.  This  name  has  also  U-en  eiven 
to  an  alkaloid  discovered  liy  QuiroK'a  I.I.  I'h.^rrn 
Chim.  lSi»i,  16, 293)  in  a  species  of  laurel  (  known 
by  the  natives  as  vinm-mi),  growing  in  t  he  east 
o\  the  Argentine  and  west  or  Brazd.  It  form? 
prismatic  crvstals,  soluble  in  chloTotorm  oi 
benzene,  slightly  soluble  in  ether,  petroleum 
spirit,  or  \x-ater.  Its  aqueous  solution.'-, 
acidified  with  hydrochloric  acid,  give  a  whit*' 
ppt.  with  bromine  water  and  a  white  ppi. 
with  alkali  soluble  in  excess.  The  bark  and 
cambium  contain  1-5-1-6  p.c.,  the  wood  0-04- 
O-OSiKc.  of  the  alkaloid.  H.  L 

ARGOL  or  ARGAL  {Tarire  hrrit,  Fr.  ; 
Wcinst^in,  Ger.)  (Yude  potassium  bitaxtYmt«. 
known  as  red  argol  (Creinore  4i  Vinattia)^  or 
white  amol  {Cr' )nori  di  St.  Arliirin),  according 
to  whether  it  is  deposited  from  the  rod  or  thr 
white  grape  {v.  TABtAniO  AOID). 

ARGON.  Sym.  A  or  .\r.  At.  wt.  and 
moleo.   wt.  39-88.     As   lone  as  178.^. 

Cavendish  (Phil.  Trans,  75,  372)  made  experi- 
ments in  order  to  determine  whether  the  inert 
residue  left  after  withdrawing  oxygen,  «-at<>r. 
and  carbon  dioxide  from  air  was  homogeneous. 
He  sparked  a  mixture  of  air  and  oxvgeu 
in  presence  of  potash  for  the  absorption  of  the 
acid  produced,  and  removed  the  excess  uf 
oxygen  h\  a  solution  of  liver  of  sulphur.  Onlv 
a  small  bubble  of  ^as  remained  unabsorbtxl. 
and  this  did  not  dimmish  in  volume  on  further 
gparkilij:  witli  oxygen.  Cavendish  condnded 
*  that  if  there  is  anj  part  of  the  '  nitrogen  '  of  our 
atmosphere  which  Qiffers  from  the  rest,  an<l 
cannot  1)0  reduced  to  nitrous  acid,  we  may  safelv 
concludo  that  it  is  not  more  than  pact  of 
the  whole.* 

Cavendish't  Work  was  overlool^d  for  more 
than  a  century,  and  attention  was  only  dir<'cte<l 
to  it  after  the  (liscovery,  in  1894,  by  Lord 
Rayleigh  (Roy.  Soc.  Proc.  55,  340),  that  the 

density  of  '  at  nio.'fpherie  nitrogen'  wa-*  one- 
halt  per  cent,  higlier  than  that  of  lutrogm 
prepared  by  chemical  means.  This  re.sult  gava 
fresh  indication  of  the  existence  of  some  hitbftto 
!  undiscovered  gas  in  the  atnuMuhore,  and  fuztJbfir 
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iareet^ationa,  carried  out  jointly  by  Rayieish  mixture  having  previously  been  heated  under 

and  Ittmmy  (PhiL  Tnoa.  ISA,  187),  led  to  the  Himinwhed  preasnre  to  d&ive  off  any  volatile 

iNolation  of  a  new  j>;ase<ius  rlf  TrH-iit.    ITi©  gaF,  matter,     nntli  <ixy).;»  n  aii'l  iiitrou't  n  are  ftJ)'^orJK'<l 

which  has  a  density  oi  approximately  20,  and  b^-  th<«  mixtun\    'i'hc  ukjuing  gajct  i-s  lod  over  hot 

whieb  ooiukititteB  noarly  1  p.c  by  vohnne  61  the  copper  oxide  to  bum  any  hydrogen,  h>  dro' 

&tnio,^j)herr,   was   callcil  argon,  owing    to   its  farhoni,  strul  ciirlinn  Mionoxido  present .  and  the 

remarkable  chemical  incrtoees,  in  virtue  of  which  wau  r  vapour  and  carbon  dioxide  removed, 

it  ean  be  xeadily  aepavated  from  the  aeoom*  I'Hing  7  kilos,  of  carbide,  II  litres  of  arson  may 

panying  oitrogea.  I"'  <>i>taine<l  in  two  days  (FSaoher  ana  Hinge, 

Argon  occurs  in  the  atmosphere  to  the  ,        41,  2017). 

extent  of  1-3  p.c.  bv  weight  {Letluc,  Compt.  '      The  jjas  prepare*!  by  the  above  methods 

rr-nd.    123,  805)  and  0'933   ji.c  .    by   volume  <  oiitain^  tra(  <  .s  i»f  tlir  other  inert  gases  /imM, 

(.^khloesing,  Compt.  rend.  121,  004;*  MoisiUin,  ^-ny/t/oii,  and  xtnoHt  from  which  it  is  separated 

Compt.  rend.  137,  600).    It  aLtu  (K'curs  in  a  by  fractional  condensation  and  evaporation 

largt;  number  of  mineral  waters  aii«l  iht  rmal  I  lianiM,  v  arul  Travers.  Roy.  Soe.  Prtjc.  «»7,  329  : 

tfptmgB  (Bouchard.  Compt.  rend.   121.  392;  Livcing  and  Dewar,  Roy.  8oo.  Proc.  08,  389). 

lYoost  and  Ouvranl.  ibid.  121,  798:  Moi.Hsan,  i  The  total  quantity  of  these  gasos  present  is, 

^h*d.  135,  1278;  Moureu,  ibid.  ISf).  \:V^:^  \   142,  hou.  v.  r.  ciily  0  25  p.C.,  and  86  p.C  of  this 

1 155),  and  in  the  volcanic  giwes  of  Mt.  Pcleo  impurity  is  neon. 

MoUsan,  Compt.  rend.  135,  1085):  it  is  found,  '      Arijon  is  a  eolourlens  gan,  condensing  to  a 

moreover,  in  lire  (Uiiii)  and  in  coal  (.Schloowing,  colourless  liquid,  boiling  at  SH  ^"  aba.  (  — 180*1*), 

lomfrt.  rend.  123,  233).    .iVrsoa  has  also  been  at  which  temperature  its  den.>«ity  if  1-404B 

observed,  together  with  hdium,  in  the  gas  (Baly  and  Donnan,  Chonu    Soc.'  'Jraua.  81, 

CTolyed  on  hating  numerous  minerals.  914).     Its  m.p.  is  83-4°  abs.  (  —  189  0"),  its 

Pr^-pamfinn.  —{\  )          .^parking   air    ki7/i  critical  temperature  is  155  0°  abs.  (117-4*'), 

Qj^n,  the  method  ongmally  employe<l  bv  and  its  critical  pressure  is  62-0  atmos.  (Ramsay 

('a%en«lish  (r.  *upm),   Ttue  gas  is  preferably  »nd  Travers,  Roy.  Soo.  PWJC  57,  329). 

t  onfined  over  mercury,  and  a  small  (|uantity  Arcnri  i«  more  soluble  in  wator  thati  nitrogen, 

of  potash  introduced  ilirouifh  a  rur\(  <l  pi|)<  tto.  the  absorption  ciM  llicitiit  bemg  0-O25<51,  at  1", 

The  spiarks  axe  passed  bt  t\v.  «  ii  xh-  t  nds  of  and    falling    rc^ndarly  to    0-02567    at  60* 

htont  platinnm  wirf  s.  fn^ed   tlirou^'li  the  ends  '  ('F.strricht'r,  Zt-itrch.  phys.  Clicm.  31.  176) ;  these 

of  U-snaped  glaiss  tuU^.    'i'bese  tubes  are  filled  ligurt-s  may,  however,  be  in  error  by  6  p.c.  (t?, 

wiftli  mefcory,  and  serve  to  establish   elec-  Fox,  Chem.  News,  99,  250).    The  refractive 

triral  connection  with  the  sccotidarv  ttrniir)alH  index  of  the  pas  for  !»(»dium  light  at  X.T.P.  ia 

uf  a  Huhmlcortf  coil  capable  of  Kiviug  a  O-mch  1  0002837  (Burton,  Roy.  Soc.  Proe.  1908,  80, 

(ipsxk  through  air  when  worked  by  four  lead  |  390) :   its  thermal  conductivity  is  0-00003894 

ae^nmulators.    The  sparking  is  tisually  con-  (Schwaize,  Pol'u-  Ann.  M,  (iv.)  303):  and  jt« 

tinned  for  several  hours  after  contraction  has  mohn^ular  speiiJic  heal  at  constant  volume  is 

ceased;  the  excess  of  oxygen  is  then  absorbed  2-977   cals.   (Pier,    Z.    Kick.    15.    530).  Its 

by  phosphorus  (Rayleigh  and  Kamsay,  I.e.  ;  co*  ffii  icnt  of  expansion  is  0-003008  (Kuenen 

RajWuh,  Chem.  Soc.  Proc.  13,  Ibl  ;  Becker,  and  Randall,  Roy.  Soc.  Proe.  59,  00).  Araon 

Z.  kBs£,  9,  MO).   To  save  time,  it  is  oostomary  j  passes  through   rubber   more   quickly  than 

to  pr»"pnre  by  method  (ii.)  a  gas  consisting  nitrocon  (Raylt  iL'li,  Phil.  Mau'.  49,  (v.) '220)  or 

mainly  of  argon,  and  to  employ  the  method  carboti  ilioxide  (Ki^jttakowski,  J.  iiut^.  them, 

of  tr^T^g  only  to  lemoTe  toe  last  tiaoes  of  I  Soc.  SO,  676),  ami  does  not  pass  through  heated 

active  gases.  platinum    or    palladium  :     it    is  diamagnetic 

(ii)  From'  atmospheric  nitrogen,'  the  nttrogcH  (Tauilcr,  Pogg.  Ann.  24,  (jv.)  931).    (For  its 

Ui»9  ubmiM  6y  a  mdoL    In  ttieir  original  rate  of  effusion, «.  Donnan  (Phil.  Mag.  40,  (v.) 

tnvi>sti(:ation,  Rayleigh  and  Ram.say  separated  ^23).) 

argon  from  nitrogen  by  continuously  circulating  •      The  density  of  argon  has  been  determined 

the  mixtute  over  led^iot  magnesium  shavings,  |  hj  several  observers,  w  ith  the  following  results : 

uhfr»'bv  the  nitroi:«  ii  ^van  ah.^orlxd,  forming  (O— 10) ;    Itt  fUO   (Ruylri<,'h.   ]?oy.   Sik*.  Proc. 

uatfocaium  nitride  (c/.  Ramsay  and  Travers,  |  5B,  201).  10-941  (Kam.-iuv,  Phil  Trans.  180,238); 

Roy.  9o^  Proc  04,  183).  This  method  is  no  j  10'94ff  (Fiseher  and  Hahnel,  Ber.  43,  1435). 

longer  usf-d  ;  a  dry  mixture  of  pure  lime  (•'5  pftits)  .Ar^on  is  n  meml>er  of  th<'  :rroup  of  inert  rrasr-:, 

4kivf  naagnesmm  dust  (3  parts),  introduced  by  and  up  lo  the  present  ail  attempts  to  conilune 

Maqnenne,  is  employed  instead,  which,  when  it  with  other  elements  have  faiUnl  (Rayleigh  and 

h»-atr<I  to  rt'dn*-:^^,  {)r'>duces  mrtallic  calcium  Ram'^ax  .  f.r.  ;  but  c/.  (Vioke,  Zeitsch.' physikfcl. 

and  absorbs  nitrogen  with  great  rapidity.    By  Chem.  55,  537). 

l-Ammg  atmospheric  nitrogen  over  this  red-hot  |      ^tomtc  and  moUevlar  vxighi.   The  molecular 

mixture,  and  leading  the  residua]  ^'as  over  weight,  39-H8,  follows  from  the  «icn«itydetermina. 

m<fttaUtc  cakium  heated  to  dttU  redness,  complete  tions  just  cited ;  but  the  atomic  weight  cannot 

abeorplion  of  the  nitrogen  is  readily  effected  b©  determined  in  the  usual  manner,  wnce  argon 

Moisaan  and  Rigaut,  Compt.  rend.  137,  773).  forms  no  compounds  with  other  elements.  The 

Xc^allio  lithium  has  also  been  employetl  for  >  retio  of  the  specific  heat  at  constant  pressure 

the  sBBie  purpose  (Glints,  Compi.  rend.  120,  |  to  the  s|K-cifie  heat  at  constant  volume  is  1-644 

777;   123.  99.'«l  (Raxlciirli  aixl   l^iinsay.  I.e.).  and  this  result, 

(iit)  The  readiest  means  of  preparing  argon  |  from  analog)-  with  the  case  of  mercury  vapour 
in  quantity  oonsists  m  leading  air  slo^y  over  and  by  comparison  with  the  ratio  1*666  theoreti- 

a  mixture  of  calcium  <  «rlild-    i^tn  j  .(  .)  and    cally  requind  for  a  monatomic  gas  accortlinnf 
rakiam  cAikvide  (10  p.c.}  heated  to  600°,  the   to  the  kinetic  theory,  is  regarded  as  Google 
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argoa  is  monatoinie.  Ito  atomic  freight  it 
thenfofo  39'88. 

Sprrfrtim.  This  U  rxtromcly  characteristic, 
Atiil  hiift  Imxu  canfuliv  examined  by  (Vookcs 
(I'hil.  Trans.  180,  243)1  Kayser  (('horn.  Xow.s, 
7-2.  W],  Eder  and  Valenta  (Monnff'h.  ]6,  H?>3  ;  17. 
r)4>j,  and  by  Trowbridge  and  Hiclmrdij  (Phil. 
Maf?.  43,  (ij)  77).  The  most  prominent  lines 
arf*  Uso  in  the  red,  having  wave  lenpths  of 
<)UiM  G  and  705U-4,  a  yellow  line  (6038-4),  two 
gni  n  lines  (6610  and  4702),  and  a  violet  line 
(42(Miv 

ARGYRODITE.  A  sulpho-germaniatc  of 
sUrer,  being  the  mineral  in  which  the  element 
qtrmanium  was  di'^roveretl  in  JMSR.  Tt  had, 
however,  been  meutiuned  by  A.  Breithaupt  in 
1823,  under  the  name  PluAtnglam.  Thcmei 
oo'urrenoes  in  the  Himmelsfiir>t  .Milvcr-minr 
at  Preibprcr,  Saxony,  show  only  hotryuiilal 
crusts  with  a  minutely  cry.stallL«ed  surface. 
I^ater,  the  mineral  whs  fmiml  iis  distiiict,  though 
small,  cubic  erystai»  in  llolivia,  analvsis  of 
which  ])roved  the  formid;i  to  he  Ag/h-S^  (S.  L. 
PenficM,  1893  and  1894).  More  recently,  cubic 
crystab  of  lar}»er  size  (3-5  cm.  acros«<)  from 
Colquechaca,  Bolivia,  have  been  described  and 
analysrrl  (\'.  M.  r.„UUchmidt,  HK)8).  At  this 
locality  the  mineral  appears  to  be  not  uncommon, 
and  no  doubt  large  quantities  of  it  have  been 
smelted  for  silver.  In  external  appearance  it 
in  not  unlike  argent  ite,  but  in  Icsd  sectilc  than 
this. 

Tn  thi-  Bolivian  mineral  the  germanium  nmy 
be  replaced  isomorphouslv  bv  tin,  giving  the 
species  eanfieUHe  Ag«.Sn8«  (Ptonfield,  1894). 
Intermciliatc  mrmhers  cif  this  series,  or  stanni- 
ferous argvTodite,  ahio  occur  (Prior  aud  Spencer, 
1896).  L.  J.  8. 

ARIBINE  V.  \ r.O RTO.ALKALOID8. 

ARICINE  f.  \  k(;f.T(i-\t.kaloids, 

ARISTOGHIN.  TnuU;  name  for  di-quininc 
earbooate  C0(0-C,„H„N.O).. 

ARISTOL.   Dithymol  di-iodido  used  as  an 

KXlot'T!!!   -nl)-~l  It  vitc. 

ARJUN  WAX  V.  Waxes. 
ARHBNIAN  BOLB  v.  PloimiTS. 
ABM  AnO  V,  Akkatto. 

ARNICA  f^r--'V'-.' 

ARNICA   Y£LLOW   v.    Azo.  cOLouaixa 

MATTBBa. 

ARNOnO  V.  Aknatto. 

AROMATIC  VINEGAR  v.  Acetic  acid. 

ARRACK.  ( ArackMxd Back,¥T. ;  ArracJci  Eeis- 
branniwein,  (ler. )  Tho  term  *  arsq '  or  *  arak  *  was 
applied  by  the  .\rabs  t«  distilled  spirits  generally, 
but  it  is  now  usually  restricted  to  the  spirituous 
liquor  obtained  by  di^illation  of  the  fermented 
juice  of  the  coco-nut  palm  (TtHhly  or  palm  w  ine), 
or  from  rice,  or  from  a  mixturo  of  both.  Arrack 
is  also  made  from  the  succulent  flowers  of  the 
Bassia  genus  of  trees  an<l  from  other  vegetaliU- 
products,  and  is  manufactured  not  only  in  tho 
kast,  but  also  in  the  West  Indies. 

Where  rice  is  used,  it  in  steeped  in  water 
in  largo  vats  an*!  agilnted  ca\iti()usly  (so  ns  not  to 
drtinagc  the  jiraiuf*.  which  would  interfere  with 
the  HultHcquent  fermentation)  until  about  half 
tbf  rice  h'ls  Ixmni  to  ^'rrminatr.  The  water 
ia  then  run  oti  from  below,  and  toddy  or 


7  molasses  or  a  mixture  of  these  is  added  to  the 

I  i<      The  wliolo  is  allowed  to  leniieatp  Mid  tiie 

mixture  is  tlii  ii  liisfilled. 

This  uivlhud,  uhich  i^  said  to  produc*.*  the 
best  quality  of  arrack,  obtains  at  Bat*vi%  and 
in  .TamaicR.  bnt  in  India  amck  is  A^oentl3' 
made  from  toddy  alone. 

The  best  qualities  oF  arrack  are  a|;reeable 
tti  the  taste  and  whol'  s'ime,  which  cannot  b^ 
8%id  of  the  commoner  kind  made  from  ncc 
,  alone,  in  some  patta  of  India  and  Chin*.  This 
has  a  soniowhat  nauseous  odour  and  tasit*'. 
due  to  a  volatile  oil  which  distils  from  tlie  rkr, 
and  is  narcotic  and  very  anwholeoome.  Its 
'  intoxicaf  iuL'  effect  is  frequently  increaned  by 
tho  a<l(iition  of  hemp  leaves,  poppy  hea^Ls 
'  stramonium  joiee,  Ao. 

A  larj.'!'  amount  of  revenix-  is  r>btainc<l  from 
the  manufacture  of  amck  in  Siam  and  CVv1«mi, 
and  the  Utter  exports  a  considerable  quantity  to 
the  T'nitfil  Kii\t:tlom,  \\h<rf  it  is  used  aS  a 
valualilf  in;.'nMiirnt  in  making  punch. 

An  imilatitiu  arrai^k  is  sometimes  maile  bj 
flavouring  mm  with  flowers  of  beDjamin  or  ben* 

zoir  fH-i  l.  .J.  f. 

ARROPB.  Sherry  boiled  to  a  syrup,  used  for 
'  colouring  other  wines. 

ARROWROOT.  T]\c  stardi  oLtAinrd  frr.in  the 
rhizomes  of  Maranta  amm^innrea, grown  in  the 
West  Indies.  The  starch  prepared  from  other 
roots  is  tiftcn  known  loyally  aa  arrowroot; 
ca.  in  t^u<  <  tiiiUuid,  whore  the  tubers  of  Coisiis 
eliilii  supplv  svch  a  prodnot. 

The  comjposttion  of  the  loota  of  tme  arroW' 

root  grown  m  Jam  a  ion  i<< : 

Dextrin  t  rudr  F.thpr 
Water    Starch  aad  sugar  flt)rt'   extract  Ftoteid  Aih 
63-4       27-8       2-1      :M>      0  2       1-6  0-9 

(Lcuschcr,  Zeit.  offentl.  Chem.  1902,  8,  23.) 

Commercial  arrowroot  contains  from  ^3-5  to 
86-9  p.c.  starch.  II-O  to  15  p.c.  water,  protHai 
from  0-4  to  1-4  p.c,  witn  small  quaatities 
{circa  0*3  p.c.)  of  ash,  cellulose,  and  fat. 

(For  a  series  of  anal^-ses  of  arrowToots 
from  various  »otirces,  Me  fiallaidt  Joor.  Pharm. 
1903,  17,  [I0j476.)  H.  L 

ABIAOirnr.  Th«  aodinm  salt  of  aoetyl- 
p-aminophenyl  aiwnie  aoid — 

/t)H 

cif  ,-co  r,H«-.\8M> 

ONa 

{v.  AT^sKM(^  Organic  compounds  r>f). 

ARSENIC.  (Arsenic,  Fr. ;  Arstnu-^  Aretn, 
Oer. )  8ekwer{ii'nlfJiaU,  FUegtngiJU  N&pfckmkMl 
Ars( nicum,  Rtg^wB  ArtaUci,  Symbol,  Aa;  at. 
wt.  74-9. 

(kcmrrtunet. — Arsenic,  in  smaO  quantities,  i» 

(Hu-  of  the  most  wid«'ly  <li-' i  il  '  -d  rlcnients' ; 
it  is  found  in  mineral  and  other  watery  and  in 
eoal  smoke,  in  moii  pyretio  mineral  and  in  a 

largo  number  of  orsa. 

In  England  it  occurs  principally  with  tin  or*. 
and  on  the  Continent  m  mi/tpickel.  .^rseni. 
occurs  native  (usuaUy  associated  with  iron. 
fohalt.  nickel,  antimony,  and  silver)  in  cryrtaJ 
luxe  rucks  and  in  the  older  schists,  generally  m 
rcniform  and  stalactttio  masses,  often  maiuDiil- 
late<l ;  it  also  occurs  occasionally  in  rhomU-^ 
hcdral  crystals.    At  Zinieoff  in  Siljeria,  Iaik* 
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masses  are  found  ;  it  occxiru  in  the  silver-mines 
of  Freiberg,  Annaberg,  Marienberg,  and  Schnee- 
berg  in  Saxony ;  at  Joachimsihal  in  Bohemia, 
Andrauiberg  in  the  Hartz,  Kapnik  in  TranByl- 
nnu*  Orawitoa  in  the  Banat,  Koncsbcrg  in 
Nomtiy,  St.  Marie-aux- Mines  in  (flimi*fl^  in 
Borneo,  and  in  thf  Unit<.'<l  States. 

As  arstntdt  it  occurs  cumbiiiiHl  with  iron  in 
i«o  forms  Fi'As.  and  FejAs^ ;  with  nickel  as 
Kupfernickcl  NiAs  and  NiAsj  ;  witli  cobalt  as 
/»«  vhitt  cobalt,  CoAsj.  With  antimony  it 
itccurs  as  araenical  antimony^  at  Phnfafftm  in 
Buhernia  ;  with  blende,  antimony  and  spathic 
irou,  at  AJiemont,  at  Schladming  m  Styria  and 
i^adieMberg  in  the  HMtc 

Ar>i<.-nic:  is  gcnt  rally  pn-Honl  in  native  sulphur. 
Combmed  with  sulphur  it  occurs  as  realgar  or 
rtAjf  mlphur  As,S.  in  Hungary,  Sftzony, 
Snitzerland,  and  China  ;  nnd  as  orpimeiU  AsgS, 

I  la  Hungary*  aud  the  Hartz. 

With  evlphur  ami  iron  it  occurs  as  mispickel, 
arsfnifal pyrites,  or  ichite  mundic  FeS jFe.Asj ;  Anth 
ralpbur  and  cobalt  in  cobalt  glance  CoSjCoAag  ; 
in  mdbel  glance  NiSjNiAsj,  and  in  a  nQmb«r 
of  other  ore«,  being  obtained  as  a  secondary 
product  in  the  roasting  of  tin  and  copper 
ores,  copper  nickel^  artentcid  pM  cn»,  mnmine, 
cobalt  and  lUeM  fiance,  ftc 

With  oxygen,  arsenic  occurs  as  arf^mniHi'  or 
ar^Rilt  Ab^O^  usually  as  a  crust  uu  other 
amaioal  minerals,  being  formed  by  their  de- 
(^mpa^ition.  With  oxygen  and  cobalt,  it  forms 
cdtait  bloom  or  arsenate  oj  cobaU ;  it  also  occurs 

I  as  avMoalea  of  inn*,  copper,  and  lead. 

pTf yxiTiitl'tii .  —  Metallic  arsenic  is  used  only 
iu  a  small  extent  in  commerce.  It  is  usually 
prepared  ffom  native  arsenic,  araenioal  iron,  or 
mi>pickel,  the  latter  1- iu^;  the  only  mineral 
used  to  aojr  extent  in  Kngiand.  The  mineral 
used  is  heated  in  earthenwue  retcNrts  or  tnbes 
Ui  !  horizontally  in  a  long  furnac<>.  Oroat  care 
ii  required  in  manufacturing  the  retorts;  a 

t  nixtvre  of  1  part  freah  eiay  and  2  parts  brioks 
or  old  rttorts  powdered,  is;  made  into  tho  proper 
form,  coated  with  a  mixture  of  blood,  loam, 
forge-ecklee  and  alum  to  ptodaee  the  glaze,  and 
burned.  Thcv  are  very  stroii;;  an  1  In  <it-resist- 
lag,  and  quite  impervious  to  the  vauour  of 
HseBie.  A  piece  of  thin  iron  eheet  is  roUed  and 
>i- rted  into  the  month  of  the  retort,  and  an 
earthen  receiver  luted  on.  On  distilling,  most 
«f  the  atsenio  condenses  in  the  iron  as  a  nearly 
white,  coherent,  intenmlly  cr^'stallino  mass,  and 
detached  on  cooling  by  luiroUing  the  iron. 
If  required,  tho  arsenic  is  purified  hy  redlstilla- 
Ikn. 

At  Altcnberg  in  Silesia,  arscnious  oxide  is 
heated  with  charcoal  in  an  earthen  crucible 
covered  with  an  inverted  crucible  or  conical  iron 
cap.  This  method  is  more  economical  and  pro- 
doetive  than  the  one  above  described,  but  the 
metal  is  grey  and  pulvnoknt,  and  always  con- 
tain^  ar^onioiifl  ftcia. 

It  may  also  be  prepared  b^  heating  the 
mlphidea  with  charcoal  and  sodium  carMnate 

ot  potassium  cyanide. 

troptriit*. — Arsenic  is  a  very  brittle  Bt<«el- 
m\  metaUino  nia^s  of  sp  irr.  5  02  to  5'90,  of 
unliiant  lustre,  crystallising'  in  rhombohedra, 
MmorphoiH  with  metaUio  antimony,   it  is  a 


good  conductor  of  eleotdoity,  and  is  odourless 

and  tasteless. 

It  is  volatile  at  temperatures  above  100**,  and 

is  rapidly  vaporised  at  a  dtili-red  heat.  At  the 
ordinary  pressure  it  volatilises  without  previous 
fusion,  the  va]>our  ijein^;  yellow  and  of  a  garlic 
snu  ll,  but  \vh(  II  heated  under  pressure  it  melts 
at  500°  (Lanilolt).  Joubert  states  that  above 
200**  its  vapour  is  phosphorescent  (Compt.  rend. 
78.  lSo3). 

When  the  vapour  is  condensed  at  a  t^^tiipera' 
ture  but  little  below  tlie  volatilising  point,  i.e. 

when  condensed  ir\  an  atmosphere  «»f  arsenie.  a 
nearly  white  compact  mass  of  strou^l^'  metallic 
lustre  is  jiroduced  whidi  searcely  oxidises  in  the 

air  even  when  heated  to  80**.  \\'hon  it  is  de- 
posited on  a  colder  surface  or  in  an  atmosphere 
other  than  arsenie,  it  forms  less  dense,  dark -grey 
crj'stals  whieh  rendily  oxidiso  in  the  air  eVCD  in 
the  cold,  and  espeeiaiiy  oti  heating. 

Ludwi^  lAreh.  Pharnj.  [2 J  97,  23)  has 
obtained  arsenic  (?)  with  a  perftxtly  bright  sur. 
face  rf"«enihling  fresldv  granulated  zinc,  and  uf 
tho  low  density  o  395,  by  distilling  in  a  tube  with 
a  small  quantity  of  iodine. 

When  heated  in  air  it  absorbs  oxygen,  burn- 
ing with  a  bluish  tlame  and  forming  arsenious 
onde.  In  pure  water  it  is  unaltered,  but  when 
exposed  to  air  it  form?!  a  ?^r»'y  pt>\vt!er  supposed 
by  some  to  bea  isubu&ide,  but  probably  a  mixture 
ot  metollio  arsenic  and  arsenious  oxide  ;  this 
powder  Is  suM  as  ♦  Hy  -|)owder.'  When  powderotl 
and  thrown  into  chlorine,  it  ignites,  forming  the 
trichloride  ;  with  the  aid  of  heat  it  combines  with 
bromine,  iodine,  and  sulphur.  Hydrochloric 
acid  has  but  littlo  action  on  Rnsenic,  but  it  is 
rapidly  dissolve<l  by  nitric  arid,  a<iua  regia,  or 
by  a  mixture  of  hydxochiorio  acid  and  potassium 
chlorate. 

When  deflagrated  with  nitre  it  forms  pota8> 

sium  arsenate. 

Bettcndorf  (Annalen,  144,  110)  has  obtained 
a  specular,  amorphous,  vitreous  arsenic  of  sp.gr. 
4'09-4*71d  by  subliming  arsenic  in  a  stream  of 
hydrogen  and  condensing  it  at  210*-220°.  At 
360*  it  is  converted  into  the  crystalline  form 
with  the  evolution  of  considerable  heat,  and 
when  heated  suddenly  it  hisses  and  gives  off 
vapour  whilst  transforming. 

Arsenic  is  a  constituent  of  many  alloys;  it 
is  used  for  bronzing  brass  and  for  ^e  manitfao- 
turo  of  opal  glass. 

(For  the  distribution  of  arsenie  in  commercial 
products,  f.  ArwniouB  oxide.) 

Detection.  —  Arsenical  coniiKjuuds,  when 
heated  on  charcoal,  give  off  the  eharactcristio 
garlic  odour  and  white  funics  of  the  oxi»le,  with 
a  white  incrustation  on  the  charcoal  sumo  dis* 
tanco  from  the  assay.  Metallic  arsenic,  and 
many  arsenical  minerals,  such  as  nii.spiekel,  when 
heated  in  a  tube  cloiicd  at  one  end,  form  a 
blackish,  shining  metallic  ring  on  the  cooler 
portion  of  the  tube  ;  if  heateil  in  a  tul>e  o]mi 
at  both  ends,  tho  arsenic  is  oxidised,  and  con- 
denses in  a  ring  of  white  octahedral  crvf^tals, 
their  shajK'  Iwing  plainly  visible*  \nidt  r  .i  Ii  r)s. 
On  cutting  off  the  closcii  end  uf  the  tube  con. 
taining  the  metallic  mirror,  and  heating,  it  is 
also  converted  into  the  white  rinj;  lii^ln  r  up 
the  tube.   The  whit©  crystals  di88olv*y^,^\^ji^^  Google 
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wator,  and  the  solution  r^liows  thf?  usual  tests 
for  AfWiiie*   Antimony  under  like  circunutMioes 

Avon  Id  pro'liiro  a  w  hite  rinp,  which,  yiowwor.  is 
not  cryslailiiic,  and  is  not  solublo  in  water. 
Oxides  of  aruenio  foquirc  to  be  mixed  with 
charcoal  before  (hey  j>rotbire  the  lilnck  mirror. 
Suljihides  rcquiru  the  addition  ui  uikalme  car- 
bonote  or  potaaeium  cyanide,  or  they  nuiy  be 
heeted  with  baryta  alone  fUriFUfV 

White  arsenic  when  heat<<i  uith  about  3 
parts  of  sodium  acetate,  gives  the  offensive  smell 
of  kakodyl. 

In  solution  the  reactions  of  the  two  series  ot 
compounds,  the  ar.<)eniou8  and  the  arsenic,  differ 
considerably  ;  generally  speaking,  arsenio  com- 
]>oundM  maj'  be  c<mverte<l  into  the  arscnious 
form  by  heating  >\ith  sulphurous  acid  or  with 
a  sulphite. 

ftfjnsch^s  tejit.  If  a  (  r  of  clean  metallic 
copper  is  immersed  in  a  solution  of  araeuiouH 
acia  or  an  anienious  compound  acidulated  with 

jnirc  hydriK-'.ilori''  ticid.  it  is  coated  with  a  grey 
lilra,  which  is  probably  an  arsenide  ot  copper. 
The  action  proceeds  better  at  the  boiling  tem- 
perature. 1  he  arid  mxi?t  first  be  tested  in  the 
name  manner  to  ensure  tlu*  absence  of  ari>enic, 
which  is  always  present  in  the  commercial  acid. 
The  metal  is  washed,  drie<l  f.'etitlv  and  h<ated 
ill  a  tube,  when  the  arsenic  becomes  oxidiKi-^l 
and  forms  a  crysiailhie  rinff  on  the  colder  part 
of  t!te  tuVx'.  A  tilin  due  to  antimony.  a«  men- 
tionetl  belore,  A>ould  not  produce  a  crystalline 
ring. 

This  method  is  used  in  testinji  for  and  re- 
moving arsenic  from  hydrochloric  acid,  and  in 
UaaccSogr^i  by  it  J  part  of  arsenic  can  be 
detectcdin  250,000  parts  of  solut  ion. 

H  is  not  »o  delicate  as  Marsh's  or  the  electro* 

lytic  method. 

When  hydrf^n  is  generated  in  a  liquid  con- 

tninirif;  _  nn  Hr-i  iiiou>  cornj-oniid,  t}ic  arsriiic 
combines  with  it  and  passes  off  as  the  gaseous 
hydride ;  many  very  delicate  tests  an  based  on 
this  reaction. 

(1)  fUitniatm^s  Irst.  The  solution  is  mixed 
with  exce»«  of  catifltic  potash,  a  piece  of  pure 
7.inc,  or  of  magne.':ium,  or  aluminium  foil  in- 
serted, and  the  solution  heate<l.  A  piece  of  filter 
(lafier  moistened  Dvith  silver  nitrate  is  held  over 
the  mouth  of  the  tulx*.  In  presence  of  arsenic, 
arseniurettcd  hydnj^en  is  prmluced  and  reduces 
the  silver  on  the  |>aper  forming  a  greyish  or 
)iurpli5h  colour.  Antimony  is  not  evolved  in 
tbia  teat.  Fleitmann's  te.st  is  therefore  a  rea<Iy 
means  of  finding  arsenic  in  presence  of  antimony  ; 
it  is  nut,  however,  so  delicate  as  Reinseh'i-, 
Mar<th's,  or  the  electrolytic  method. 

(2)  Marsh's  trft.  This  or  Reinsch's  test  is 
usually  used  in  toxicology.  The  Kolution  is 
aridulnte<l  with  pure  hydrochloric  netd  and  in- 
lr<>duced  int<»  an  apparatus  in  «hu-h  liyiirogen  is 
generate<l  by  means  of  pure  sulphuric  acid  and 
7,ine.  Arsenic  hydri<le  is  furmeii  ami  is  pas-^'d 
through  a  narrow  gla.-*.'*  tuln*,  which  is  h<.ul<:U  at 
one  spot  by  a  lam]* ;  the  arseniuretted  hydrogen 
as  it  passe-*  over  the  heat«-d  p<irtion  is  decoin- 
|*o.«ed  with  the  preeipitat  ion  of  arsenic  as  a  black 
ring.  Jn  tenting  for  >ery  small  «piantitn  s  ot 
arsenic,  the  action  should  U'  continue<i  for  al  fiit 
an  hour.    A  blank  cxjxrimeut  should  alwa> »  be 


performe<l  in  thu  same  manner  to  ensure  the 
purity  of  t)u-  /inc  and  acid.    It     etweotial  not 
I  only  to  olitaiii  zine  and  acid  ^\  liirli  an-  fr«  f?  from 
,  traces  ot  arsenic,  but  al^i  to  »co  that  the  zinc 
j  used  is  '  sensitive,'  and  will  perntit  all  tlie  aneoic 
in  the  solution  to  be  evolved  as  arseniuretted 
hydrogen.    The  presence  in  the  solutioa  ot 
certain  metals — notably  iron — is  liable  to  retard, 
or  ent  irely  prevent,  the  evolution  of  ar«eni«rette\i 
.  hydrugcn.    (On  the  presence  of  arsenic  m  glats; 
'  as  a  source  of  error  m  the  detection  of  arsenif, 
j  V.  W.  Kresenius,  Zeitsch.  anal.  Chem.  22,  3'>7 ; 
j  Bcr.  17,  2938.)    Instead  of  heatinif  tlitj  tube,  the 
;  gas  may  be  ignited  at  the  mouth  Of  the  tubcuid 
'  the  flame  caused  to  impinge  on  a  cold  -urf.-ie*'  ot 
|x>rcelain.  or  preferably  of  platinum  fod.  Hic 
I  arsenic  film  may  be  distiiwuiahed  from  that 
pnxluced  l>y  antimony  as  follows  : — 

(1)  The  arsenic  tiim  is  qnickly  evaporated, 
w  hile  that  of  antimony  only  alowiy  diaappcan. 
Helling  (Dns  Mierosco|)  in  der  To'xicolo;.'ir  i  re- 
commends that  small  sjpots  be  heated  and  the 
vapour  reoMved  on  a  sbp  of  eUss,  wlieii»  under 
the  microscope,  the  ootsJiedrM  vtytMm  due  to 
arsenic  are  visible. 

(2)  The  arsenic  film  quickly  dissolves  in  a 
solution  of  sodium  hyi>ochlorit0 ;  the  WBtunooT 

film  i '4  very  «low|y  wIuMe. 

(3)  The  antimony  him  dissolves  quickly  in 
yellow  ammonium  sulphide,  leaving  *n  ocmnfce' 
yellow  residue  on  eva|)oration ;  the  anienie  fits 

dissf»lves  very  slowly. 

Magnesium  may  also  be  employed  in  place  of 
zinc,  and  E.  Davy  and  Al.  .Taudotiseh  use  an 
amalgam  of  1  part  sodium  in  paxta  mercury, 
with  or  without  acid. 

The  |>res«  nee  of  nitrates  or  nitric  acid  inter- 
feres with  this  test^  and  the  acids  used  abooki 
be  dilute. 

(For  the  detection  and  estimation  of  aank 
by  elect rolytienl  method<»,  r.  Anoiic  in  art. 

ANALYiilS,  El.£CTKO-cUJlMJCAU) 

Etiiimntion. — Arsenic  is  usually  estimated 

as  (1)  magnesium  ])yro.nr^i-nat<- ;  (2)aaaffaMiie 

suiphido  ;  (3)  as  metallic  ars<.-ntc. 

(I)  For  this  mcthotl  it  is  necessary  that 
the  substance  shouKl  l>e  present  as  an  armnie 
compound.  The  conversion  from  the  ar!ie- 
nioiis  to  the  arsenic  condition  may  be  effectc»i 
by  heating  with  nitric  acid  (r.  »timatKm  m 
sulphide)  or  hydrochloric  acid  and  potassium 
chlorate. 

The  acid  solution,  which  sh*iuld  occupy  only 
a  small  bulk,  is  rnixe<l  with  *  inagne-ia  tnixtun  ' 
and  rendertnl  strongly  alkaline  with  .iTi  ntonia. 
.After  standing  for  24  hours,  the  scdiitun  is 
filtered,  the  last  |M)rtions  of  tin-  |'ri  <  ipitat* . 
which  consists  of  ammonium  inagiteiiiuiu  arsen- 
ate, being  washiil  entirely  on  to  the  filter  pai"  ! 
with  a  little  of  the  tUtrato  (the  volume  of  tlii> 
filtrate  i^hould  be  notwl  roughly).  The  pn-ci- 
pitate  is  then  washed  w  ith  a  mizturt>  of  1  {tart 
stnmg  ammonia  and  jmrls  wnt<  r.  until  oidy  » 
slight  ojialesoence  is  produced  oa  tin  adiiiHoi' 
ot  nitric  acid  and  silver  nitrate  to  a  few  drops 
of  the  wa.shings.  It  is  then  dr5»  d.  dot  ached  a- 
mueli  aH  ]xissib]c  from  tho  filler  |>aj»»'r.  aifl 
transferred  to  a  weighetl  porcelain  crueiWr. 
nmistrnc  1  uith  nitric  acid,  dried,  and  igniti>4l.  »i 
,  (i..l  gcaUy,  and  finally  to  ^^l^^^OO^^ 
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pper  is  moistened  uiih  nitric  acid,  dried,  and 
^ited  on  the  lid,  and  the  cnicibla  and  its  ' 

contents  wcighe<).  Thf  ignited  residue  consists 
oi  luagnesium  pyro-arisenate  Mg-^Aci^O^  anil 
eoouins  48*27  p.c.  of  arsenic.  j 

On  account  of  thesoluhilii  v  of  the  ammonium 
magnesium  artjenate,  an  additiuu  iihould  be 
tnaiio  to  the  weight  obtained  of  O-OOl  gram  for 
m-h  16  c.c.  of  filtnte  obtained,  not  oounting  the 
waeiiin^ 

(2)  The  MMoic  for  this  method  should  be 

in  the  ar?«»nious  form.  If  arsenic  compounds 
•re  [vesent,  tiicy  are  preferably  reduced  by  ^ 
niMmg  a  euznnt  of  stdphurous  acid  through  the 
liquid,  the  excf*«8  of  that  rrns  boinjj  drive  n  ofT  l>y 
jubwquoDt  heating.  Sulphurettetl  hydrogen  id 
lh'  n}»as,<ed  through  the  Jiquid  unt il  thoroughly  j 
t^aturated,  the  liquid  left  to  stand  for  some  time, 
the  excess  of  sulphuretted  hydrogen  driven  off 
bv  heating,  and  the  orecipitated  arsenious  sul- 
phide containing  sulphur  filtered  off.  The  sul- 
{thide  is  duieolved  in  ammonia,  filtered  if  ncccs- 
stry,  and  the  arsenic  estimated  in  the  aoltttlOD 
by  one  of  the  three  following  method? : —  | 

(a)  The  solution  is  evaporated  to  dr^css  in 
i  porcelain  dish,  then  covered  with  an  mverted 
iunnel,  and  fuming  nitric  acid  added.  After  the 
first  violent  action  haa  oeated,  the  liquid  in 
h'  ifol  on  a  water- bath  until  the  whole  of  the 
Kuipbur  h&B  disappeared,  and  only  a  small  bulk  [ 
o(  uqiikl  remains  ;  *  magnesia  mixture  '  ia  then 
vlded,  followed  by  excess  of  ammonia,  and  the 
ffooess  foUowed  a«  abeady  described. 

(6)  The  ammoniaoal  solution  is  evaporated 
lo  dryiie^-i  in  a  porcelain  dish,  anii  heated  on  a 
Hod-bath  to  drive  ofi  the  whole  oi  the  £ree 
mlpirar  Hid  oarbonue  any  oi^anio  matter  I 
t«hich  i-^  frr-quently  ]iresent  in  toxicological 
aaalvoi)  without  volatiljbing  any  of  the  araenioaa  i 
snfphide.   The  mddtie  is  again  dimoWed  ni  ■ 
Ammonia,  filtered  if  neceswary,  evaporated  to 
iirynm,  and  seatly  heated  in  a  weighed  porce- 
m  dUif  and  -vreigfaed  as  areenieiu  salphlde  i 

-^".^i  (Mohr,  Chem.  Toxieolo^de.  ~A}).  . 

(c)  The  arsenic  in  the  solution  may  be . 
«rtiaMted  by  means  of  ttaadaid  iodinv  aolatloD  | 
<  'hampion  and  Fellet^  fittU.  Soc.  ehin.  [2]  26, 
HI).  1 

(3)  For  tibia  roeUiod  the  aiaenieal  mirror 
"btained  by  the  Mar.-^h-Ber/.eliu.s  method  or  the 
t^lectrol^-tic  method  may  be  oBtimatod  by  com^  1 
pariMMi  with  standard  mirron  obtained  nnder  ' 
?inailar  conditions  to  the  i  stiniation.  Experienee 
hm  ahown  that  when  in  the  preparation  of  stand-  < 
aid  nifron,  the  quaatitieR  of  naed  differ  ' 

atf;outit- sueh  as  0-002  milli):rain.  a  scries  of 
mnroiH  can  be  obtained  showing  differences  in  [ 
iatoMity  wliieh  are  mlBeiently  (tistinct  and  • 
•onstant  to  bo  utilis'  I  f  r  comparison. 

Separation  from  oifitr  metah. — Certain  heavy  , 
attelii,  if  |«eaent,  would  be  precipitated  witn  , 
the  arwnious  sulphide  by  mean.-^  of  xnlphurefted 
hydnwen.   From  the  sulphides  of  lead,  bismuth,  [ 
*c.  the  arwnioiM  snlfdiide  can  be  dinol-red  by 
'J;r'-4ion  in  ammonium  sulphide.    The  solution 
UQuld  also  contain  antimony  and  tin,  if  present. 
He  sepaiatiott  of  arwtiie  from  these  two  metals 
nay  He     rformed      follow^  : 

from  aniimcny.  'J  he  mixed  sidphideB  are 
wdiissd  with  aqua  regin,  as  already  described, 
vii  tartarir  acid  solution  added,  followed  by 
rscesb  of  ammonium  chloride  and  ammonia. 


The  latter  should  produce  nu  opalcdceuu.-.  ll  a 
precipitate  i.s  produoed,  a  further  quantity  of 
tartaric  acid  or  ammonium  chloride  must  be 
added.  The  solution  is  then  precipitated  hy 
*■  magnesia  mixture,'  and  the  estimation  macfe 
as  before  de«eril>ed. 

From  tin.  A  &;olution  of  oxalio  acid  is 
added  to  the  solution  in  the  proportion  of  SO 
gramn  of  oxalic  acid  for  each  trrnm  of  tin  sup- 
posed to  be  present.  The  jsulut  loiv  should  be 
sufficiently  strong  for  the  acid  to  crystallise  out 
on  cooling.  The  liquid  is  heated  to  boiling  and 
bid]jhuretted  hydrogen  parsed  through  for  20 
minute.",  The  liquid  is  allowed  to  ataad  for 
a()out  30  tninutes,  and  the  ar^enious  anlphtde 
liiter^  off.    It  is  quite  free  from  tin. 

Arsenious  chloride  in  small  quantities  may  be 
separated  from  other  metals  by  distillation  of  the 
hydrochluric  .>;olutiou  (Thorpe,  Chem.  Buc.  'I'rau^s. 
83,  971);  in  certain  metals  and  alloya  by 
distillation  of  the  finely  divided  material  with  a 
suitable  solution  of  ferric  and  calcium  chlorides, 
acidified  with  hydrochloric  acid  (tlie  matet  ials 
used  should  be  tested  for  arsenic).  With  a 
solution  of  zinc  and  cuprio  ohloridee  in  hydro, 
chloric  acid  boiling  at  108°  both  ar.'ienic  and 
antimony  may  be  separated  from  other  metals  ; 
the  arsenic  is  in  the  distillate  from  108"  to  115**. 
the  antimony  in  the  distillate  from  llfi^to  100^ 
(Gibb,  J.  Socu  Chem.  Ind.  xx.  3). 

For  the  eetimation  of  arsenic  in  ores,  Pamell 
recommends  the  following  method  : — A  weighed 
quantity  of  the  Jindy  poudtred  on  is  heated  to 
about  200**  in  a  stow  current  of  chlorine  gas. 
the  volatilised  arsenious  chloride  beins:  abhorbed 
in  a  solution  of  chlorine  water.  After  evapoxa* 
tion  of  the  excess  of  ehlorme,  the  arsenic  ma^ 
be  estimated  by  an\'  ordinar\'  method.  Anti- 
mony, if  present  in  t^e  ore,  would  also  volatilise 
with  the  aisenie. 

For  technical  purposes  the  fc^wing  methods 
are  largely  used  : — 

A  weighed  portion  is  pattially  deoom posed 
with  a  minimum  quantity  of  strong  nitric  acid, 
dried  and  fused  with  sodium  peroxide  or  a  mix> 
two  of  sodium  carbonate  and  nitre.   The  fused 

mass  i.^  extracted  with  water  and  filtered.  The 
solution  of  alkaline  araenato  is  aciditied  with 
nitrio  acid  and  bofled  to  effect  deoomposition  of 
eitlic  r  j  eroxide  or  nitrite;  it  is  next  carefully 
neutralised  and  then  acidified  with  acetic  acid, 
and  the  arsenio  detmntned  by  titration  with  a 
standard  .solution  of  uranium  acetate.  Pearco 
recommends  separation  as  silver  anienate  from 
the  aqoeoQs  extraet  after  fusion;  the  silver 
»ialt  is  di.s»olved  in  dilute  nitrii  acid  and  estimated 
by  Volhard'a  method.  With  very  poor  ores  to 
the  solution  tn  nitrio  acid  a  sufficient  quantity  of 
tartaric  acid  is  added,  and  the  arsenic  separated 
as  magnesium  ammoniam  areienate.  For  the 
estimation  of  avsenie  in  organic  salts  ignite  with 
sodium  |>eroxide,  reduce  with  hydriudic  acid 
and  titrate  with  iodine  and  starch  in  presence 
of  dinodium  hydrogen  phosphate  (Morgan,  Chem. 
goi.  ,  -l-rif^,  05,  1477). 

Alloys  o{  arsenio. 

Anenic  combines  with  most  metals,  in  many 

ca.seH  in  atomic  proportions,  the  alloys  beinj; 
then  known  an  arsenides.  Many  natural 
arsenidi^  occur  as  minerals. 

The  alloys-  may  be  prejmred  (1)  by  fusing 
the  metabj  under  a  layer  of  l'*>rax,yf^j,2§d!9  GoOgle 
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atmosphere  of  lone  inert  ga«  ;  (2)  by  redaoing  the  With  potaMium  and  Bodinm  ai  861110  foratf 
azsenite  or  arscnato  of  the  metal  with  ])ota.s8iuni  a]loy8  which  uvolvo  ar^i-niun  tttMl  h\  ilrogon  when 
cvanide ;  and  (3)  in  ^onie  caxcH — as  with  sold,  pUood  in  water.  With  platinum  it  i<mcs  • 
alver,  mod  copper— by  placing  amnio  m  a  rarible  alloy,  and  was  formerly  tued  to  fMSitate 
K>hition  of  a  nu  tallic  >iilt.  \V.  Sprinj^  (Ber.  16,  the  wcrkinir  of  that  inrtal. 
324)  has  obtained  crystalline  alloys  of  anionic  Arsenic  trihydrlde.  AruntlUd  or  ar^eni- 
with  other  metals  by  repeatedly  comprcesing  a  weHeA  hydrogen,  Anine.  AbH,.  Thb  gas  is 
mixture  of  the  COPStitoeots  at  6500  atm0>  formed  wlu  in mt  hydrogen  is  lilK-ratcd  in  n 
spheres.  solution  containing  axsenious  acid  or  an  atiictiit«. 

When  heated  out  of  contact  with  air,  aiaenioal  as  when  zinc  h  invrodaoed  into  an  acid  sohition  I 
alloys  UMi.illy  lu.-c  11  ])ortion  of  their  arsenic;  of  the  substance.  It  is  a  ccilourlcgs.  neutral, 
heated  in  air  the  arsenic  is  oxidised,  a  portion  diaagreeabJy  smelling  gss,  slightly  soluble  ir. 
volatilising,  and  the  remainder  formmg  an  water,  ud  highly  poisoncHU,  even  wfam  moch 
arson ite  or  arsenate  of  the  metnl.  When  lu  utcd  dilutecl.  At  a  nxl  heat  it  dooompOMi  into 
>uth  nitoe,  arsenates  are  produced.    (For  a  li^it   arsenic  and  hydrogen. 

of  alloys  of  arsenic  in  atomic  ]iroix)rtion8,       It  is  evolved  m  the  bropring  of  brass  with 

probably  oxi>tin<,'  as  arsenides,  i*.  A.  Descamps,  arsenic,  in  tinning  nheet  iron  ami  frequently  in 
Compt.  rend.  080, 1U22  and  10^5.)  8ome  ancient  the  desUveri-sstion  of  lead  with  zinc  and  subi«- 
copper  speaf'heads  from  (  .\i)rus  contained  quent  heating  of  the  argentiferons  due  viitb 
1-348  ]).< .  Hr-i  iiic.  aiul  a  liron/c  figure  of  acid.  It  is  also  occasional! v  jm-scul  in  the  air 
the  Ptoiemaiu  period  from  l%>'pt  contained  of  rooms  of  which  the  \vaii>paper  U  colourvit 
1'479  p.c.  with  arsenical  pigments  (v.  Sehtpeinfitrih  grtenu 

The  jircsciicc  of  arst  nic  iicncrally  rrudcrs    It  i>  a  very  powerful  nnlucing  aizent.  procipi 
an  alloy  more  brittle,  more  fuisible,  and  brighter,   tatiug  silver,  gold,  and  other  metals  from  then 
In  Pattineon*s  process  it  tends  to  render  the  '  solvtioni.  If  ^ods  for  the  qnaatitative  eatima- 
rr\  -tals  >rn;ill<'r,  and  thus  Icii^tlicii^  thf  time    tion  of  arsenic  arc  basfd  on  t hi-*  ]iro|K  rfy. 
reuuired  for  draiuiug.    Its  alloys  with  iron,  zinc,        A  solid  hydride  of  arsenic  appears  to  exuit. 
and  tin  are  brittle;  with  gdd  and  silvCT,  brittle,       AntntoOl   olMt.  Armtniom   acid,  WluU 
and  grey;  and  with  lead  atid  antimony,  hard,   arxmic.    Flowers  of  antmCi  COmmoilfjf  kmomn  , 
btittie,  and  fusible.   The  addition  of  from  3  to  (i  as'arMnic'    AsAi^.  i 
parts  arsenic  to  1000  lead  (with  oooaaionally  a       Ptepanaiom,—ln  Cornwall,  Devon,  and  at 
little  copper)  causes  the  tiniall  shot  in  falliiii-    Swansea,  arsenious  oxide  is  principally  pre]>are<! 
doMu  the  tower  to  form  spheres,  instead  of    by  roasting  nmpickel,  which  occurs  mixe<i  with 
dongating,  as  they  have  othe«>wi8e  a  tendency  iron  and  copper  pyrites,  tin  ore,  wolfram,  blende, 
to  do.    '1  he  arsenic  is  frequently  added  in  the    galena,  iVc.    These  ore^-,  if  )>re-^eni  in  suftit  ient 
proper  propi>rtions  in  the  form  of  an  alloy  of  ^  quantity,  are  separated  as  tar  u.s  po.-<-ible  in-iorr 
lead  and  arsenio  known  as  *  temper*;  this  is 'roasting;    tinstone  by  washing   the  tineh 
prepared  by  fusing  together  nrsenious  oxide  and    jKJwdered  ore,  aiid  the  other  mineral--  by  hand, 
lead.    By  heating  a  mixture  of  lead  and  arnenio   ^irsenious  oxitlo  is  aUo  largely  prepared  b> 
to  whit<>nes8.  Berth ier  obtained  an  alloy  of  roasting  arsenical  silver  at  Andreaabetg^  aiiti 
the  fornuila  I'bj.As,  any  exeesy  of  ar^enie  beyond   from  arsenical  ores  of  nickel  and  cobalt, 
that  correieponding  to  thus  lurmula  In-uig  vola-        In  ores  from  which  arsenic  is  produced  as  a 
tilised  at  that  temperature.    With  copper  it   principal  prodoct,  the  an^inical  pyrites  geoeimll} 
fc»rms  white,  mulleaVtli-.  dense,  antl  fusible  alloy.s.    occur  to  the  amount  of  about  12  p.c. 
White  copper  contains  about  10  p.c.  arsenic.        The  ores  are  ustiaily  roast*-*!  in  a  reverbera- 
Arsenic  is  also  used  in  speculum  metal,  and  torv  furnace.    In  a  common  form,  the  fumac« 

bed  is  Hat,  12-15  feet  lung  and  7-9  fi-vX  wide 
in  the  middle;  the  arch  is  about  2  feet  altovr 
the  IhkI,  and  sinks  gradually  towards  the  tmt, 
nt  which  end  there  in  an  iron  door«  thlOOfh 
which  the  ore  is  raked  (Fig.  1). 

From  S-15  cwt.  of  the  stamped  dried  ore  if 
introtUued  thrt)ugh  a  hopjx-r  over  the  centre  ol 
the  fire-bridge  and  spread  over  the  furnace  b»-<l. 
The  heat  is  raised  to  dull  redness  and  the  or 
is  frequently  stirreil  to  ensure  thorout'b  «<xi«l«- 
tion  of  the  arM.-uic  and  sulphur.  In  about  |M 
hours  these  have  ix>en  expielled  as  oxides,  and 
the  arsenio\is  oxide  toLrether  with  somp  of  th'- 
,  sulphur  collects*  in  llie  lines.  The  s^ient  o:> 
Is  n  inove<l  throush  an  aperture  in  the 
uhieh  Is  closed  wiui  an  iron  door  duriqg  caki- 
nation. 

Two  snob  furnaces  are  sometimes  buSt  smIp 
by  side,  «»parate<l  by  a  wall,  and  with  tlieir  flofS 
uniting.  The  furna<"e  Ix'ds  slope  genil\  touaid* 
a  narrow  firephu  e.  In  the  first  uistaucr  thacMe 
is  intrf)duce<l  through  a  mimlxT  of  »b¥>n»  <'r 
each  si«le  of  the  fumac<\  As  the  ore  is  worki^i 
downuanls  its  fdaoe  is  constantly  supplied  hy 
Is  frequently'  present  in  common  Britannia  fresh  ore  through  an  opening  in  the  roof . 

metal.  BrutUont  Ccdciner  is  much  used  in  l  urnuaii 

IJigiiize<i  Dy  v^oogK 
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passing  through  a 
eaoaping  into  the 


II  IB  pfsctic&ily  a  reverbcratory  tunmce  with  a 
irralTing  bed.  The  hod  Ls  of*  firebrick  resting 
on  a  cast-iron  table,  and  i»  higher  at  the  cnitrc 
ibaii  at  the  periphery.  It  is  uaually  8  or  lU  feet 
in  dkowter ;  it  revolvee  three  or  four  times  in 
an  hour  by  Kt<'ani  or  wnt<T  ik)u<t,  about  half- 
hitix'  jXiMrr  Ix'ing  rt  <|uire<i.  There  are  two 
funiaof>s  nti  oj)j)0!*ite  sides  of  the  bed. 

Thf  drml  and  tiiuly  stainj>fd  ore  is  iiitro-  j 
duced  through  a  hoj»|)er  over  the  centre  of  the 
bed.   Above  the  IkmI  are  fixe<l  ra<lially  three  oast- 
iron  frames  in  whieli  are  fastened  a  number  of 
<  quidi.<<tant  iron  .scrapers  8hape<i  like  the  coulter  | 
uf  a  plough  and  placed  oUiquely,  ao  thet,  es  the  i 
bed  revolve."*,  they  turn  the  ore  over  and  outwaVds  i 
towards  the  iH-riphery  of  the  bed.    It  is  thus  [ 
thoroughly  roaste<l,  and.  on  reaching  the  edge, 
falLn  into  the  chamber  beneath. 

Ozland     and     Uorkni(j«    Patent  Cakiner 
(Etadish  Pat.  1868,  2950)  is  largely  used,  espe- 
eialh'  for  '  rank  '  ores  ( Figs.  2  and  3).    It  eonfiists 
<rf  e  UTouuht-iron  cylintier,  which,  if  32  fi-et  in 
length,  is  uned  with  sufficient  firebrick  to  leave 
4  firrt   rlear   internal  diameter.    Four  lonpi- 
ludinal  ribs  of  firebrick  occur  within  the  furnace, 
leaving  sofficiMit  space  at  the  up])i-r  end  for  tllB  | 
cfmtinuous  supply  of  the  ore.    The  cylinder  is 
generally  mount^  in  an  inclinod  putiition,  the 
."lope  being  nsoeUy  |  to  1  tneh  per  foot,  and  is  | 
tumeil  by  moans  of  a  turbine  or  wat<»r- wheel  | 
once  in  h  or  id  minutes  upon  friction-wheels. 

The  dried,  finely  ])owdered  ore  is  introduccil 
Ihrouu'h  an  archimc<lean  screw,  or  from  a  homier 
at  the  upi>er  end,  and  in  the  nnolution  of  the  | 
tube  becomcf  lifted  to  a  <ertain  lu  ight  by  the 
ribs  of  firebrick,  and  falls   in  a  Hne  btroam  | 
throufrh  the  hot  bla,st.    In  a  few  revolutions  the  ; 
••r'  i>  conipletely  oxidi«-ed,  the  arsenic  burning  ' 
ot!  tir»t,  and  finally  reaches  the  lower  end  of  the  , 
tube,  where  it  falls  through  a  chamber  beneath. 
A  calciner  of  the  above  size  will  roast  6  to  7 
tons  of  ore  in  24  hours.    In  this  furnace  the 
amount  of  air  required  is  minimised,  thus  render- 
ing the  oondeosation  less  difficult.    The  amount 
of  fuel  used  is  also  small  (v.  further,  Hendexaon, 
Fne,  Roy.  Inst.  Mech.  Engineers,  1873). 

A  mo«lification  of  this  furnace  was  patented 
b>  R.  &  C.  Oxhmd  (Kng.  Pat.  7286,  1885).  It 
is  so  arranged  that  the  products  pass  into  the 
condensing  chambers  uninixe<l  with  other  ga.ses. 
At  the  lower  end  of  the  rotating  tube  Ls  a  cast- 
inir  prolongation,  heated  externally  by  a  grate 
and  a  syrtem  of  (lues  .'surrounding  it.  At  tho 
end  of  the  prolongation  is  a  door  for  removing 
the  calemea  prodtiets  and  a  regulator  for  ad- 
mittiiiL'  th''  rcijuired  aniount  of  air. 

RoaMing  in  muffie  fumueea. — This  process 
is  wed  at  Altenberg  (Pig"-  4,  5,  and  6)  and  at 
Reichenstein  m  Silesia  (Figs.  7  and  8),  where 
vood  is  cheap. 

The  ore,  reduced  to  a  moderate  siie  and 
known  as  schhich,  is  intrcKluced  through  an 
upcoing  in  the  top  in  charKcs  of  about  10  cwt> 
Slid  spread  2  or  3  inehea  thick  on  the  floor  of 
the  inufne.  It  is  firnt  h(  ated  to  n  •Ines,'*,  and 
then  more  gently,  with  the  muffle  door  open,  to 
oxidise  the  maas  thorou^^hly  before  sublimation. 
Ihf  «»{»<-ration  is  completed  in  II  or  12  hours.  i 

Ctmdensation  of  the  oxide. — The  vapours 
passing  off  in  the  roasting  are  carried  through  I  Consols  and  otlier 
chambers  so  arranpetl  that  the  ga.Ts  rome  in    are  made  of  thin 
contact  with  a  very  large  condensing  surface   plates  to  assi»t  the 


series  of  chambers  before 
air.  At  the  Devon  Qieat 


n 


CI 


laritc  works,  the  chambers 

l»riek\vork  rf»vere<l  with  iron 

coolmg  ot  the  ff^^^tu'^^^'-^OOglc 
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The  ores,  before  oeloinetioii,  are  dried  over  iron  i  oomponndei ;  when  eo  mixed  it  it  of  m  derlc-grey 


plates  or  the  condensors 

Those  chambers  are  cleftred  at  iiitorvalB, 


Fio.  4.— VntnoiL  Sbctiok  of  'Fonov 

TOWBB.' 

some  cviry  fortnight,  those  at  Silesia  once  in 
two  niuiiths.  Two  seta  of  chambers  are  fre- 
qu(  ittly  used,  so  that  one  Mi  may  be  working 
while  the  other  is  being  deaxed. 


Fio.  6. — Ukound  Plan  FuuNACJi. 

The  oxide  producwl  by  all  processes  except 
that  of  the  muffle  is  kno\t'u  aa  '  aruenicai  soot,' 
and  is  impure,  eontaining  oarbon  and  solphur 


TranHvene  Section. 


Longitudinal  Sectioo. 
Fio.  0.^uiiuuino  Fuknacs. 


colour  and  requires  to  Im'  rcsuWirned. 

The  oondeosing  ciiamben  connected  with 
the  muffles  in  Sinaia  are  in  a  lofty  baflding 
called  the  '  poison  tower '  (Giftthiirim ).  The 
gases  traverse,  by  a  ainuoua  course,  a  series  of 
ohambers,  depositing  the  finest  prodnet  in  the 
lowi-r  ones,  that  in  the  upper  ehanihrn^  contain- 
ing sulphur.  The  chamMn  are  cleared  about 
OTery  2  months,  and  eontain  abovtt  25  ton* 

of  white  arsenic  ('  jxiison  flour,'  or  Oiftnu^l). 
Beio^  comparatively  pure,  it  docs  not  usually 
reqnire  refining,  hot  may  be  at  once  oouvested 
into  arsenical  class.    The  workmen  encaiJ'^d  in 
clearing  the  chambers  are  clothed  in  leathern 
ipurments  with  glaaed  apertures  for  Uto  eyes, 
•  and  wear  ^vet  cloths  over  their  niouths  and 
I  noses  to  absorb  the  irritatins  fumes.    It  ia 
'  stated  at  Sahburg  that  only  ^aneoie<eatsf8* 
I  ean  i)crforni  this  work  continuously, 
j      Jiejining  or  reaublimaiion. — For  this  pxuposs 
,  a  reverberatory  fomaoe  is  used,  wUcii  is  usdally 
much  shorter  than  that  in  which  the  calcination 
is  performed.    The  arsenical  soot  ia  charged 
from  the  top  and  paddled  down  duough  doois 
at  the  side,  more  being  added  as  it  jiublimes. 
The  fuel  used  is  smokeless,  usually  a  mixture 
of  anthraeite  and  eoke. 

The  sublimate  is  ooUected  in  chamlior-' 
similar  to  those  already  described.  It  is  white, 
glistening,  and  minutely  crystalline.  It  i» 
ground  between  millstones,  and  is  thence  fed 
into  ke£s  from  a  hopper  through  a  leathern 
hose  wludi  fastens  to  the  top  of  the  cask  and 

prevents  any  escape  of  the  powflcr. 

Ar96nic  glass,  or  vitreous  white  arsenic,  i:( 
prepared  by  Tolatilisation  of  the  powder  under 
slight  pressure.  For  this  purpose,  at  iSwane^a, 
a  cast-iron  pan  is  used  2  feet  in  diameter  and 
surmounted  by  a  bell  2  feet  6  inches  high.  The 
pan  is  heate<l  to  a  cherry  re<l.  and  aUnit  J  cwl. 
of  refined  white  arsenic  introductnl  throujih  an 
opening  in  the  top  of  the  bell,  which  i.s  then 
closed  with  a  plug.  In  aljout  2  hours  the  who!«- 
has  evaporated  and  condensed  on  the  bell  as  a 
transi>arent  glass  ;  more  white  arsenic  is  then 
introduced  and  eontlensed,  until  after  24  hour* 
the  glass  has  reached  a  thickness  of  about 
I  inch.  The  later  eharges,  owing  to  the  eon* 
densing  surface  U-ing  hotter,  require  about  twioe 
as  long  to  condense  as  the  tirst. 

At  Silesia  the  subliming  pots  are  deeper 
and  of  tireater  eanacit3^ ;  they  are  siirmount»'d 
by  iron  drums  anu  conical  caps,  which  conden.-w 
the  '  glass '  and  open  into  condensing  chamlv  rs. 
Tho  tenij)orat\ire  is  carefully  regulated-  The 
arsenic  gla^  produced  amounts  to  about  92  p.c. 
of  the  'lowers '  used. 

Analffteitpf  Artenie  Powder  mid  Artenie  Olsss. 

(1)  Powder  from  Altenberg,  from  the  eon* 

den$>er  of  a  tin 
roa.sting  fumace, 
XV  .11     the  fumace 

end  ( i^^imjmdius). 

(2)  Do.  from 
further  end  of  con- 
den  ser  (Lampa- 
dius). 

(3)  Do.  from 
Obeisehlema  (Uun- 

^j^uich  by  Google 
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(4)  Arsenic  glaaa  from  Andreasberg  ( Strong ). 

(4) 
98*2 


AanaooB  madb 

Ar?eniou8  sulphide 
Bt-iDiuth. 
i^ulphur  . 
(►re-<iust 

Antiniuniuus  oxide 


(1)  (2) 

901  9r>-8r) 
2-06  0-32 


0-73 
6-61 


0-71 
2-06 


(3) 
94-31 
1-03 
0-25 
0-50 
3-06 


I'Toptrtita  and  uses  of  arstnioua  oxidt. — 

White  ■iMoie  ooeon  in  the  wcaiugf^unB  or  gluqr 


Fio.  7. 

form*  and  m  two  crystAllino  modiilcations : 
(1)  the  octahedtal  or  common  form,  and  (2)  in 
trimetric  prisms,  occasionally  found  in  ttub- 
lioMtes ;  tnis  form  is  oonverted  into  the  octahe- 
dill  variety  when  heated  or  boiled  in  water. 

The  amorphous  form  is  transparent  when 
fint  prepared,  but  becomes  opaque  when  escpoaed 
to  the  air,  especially  when  damp,  diminuhing 
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of  an  ordinar}'  piece  is  therefore  doubtful,  depend- 
ing on  the  amount  of  change  it  has  nndemNie. 

It  ia  very  f^olulde  in  gl3  C('roI,  and  is  ntfttod  by 
Jackson  to  form  glifcerj/l  ar senile  (Chcni.  News, 
49,  268). 

On  niukintr  a  strong  solution  of  the  vitreoiiJ* 
form  in  diiuto  hydrochloric  acid  by  dissolving 
3  parte  hi  s  mixture  of  12  hydrochloric  acid 
and  4  uator,  and  slowly  cooling,  it  is  deposited 
in  the  octahedral  form,  each  crystal  as  it  falls 
producing  a  flash  of  light  (H.  Rote).  If  these 
orystals  bo  redissolveil  or  if  the  opaque  form 
be  used,  no  light  is  i)ru<iuceil  ou  crystallising, 
that  phenomenpo  appearing  to  depend  on  the 
change  of  the  amor|)ho»i-<  into  the  cryitaUine 
form  at  the  moment  of  cr^  ^UiUisatiou. 

At  about  193**  arscniouH  oxide  adterai  and 
sublimes  without  fuj-ion  ;  it  fuses  under  pres- 
sure ;  its  vapour  i.s  colourless  and  odourless. 
It  is  acid  to  test  popers,  but  <hx  s  not  appear  to 
form  true  antoious  acid  on  solution  in  water. 


>iightly  in  specific  gravity  and  forming  the 
•  ry,tal]ine  oxJde.  Tlie  action  commences  at 
the  outside^  so  that  oven  after  »  oonaiderable 
time  a  pieoe  is  freqaently  found  v»ith  a  trans- 
r«rpnt  nucleus.  The  vitreous  form  may  bt?  kept 
la  a  sealed  glass  tube  unchanged  for  years. 

The  ritreoos  form,  according  to  Bnchner,  is 
iohble  in  108  parts  of  cold  water,  whilst  the 
o(aqae  form  requires  355  parts ;  the  solubility 


Arseiuoufl  oxide  is  a  powerful  febrifuge,  being 
sometimes  efficaoiout  when  quinine  has  failecL 
It  is  highly  poisonous,  2  or  3  grains  being  a 
very  dangerous  dose.  \\'hen  used  habitually, 
however,  comparatively  large  quantities  may  be 
taken  with  imjnmity.  The  inhabitants  >f  Styria 
eat  it  under  the  name  of  "  hydrach,'  to  nicrcase 
their  endurance.  Many  authentic  cases  are 
reconletl  of  6  grains  and  u})wards  being  taken 
without  ill  effect.  Arsenic-eaters  arc  stated  to 
be  fresh  complexioned,  with  a  tendency  to 
«tOutnes8,  to  Im»  long-lived,  but  in  die  Kudflenly. 
The  workmen  engaged  in  the  numutacturc  of 
dyes  where  arsenic  acid  is  used  have  been  ob» 
servetl  to  have  this  tendency  to  stoutnes.s  (v. 
Roscoe,  Mem.  of  Lit.  I'hil.  iSoc.  Manchester, 
1800).  In  c&si^s  of  death  from  poisoning,  the 
greater  part  of  the  arsenic  appears  to  be  con- 
tained w  the  liver  aud  intestines  ;  of  the  bones, 
thoee  of  the  pelvis  and  neighboarfaood  vertebra 
appear  to  contain  most. 

In  manufactures,  arscnious  oxide  is  used  : 
in  glass- making,  to  remove  the  colour  produced 
by  the  lower  oxides  of  iron ;  in  enamellinp; ; 
in  calico-printing  ;  as  a  constituent  of  white; 
fire  in  pyrotechny  ;  for  the  prcventioik  of  boiler 
incrustations  (40  parts  white  arsenic  to  9  so- 
dium carbonate)  ;  in  the  manufacture  of  arsenic 
acid ;  and  of  fly  and  rat  poisons ;  and  in  the 
manufacture  of*  a  large  number  of  pigments, 
arsenic  being  found  in  green,  blue,  pink,  whit*-, 
brown,  aiul  other  colours.  As  a  pres<Tvative 
it  is  thrown  into  the  hokls  of  ships,  to  provent 
vegetable  decomposition ;  as  a  wash  for  walls 
in  India,  to  prevent  insect  ravages  ;  to  j>revent 
smut  in  wheat ;  and  w  ith  sodium  carbonate  as 
a  wash  for  sheep ;  and  in  arsenical  soap,  for 
pcest^-rving  skins. 

Arsenious  oxide  is  employed  in  the  fixation  of 
aniline  oolotus,  especially  of  aniline  Mae.  It  is 
use<l  principally  lor  preparing  stean)  eoloun, 
either  aa  a  Kdation  in  glycerol  containing  4  lbs. 
of  the  oxide  to  I  gallon  of  glycerol,  unoer  the 
name  'arsenic  and  glycerine  standard';  or  as 
sodium  arsenito,  dissolved  in  sodium  carbonate 
or  borate. 

In  medicine  it  is  used  us  Fowler's  solution, 
which  contains  4  grains  of  tho  oxide  (in  the 
form  of  sodium  arsenite)  in  each  ounce  of  fluid. 

In  India  it  has  been  used  as  a  cure  for  h\(lro- 
phobia  and  serpent  poisoning.  I«uipj!jSJ<!MyiL.oOgIe 
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burgcT^  ii  is  lar{{(-Iy  used  as  a  touic,  to  eradicate 
worms,  and  for  impiDVUkg  the  ooata  of  bones. 

It  occurs,  either  an  impurity  or  as  an 
adulterant,  in  a  hirge  iiuuiLier  of  cummcrcial 
products.  Besides  the  ordinary  commercial 
compounds  in  which  arsenic  is  pxpoct<d  to  be 
present,  it  has  been  found  in  caustic  lioda, 
potassium  chlorate,  commercial  glucose  (Clouet 
ond  Hitter),  and  in  wine  free  from  artificial 
colouring  matter  (traced  to  sulphuric  acid  used 
ill  jnirif^  ing  the  casks).  Dr.  Tidj'  found  about 
38  p.c.  of  arsenious  oxide  in  some  *  violet  powder  ' 
which  had  caused  the  death  of  nt  least  two 
children  (Lancet,  Aug.  21,  1878). 

In  tho  year  1900  occurred  a  serious  epidemic 
of  arsenic-poisoning  duo  to  contamination  of 
beer  through  the  use  of  brewing  sugars,  glucose, 
or  *  iavert  *  sugar  containing  arsenic.  The 
anenio  was  intnxluced  by  the  use  of  highly 
arsenical  sulphuric  acid  in  the  production  of 
the  suMEB.  The  total  number  oi  persons  who 
Ruffered  in  oonsequoioe  of  the  epidemic  was  cer- 
tainly 6000,  and  probal)ly  considerably  greater. 
At  least  70  deaUu^wece  attributed  to  the  epidemic. 

Coal  or  eoke  used  for  malt  drying  always 
contains  ar.-cnic ;  with  an  ordinary  malt  kiln 
part  of  tho  aneoio  volatilises  and  may  deposit 
on  the  malt.  Various  methods  have  1>eeii  tried 
ami  adopted  in  which  it  has  bccti  found  that 
access  of  arsenic  to  malt  may  bo  obviated  or 
diminished  ( Roval Commission :  AnmAml  Poison- 
ing. i9o:r; 

(For  a  statement  of  the  amount  of  arsenic  in 
the  varieties  of  pj^ites,  and  of  its  distribution 

in  tho  preparation  of  sidphuric  acid  and  alkali, 
i\  H.  Smith,  Phil.  Mag.  [4]  -14, 370  ;  Chcm.  News, 
28,  176;  and  C.  Hjelt,  Dingi.  rmlv.  J.  226, 
174-181.) 

Erescnius  finds  that  tho  arseoio  in  many 
ohemioa]  glasses  is  removed  by  alkaline^  bat  not 

hy  acid  liquids ;  the  bearing  of  this  On  judicial 
investigations  is  important. 

The  oommereial  article  is  freqnenfly  adul- 

t-  ratod  with  jrypsum,  chalk,  &c.,  these  may 
easily  be  detected  by  heating  a  little  on  a  knife, 
when  they  viU  remain  after  the  oxide  has 

Vril;»1  ili--:  rl. 

Sodium  arsentte.  Acid  sodium  araenite 
Na,0-2As,0,-2HjO 
is  prepaved  by  dissolving  arsenious  oxide  in  a 
solution  of  caustic  i-o<la  or  sodium  carbonate, 
iind  uvap4irating  tho  solution.  The  neutral  salt, 
Na|0*AB,Oa,  is  formed  by  boiling  this  compound 
for  some  time  with  f'odium  rarbonatr,  and 
washing  the  residual  ualt  with  alcohol  (Fa>iteur). 

Potassium  anenite  is  prepared  in  a  similsr  | 
manner. 

tSodium  arsenite  is  used  us  a  substitute  for 
>dung  in  dyeing,  but  is  not  80  rellabla  as  the 
ar^^t  iiate.  It  enters  an  to  the  compoi^ition  of  all 
preparations  in  w  hich  arsenious  oxide  is  dissolved 
with  sodium  carbonate. 

An  arsenite  of  chromium  and  iron  is  used  as 
a  green  pi^jmcnt  in  wall-paper.-*. 

Scheele's  green.   Ar^  niteof  topper,  Hyito- 

ctipric  arscuiU.  CuH.AsOa. 

Acconling  to  Schcele's  nu  t  hod,  11  oz.  ar- 
senious oxide  are  gradually  added  to  a  nolution  [ 
of  2  lbs.  putas><itim  earlK>na(«'  in  10  lbs.  boiling 
water ;  tins  is  filtrrcd  au<l  i)oiire<l  into  a  sola- 
tion  of  2  lbs.  cop|)cr  sulphate  in  30  lbs.  water, 
so  long  as  a  grass-green  precipitate  Calls.   Thb  > 


precipitate  is  throwni  upon  a  filter  cloth,  wiafil^ 
with  warm  wat^r,  and  dritxl  gently  with  the 
production  of  about  1|  lbs.  of  tho  pigment. 

Scheele's  green  is  a  pulverulent,  tine  Ikht- 
green  colour,  formerly  laigdy  use<l  in  caOco* 
printing  and  for  wall-papers.  It  is,  however, 
much  less  used  at  the  present  time.  It  dissolvcb 
entirely  in  excess  of  auali  or  in  acidSk 

SchwelnfUTth  green.  Imperial  green,  Emi- 
raid  green.  Milis  green.  Actto-arseniU  of  copper 
(when  mixed  with  gyspum  or  heavy  spar,  known 
also  as  Mountain  or  Neuuriedfr  green), 

aCuOAsjO.-CuHCjH.O,),. 
Five  parte  of  verdigris  (basic  copper  acetate) 

are  niadf-  into  a  thin  jwstc  with  water  and  iidded 
to  a  boiling  solution  of  rather  more  than  4  parts 
arsenious  oxide  in  50  parts  water ;  ttie  solution 
is  kept  boiling  ilurii  .'  the  niixtun-.  If  a  ycllow- 
grecu  precipitate  talis,  a  little  acetic  acid  is  added, 
and  the  solution  boiled  a  few  minutsa  longer ;  the 
precipitate  becomes  crystalline  and  soon  acquiies 
the  cnaracteriatio  sreen  colour. 

A  very  fine  moauot  is  prejxared  by  the  follow, 
ing  methcKl  : — Boilin;^,  coiicrntratcd  -ohjt)(Mi.>  of 
arsenious  oxide  and  copper  acetate  are  mixed  in 
such  proportions  that  equal  weights  of  the  two 
vuhst-anccs  aro  present  when  a  Inilky  t>li\ r  ^rn  c:, 
precipitate  falls ;  an  equal  bulk  of  cold  water 
is  then  added  and  tiie  mixture  placed  in  a 
flask  vlii  h  it  fills  to  the  t  I:,  thus  prr  v«-ntinc 
any  i>eUicie  which  may  form  on  the  siirfaoe  truoi 
falling  through  tho  liquid  and  causing  a  prema- 
ture crystallisation.  The  colour  midcr  these 
oircumstaooee  takes  two  or  three  days  to  perfect, 
the  beauty  of  the  product  being  much  increased 
bv  slow  formation.  Tho  workmen  rnji.imN]  in 
the  preparation  of  tins  pigment  do  not  appear  to 
be  injured  by  it.  In  contact  with  organic  matter 
it  i*'.  however,  liable  to  change.  Bi?cho3 
(Zoitsch.  anal.  Chem.  23,  117)  states  that  micro- 
organisms and  fimgi  act  on  componnds  of  anenic, 
producing  arseniuretted  hydrogen;  and  Fleck, 
Sonnenschoin»  and  others  have  conclusively 
shown  that  this  is  frequently  present  in 
the  air  of  roomi  wnth  arsenical  wall-papf-r.  By 
tho  action  of  damp  and  mould  on  paper  coiouivd 
with  this  piirment  a  peculiar  (>d(jur  is  frequently 
produced,  which  appears  to  be  due  to  the  focma* 
tion  of  diethylarsine  (v.  Ars£3iI0  mould). 

Afsenic  oxide.  Ar^ienic  ae^  Arsenic  pent- 
oxide,  Acide  arst'niqutp  ArtoMmt,  Addmm 
arsenicutn.  As^O,. 

ftoduoed  when  arsenious  oxide  is  acted  upon 
b}-  an  oxidising  agent. 

On  the  large  scale  4  j*arlH  wluU.-  urst  nu  i^rv 
gradually  added  to  3  parts  nitric  acid  of  not  less 
tliau  I  35  sj).i;r.  in  a  vat  capaMc  of  holding' 
troni  tiii  to  70  kilos,  uf  whit*i  arsenic.  Great 
heat  is  produced  and  the  evolved  fumes  are 
passed  over  coke  moi'^tcnod  w  Itli  wntcr.  whereby 
about  two-thirds  of  ihu  nitric  acul  is  recovcrod. 
In  24  hours  a  syrupy  liquid  is  formed,  containing 
a  small  qtjantity  of  arsoniou'?  oxide,  \^hioh  may 
be  oxidised  w  ith  a  littk-  more  nitric  at  id. 

Kestner  performs  the  oxidation  in  large  glads'? 
lla^ks.  the  nitrous  fumes  being  passed  through 
lead  pi{Mjjj  and  condensed  in  leaden  chanibcxit. 

Ars<.>nic  oxido  has  ahio  been  preparvd  by 
sus[)emlin^  ar?»entous  oxi»le  in  water,  jia-^^yint'  ** 
current  ot  cidorine  through  the  iiipml.  aiA 
evaporating  the  solution  thus  product^!. 

It  is  a  ^quesoeat  solid  fia|m^aA  lsydiiU»«)gic 
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iMt.  of  acid  metallio  taste  and  neict  reaction.  [ 

It  dissolves  in  6  parts  cold  and  in  2  parts  hot 
water.   A  cold,  strong  aolutioD  blisters  the  skin,  l 
AtRttie  oside  and  its  salts  are  lees  poisonous  i 
than  tho  rorrf  s|m  ui  liiig  arsenious  f'(>ni]K)un(Is. 

Sodiam  USeaaU.   Hydric  disodic  arsinaU't 
*Diin9mU*  lfa,HAsO«. 

It  h*  jm-pared  by  saturating  ar.s»'ni»>u.s  oxide 
with  crude  soda  aui,  diying,  and  dellagrating  , 
with  sodinm  nitrate  in  a  reverberatory  furnace* 

Arscnato  of  stxla  i.s  largely  u.  e<l  in  raljoo* 
printing  a.s  a  substitute  for  dung,  its  feebly 
alkaUne  pro{M>rtie8  rendering  it  uwfol  for  that 
purpose. 

ArtmaU  of  iron  is  an  smor^hoos  green 
powder  eontaming  33*6  p.e.  amenie. 

Arsenic  sulphides.  Ars^-nic  forms  threo 
weU-detined  sulphides,  AsjS^,  As^S.,  and  As^S,, 
the  two  former  occwrring  natural^.  A  largo 
numhi-r  of  othiT  solplu&i  of  indefinite  oom- 
poaitimi  also  exist. 

orseatc. 

phur.  RothfA  rauAchgelb.  Rnthf«  Srhu'*'fel. 
Sulpkuri  rouge.  Orpin  rouge,  Misigalio. 
Smiaraea.  Aa^Sf. 

ProparM  by  fusing  togethor  arsenic  and 
aolphur  or  orpiment  in  the  pruuer  proportioiut. 
On  the  largo  scale  it  is  obtained  by  distilling  a  ; 
mixturr  of  arsenical  ores,  such  ns  arsenical  and 
iron  p^Tites,  with  sulphur  or  with  tho  sulphide* 
of  arsenio  precipitated  in  the  porifieatioa  of  I 
iolj^urie  acid. 

The  mixture  should  contain  about  15  p.c.  i 
srsenic  and  26-28  p.c.  solphnr ;  it  is  placed  in 
fla<k-h/tIM'd  earthenware  retorts,  hol<ling  about 

lb;.,  when  two-thirds  full,  which  art-  connected 
with  .«iinilar  reoeiTers.         Mtorts  arc  gradually  j 
heated  to  redness  and  kept  so  for  8-12  hours. 
The  crude  realgar  should  be  compact,  dark, 
•od  rMi  in  arsenic ;  if  sulphur  be  in  excess  it  ' 
18  friable  and  light  p  d.    It  i;^  r^-raelted  rapidly 
in  cast-iron  pans  with  the  requisite  amount  of 
Kolpbur  or  arsenic,  or  with  realgar  of  poorer 
qoality.    The  nia^"-  is  cleared  of  slag  and  heated 
ontd  quite  fluid,  and  until  a  small  quantity' 
liiows  the  proper  appearance  on  oooling.   It  j 
w  then  poured  into  conical  sheet -iron  moxilds. 

Greater  care  is  necessary  in  tho  preparation 
cf  tsalgar  than  of  orpiment,  and  an  assay  ii  | 
frequently  made  to  ascertain  the  exact  proper-  ' 
tioDs  required  before  tho  final  melting. 

It  is  hard  and  brittle,  generally  opaoue,  with 
vitreous  conchoidal  fracture,  orange  or  nyacinth 
red  in  masa  and  orange-rtnl  in  powder.  Its 
ip^.  is  3-4-3  0,  and  its  usual  composition 
f  nr-^-n'u-  Tf),  sulphur  25.  It  volatilises 
ta^ily  Ufore  the  blowpipe  with  a  smell  of  garlic  j 
•ml  burning  solphur,  is  insoluble  in  water  or 
hydrochloric  aoid,  bnt  soluble  in  alkaline 
Kulphidea. 

Realffar  is  a  constituent  of  blue  fire  and  of 

*  *iiit<'  Bengal  fire,'  which  is  used  aa  a  signal 
light,  and  consists  of  roalgar  2,  sulphur  7, 
potassium  nitrate  24. 

The  finest  variety,  especially  that  which 
occurs  native,  is  used  as  a  pigment  by  artists. 

Orplmaot.  Operment.  Oelbfs  Raiuschgdb. 
MimgaOum,    Auripignuntum  (of  which  its  usual 


name  is  a  corruption).  YdUno  Sidphide  o/| 
.^rsmie.  AsjS,. 

This  sulphide  is  formed  as  a  yellow  pre- 
cipiute  when  sulphuretted  hydrogen  is  passed  [ 


throi^^h  a  solution  of  anenkras  aeid  in  hydro* 
chloric  acid. 

Schultie  ( J.  pr.  Chem.  iff,  431 )  considers  that 
another  form  of  the  trisulpliide  exists  which  is 

.soluble  in  water  (r.  CoU-OIDS). 

On  tho  large  scale  it  is  prepared  by  subliming 
sulphur  with  arsenious  oziue,  2  parts  of  araenious 

oxide  and  I  part  su]f)hur  Ixin;^'  a  (  (niiiiion  pro- 
portion ;  the  colour  of  tho  product  is  lighter  when 
less  sulphur  is  used. 

Aecordinu  to  R.  Wagner,  a  very  fine  colour 
may  be  produced  as  follows : — 2  parts  finely 
ground  barium  sulphate  are  calcined  with  1  part 
powdered  charcoal  or  other  carbonaceous  nmttcr, 
and  the  product  is  pulverised,  mixed  with  1  part 
ground  orpiment,  boiled  in  water  and  filtered. 
The  solution,  containing  a  sulpharsenitc  of 
barium,  is  precipitated  by  tlie  aadition  of  sul- 
phurio  aeia.  By  the  addition  of  a  suitable 
amount  of  barium  chlorirle  l><>fore  )>r'  ' ipitat Ion, 
the  pigment  may  be  corrospoudiugly  lightened  in 
colour. 

Orpiment  is  irv^oluMn  in  water  but  very 
soluble  in  alkaline  sulphides.  It  was  formerly 
much  used  as  a  pigment  under  the  name  ot 
King's  Yellow,  but  now  is  largely  replaced  by 
chrome  yellow.  Tho  lighter  varieties  contain 
as  much  aa  80  to  90  p.c.  of  arsenions  oxide, 
and  arc  consequently  very  poisonous.  The 
darker  varieties  contain  from  I  p.c.  to  15  p.c.  of 
the  cndde  and  from  0*2  to  S  p.o.  non-volatile 
matter.  It  is  used  in  pjTotechny.  and  the  finer 
kind,  especially  tho  mineral,  i.s  made  ^into 
pigment  for  artists. 

It  was  formerly  used  as  a  deoxidising  agent 
in  the  reduction  of  indigo  blue,  and  in  ammonia- 
cal  solntioa  in  silk-dyehig.  A  mixture  of  0 
orpinTcnt  and  I  quicklime  made  into  a  paste 
with  water  is  used  under  tho  name  of  '  liusma  * 
for  removing  hair  from  skins,  but  is  now  generally 
replaced  by  the  solution  of  sulphide  of  lime 
prej)ared  from  tho  spent  lime  of  gasworLs. 

Arsenic  pentasulpbUa  Ast^y    Berzelius  in 

182fi  state<l  that  this  compound  was  fnrmcfl  when 
sulphurett^td  hydrogen  is  passed  through  a 
moderately  concentrated  solution  of  arsenic  acid, 
but  the  precipitate  was  generally  considered  to 
be  a  mixture  of  tho  trisulphide  and  sulphur. 
Bunsen  in  1878  showed  that  it  uas  |)roducod  on 
passing  a  rapid  current  of  sulphuretted  hvflrogen 
through  a  hot  hydrochloric  acid  solution  of  an 
alkaline  arsenate,  and  his  result*  were  contirrned 
bv  McOv  in  1887  (rf.  Brauner  and  Tomicek* 
Chem.  S«>c.  Trans.  1888,  147). 

Arsenic  pontasulphido  is  totally  insoluble  in 
water,  alcohol,  or  disulphide  of  earl>on.  Tho 
dry  substance,  on  rubbing  in  a  mortar,  becomes 
strongly  electrical. 

Anenle  chloride.  Buttfr  of  arsenic.  Caustic 
oil  of  arsenic  AsCl,  is  pro<luced  by  the  action 
of  chlorine  on  arsenic;  by  distilling  arsenic 
with  mercuric  cldoride ;  and  by  distilling  arson- 
ious  oxide  with  strong  hydrochloric  acid.  It  in 
a  colourless,  oily  liquid,  of  spugr.  2*206  0*/^* 
boiling  at  130-2*  (Thorpe). 

Tho  chloride  and  iodide  are  used  to  a  dkht 
extent  in  medioinA.  H.  W.  H. 

OaoAino  Compounds  ow  Aaaxino. 

Cacodyl  oxide  {Dimethyl  arsine  nxiilt) 
[As(CHa)s]tO  is  formed  by  the  dry  distillation  of 

a  mixtuve  of  equal  parts  of  potassium  acetate. 
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and  araenie  tiioxide.   Ab  tlras  obtained,  it  ia 

8{K>nt;in(  «msly  innaimnablo  nwinu  to  the  presence 
of  free  cacodyl.  When  pure,  it  ia  an  oily 
liquid,  b.p.  KMr.  inaolnble  in  w»ter,  «ad  of  a 
poweriful  and  nnn^^pous  odonr.  It  is  extremely 
poisonoua.  With  acidn  it  formal  wits,  niich  tLs 
caetdyl  ekkmie  As(CH,)/(1 ;  thia,  on  heating 
with  niflailic  zinc,  in  ftbsorco  of  air.  yi'lcJs 
cacodyl  Ah,(C'H3)4,  as  a  coluurleiM,  liquid,  uluch 
takes  fire  on  expoaure  to  air.  This  coni{K>und 
hIho  ha.^  an  intcnBcIy  .diaagreeable  •meU,  and  is 
very  poiuonoua. 

Caeotfylle  add  (OH,),  A«0  OH  is  obtained 
by  the  uxiilation  (jf  cai  odyl  uxulc  by  raeant)  of 
mercuric  oxitl€>.  It  is  a  cr>»l«iliiit,  odourless 
fiubstanre,  and  is  not  poisonous  (Bun»en ; 
Marshall  and  (Jreene.  Anier.  (  hem.  J.  8,  128). 
The  Ballii  ot  cacwiylic  acid,  e.-^iH'c.iaily  the  sodium, 
magnesium,  and  Htrychnine  saltH,  have  been 
nyed  in  tnr dieinr-,  hut  luiv  fallen  into  diKfavonr 
on  account  of  their  lack  ol  arsenical  effect,  and 
of  certain  itnpleaMmt  effeeta  attendant  upon 
their  use. 

Disodium  methylarsenate,  'arrhenal'  ("New 
fdcwfyl')  (JHj  AsOfOXa)^  is  prepared  by  the 

interaetinn  r>f  im-lliyl  iodide  and  sodium  arsenate 
in  the  prejit'iicf  of  <  xce«s  of  alkali.  It  a  while 
crystalline  compound.  « asily  soluble  in  water, 
hut  only  slightly  <tolublo  in  alcohol.  It  may  be 
distinguislicd  from  sodium  cue od\  late  hy  nieanii 
of  mercuric  chloride,  which  gives  a  reddish- 
yellow  prc(  i[>itato  with  arrhenal,  but  a  white 

Srecipitate  with  the  cacodvlatc  (Martindale, 
.  Ghem.  Soc.  Ind.  1907,  907). 
The  compounds  of  iirsenic  with  aromatic 
ra<lieles,  especially  atoxyl  and  ita  congeners,  have 
attained  imiHJrtancc  in  the  treat  im  iit  of '  sleeping 
sickness,' ('ami lia  fe\  f  r,  iVc.,  w  hich  are  due  to  the 
presence  of  B^x^'itio  tr^panoHouiala  in  the  blood 
(r.  Plimmer  and  Thomson,  Proc  Boy.  8oo.  B. 
1907,  505). 

Wphenylarsinic  acid  {Phenyl  cacodyhe  acid) 
(CjHglj :  AsO  OH  is  prepared  as  follows: 
Diphenyl-ar.*enious  chloride,  one  of  the  products 
of  the  interaction  of  mercury  diphenyl  and 
ari^enious  chloride  fMichnelis,  Ber.  8,  1316;  9 
1560),  is  mixivl  with  water  and  treated  with  a 
rapid  .'-trtam  uf  thloriiic  at  a  temperature  of 

Diphenylarsinic  chloride  (C,H,)^C1.  ia 
thus  formed ;  the  solution  is  evaporated  to 
dryness  on  the  wator-bath,  and  the  residue  taken 
up  with  water,  from  which  the  acid  can  Ixs 
crystallisod  in  long  neodle.s ;  m.p.  174®  (Mi- 
cbaelis,  Annalcn.  I'Ol,  231  ;  321,  151).  Martin- 
dale  recommends  the  u.«*e  of  ether  as  a  solvent. 
( For  an  altematire  metho<l  of  preparation,  we 
Sacfaa  and  Kant<  r   ^ :  /,  Ber.  41,  2767.) 

P-Tolylarslnic  acid  CH,;C^4-AaO(OH),  U 
pr»'iMired  by  passing  chlorine  into  a  mixture 
oC  I  part  /)-tolyl-arsenious  chloride  and  jiart.s 
water  at  t»0*'-70°.  The  solution  is  cvaporateti 
to  drjTiej^s  and  the  residue  boiled  with  water, 
from  which  the  acid  crystallises  (Martindale). 
The  acid  has  l>cen  fouud  efficacious  in  destnj\  ing 
try()ano8ome8  (Trimmer  and  Thomson,  ibid.). 

7>-Amlnophenylarslnle  acid  {Arsa»ilir  arnl) 
w  as  liwt  prepsred  by  B«'<  harap  in  1863  (Compt. 
rend.  66.  1172),  by  heating  aniline  arsenate  at 
i\Hf-2W°.  Hr  sup|M)sc(i  It  to  ]><■  an  iuulido  of 
arsenic  aoid.  Ebrlioh  and  Bt*rthcim  have  shown 
(Ber.  40. 3292)  that  the  add  baa  the  compositiott 


expressed  by  the  formula  eni,-C^4-AB0(0H)r 

It  is  weakly  basic,  and  forms  salts  with  acidi 
which  are  at  once  hydrolys^ed  by  water* 

Sodium  ;)-aminophenylanilial*,  known  as 

'  afort^I '  (arsamin,  soamin)  N ,-.\.'0 
(UH}UNa,  is  obtained  by  neutralising  the  above 
acid  with  soda.   Tt  is  a  white  salt,  cryataTUsittg 

with  an  amount  of  water  variously  state^l  to  b© 
between  2  and  6  molecules,  and  eflloreeoes  on 
exposure  to  air  (Moote,  Nierenstein  and  Todd, 
Hioehetii.  .four.  1907,  300 ;  r.  .ilso  Fhrlich  and 
Ik  rtheim).  The  anhydrous  salt  is  soluble  in 
methyl  aloohol,  but  almost  insoluble  in  ether, 
acetone,  l)eniol,  or  chloroform.  (For  its  therm- 
pt»utic  action,  see  Pharm.  (Jhem.  Jour.  lUO", 
528. )  It  is  at  present  the  compound  of  araenie 
moFt  largely  nscd  in  combat  int;  trypanc>-orne-!. 

Atoxyl  solutions  should  be  made  with  coid, 
boiled  water  and  kept  in  the  dark.  They  most 
not  be  allowed  f<.  Iwcomc  nllcaline.  anfl  should 
be  lH>iie<l  for  two  minutes  (not  mort?)  before  use. 

(For  a  method  of  estimating  either  arrhenal 
or  atoxyl,  v.  Bousault»  J.  Pharm.  Cbim.  ]907» 
13.) 

Meraivy  jy-tBliMflMiiyUnlnate  {Asyphil) 

has  been  suggested  as  a  suVistitute  fc»r  atoxyl. 
It  may,  in  common  with  many  other  intiolubie 
organic  compounds  of  arsenic,  be  dissolved  in 
ulvccrol.  and  thia  solution,  stronji  or  dibit. -"l. 
used  for  injection.  It  is  said  lli&t  such  a  solution 
has  a  strouL'er  action  on  trypanosomes  than  has 
atovvl   r  WuI'T  <;er.  Pat.  213394,  1908). 

Acetyl-j'-aminophenylarsinie  zeii  {AretyU 
arsanilic  acid)  CH,-€0NH-C,H,-Ab(OH),  is 
prepare<l  by  a( ft',  hiiin^j  31  parts  of  atoxyl  with 
55  {tarts  of  acel  le  nnhyiLride,  and  thea  atlding 
300  parts  of  water  and  62  parts  hydrochloric 
acid  (Ber  40,  3292).  By  nentialiatng  the  acid 
with  si»da, 

Sodium  aeetyl  p  aminophenylarsinate  {'  Ar- 

mrrtiv:  not^ilainxiih  CM, CCVXH  r^H,- 
AsU(UH)"t>Na  is  obtained  JKS  a  white  cry.sLailine 
potraer,  soluble  in  water  (1 :  10).  I^is  com- 
pound is  stated  to  in-  les**  toxic  than  atoxyl  (r. 
Extra  Pharmacopoeia,  xiii.  Iti8),  and  its  solutions 
can  be  sterilisea  by  heat  and  stored  without 
alteration.  It  has  been  successfullv  exhibited 
in  cabcs  of  syphilis,  and  is  very  actiw  in  com- 
bating trypanosomes. 

Fhenylglyelne  p  arsinic  add 

CO,HCH,NH-t,H4AsO{OH), 

is  prepared  either  by  mixing  sodium  p-amtno- 
arainatye  ('atoxyl ')  and  ehloroat  eti*-  acid  in  hoi 
water,  or  by  hydrolysing  with  alkalis  the  oitrije 
CN  CH,  NH-€',H4AsO(OU).  prodnoed  by  warm- 
ing together  in  aqueou."  solution,  p  aminvph*  nyl- 
arsinio  acid,  potassium  cyanide  and  40  p.c. 
formaldehyde  (D.  R.  P.  204964). 
Antnophenylglycine  (  ( I R  ' ) 

Aa,(C,H«-Nli( 'I  L  •(•(),»),. 

a  reddish-brown  powder,  soluble  in  aqoeotts 
sodium  carbonate,  bat  insoluble  in  dilate  minMal 

acids,  and  the  ordinary  oruanie  tim  .Im.  is  pn - 
I  pared  by  reducing  the  preceding  compound  with 
^  alkaline  socBom  hyposulphite  (D.  R.  P.  200067  • 

r.S.  Pat.  888321).    This  substance  has  given 

pn)mising  results  in  sleeping  sidaiesa.  Eludich 
I  supposes  that  it  aols  on  that  part  of  ihotiTpaao- 

somo  coneerned  with  multiplication.  The 
1  sodium  salt  is  a  readily  soluble  vellow  powder. 

!  whioh, hoifw«r» om bo praMrrea  oi^y  insgaled, 
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tobet*  tt  hta  found  employment  in  a  6  p.C.  ^ 

oiotnv.'ji^  in  <'\  e  afFectiriii:-.  ;>nil  i  -zt/n^  I 

jKliyilroxyphenylarsinic  acid 

jvUow  prifnis;  m.jt.  173^-174',  is  obiunable 

either  direct]}' by  heating  phenol  and  crystallisecl 
anaiuc  acid  at  150°  for  4  hours,  or  bv  docompo*- 
iiif  with  hoi  mrter  tlie  diuoninm  osriTativo  of 

p-aminoplienylftrsi ni  i    i  : d. 
2-Mttrophenol  p-arsinic  acid 

JiU-i;,H,(N0j)-A80(0H  )j, 

l«  prepAred  by  duaolruig  the  sodimn  salt  of  the 
preceding  arid  in  cold  concentrated  sulphuric 
acid  and  adding  to  tlie  solution  at  O''  the  calcu- 
lated amount  of  nitric  acid  f8p.gr.  1*4)  mixM 
with  an  equal  vulume  of  8ulphuric  acid. 

4 : 4'-I>iiiydroxy-3  :  S'-diaminoanenobenzene 
kyllMUaflia  A8,[C„H,(0H).NHtl„2Hn  (/9a^. 
rrr-ii/i.  *  GOfi ')  is  prtiduced  by  reiliti  iiu  the 
preceding  compound  with  sodium  «ulphide,  when 
the  free  MM  aeparatefl  as  a  vellow  orystalline 
pn-*  i[  .  soluble  in  dilute  nydroohloric  aeid 
or  ju^ueouB  alkalis,  and  roprecipitated  from  the 
latter  by  aeetio  add.  Tlus  compound  appean 
to  have  a  specific  action  on  trvpanosomes  and 
^irochetee  with  a  minimum  evil  aiter-efiect  on 
ta»  boat  of  tlmo  panrifie  oxganisms.  Very 
remarkable  curative  results  have  be<'n  obtained 
m  ^philis,  relapsing  fever,  framb<ssia,  and  fowl 
qnuuMia.  The  drag  luw  aim  been  exhibited 
with  ?nme  success  in  malaria  and  leprosy  ;  it  i.i 
apnlied  in  the  form  of  injections,  which  may  be 
otlnr  snbcataneou,  intranra»oular,  or  intra- 
Tenon 

When  a  sufficieat  doi<c  is  adiuimstered  it  is 
fn^QMilly  fmind  that  complete  disappearance  of 

the  specific  organism  is  effected  aftor  a  single 
injection  (p.  Ehrlich  aiid  Hata,  Die  oxperimen- 
t«Ue  Chemotherapie  der  Spirillosen  (syphilis, 
Riickfallfieber,  Huhner  Spinllo^o,  Frsmboicsie) ; 
■I  Brealer,  Die  SyphiiuiWhandiung  mit  dem 
Ehriieh-Hata'schea  Mittel ;  Martindale  and 
Westcott,  S  il varssn  or  '600,'  101 1 ).  (For  organic 
arsenic  eompjonds  containing  two  or  thre 
aromatic  or  hydroaromatic  groups,  v,  Cbem.  Soc. 
Trans.  1908,  93,  1180.  1893,  2144  ;  1909,  95, 
U73i  fier.  1908,  41,  931.  1672;  1910,  43, 
Ml.) 

Arstnogene  i'^  an  indefinite  compotind  of 
peptMiised  casein  and  arsenic,  recommended  for 
■MdieiBa]  qm  by  Salkowaki  (Apoth.  Zeit.  1908. 

114). 

The  }ire]>arfttion  of  albuminoid  corii}>ounds  of 
fi  -  has  hi'vn  ]>atcntcd  bv  Klopfer  (D.  R.  P. 
214717,  1906)  and  Oneida'(I>.  B.  P.  201370, 
1906). 

(For  the  determination  of  arseoio  in  Offganic 
compounds,  fee  Little.  Cnhen  and  MoTf^ui,  Irans. 
(Tiem-  Soc  1909.  1477.)  I 
,  ABUtnCAL  PYRITES  or  Artenicnl  mundir. 

TCsmes  commoiily  u.-if-d  by  miners  for  tin*  nuncral  , 
tji'frrh'l  (r/.f. )  or  (irftnoiiyrik  (I'VAsiS),  which  is  ' 

ARSENIC  MOULD.  Penkittium  hrtvicmtU. 
This  organs  in,  limt  obtainc<l  by  Gosio,  in 
pntuuee  of  an  arsenic  compound,  forms  AWAyf- 
fl^»»iK  AsH(CjH5)^.  to  which  the  poisonous  gas 
deTeloped  by  wall-pajpers  coutaiuiu^  arsenic  is 

rbably  due.    The  nniiatioQ  of  diethjlanine  | 
.  the  action  of  thi<<  mould  ha.s  been  used  as  a 
tttt  for  araonio  by  Markmann  (Chem.  Zeutr. 


1900,  ii  1187):  Galli-Valerio  and  Strzvzowski 
{ihid.  1901,  i.  63). 

PtMciUium  brwkavlt  also  givca  garlic  or 
nmeaptan^like  odovia  wHh  eompounda  of 
selenium  and  teUnriiim  (Ifaaaaeo,  Gmm.  Zientr. 
1908,  i.  1245). 

ARSENOOBNE.  TVade  name  for  an  albu- 
minou.s  ]»rej)aration  of  arsenic  and  iron  obtained 
by  heating  peptonised  oasein  with  arsenic  acid 
and  ferrio  ammonhim  solphate.  Vaed  in  medi* 
cin.-  (Salkowski.  Apr,t!i,  Zeit.  1908,  23,  114). 

ABSKMOFYRITE  v,  Mispickku 

ABSmB.  Anmic  frihifiride  (v.  Absshic). 

ARTEMTSIN.  An  alkaloid  isolHte.1  by  M-  nk 
from  the  mother  liuuors  obtained  in  thu  urcpara- 
tion  of  santonin  nom  the  aeedii  of  Ariemima 
maritima.  Forin.s  i  olourK-s.s  crystals  ;  in.  p.  2W  ; 
sparingly  soluble  in  water,  more  soluble  in 
aloohol;  [a]     84*3<*.    With  hot  soda  solution 

gives  a  carmine  red  solution,  colourless  on 
eoolinj^.  (Jives  an  oximc  with  hydroxylaniine, 
and  a  hydrazoao  with  phcuvUiydrazine  (lk*rt<>lo, 
Pharm.  J.  1902.  489  ;  Freund  and  Mai,  Ber,  UK)1, 
3717  :  rf,  W  r.r|,,kindand  Koch.  B^  r.  IW.').  ISbVi. 

ARTICHOKE.  Three  vegetables  are  known 
by  this  name:  (1)  the  Olobe  artichoke — the 
flower  hea<l  of  Cynara  gcoff/mu^  ;  (2)  the  Jrni- 
salem  art  ichoke— the  tuber  uf  UrUanthim 
tuberosus  ;  (3)  the  Japanese  or  Chinese  artichoke 
— called  also  Chorogi — ^the  tuber  of  Skuhtft 
tuberifera. 

The  following  aie  analyaee  of  the  taboca  of 
the  two  latter 

Carbo- 

Wster  Ptdaln  Sat  hydiates  Ash 

Jerusalem  arti- 
choke .  79-6    2-6    0-2    16-7  1-0 
Stacliys  tuberifera  78-06  4-32  0  16  14  03  1-21 

(StrohuHT  and  Stift,  Bie<l.  Zcntr.  21 ,  820.) 

The  '  protein '  of  the  Jerusalem  iirtichoko 
includes  much  material  other  than  true  proteid  ; 
the  earbohydcatea  consist  largely  of  inulin  and 

levulin. 

According  to  Tanret  (ruinjit.  rend.  1893,  117, 
50),  tM'o  other  carbohydrates— /(t/iVin/Aem'n  m.p. 
176*.  12C,H,„Os+3H,0,  and  synanthrin,  m.p. 
170*,  8C,H,bO,+H,0— are  also  present,  and  the 
levulin  or  synantnrose  described  by  other 
observers  as  ooourring  in  artichokes,  is  a  mixture 
of  saccharose  and  synanthrin. 

The  tubers  of  8tachy$  tuberifera  contain  numy 
nitrogenous  substances  of  an  amide  nature — 
gltUamine,  tyrosine,  arginine,  choline,  trigofH^ne, 
and  the  ohsdractcristio  body,  etachydrine 

1  y> 

CTf,— N(CH,),/ 

The  amount  of  the  la^t-named  is  estimated  at 
0-18  p.c.  ot  the  tlrv  substance  (Schulze  and 
Trier,  Zcitsch.  physioI.  t  hem.  1910,  67.  59). 
The  cbaractori»tiu  carbohydrate  is  ttachywe 
C,,H„0,„3H,0  iq.v.).  H.  I. 

ARTOCARPUS  BARK.  The  inner  bark 
(ba^t)  of  the  bread-fruit  troo  [A.  incisa  (Linn.)] 
is  used  by  the  South  Sea  Islanders  for  making 
ropes  and  clotliini,'.  According  to  Moellcr 
(Dingl.  poly.  J.  231,  463).  this  hbre  woukl  pro- 
bably l>e  a  very  useful  one.  It  can  bo  obtainc<l 
in  lar|j€»  quantii  ii  s. 

ARTOCARPUS  INTEGRIFOLIA  (Linn.  L), 
iJack  Tree)  f.  Jackwuod  ;  DvKs,  Naijubal.^  ^^^^^^ 
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ARUM  M ACULATUM  ( Liim. ).    The  common 

arum,  '  wake  robin,'  c>r  '  IdhIs  and  ladies,'  *  cows 
and  calves,'  formerly  known  as  '  abron  '  janus, 

*  rampt'  '  starch  wort,'  contains  a  Btareli  wliifh 
was  made  into  a  kind  of  arrowroot  in  llu-  Isl»- 
of  Portland,  aiul  wan  the  active  in<4rt'<lirnt  of 

*  Portland  jK>vvder,'  a  .so-called  specihc  for  i^out. 
Occa.sionally  8old  in  Paris  a.s  ft  OOemetic,  under 
the  name  of  poudrt  de  Cyprt . 

Amorj)hoph€MlU  canijxni 'ihit  us  (Blume)  is 
used  in  India  as  a  vepetablc  and  al-o  in  int-tlicinf, 
aa  are  other  of  the  Arums.  Many  of  tlir  Aroitlca- 
act  as  poiaonB,  their  toxic  action  Ix  ini;  due 
appaiently  to  the  irritation  inchK«<l  by  the 
raphides  contained  in  the  ct-Ut*  (I'lilkr  and 
Wanh  n,  Jour.  Asiatic  Soc.  of  lienfral.  67,  2, 
100;  Slahl  ;  Pflanr.en  nnd  Sthnceken,  Zeitaoh. 
Nat.  u.  >b  <1.  Jena,  xxii.      ¥.  x\\ 

ASAFCETIDA  v.  (ivu  BS8INS. 

ASAPROL  r.  Ahhastoi,. 

ASARUM  CANADENSE  (Linn.).  A  i>lant 
indigenous  to  North  America,  where  it  is  know  n 
by  the  namoR  of  'Wild  tJinfrcr,'  or  'Canada 
Snake-root.'  The  rhizome  yields  on  distillation 
an  essential  oil  used  in  perfuinety»  containing  a 
phetiol  CpHjoOj,  d-  and  /-  pinene,  d-linalool, 
i-borneol,  /-lerpineol,  jztTaniol,  eugenol  methyl 
ether,  a  lactone  C\J\2o^h>  »  mixture  of  fatty 
arids.  including  palmitic  and  acetic,  and  a  blue 
oil  of  undctermmed  composition,  consisting  of 
oxygenated  sub.'itances  of  alcoholic  nature 
(Power  and  Seed,  Chenu  Soc.  Trana.  1902, 
hi,  69). 

A8BARG.  Asbarg  consists  of  the  dried 
flowers  and  flowering  sterna  of  the  Delphinium 
zalil,  which  is  found  in  great  quantity  in  Afghani- 
stan. The  dyestuff  is  collected  and  taken  to 
Multan  and  other  Punjab  towns,  from  which  it 
is  conveyed  all  over  India.  It  is  much  used  in 
silk'dyeing  for  the  protluction  of  a  sulphur- 
yellow  colour  known  as  '  gandkaki,'  and, together 
Mith  Daiisca  eanniAina,  to  obtain  a  similar 
diade  on  alum-mordanted  silk ;  it  is  also  used 
in  calico-printing.  The  flowers,  which  are  bitter, 
an  likewise  employed  medicinally  as  a  febri- 
fuge. 

Tho  colouring  matters  of  asb&rg  are  nresent 
entirely  as  glucosides,  and  are  best  isolatea  in  the 

crude  condition  by  digt  -tinL'  tho  boiling  aqueous 
extract  with  a  little  sulphuric  acid  (Pcrkin  and 
Pilgrim.  Chem.  Soc.  Trans.  1898,  268).  A 
brownish-yellow  powder  thus  separates,  which 
contains  ihree  substances:  isorhamneiinf  quer- 
eetin,  snd  hcempferoL 

Imrhtinnutin  ('igHi^O.,  the  s|iarin^.'ly  soluble 
constituent,  forms  yeUow  needles  resembling 
rhamnetin  in  appeaxanoe.  With  lead  acetate  in 
alcoholic  solution,  an  oranfir-rod  ]mci])itato  is 
formed,  whilst  ferric  chloride  gives  a  greenish- 
black  colonration.  Fused  with  alkali,  phloro- 
glucinol  an<l  protocatcchtiir  acid  are  produced, 
and  when  air  is  aspirated  through  its  alkaline 
sdution,  phlorof^nttnet  and  vanillic  acid  are 
obtained. 

With  acetic  anhydride  Morhamnetin  gives  a 
telm-iutitflf  derivative C,,H,0.(C^H30)„  colour- 
less needles,  m.p.  195° -lOfi*  ;  ami  with  methyl 
iodide  a  trimethyl  dhcr,  which  is  identical  with 
quertetin  Mramkht^  <fAer.  As,  mraeover,  by 
the  nt'tioTtof  bydriodic  add  isorhanmetin  vi<ld^ 
qurreetin,  its  const itutiun  can  only  be  repre- 
sented as  fellow's 


OH/ 


-U 


/OH 


OH 

'I'lu-  dyeing  profK-rties  of  UHorhanmetin  arc 
similar  in  character  to  those  given  by  hjenjpfertj 
woRhamnetin  is  sJso  present  in  yellow  wall- 
flowers {Chfiranthm  chciri)  (Pcrkin  and  Hum> 
md);  in  red  clover  flowers,  Trifotium  praUnsf 
(I'ow  t  rand  Salw  ay.  Chem.  Soc  Trans.  1910,  9", 
245).  A  description  of  the  more  soluble  colouring 
matt4>rs  quercctin  {quercitron  hwk)  and  ha>m{»> 
fcrol  (/>e(pAtmiii»  eonsoitUa)      given  elsewhere. 

In  dycinff  properties  asbarg  closely  resembles 
quercitron  bark,  but  >icld8  with  aluminium 
mordant,  a  purer  or  L  r  inse-yellow.  It  is, 
however,  a  much  weaker  dyestutf,  bavins  but 
35  p.c.  the  dyeing  power  of  quercitron  oark. 
Tho  colouring  matter  of  the  flowers,  minus  the 
flowering  stalks,  is  present  to  the  extent  of 
3-47  p.c.  A.  G.  P. 

ASBESTOS,  from  iff0t<rros,  *unquenehc^l.' 
Both  in  ancient  and  modem  times  various 
.silicate  minerals,  closely  resembling  one  another 
in  their  finely  fibrous  texture  and  flexibility, 
have  been  and  are  still  confused  under  thii 
name.  Tho  same  is  trae  also  of  the  name 
'  amianthus  '  or  '  aminatos  '  (iulavroi,  '  un- 
dctiled,'  because  not  injured  bv  fire).  They  are, 
therefore,  collective  names  of  no  more  defimte 
signification  than  the  adjective  •  asl)estiform.' 
Mineralogists  are,  however,  agreed  in  limiting 
the  name  asbestos  to  the  fibrous  forms  of  horn- 
blende, but  this  lijnitation  is  not  generally 
ob-served.  Any  ambiguity  mav  be  avoided  by 
using  the  terms  ampnibole-asMstos  (or  heni- 

blenae-asbeMos).  scrjK^ntinc-asbej^tos,  itc,  for 
these  asbestiform  minerals.  The  finely  tibtou« 
textore  is,  of  course,  an  aecidental  diaraotcr  of 
the  mineral  s^iecies,  tlependinc  on  the  enormou- 
elongation  in  one  direction  of  the  individual 
crystals  which  form  the  aggregate.  Soeh  a 
character  might,  indeed,  Iw  assumed  by  titan) 
kinds  of  minerals ;  but  it  is  only  the  following 
that  are  of  any  importanoe  in  this  oonneotion : — 

Tromolite,*  CaMg,(Si03)«. 

ActinoUto,  O(Mg,Fe),(Si0j)4. 

Crocidolite.  NaFe"'(SiO,),-IV*SiO,. 

Anthophyllite,  (Mg,Fe)SiO,. 

Serpentine,  H^MgjSijO,. 

Palvgorskite  groupi  jnHgMcjSijO|, 
(pilolite,  Ac.),  nmH,Al^i40,„5H,0. 

The  first  two  of  tliese  differ  onlv  in  the 
relative  proiuirtioiis  of  tho  mutually  replaceable 
magnesium  and  ferrOQS  iion  (and  oonaeoiiaithr 
also  in  their  colours,  which  are  white  and  screen 
respectively),  and  they  are  merely  varieties  of 
the  species  amphibole  or  hornblende.  Ooci- 
dolite  is  another  specie-^  <.f  the  amphiliok 
group  of  minerals,  crybtAlhsiag  in  the  uioDO- 
clinic  system,  and  also  with  an  angle  of  60" 
betwi'cn  its  prismatic  cleavages.  It  u<  known 
in  tho  trado  as  '  blu»»  asl»c.stos,'  and  it  gim 
the  name  to  the  Asbestos  Mountains  in  South 
Africa,  where  it  is  found.  Whilst  hornblen  !'- 
is  more  frequently  found  as  stout  cr.\  suli 
and  compact  masses,  eroeidolite,  on  the  other 
hand,  is  as  yet  known  only  in  the  finely  librou» 
form.  Anthophyllite  aho  belongs  t**  thr 
amiihibole  groups  but  is  orthorhomhic  in 

Digitized  by  Google 


A8EFT0L. 


805 


crj'sia^Usation.  Home  of  the  AHlteHtos  mined  in 
i\»  Diiittd  Statea  it  oi  this  kind.  Serpentine 
occnn  in  nature  a»  large  rock-massc8,  ami  the 
fMrnjiftct  rock  in  frequently  traversed  by  veins 
of  fibrou«  mat<-rial  of  the  Ha  mo  coiiijiosition  ; 
ihi-  latter  ii«  known  to  niineraiogistM  as  chry  iotil' , 
and  in  the  tra<le  as  '  asbestos  '  or  *  Oauadiaa 
asbestos.*  In  the  minerals  of  the  palygorskite 
group  (A.  Fersmann,  Bidl.  Acatl.  Sci.  St.  Peters- 
burg, J 908,  ii.  255,  fi37)  the  fibres  rarely 
show  a  parallel  arrangement,  but  are  more 
usually  matted  and  interwoven,  giving  felted 
ntaaRM  known  as  '  mountain-leather,'  '  moun- 
tain-cork.' and  '  mountain-wood.'  It  is,  how- 
ever, to  be  remciiihemi  that  these  trivial  names 
may  aUo  be  a  implied  to  similar  aggregates  of 
fibrous  am  phi  bole. 

From  »  procftioal  point  of  view,  the  most 
importsnt  of  these  are  tremotiU'tubeMM  and 
'^np^t{nf  a.'i>eMo9,  which  in  the  trade  are  knovin 
w  '  Italian  aabeetoe  '  and  '  Canadian  aebestoa  ' 
Rcpeetively.  The  former  is  met  with  as 
aggre^tes  or  bundles  of  whito  or  prf*vij<h  tibr<-s, 
'Hifiwbniee  aevenl  feet  in  length*  usually  arranged 
panUel  to  tlie  mafmeem  of  erevioes  in  the  ineta> 
r  inrphic  and  crvstalliiu-  rucks  of  moutiUiinous 
detricta.  It  is  mined  m  the  Alps,  Urals,  and 
Appdachians.  The  supply  is  liinited  and  nn- 
"Ttain.  and  the  hardness  of  the  enclosing  rocks 
makes  miniiu  difBoult.  The  prinoipal  mines 
sre  those  in  tbe  norUk  of  Italy,  in  tlw  Sim»  mad 
A'Ma  valU  vs  in  Pfedniont*  Mid  the  Valtellina 
in  Lorabardy, 

8erpentine>aabe8hM,  or  ehrrsotile,  oooiin  in 
rnall  veins  forming  an  irri'^'ular  network  in 
i^erpentine'rook.  It  has  in  the  closely  com* 
pMted  nuMB  an  on^yellow  or  greenish  ooltrar 
^•'ith  a  pronounced  .silky  lustre  mid  a  eertain 
tiegree  of  translucency.  When  rubbed  or 
mishect  h  leadily  separatee  into  white  oottony 
■i'ro  (pirrre  k  c  l  ui  of  the  French-Canadians), 
ihe  hbreti  are  arranged  perpendicularly  to  tbe 
walls  of  the  vfm,  and  are  usually  only  an  inch 
OP  two  in  length,  never  exceeding  6  inches. 
The  mineral  usually  curitains  2-3  p.o.  FeO 
t^morphoosly  replacing  magnesia.  Although 
fhr\<(.iite  is  found  at  all  the  Iwalities  where 
r^-ruentme-rock  occurs  {e.g.  tbe  Lizanl  district 
in  ComwallK  i*  only  in  Canada  that  it  is  mined 
to  ,iny  lartrf  extent,  and  there  only  since  1878. 
The  mining  districts  aru  near  the  villages  of 
rhetford.  Black  Lake,  East  Broughton,  and 
Danville  in  Quebec.  'I'lie  asbestos  (piarried  by 
ihe  ancients  at  Kar>2«tos,  in  Eubuta  (Kary- 
itian  stone),  and  in  Cyprus,  was  also  a  ser- 
f>»^tinf-a?l>csto8  (J.  W."  Kvau.s.  Mineral.  Mag., 
iyu6,  xiv.  143).  It  was  used  for  \\iok»  in 
the  perpetoally  hnming  lampn  of  the  temples ; 
and  vnm  woven  into  napkins,  which  could  be 
deansed  by  iire,  and  into  cremation  shrouds. 

These  two  kinds  of  asbestos — the  hornblende- 
»9h«ttf>-i  and  tho  serpentine-asbestos— ilifTer 
sonocuhat  in  their  resistance  to  ackls  and  heat. 
Hirjeotile  is  dccompose<{  by  hydrochloric  antl 
sulphuric  aeids  ;  at  a  red  heat  (but  not  Vk-Iow  ) 
it  loses  wati;r,  and  the  tibres  con  be  fused  in  the 
bunsen-6amc.  Trcmolite-a-sbeatoe  is  not  at- 
tacked by  acids,  and  it  is  more  difTlridtly 
(obuUe.  (Crocidolite  fuses  readily  to  a  black, 
anooeCie  dees.)  On  the  other  hand,  the  fibres 
of  chryflotne  are  more  flexible  and  more  suitable 
for  textile  ^mrposes.    Notwithstanding  these 


differences,  the  two  varieties  are  put  to  the  same 
uses,  but  serpentine  asbestos  is  employed  in 
far  larjjer  quantities.  Spun  asbestos  is  largely 
usf<i  for  steam  (mckings,  fireproof  curtains  ;  and 
as  cloth,  twine,  and  rope  it  finds  a  variety  of 
applications.  Aa  an  insulating  material,  as- 
bestos hbre  is  used  for  coating  stc>aai  and  hot- 
water  pipes  and  cold>8toraae  piMits ;  and  as  a 
lining  m  safes.  «tnvee,  and  furnaepM».  For  use 
as  a  construct ioiml  fireproof  awteiial,  it  in  made 
into  bricks,  hoards,  millboards,  plasters,  and 
painU,  being  often  mixed  with  other  materials. 
The  so-called  '  asbeatic,*  largely  us€d  for  wall 
plaster,  is  prepared  bv  grinding  the  poorer 
material  and  waste,  which  consists  of  narrow 
veins  of  asbestos  still  enclosed  in  the  serpentine- 
rock.  In  the  laboratory,  asbestos  is  used  for 
filtering  (a  pure  white  tremolitc-asbostos  being 
best  for  this  purpose),  for  stoppings  in  com- 
bustion tubes,  and  in  the  form  m  card  for 
supports.  Asbestos  jmper  or  twine,  soaked  in 
sodium  silicate  and  aftermids  tieated  with 
calcium  chloride  solution,  OMU  bo  QSOd  for 
repairing  glass  apparatus. 

The  produotton  of  GanadiaQ  asbestos  in  1908 
amounted  to  65.534  short  tons  (of  2000  Ib.s.), 
valued  at  about  SIOJOWU.  i  and,  in  addition, 
25,239  tons  of  *  asbestao,'  Tabled  at  about  0OOOf. 
The  ])ricen  jx  r  short  ton  vary  from  ^150  to  $350 
(about  3(tf.-70^)  for  tbe  better  qualities  ('  crude'), 
deseendinft  to  $10  for  the  smstter  material 

('  fibre  '  and  '  j)ajx'r  st«ick  '). 

Jieferences. — F.  Cirkel,  Asbestos,  its  Occur- 
rence, Exploitation,  and  Uses  (Mines  Branch, 
Ottawa,  lfMJ5) ;  R.  H.  Jones,  AsfK  stoa 
(London,  1890),  and  Aabestoe  and  Asbostio 
(London,  1897);  O.  P.  MerriU,  Asbestos  and 
other  Asbestiform  Minerals  (Proc.  U.  S.  Nat. 
Museum,  1805,  xviii.  281),  and  *  Non<metallic 
Minerals*  (New  York,  1910);  Production  and 
Uses  of  Asbestos  (Bull.  Imp.  Inst.  1905,  iii, 
277) ;  The  Tecbnioal  Preparation  of  Asbestos, 
(tbMf.  1900,  vL  389);  J.  B.  DiUer.  Mineral 
Resources  of  the  United  States,  for  H)08,  1909, 
ii,  697 ;  U.  F.  Olds,  Blue  Asbestos  [Crocido- 
lite in  South  Africa]  (Trans.  Inst.  Mining  and 
Metall.  ^m\  vii  T22).  L.  J7  S. 

ASDUANA  f.  BaioELTA  bark. 

ASBPTllf.  Trade  name  for  a  mixture  of 
hydro;.ren  peroxide,  boric  acid,  and salioylio  aoid, 
used  as  an  antiseptic. 

ASBPTOL.  Trade  name  originally  given  to 
a  solution  of  o-pheiK»Isul[)honie  acid  CgH^fOH) 
SO,H.  It  is  a  thiok  rtKldish  fluid,  ut  145  Hp.gr., 
having  a  faint  odour  like  ^enol,  occasionally 
calif  fl  -nznlir  (it  id.  It  is  an  antiseptic,  but  does 
not  }M>sseiMi  the  poiiiuuuus  action  peculiar  to 
phenol,  and  is  therefore  reoomnunided  for 
surgical  and  ophthalmic  opetatioQB  ((Aem. 
Zentr.  1884,  720). 

The  aseptol  of  Merck  is  p-phenol  sulphonio 
acid  mixed  with  about  6  p.c.  of  tbe  o-acid 
(ObermiUer,  Chem.  Zentr.  1907,  1615). 

The  name  is  also  given  to  a  preparation  eon- 
taining  from  0-25  to  10  parts  potassium  oxy- 
quinoline  sulphate,  0'6  to  iU  parts  soap,  dis-ulvcd 
in  1000  parte  of  water,  xttixsd  with  tecpinool  or 
other  aromatic  substanees,  and  occasionaUy 
glycerol  ( I 'harm.  Zeil.  1897,  770). 

Aseptol  is  alio  the  name  given  to  an  ill-defined 
mtxtitre  of  jihenyl  ethers  and  sulph<mated 
phenols,  obtained"  by  the  action  of  Jjjjpjw^rje  q^^^j^ 
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ncid  oil  )ilifii(>l  in  presence  of  aloohol  (TriUat, 
J.  8oc.  Chenu  Iiui.  1892,  102H). 

ASFRAX  or  Trayamana.  An  Imlian  drug, 
conaistinr:  of  the  f1o\vc'r><,  f!o\viT-stalka,  and  im- 
mature fruit  of  a  spt'cies  of  Ddphinium,  Used 
in  Bombay  atj  a  medicine,  and  as  a  vellow  dye 
for  -iU:  'Dymock,  Phnrm.  J.  [3]  8,  lOl). 

ASH.  This  term  'i&  i»ometimefi  used  to  denote 
th<-  inorganic  or  mineral  matter  contained  in  any 
Bubstanee,  but  more  generally  refers  to  the 
residue  left  on  completely  burning  or  incinerating, 
it.  The  two  meanings  are  not  necessarily  the 
same,  Rincc  in  any  animal  or  vegetable  substance 
the  inorganic  constituents  are  usually  present  in 
very  diCFcront  states  of  combination  to  those  in 
which  they  occur  in  the  residue  left  when  the 
substance  is  completely  oxidised. 

To  ascertain  the  eziot  amount  and  com- 
position of  the  inorganic  matter  present  in  any 
organic  substance  u  often  a  matter  of  con- 
.^iderable  diffionltj,  and,  in  mtny  oaMi»  is 
impracticable. 

The  term  *a§h*  shoold  bo  used,  therefore, 
only  in  the  second  sense  given  above. 

Most  animal  and  vegetable  substances  leave, 
on  combustion,  a  Tesidue  containing  the  follow- 
ing oonstitnenta  in  varying  proportaoui : — 

Acidic  Basic 

Chlorine  Sodium 

Carbon  diozide  Potaariom 

Sulphur  triozkie  Calcium 

Sulj^ur  Magnesium 

Fhos^iorus  pentozide  Iron 

Silioa  ManganeBe 

Other  constituents,  genenlly  in  amall  qnaatitiea, 

are  also  often  prfsrnt. 

In  the  original  substance  the  greater  portions 
of  the  basic  constituents  in  the  above  list  are 
probably  present  in  combination  with  organic 
acids,  and,  consequently,  are  left  in  the  asih  as 
carbonates  (often  largely  the  case  with  potash 
and  soda)  or  as  oxides  {e.g.  portions  of  the  lime, 
magnesia,  oxides  of  iron,  and  mausauese) ;  while 
the  carbonates,  sulphates,  and  {noaphafeea  are, 
in  many  easc?f,  (lorivrd  from  organic  combina- 
tions of  carbon,  suljiluir,  and  phosphorus  exist- 
ing in  the  original  .>>iilistanoe.  The  determina- 
tion of  th^^  amount  and  composition  of  the  ash 
of  aiumai  and  vegetable  substances,  though, 
perbape.  inatlequato  to  ascertain  tin*  exact 
nature  of  the  inorganic  constituents  of  the 
organised  ]>odiei<,  aflTords  valuable  information 
as  to  their  fitiuss  an  foodstuff*,  and  as  to  the 
needs  of  nnimab  or  plants. 

lu  the  process  of  incinemtion,  thnre  is  great 
danger  of  loss  of  chlorides  of  potassium  and 
sodium  by  volatilisation,  also  of  reduction  of 
phosphates  and  sulphates  by  the  reducing  action 
of  the  hot  carlx>n.  Berthelot  projMjsed  to  over- 
come these  difficulties  by  heating  in  a  current 
of  oxygen,  the  substance  to  be  inomerated  being 
previously  mixed  with  a  known  weight  ol 
sodium  carbonate  (Compt.  rend.  128. 23). 

Shuitleworth  (Chem.  Zentr.  1890,  ii.  144)  has 
siiggefstofl  the  ndtlition  of  calciuui  acetate  in 
order  to  prevent  the  sintering  which  is  so  often 
an  obstacle  to  complete  incineration,  and  has 
devirtod  a  ppi'cial  platinuni  vcssrl  in  urdcr  to 
prcvout  loss  of  chlorides  by  volatilisatioa,  and  to 
hafiten  incineration.  A  modified  fofm  of  this 
apparatus  is  desoribed  by  Tndcer  (Ber.  32|  8683). 


A  convenient  method  of  mini  mining  the  '.(^t 
of  chlorides  by  volatilisation  to  char  the 
substance  thoroughly  at  a  moderate  temperatun-. 
then  cool  and  extract  tlic  black  residue  ^\ilK 
water,  filter  off  the  soluble  matter,  and  coiD|>l«'t< 
the  ineineration  of  the  residue  after  diviiig. 
\Vhen  all  blnek  j)artiele5  have  disappeared, the 
residue  is  allowed  to  cool,  the  aqueous  extract 
added,  evaporated  to  dryness,  and  tlm 
moderately  lieAted.  Addition  of  ammonrum 
nitrate  to  the  black  chiir  ha^teiLS  the  combustioQ 
of  the  carbon. 

Ash  of  animals.  The  proportion  of  ash  con- 
stituents present  in  the  whole  bo<ly  of  an  animal 
depends  largely  upon  its  eondition,  being  greater 
in  lean  than  in  fat  animals.  According  to  the 
Bothamsted  experiments,  the  following  table 
gives  the  average  proportions  of  ash  and  of  iti; 
main  constituents  in  the  whole  bodies  of  vahous 
farm  animals  in  a  fatted  condition  : — 


Fat  calf 
Half-fat  ox 
Fat  ox  . 
Fat  lamb 
Store  sheep 
Fat  sheep 

Store  pig 

Fat  pig 


Total 
aih 

PboB- 
phoric 
add 
PiOs 

Lime 
CaO 

nesia 
llilO 

PiotMh 
XfO 

3-9 

1 -54 

1G5 

0-OS 

0-21 

51 

1-84 

211 

0-09 

021 

4'2 

1<S6 

1-79 

0<06 

0-18 

3-2 

M3 

1-88 

0  05 

0  17 

3-3 

119 

1-32 

0-06 

on 

S-0 

1-04 

1-18 

0-05 

0*16 

2-8 

1-07 

H)8 

O-Oo 

0  21) 

1-7 

0-65 

054 

0<«| 

Oil 

The  other  constituents  of  the  ash  consw^ 
chiefly  of  sodiam,  ehknnie,  flnorine,  iroD,  mau' 
ganese,  iodine,  anM  -illra. 

The  bones  and  t«clh  contain  the  greater  part 
of  the  phosphoric  acid,  lime,  magnesia,  and 
fluorine ;  potash  is  present  largely  in  nni^icle, 
blood,  and  many  of  the  secretions;  sodium, 
ddorine  and  iron  are  largely  ptctut  in  the 
blood  and  the  secretions,  while  iodine  is  mainly 
aooumulatod  in  the  thyroid  gland. 

(For  the  amount  and  composition  of  the  ash 
of  varioufs  yiortions  of  the  animal  body,  an  !  of 
certain  animal  products,  v.  Bunks;  Blood; 
MiUC;  ftc) 

A  charaeterLstie  of  the  ash  of  animal  <n\>- 
stanoes  in  general,  is  the  usual  preponderance 
of  lime  over  phosphoms  pentoxide*  aad  tlie 
relatively  hiL'h  ratio  of  sodium  to  potassium. 

Ash  of  plants.  The  nature  of  the  ash  of  th<- 
leaves,  stems,  fto.,  of  plants  is  affseted  to  a 
considerable  extent  by  the  composition  of  the 
soil  in  which  the  plants  grow,  but  the  aoMuut 
and  composition  of  the  att  of  the  sMdt  aie  moA 
less  variable. 

In  nearly  all  seeds  the  l&rge^t  constit  ucnt-ii  <i 
the  aah  are  phosphorus  pent«ixide  and  pota.'di. 
In  certain  seeds  genenllv  used  in  their  bn»k. 
t.g.  oats,  millet,  spelt,  aad  barley,  silica  is  a  large 
constituent. 

But  in  the  leaves  and  stems  of  jihint>. 
phosphorus  pentoxido  usually  forms  but  a 
small  constituent  of  the  ash,  whilst  potash 
and  lime  lK»<omo  relatively  mor^i  abitndini. 
In  cereals  and  grasses,  silica  often  forms  mart 
than  half  of  the  total  ash  of  tho  atr»w  and 
chaff. 
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The  following  table,  compiled  chieily  from  Wolfi's  analyses,  given  the  Aveirage  proportknit 
of  lush  and  of  ito  chief  componento  in  raiioiii  frafh  or  air-driea  ag^eultotal  ptodueta. 
100  p«rt«  of  the  ■ufaatanoe  oomtaia : — 


Wa««   Aih    KiO    NftgO   MgQ  CiO 


PsO«  I  SOs  i  SiOt 


I 

Meadow 
Rye  grasB 
Timothy  giWM 
Oats,  in  DUMSom 

BirlfV, 
Wheat, 
'  Rye  fodder  . 

Whit*  clover  . 

Lucerne 

Sainfoin 

Ua-ea  vttchoa 
'  PoUto  tops  . 

Mangold  topt) 

Su^*beet  tops 
'Tnniptop«  . 

diioory  tope  . 
I  Carrot  topa  . 

Cabbage  headyB 

Kohl-iabi  tops 


L  Ontn  Fodder, 


liay 


,  Meadow  hay  . 
I  Red  clov^  hav 
I  While  dover  ha 

Loceme  hay 
'  Sainfoin  hay 
!  Oat  hay 
^  Wheat  straw . 
■  Rye  straw 
1  Barley  tfataw 
I  Oat  straw 

Maize  straw 

Pea  straw 
j  Fkhl  bean  straw 

Buckwheat  straw 
:  Flazs^w 
1  Flax,  whole  plant 

Hop,  „ 

Hots  . 
'  Tobacco 
'  Heather 
]  Ikoon  • 

Haeds  . 
'  Sedge  . 
Rndi  . 

1 

I 

j  PoUto  . 

Artichoke 
I  3Iang(^ 

Sugar  beet 
I  Tuznip  . 
I  White  tomip 

Kohl-raba 
i  Oaxrot  . 


• 

70-0 

2*33 

0-flO  1 

0-161 

0*1 1 

0-27 

a 

70-0 

213 

0-53 

0O9 

0O6 

016 

70-0 

210 

oei 

006 

008 

0-20 

• 

77-0 

1-66 

o-es 

0O6 

0-06 

Oil 

.  68-0 

2-26 

O-Ol 

0O7 

014 

.  1  69-0 

217 

o&o 

OOl 

006 

0O7 

.  70-0 

1-03 

0-63 

OOl 

0-06 

012  1 

.  1  80-0 

1-34 

0-40 

0O2 

0-l»'. 

(1-46  1 

.  !  81-0 

1-36 

0-24 

on 

OH 

0-44 

.  1  75-3 

0*45 

0O2 

010 

O'SO 

.  :  78-5 

1-16 

0-46 

0O2 

0O7 

0-37 

.  1  82-0 

1-67 

0-66 

0-06 

Oil 

0-41 

.  !  77-0 

1-18 

0O7 

OOl 

0-27 

0-55  1 

.  •  90-7 

1-48 

0*43 

0-31 

014 

0-17 

.  89-7 

1-80 

0-40 

0-30 

0-33 

0-36 

.  89-8 

1-40 

0-32 

Oil 

0O6 

0-45 

86-0 

1*87 

1-12 

OOl 

0O6 

0-27 

* 

80-8 

2*61 

0-37 

0-60 

012 

0«86  ' 

88-5 

1-24 

0-60 

0-05 

0O4 

0-19 

: 

85-0 

0*36 

V  WW 

010 

010 

0*84  1 

11. 

.  ;  14-4 

6-66 

1-71 

0-47 

0  33 

1  0-77 

.  16-0 

5-65 

1-95 

009 

009 

1-92 

16-0 

603 

106 

0-47 

0-60 

1-94 

16-0 

6O0 

1-62 

0O7 

0-35 

2-88 

16H) 

453 

1-79 

0O8 

0-26 

1-46 

U-S 

0-18 

2-41 

0-20 

0-20 

0-41 

141 

4-26 

0-49 

012 

Oil 

0-26 

15-4 

407 

0-76 

013 

0-13 

0-31 

14-0 

4-39 

0-93 

020 

oil 

0-33 

141 

4-40 

0-97 

0-23 

018 

0-36 

14-0 

4-72 

1-60 

005 

0-26 

0-50 

14-3 

4-92 

107 

0-26 

0-38 

1-86 

18-0 

5-84 

2-69 

0-22 

0-46 

1-36 

16-0 

617 

2-41 

01 1 

019 

0-95 

.  i  14-0 

3*19 

118 

016 

0-23 

0-83 

25-0 

3-23 

113 

015 

0-29 

0-50 

25-0 

7-40 

1-94 

0-28 

0-43 

1-18 

12-0 

5-98 

2-23 

013 

0-21 

lOl 

180 

19-75 

5-41 

0-73 

207 

7-31 

20-0 

3tjl 

0-48 

019 

0-30 

0-68 

16-0 

4-89 

0-69 

0-05 

0-28 

0-32 

16-0 

5-89 

2*52 

0-27 

0-45 

0S3 

180 

3*8f> 

0-33 

0(11 

005 

140 

2-31 

U-51 

0-29 

0-37 

U-0 

0-30 

0-29 

0-43 

ni.  Bool  Cropa. 

750 

0-94 

0-66 

OOl 

004 

0O2 

80O 

103 

0-67 

003 

0-04 

88-3 

0-80 

0-43 

012 

0-04 

0-04 

81-6 

0-80 

0-40 

0O8 

0O7 

0O5 

90-9 

0-75 

0-30 

0-08 

0O3 

0O8 

.  i  91-5 

0-61 

0-31 

0O2 

0O2 

0O8 

.  1  87-7 

0-95 

0-49 

0-06 

0O2 

0-09 

,  ,  86-0 

0-88 

0-32 

019 

0O5 

009 

.  9syo 

1-04 

0-42 

o-os 

0-07 

0-00 

0-16 

017 
0-23 
014 
0-22 
016 
0-24 
013 
0-20 
0-16 
0-12 
0-20 
006 
0O8 
013 
013 
017 
012 
0-20 
0-20 


0-41 
0-56 
0-85 
0-51 
0-47 
0-61 
0-23 
019 
019 
018 
0-38 
0*38 
0-41 
0-61 
0-43 
0-74 
0-90 
0-90 
0-71 
018 
016 
0-67 
008 
0-47 
0-20 


0-18 
0-16 
008 
0-11 
010 
Oil 
0-14 
Oil 
016 


012 

0O8 
0O8 
0O5 
0O7 
0-04 
0-02 
0-04 
012 
Oil 
0-04 
0-06 
0-06 
01 1 
014 
0-14 
0-17 
0-21 
Oil 
030 


0-34 
0-17 
0-63 
0-37 
015 
017 
0-12 
0O8 
016 
016 
0-25 
0-28 
OOl 
0-27 
0-20 
016 
0-38 
0-16 
0-77 
016 
0O7 
0-30 
Oil 
0-23 
040 


om 

0O3 
0O3 
0O4 
Oil 
0O4 
0O8 
006 
0-10 


0-69 
0-84 
0-75 

0-  55 
108 

1-  23 
0-S2 
004 
0O6 
0-04 
0O5 
003 
0O5 
0-07 
0O6 
0O6 
002 
016 
OOl 
0-20 


1-  97 
0-15 
0-27 

0-  12 
018 
206 

2-  82 
2-37 
2-36 
211 

1-  79 
0-28 
0-31 
0-28 
0-22 

0-  08 

1-  69 

0-  92 

1-  92 

1-  27 
019 
0-3R 

2-  75 
218 
0-60 


0  02 

0O2 
003 
0O2 
OOl 
001 
0O2 
0-06 


CI 

8 

0-19 

0-06 

0-11 

0O7 

0-11 

0-08 

0-07 

0-04 

0-OS 

0  07 

0-06 

0O5 

006 

0-05 

0-04 

0-06 

0-03 

0O8 

0O3 

005 

003 

0-04 

0-06 

0-17 

0O5 

010 

(\.(\K 

O.I  Q 

U  1» 

\)Vo 

0-53 

0-17 

0-21 

0-21 

0-19 

0-27 

Oil 

0-26 

0-14 

0*25 

0-15 

0-16 



0O9 

0*13 

017 

0-39 

0-30 

0-07 

0-81 

0-22 

0-40 

0-15 

0-14 

0-19 

0-34 

0-20 

0-88 

0O8 

0O5 



0-GO 

— ' 

0*39 

0*09 

0  03 

002 

0O2 

0O5 

0O2 

0O2 

0-03 

0O4 

0-04 

0O5 

0O3  (  OOl 
0-04  1  —   ,  ^,  , 
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Wheat  . 

liyo 

Barley  . 
Oats  . 
Spelt  . 

Maize  , 
Sorghum 
Millet  . 
Paeldy  rico 
Rico 

Buckwheat 
Flax  seed 
Peas 

Field  bMuw 


AppK  irhole  firait 

Pear, 

Cherry,  „ 
¥iam,  „ 
Aoonia,  fnA 
Beeoh  nuwi  . 
Hone  diMtauto 


Mulbernr  . 
Horsr  cheetant 
Walnut 

Scutch  fir 
Spmoe . 


1  .1*7 

14  t 

14*V 

1*  e 

13-6 

1-23 

UH) 

1-fiO 

IZ-O 

3-90 

12-0 

130 

0-34 

14  1 

0-92 

11-8 

3-22 

13-8 

2-42 

141 

2-96 

0-65 
O'M 
0-48 
0-42 
0*<» 
0-33 

0-  42 
047 

1-  27 
0-08 

0-  21 

1-  04 
0*98 
1*20 


1 

1 

i  ligo 

CaO 

iSfd  1 71.1 

mid  Seeds. 

006 

0-03 

0*10 

V  A/ir 

0-Oft 

010 

0*18 

0-06 

V  AC 

002 

018 

0-03 

0-06 

0-24 

0O2 

O'OI 

0*33 

0O4 

0-31 

0-69 

0 

0-02 

0-05 

0-01 

012 

0-03 

0-06 

0-42 

0-27 

0-09 

019 

012 

0-04 

0-20 

0*15 

V.  Fruiis,  dtf. 


84-0 

0*27 

010 

0-07 

0-02 

OOl 

80-0 

0-41 

0-22 

004 

0-02 

0-03 

78-0 

0-43 

0*22 

0-01 

0-02 

0-03 

820 

0-40 

0-24 

0-02 

0-04 

66-0 

0-96 

0-62 

001 

0-06 

0-07 

18-0 

2-71 

0-62 

0-27 

0-31 

0-67 

49-2 

1-20 

0-71 

0-01 

014  ! 

VI.  Leaves- A  lUu 


mil. 


67  0 

117 

0-23 

0-06 

0-30 

60  0 

301 

0-59 

0-24 

1-22 

60-0 

2-84 

0-76 

0-28 

1-53 

66-0 

3-06 

016 

0-02 

018 

1-37 

60-0 

1-96 

0-07 

001 

0-08 

0-96 

66-0 

0-63 

0-06 

0-06 

0-26 

560 

2-63 

004 

0-06 

0-40 

Manu/ttciured  I'roducU. 


Fine  wheat  Hour  . 

13-6 

0-41 

016 

O-Ol 

\Mieat  bran  . 

13-5 

5-56 

1-33 

003 

Rye  flour 

14-2 

1-69 

066 

0-03 

Ryo  bran 

131 

714 

1-93 

0-09 

Barley  flour  . 

14-0 

2-OC 

0-58 

0-05 

Maize  meal  . 

14-0 

0  95 

0-27 

0-03 

Malt  . 

4-2 

2  06 

0-46 

Malt  dust 

9-2 

5-96 

208 

Beer 

900 

0-39 

0-15 

0-03 

Wine  . 

86-6 

0-28 

018 

Linsoe<l  cake  . 

11-5 

5-62 

1-29 

0-08 

Cotton -Rccd  cake 

11-5 

«15 

218 

Potato  akiiia  . 

30D 

6-71 

4-83 

0-06 

Buokwheat  groats  . 

0-62 

0-16 

0-04 

0  03 
0-94 
014 

1  13 
0-27 
014 
0-22 
0-08 
0-02 
0-02 
0-88 
0-26 
0-45 
008 


0-01 
0*26 

0-02 
0-25 
0-06 
OOfl 
010 
0-09 
0-01 
0-02 
0-47 
028 
0-64 
OOl 


Apple  tree  . 
Beech,  trunk 
Beech,  brush  \t'OQd 
Birek  . 
CJrape  . 
Mulberry 
I^rch  . 
Oiik 

Scotch  fir 


16-0 

MO 

0-18 

0-02 

0-06 

15-0 

0-56 

0-09 

0-02 

0-06 

15-0 

1-23 

017 

0-03 

013 

lAO 

0*26 

0-03 

002 

0O2 

15-0 

2-34 

0-70 

0-16 

016 

ISO 

1-37 

0-09 

0*20 

0O6 

10-0 

0-37 

0-04 

0O2 

0O7 

150 

0-51 

0-06 

0-02 

15-0 

0-26 

0-03 

0-01 

002 

0-78 
0-31 
0-69 
016 
0-87 
0-78 
0-07 
0-37 
013 


1  80» 

1 

1  M0| 

01  1 

0-82 

0-04 

0-03 

—  1 

0-82 

0-04 

0-03 

—  1 

0-72 

0-06 

0*69 

0-55 

0-04 

1-23 

— 

0-72 

0  06 

1-58 

—  • 

0-55 

0-01 

0-03 

— 

0  81 

— 

012 

— 

0-91 

001 

205 

— 

.3 -26 

0-04 

0-04 

—  1 

017 

- 

OOl 

0-44 

0-02 

0O2 

1-30 

0-04 

0-04 

0-88 

0-08 

0-02 

0-06  ! 

1*16 

016 

0-04 

0O8  i 

0-04 

0-02 

OOl 

— 

0-06 

0O2 

OOl 

—  1 

0-07 

0-02 

0-04 

OOl 

0<H> 

0O2 

OOl 

0-16 

0-06 

0O2 

OOl 

0-66 

0-06 

0-05 

OOl 

1  0-27 

002 

— 

0O8 

012 

OOl 

0-41 

—  1 

0-25 

0O5 

0-42 

012  1 

Oil 

0O8 

0-06 

0O2 

0-13 

0-11 

103 

OOl  . 

016 

0-09 

0-61 

^  1 

013 

0O3 

0O8 

0O3  j 

I  0-21 

0O7 

1-84 

• 

01» 


0-24 
023 


In  addition  to  the  constituenta  given  in  the 
aboTC  taUe,  small  quantities  of  oades  of  iron 
and  mani;atu>8o  arc  almost  invariablj  present 
in  ve^etaulo  atihvs. 

Titanjum  (Wait,  J.  Amer.  Chem.  Soe.  1896, 


0-21 

2*88 

0-06 

0-85 

3-42 

0O5 

0-06 

0-4  :j 

107 

0-88 

1  25 

0-38 

1-77 

013 

OOl 

0-04 

0O5 

001 

OOl 

1-94 

019 

0-36 

2-96 

0-<)7 

0-25 

0-23 

0O3 

018 

0'30 

OOl 

0O5 

0  03 

0O2 

0O3 

001 

0-03 

016 

OOl 

0-12 

002 

OOl 

0-30 

0O6 

0-02 

0O3 

014 

0O5 

OOl 

U  01 

OOl 

0O3 

OOl 

OOl 

0O2 

001 

0O4 

001 ;  — 

0-03  !  — 

0  14  I  — 

001  1  - 


0-02 
0O6 


18,    402),    aluminium,   fluorine,  and  b(tft>a 
(Crampton,  Amer.    Cliem.  J.  11,  227;  J*v 
(  ompt.  rend.    121,  893:  BavuMti,  B«.  21 
3290),  are  al^^o   frc<jinMitIv   prejient  in  jis* 
quaoUtfes  in  the  a«h  of  oertai^  ;^lgQ^  q^^^ 
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Lithium,  rubidium,  zinc,  copper,  barium, 
ami  anwnic  have  also  been  (letcclwi  in  the  ash 
of  i<ertain  plants  gro>»'n  in  soiU  containing  these 
constituents  (Paaserini,  Chem.  Soc.  Abstr.  1893, 
li.  225  ;  Uomberger,  ibid.  1899,  A,  tl  006 ; 
MMdoogai,  ibid.  1900,  A,  ii.  235). 

Even  chromium,  molybdenum,  and  vanadium 
have  been  detected  io  the  as!i  i  f  tir,  oak,  Tine, 
and  poplar  (DemaroAy,  ibid.  IIHXI,  235). 

Indeed,  the  composition  of  the  soil  ha«  a 
great  influence  upon  the  amount  and  composi- 
tiofiof  the  ash  of  the  crop  groun  upon  it,  though 
this  influence  is  much  more  marked  upon  the 
foliage,  Htem,  kc,  than  upon  the  seed. 

Certain  plant8,  originating  from  plants  of 
the  MMhore,  e.g.  asparagus,  beet,  and  carrot, 
i^erally  leave  an  ash  containing  ununually  hh^h 
aoMNiats  ol  chlorine  and  sodium,  and  applica- 
tion of  oommon  mH  m  numore  to  nvdi  eropti 
is  usually  stut^-il  to  l>e  benefiflja],  nlthong^  on 
00  tvy  auffici«ni  evidence. 

Ptuitfl  like  n1t>vort«  (Sahuia)  and  samphire 
IS-:l!rorni'i)  prinvlns:  on  the  coa^t.  cuntaiti 
relative^'  enormous  quaatitica  of  aoda — in  the 
(emwrO  times,  in  the  htter  14  times,  as  mnoh 
40da  as  of  }>otaH)i. 

The  ash  of  the  club-moss  {Lycopodium) 
eontMns  from  20  to  50  p.o.  of  idamina. 

As  already  stated,  some  of  tho  phosphates 
and  snlpfaates  found  in  the  ash  of  plants  result 
bom  tlw  oaddatioii  of  phoephorm  and  sulphur 
organic  compoonds  present  m  the  original 
plank 

Pofttemak  ^Oompt.  rend.  137,  1903)  detected 

th'-  •  xi'^triici'  in  jK'fts,  beans,  potatoo*,  ami  the 
teeth  of  the  red  tir,  pumpkin,  white  and  yellow 
hiinwi  of  amkifdrthoxymfthtfiene  diphmpkoric 


^H,— OFO<()H). 
sCH,— OPOiOH); 

PWten  and  Hart  (BuIL  280  ( 1904).  N.  York  Agric. 
Fxpt.  Station)  have  shown  that  about  SO  }>.c. 
ot  the  total  phosphorus  in  bran,  81  p.c.  in  matt 
BpRwts,  and  BO  p.c.  in  oata,  is  soluble  in  0*2  p.c. 
«)1.  of  hydrochloric  acid;  and  that  lht>  trn-atiT 
pertioo  of  this  is  pcesent  in  the  bran  as  calcium, 
aMgnssinin  and^  potasainin  salta  of  anhydio- 
<ayinetltfr]ane  diplMMplioxio  acid. 

Jwtportanu  of  the  Ash  Constituents  of  Fooda. 

The  influenoe  of  the  mineral  matter  in  the 

food  of  animals  upon  their  health  and  well- 
being  is  probably  much  greater  than  is  genorallv 
recognised.  Not  only  IB  it  essential  that  all 
th<  inoriranir  constituontH  requiri'd  for  building 
up  the  tissues  and  producing  the  various  digestive 
e&d  ether  secretiona  be  supplied  in  sufficient 
«itj,inritt«s,  hut  it  is  important,  at  Irast  with 
crruin  pair»  of  constituents,  that  they  tie 
sapl^ied  in  appropriate  ratios  to  eaeh  other. 

A  prr-ponderaiue  of  phosphoric  acid  over 
lutM;  and  magnesia  in  the  diet  is  probably  the 
cause  or  a  predisposing  oaase  of  certain  disMnes 
of  the  bones  of  hurscn.  nuil<-f<.  anrl  tloiikr\s 
single,  Jour.  C'omp.  Palhulogv  and  TherapculicH, 
I W  ;  Jour.  Agric.  Seience,  1006,  iii.  22  ;  Jour. 
R  v.  In-t.  I»ublic  H.nlfh,  IfXIfn  ;  while  th(! 
raiio  oi  pota«h  to  HO«la  in  the  footi  ha«  an 
haportaot  bearing  upon  health,  and  especiaUy 
upon  the  soaoeptibility  to  certain  mseas^, 
t^.  scurvy. 


The  cereals  contain  a  large  cxces.'s  of  phos* 
phorio  acid  over  lime,  and  the  use  of  an  exclusively 
cereal  diet  may  load  to  imperfect  bone  nutrition 
(Lc. ;  also  lllu8trate<l  Poultry  llecord,  1910). 

The  necessity  of  an  atleqnate  supply  of 
chlorides  in  the  diet  is  well  recognised,  and  in 
many  countries  the  ordinary  food  supplies  of 
domestic  animahi  have  to  be  supplemented  by 
common  salt  to  ensure  healthy  existence. 

Whenever  the  rations  are  restricted  to  one 
or  two  items,  there  is  considerable  probability 
that  certain  mineral  ooTiKtituunts  M  ill  be  |«^|r«i[»g 
or  supplied  in  improper  ])r<)portion.s. 

It  is  too  often  the  practice,  in  discussing 
the  feeding  of  animals,  to  devote  much  con* 
sidcration  to  the  organic  portions  of  their  food, 
but  Ixyond  rcquirmg  that  sufficient  mineral 
matter  or  '  bone-forming  '  material  bo  present, 
to  pay  little  or  no-  attention  to  its  composition. 

Thus  I)ran  is  widtly  rc^ardi'«l  as  a  food 
particularly  rich  in  mineral  matter,  and  therefore 
valuable  for  bone  nntrition;  but  the  ratio  of 
phosphor\is  [MTitoxidc  to  lime  in  this  food  i.s 
about  11  to  1,  and  the  jmctioe  of  feeding 
animals  laigely  upon  hnn  is  known  to  produoe 
a  disease  of  the  booea — ^'faran  rnohitis'  in 
horses. 

Kdlner  (Sdentifie  Feeding  of  Animals, 

1909)  estimates  that  for  oxen,  60  grams  of 
pho«phoruspentozjdc  and  100  grams  of 
lime  per  1000  kilos,  body  weight  per  day,  are 
ri'<iuir«'d  in  the  food,  whilv  f(jr  tull-^'rowu  fhr<'p. 
1  gram  of  the  former  and  11  grams  of  lime 
suffice. 

In  England,  f<»rt\iuat<'ly,  hay — eitht-r  nicatlow 
or  clover — forms  a  large  part  of  the  rations  of 
farm  animals,  and  this  contains  a  large  excess 

of  lime  over  phosphoric  acifl,  and  thus  neiitnilises 
the  opposite  prepcmderance  in  the  grain  or  cake 
used  with  itw 

But  in  8ouf!i  Africa  and  ix  rhaj):;  some  other 
countries,  meadow  or  clover  hay  is  but  little 
used,  and  many  horses  are  fed  entirely  upon 
oat  liay  or  oat  Iiay  and  mfti/.e.  In  cithiT  case 
there  is  a  large  preponderance  of  phoaphorio 
acid  over  lime,  and  to  this  fact  the  prevalence 
of  certain  bonO  diseases  is  almost  certainly  due. 

Similar  considerations  apply  to  other  animals 
kept  in  confinement,  esiiecialJy  to  pultry  when 
cU'])rivrd  of  a  ^rrafis  rufi,  iind  to  i>i<:s.     H.  I. 

ASPARAGINE.      Aminoeuccinamic  acid 
C,H,NH,(CO,H)(00'NH,)    ocoura    in  two 
optit;iI!\  lutivf  forms,  differing  in  direction  of 
rotatory  puwer  and  in  taste.  Lctvo-aaparaginc, 
diseovnred  by  Vauquelin  and  Robiquet  (Ann. 
(Iiini.  anal.  IHOr).  r»7,  88)  in  the  younc  shnotn  of 
asparagus  {Atparagu*  officinalis.  Linn.),  i»  widely 
disMbttted  in  the  vegetalde  kingdom,  occurring 
in  most  plant=?  ni  the  timf  of  ^luddiixtr  nnd  durinj; 
,  the  flowering  jxriod,  and,  with  glutamine,  forms 
I  the  chief  non-proteid  compounds  present  in 
I  the  jiiire  of  riix*ning  oranges  (Srurti  and  de 
I  Plato,  Chem.  Zentr.  I{K)8,  ii.  lH,  1370).  Mivachfi 
]  (Bull.  C^ll.  Agric.  Imp.  Univ.  Tokyo.  1897,  2. 
4r»S)  has  sliouii  that  in  flif  easrs;  ot  Pnoin'n 
albifiora  and  Then  rhtmtmtM,  even  old  leaveH, 
j  showing  incipient  decay,  can  produee  awiwragine. 

It  twrurw  tri  a  lnrL''T  ottcnt  in  Ii  L'utninoiis  plants 
,  than  in  any  other  natural  *»rdvr.  and  is  most 
,  abundant  at  the  time  of  germination,  the 
qtmntitv  being  greaf'T  in   itinlated  than  in 
nt>rm«i  plants  (Boroilin,  Hieii.  '''^^^ntr.JgJ^^^^^Qgjg 
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(Landaw.  Vwsuchs.  Stat.  1874,  17,  88)  | 
found  that  tho  amount  of  a-^para^iiK'  in  germi- 
nating peas  incimsed  from  007  to  b-94  p.c.  during 
24  (lays'  groA^-th ;  and  Schulze  and  Umlauft  1 
(ibid.  1876,  18,  1)  found  17-9  }).c.  of  Rspnragine 
iA  the  dried  ahoot«  of  Lupmus  lidcuji  seedlings 
germinated  in  the  dark  in  distilled  water  (com-  ^ 
P'ir.'also  M»  r -  trl  n\tc,  Gazz.  ital.  chim.  1875,  5, 
I  hT  ;    ScUul/.c-,  i^imUw.  Versuchs.  Stat.  1895, 
4n,  Stoklaaa,  I^ndw.  Jal  1     IHitr..  24, 

827  ;  Bourquelot  and  Herisfvey,  J.  Pharm.  1898, 
(vi.)  8,  385;  Breal,  Ann.  Agron.  1900,  26,  5 ;  j 
Schulze  and  Barbieri,  I^Andsu'.  V'ersucha.  Stat. 
21.  fi.*?  ;  Kinushita,  Bull.  Coll.  A^)c.  Imp.  Univ. 
Tokyo,  i8»o,  2.  203);  Schulze  and  Buj^shiwd, 
Zeit^ch.  phvKiol.  Chem.  188f>.  f>,  420;  Bungener, 
Biwl.  Zentr.  issr>,  8«)1  ;  lUhnns,  Bot.  Zcntr. 
1894,  17b).  Aspiiragme  i;*  otu-  uf  the  decom- 
po.sition  product*  of  prot<*id  niatt<»r  (Schulze, 
BiiMi.  Zi  nfr.  1901,  30,  10(1;  Chem.  Zcntr.  1901, 
i,  1108;  Bt  r.TMit.  Bot.  Ue«.  1907,  25.  213),  and 
its  aiOOQraulat  ion  in  the  plant  during  the  periods 
of  germination  and  liuddintr.  partiinlarly  A\ht'n 
the  development  occurs  iu  llic  dark  is  ullributcd 
by  Borodin  (Bicd.  Zcntr.  1879.  357)  and  Schulze 
nnd  Barbieri  (J.  })r.  CTirm.  1882,  [2]  25.  145),  to 
the  absencu  of  carbohydrates  which  under  | 
oonditkna  of  normal  assimilation  effect  tho 
reincorporation  of  amides  into  protcid  mole- 
cules ;  and  this  view  i<?  confirmed  by  Montcvcrdc 
(.\nn.  Agron.  17.  37(1).  who  found  that  branches 
of  lilac  plunged  in  di.stillcil  water  or  4  p.c. 
glycerol  solution  and  kept  in  the  dark,  contained 
abundance  of  aspar^ine  at  the  end  of  15  days, 
but  neither  starch  nor  mannitol.  When,  how- 
ever, branches  of  the  same  plant  were  kept  in 
solutions  of  glucose,  sucrose,  or  mannitol,  they 
formed  no  aspanginc  in  a  month,  but  coutMned 
much  mannitol  and  starch.  Another  eource 
of  aHparaginc  in  tho  plant  ia  it**  synthetic 
formation  from  ammoniom  salts,  urea,  or 
nitrates  supplied  by  the  soil.  This  synthetic 
production  is  only  po8.sible  in  the  presence  of 
sugar,  and  under  conditions  that  exclude  the 
formation  of  proteids  (Suzuki,  Bull.  Coll.  Agrio. 
Imp.  Univ.  Tokyo.  1895,  2,  196).  Tho  function 
of  tho  asparMine  in  the  plant  economy  is  the 
]>r<iduction  of  proteid  matter;  henoe  the 
a<idition  of  leguminous  BeeiU  after  steaming 
to  the  mash  in  brewing  is  recommendc<l  by 
Bimor  (J.  8oc.  diem.^d.  1882.  333),  as  the 
OMparagine  they  yield  forms  excellent  nutriment 
for  the  yeast  ceil;  and  Kiuo.shita  (Bull.  Coll. 
Airrio.  Imp.  Univ.  Tohyo,  1895,  2,  196)  found 
(h  it  \ouni;  -huut^  «if  .Koja  l>ean  that  8h(i\\e<l  an 
iiicrcaMi  in  asparagine,  from  21*6  to  28*7  p.o.  after 
four  ii'ookB*  natural  growth,  hecane  poorer  in 
a^purnpine  (l8-9-13'7  p.«.)  if  -jrown  for  the 
same  period  in  methyl  alcohol  and  glycerol 
folutlon,  but  contained  reserve  proteid  matter. 

A.nparagine  can  be  cxtractcil  from  the  jtiice 
cxpretMied  from  ^oung  vetch  seedlings  that 
have  germinated  in  the  duck,  10  kiloo.  of  vetch 
yielding  l.*"/'  jr  im.s  of  pure  asparaginft  (Rtia, 
Annalen,  l84^.  68,  343). 

Asparnuine  c-rystaUisea  from  aqueous  solution 
in  lar^o  rhombic  lar-vo-  hf'nuhcdral  ]>ri8m8, 
a  :  fc  :  c  :  :  0  4752  :  1  :  0-821M  (Freundier.  Comiit. 
rend.  1897,  125,  657).  containing  1H,0,  which 
it  lose8  at  10(1°.  and  then  melts  at  ^riP  235'' 
(Michatil.  Bcr.  1895.  28,  1029);  it  has  a  sp.gr. 
1*5434  at  14-874"  (Piutti»  Gau.  itaL  chim.  1004, 


34,  36) ;  the  moleeiilar  heat  of  oombustion  y 
448-4  Call.,  and  the  heat  of  formation  205  1 
Cals,  (Berthelot  and  Andre.  Compt,  rend.  lfc9U, 
120,  884) ;  it  is  sparingly  soluble  in  cold,  readily 
Ro  in  hot  water— 1  part  (iis.sohes  in  K2  part.-* 
of  water  at  10°,  in  47  pait.s  at  20*^  (IkvUr,  B»  r. 
1881,  14,  1028),  in  58  parU  at  13°,  an<l  1-89 
parts  at  Jf>0*  ((iuareschi,  CJazz.  chim.  ital.  1876,  (». 
370  ;  compare  Bresler,  Zcitsch.  physikal.  Chem. 
1904,  47,  611).  The  aqueous  solution  is  weakly 
n<  id,  ha-s  an  insipid  and  disagreeable  ta.-tr.  and 
is  la  vo-rotatory  [a]^^  —  5*  4'  (Fiutti,  (.ompt. 

rend.  1886,  103,  134);  the  roUtory  power  of 
tho  Bolutioti  is  increased  by  tho  addition  of 
alkalis,  inverted  by  mineral  acids,  and  deetroyed 
bv  acetic  acid  (Champion  and  Pellet,  Oomni. 
rend.  187ti.  n2,  819;  Becker,  Ber.  1881»  14, 
1028).  Advantage  is  Uken  of  this  last  fact  to 
eliminate  the  error  due  to  the  prcsenoc  of 
asparagine  in  saccharimetric  determinations  of 
sugar  liquors  from  beets  and  canes.  Anacagine 
is  partially  hytlrolysed  by  boiling  with  wrtiT, 
forming  a*pariic  acid  {aminoaueriuic  acid) 
C«H,  NH:(CO,H),  and  ammonia;  the  cbuge 
is  rapid  and  complete  when  exceee  of  faaiinm 
hydroxide  or  dilute  hydrochU)rie  or  sulphuric 
acid  is  employed  (Schulze,  Landaw.  Venociis. 
Stat.  29,  233);  by  the  action  of  potaadmn 
permanganate,  asparai.;inc  i.^  oxidiseii  to  car- 
bamide and  ammonia  ;  and  when  used  in  «^£>c. 
aqueous  solution  for  the  culture  of  Bmnut 
pyrocyanicus,  it  i.-t  converted  into  aspartit.- 
aciU  after  60  hours,  and  completely  decomposed 
after  72  hours  (ikniand  and  Oharrin,  Oompt. 
rend.  1891,  112,  765;  Adenev,  Troc  Roy. 
Irish  Acad.  1905,  25,  6).  Undeif  tho  action  of 
enzymes,  asparagino  j'ieids  a  mixture  el  fbtnic, 
propionic,  and  succinic  aci(U  (NeuUr^  and 
Cappeazuoli,  Biochcm.  Zeitach.  1909,  18,  424), 
and  a  nmilw  obange  is  efieoted  by  faieww's 
veast  (Effront,  Men.  8cL  1900,  (iv.)  23,  L 
l46). 

The  estimation  of  as{}ara^tue  is  ba^i-d  upon 
ita  qoantitativo  conversion  mto  aspartic  acid 
ami  ammonia  by  the  nctioti  of  hydrochlorii' 
acid,  tho  aspartic  acid  may  be  renK>v«i  m 
the  form  of  its  sparuigly  soluble  copper  salt 
(Enpel.  Compt.  rend.  1SS8.  10«.  1734)  and  tho 
aiiutiunta  dctcTmined  bv  8ai:lui.<«(>'2>  method  (J. 
pr.  Clicm.  1872,  \2]  6,  'll8)  or  by  one  of  tb- 
modifical  ions  of  .Schloe.'isinp'.s  method  dt  st  ril-*^ 
by  Mcuuicr  (.Xiui.  Aj:ron.  (i,  275),  Ly  8cbuJtt' 
(J.  pr.  Chem.  1885,  {'2\  31,  233),  or  by  Brovni 
and  Millar  (Jour,  boc  Chem.  Ind.  lOOi, 
135). 

Asparagino  has  feeUe  faaaoo  and  acidic 

projHTlies,  and  forms  ^*alt,s  wifh  ai  iil,  )»n<l 
(Chautanl  and  Dossaignc,  Annalen,  1818,  t»b, 
340;  Dessaigne,  Annalen,  1862,  82,  237; 
Sniolka,  Monal.sh.  1887.  H,  !»15h  it  al-o  fornix 
double  compounds  >Mih  certain  salts  of  the 
heavy  metala,  the  sparing  solubility  cf  the 
compound  with  mercuric  nitrate  is  mado  u* 
of  in  isolating  small  quantities  of  a&uaragiau 
from  Bolutiona  containing  oarbohvdiates 
(Schulze,  Ber.  1882,  15,  2855);  the  -.lum 
(C4H,0,N,),H,S04,Al»(SO,),.24H,O  lixm^ 
oetahedral  crystab.  Asparagine  is  converted 
into  ?-ehloriiHuceinio  acid  and  funiarir  acid  h\ 
the  action  of  nitrosyl  chloride  in  hydrochlonc 
acid  aolution  (Tiiden  and  Forst^,  Gbem,  Sue. 
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Tnat,  1896,  67,  489) ;  it  yields  tlid  *iiiul«  df 
Biknijdtxucciuic  anhydride 

CO-NU.-CH.'CUNU-CO-NH 


CO 


I 


when  fused  with  carbiimido  (Guareschi,  Gazz- 
lUL  chim.  1876,  6,  37U),  and  h  converted  into 


RLp.  137*-1SS*,  hy  the  «etioii  of  potaumnro 

cviitrnto  (auarr-rhi,  I'rr  1877.  10,  1747). 
C«rtaai  oondemuitJuu  products  of  asparagiae 
wHhoiher  ftinmo*  aoids  we  deecribed  by  Fiwher 
iBer.  1904.  37,  4585;  1907,  40.  2048),  rhloro- 
acfiylfuparagine^  m.p.  148*- 1 4  9°  (corr.) ;  glycj/l- 
a^ntffines    xn.p.   218",   [oj^^-d-i*  At  20*; 

anhjfdroglycylaspfiratjtne,  deoomponing  at  274** ; 
i-Uncyl-l-(UfHinitjii>e,  dnrompoaing  at  230*  (corr.)» 

[a]^— 63-6*  at  20"  ;   l-kucyl-d-aj*pamffine,  m.p. 

228°   (corr.),    [al^^-fl7-8* ;  (usparagykutjiartic 

odd,  decoin{K)?in|^  at  120®.  Sasaki  (Beitr.  Chem. 
Physiol.  Path.  1907,  10,  120)  dcscribefl  a  benzoyl- 
polypeptide  of  asparagino  C,,H,40jN5,  decom- 
posing at  210*,  and  giving  the  biuret  reation. 

Asregar*!^  the  aUnu'ntnry  value  of  aspara<;ine, 
it  hm  been  iound  that  in  the  c&nc  of  herbivorous 
iBUniiiali  and  geese,  asparagino  has  a  proteid- 
9«paring  action,  and  utidiT  appropriate  con- 
ditioM  prevents  waste  and  cauaes  toe  lonn»ti<m 
of  proCeid  matter  (Weiske,  Bied.  Zentr.  1879, 
744;  1882,  312;  Zcit.  fur  Biol.  15,261;  20, 
iU;  LMtdwa.  VersuohB.  Stat.  1888^  34»  303; 
Roaeofeld,  Zeit.  Ver.  Deuteoh.  Znofcer.  Tnd. 

1900,  [539]  1055,  from  Jour.  Sr.    Chem.  Tnd. 

1901,  271).  Aooording  to  Zuntz  and  Mitlier 
(Pfl1^er*s  ArehiT.  1906,  1 12,  245),  the  protcid- 
8|«ariiig  action  of  a.sparagine  is  tlv  ru.sult  of 
ft  iund  of  symbiosis,  tnc  Mcteria  iu  the  paunch 
«f  tile  mmiiuuitB  decomposing  the  n^paragine 
i'l  prift  rtncf  to  the  imttoin  m  the  food.  In 
the  case  of  omnivora  and  camivora,  asparagine 
cxwto  only  a  dimetio  eetUm  (Muxck  and  Voit, 
PiM.  Zentr.  1884.  749  ;  Politis,  Zeit.  Biol.  1893, 
27.  492;  Mauthner,  ibid,  507;  Gabriel  and 
Voit,  Atf.  29,  lis,  125;  Letren*  and  Koha, 
A»er.  Jour.  Physiol.  1909,  23,  3'2iV 

DtxtrcHiapaTagine  w'as  discovered  by  Piutti 
(Ber.  19,  1091)  in  the  yonnff  akoote  of  the 
vetch  ( Vicia  Aatim,  Linn.)  6600  kilos,  of  vetch 
bads  yielded  20  kilos,  of  crude  asparagine,  from 
idiioh  100  gmnu  of  pure  deztro-asparagino 
i.-^olato^l  :  it  is  uligntly  niorii  sohinle  tlian 
the  IcTO-  compound ;  the  solution  has  an  intensely 
 ^  is  deztro-fototory  in  neutral 


€f  alkaline  solution  [alj^+5-4l*  (Piatti,  Corapt. 

rend-  1886,  lO.'J,  134),  and  laovo-rotnt  orv  ui 
icid  Bolutiou ;  it  forms  largo  rhombic  dextro- 
hemihedral  crystals,  a:b:c::  04741  :  1  :  0-8310 
(Preuudler,  Compt.  rend.  1S97,  125,  (557).  A 
wlution  of  equal  parts  of  the  tHu  optically 
active  asparagines  is  optioaUy  inactive,  but 
the  two  varieties  Kppnratp  on  cn'stalli.HJitiun, 
twining  frequently  t^ikina  place  between  the 
Mt  and  ri;.dit  ciTStela  (FiutCi,  Oompk  rend. 
1886,  103,  134). 

According  to  Pringshfim  (Zeii^ch.  physiol. 
Chcm.  1910,  65,  89),  the  (/-asparagine  found  by 
Piatti  is  the  mother  liquors  from  which  the 
{-Asparagine  UimI  been  isolated,  was  formed  by 


the  neemisation  of  tihe  ^a8paragino  during  the 

procesa  of  evaporation  of  the  solutions.  The 
author  states  that   after  lioiling  f>aspftraginp 

[[ajp^  4-3ti*iy'',  in  iV/  lO  hydrochloric  acid  isolu- 

tion]  for  12  houn,  with  water,  sad  subsequent 
fractional  crystallisation,  he  obtained  a  fcMtion 

that  had  [a]j"^  - 15-3*  in  i\'  10  hydrochloric  seid 

solution,  and  therefore  contained  cf-asparagine. 
In  addition  to  the  two  asparagines  already 

descrihtMl,  there  is  a  third  form  knowTi  as 
a  a^[mragine ;  it  does  not  ooour  naturally  ;  is 
uptieally  inactive,  erystsH&MS  in  the  triclinio 
system,  a:b  :  c  =  l-5!)57  :  1  :  0-.5668  ;  a  =  9ri9'  ; 
/3=  113712',  y^ttS*"  48'  (Brugnatelii);  and  has 
a  8p.gr.  1-4M  at  14*S74*  (Rntti,  Gass.  ohim. 
ital.  1904,  34,  ii.  and  is  not  structural!}' 
identical  with  the  optically  active  or  ^-a«>j[>ara- 
gines.  The  thzee  asMFagines  have  been  ayn- 
thosiaed  by  Piutti  (Gazz.  chim.  ital.  1887,  17, 
126;  1888,  18,  457)  by  the  following  inethoda, 
that  leave  no  doubt  as  to  the  constitution  of 
the  compoutulij.  By  the  reduction  of  the  oximc 
of  oxalttcetic  ester  CO,Et  CH,-C(N()H)  CO,Et 
with  sodium  amalgam  and  partial  saponiticAtion 
of  the  product,  riulti  obtained  two  difFwnt 
othvl  hydrogen  lutpartates,  melting  at  l<i5*^  and 
200*  respectively.  The  ester  melting'  at  165* 
ia  i(h  ritical  with  the  compound  obtained  by 
reducing  El>ert'a  (Annalen,  1885,  229,  46)mono- 
ethvl  ejiter  of  oximinosuccinic  acid,  which  has 
the*  formula  CO,H-CH,-C(XOH)-CO,Et,  since 
on  heating  it  loses  CO,  and  forms  oximino- 
propionic  ester  CH3  C(N0H)  C<),Et.  It  follows, 
therefore,  that  the  ethyl  hvflrogen  aspartate 
melting  at  165*  is  the  monoetbvl  a-ahpartato 
CO,H'CH,-CH{NH,)  COjEt.and  the  ester  melt- 
inj»  at  200*  must  be  tlie  monoptliyl  /3-aspartate 
CO  Jl  CH(NH,)CH,  UO,Et.  When  these  esters 
are  treated  with  alooholio  ammonia,  thvif  are 
convert<?d  into  the  enrrcsponding  asparagines  : 
the  ester  m.p.  Iti5°  give^i  inactive  a-asparayinc 
CO,HCH,CH(NH,)CONH„  au.l  tho  ester 
m.p.  200*  yields  a  mixture  of  d-  ami  3-a«»|Mira- 
gines  COjHCHlNiljCHjCOMI,.  From 
silver  ethyl  y'osiiuino.^uccinato 

/CH-CO»Et 
OH  N<  t 

N^'H-COjAg 
Piutti  (Gazz.  chim.  ital.  1890,  20,  402)  obtained  a 
mixture  of  the  three  asiiaragines,  the  a-aspara- 
gine  readily  gave  up  it.n  water  of  ciystallisation  in 
a  vacuum,  and  fell  to  jiowder ;  and  the  d-  and  ^  3- 
asparagines  could  then  be  separated  by  hand 
sorting.  A  mixture  of  tho  three  asparagines 
wa^  fil,-o  obtained  by  the  action  of  ali  oholio 
ammonia  on  the  ethyl  hydrogen  ester  of  inactive 
aspartic  acid  (Piutti,  Gazz.  ital.  chim.  18H7, 
17,  12R;  18S«,  18,  457).  Kom-  r  and  Menozzi 
(Gazz.  it4il.  chim.  1887,  17,  171,  226)  effected 
the  synthesis  of  the  d-  and  /-  /3-asparagin«!S 
from  ethyl  bromo<?urrinate,  from  ttli\  1  fumarato 
or  ethyl  maleiite,  by  the  action  of  alcoholic 
ammonia  ;  and  similar  results  wore  obtained 
by  Piutti  (Ber.  IS'.Iti,  20,  20(59)  with  ^bIOmo• 
succiuamic  acid  or  makic  anhytlride. 

fi-Kthylasporofjine  COjHC  •H(NH,)'CH,« 
CO  NHEt.  m.p.  258*-260*  with  decomposition, 
and  ii-allylaMixiragitie  'COjHCH(NH,)-CH„- 
GO  NH  ClC  melting  and  decomposing  at  258*- 
201*,  pn'parfd  by  th»»  action  of  tho  cor- 
res|)ondiiig  tilkylamiiie  on  ^"***^y^*-'*^^['',2y§*|jy  «^QQg[g 
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yield  opiicallv  ina(  (ivo  sulutioaB  (Piutti,  Gazz. 
ohim.  it«l.  1888,  18,  478).  M.  A.  W. 

ASPARAGUS.  The  ahoots  of  this  plant 
(AsparoffM  i^jfeinalia)  are  lued  u  »  toble 

Cafbo- 

Watpr  rrr»teln  Fat  hydrate*  Ash 
Average  composition  W  O    1-8    0-2     3-3    0  7 

The  nitrognuius  matter  of  asparagus  consut^ 
Ifirgclv  (if  (imino  fiitfcinafnic  acid  CO(NH,)-(,'H|' 
('H(NH3)  C0<)H,  a  siihstanrc  known  (from  its 
<litoover5',  ^  1806,  in  asparagus  shoots)  as 
a«paragine  (f.v.). 

C'oniferin  and  vanillin  ha\o  al.-o  \u-i'i\  founfl 
in  the  sap  and  cellular  tissue  (Lippiuuaa,  Bcr. 
1886,  18,  3355);  Tannt  (Oompt.  rend.  1909, 
149,  48)  deticribes  two  new  carbohydrates  as 
occurring  in  appro)iiinat<?iy  equal  quantities  in 
asparagus  roots — nsparagoae  (C,M,,0,),'H,0, 
where  n  =  15  or  16,  crystallising  in  microscopic 
needles,  soluble  in  water,  insoluble  in  absolute 
alcohol,  m.p.  198*-200*,  gives  no  colouration 
with  iodine,  and  does  not  reduce  P'chling's 
solution ;  and  ^-a^parago^f,  a  white,  hygroscopic 
subtttance  mon;  8oluble  than  asparagose.  Doth 
Bubstanoea  are  hydrolyaed  by  iavertase,  yielding 
dextrose  and  la^vulose. 

The  seeds  of  asparu_  i  uero  examined  by 
Peters  (Arch.  Pharm.  11M;2,  240,  53),  and  were 
found  to  contain  water  11*6,  woody  fibre  8*2, 
nitrogen  3  0,  and  oil  15*3  p.c.  8tarch  wns  not 
preaent,  but  a  resenre  oelluloae  (mannan), 
oapabie  of  yiehling  (^-mannoM  on  boiling  with 
dilute  hvdroc^hloric  acid,  occumxl :  37*5  p.c.  of 
the  weigkt  of  the  seeds,  of  inanoot»e  wa^  obtained. 
The  oU  was  reddish  jrellow,  had  a  sp.gr.  of  0*928 
at        jind  an  iodine  nunilKT  of  1;}7  I.    H.  I. 

ASPARTIC  ACID.  Anunoiwxintc  acid 
CO.HCH,  (  HtNHj)  CO,H,  found  in  young 
sugar  cano  and  in  nioiasscs  of  suj^ar  beet 
(Soheiblor,  J.  1886,  399),  and  in^'oung  ahoots  of 
the  ftourd  (flehnlse  «id  Barbieri,  Ber.  1878, 
II.  710),  hiis  Ix'f-n  oh,M'r\<-<l  in  iliscused  liver 
(Taylor,  Zeitach.  physiol.  (_hem.  1901,  34,  680), 
and  ooouFs  in  certain  glands  of  TriUmimm 
nndmiiin,  flic  fMistcrior  iM>rtion  of  the  gland 
when  stimulated  secrete  an  acid  Uuid  from  which 
aspartio  aeid  immediately  cryatalliseA.  As 
a^particacid  is  soluble  in  sea-water,  it  is  pr^  il  ly 
employed  by  the  animal  in  destroying  the 
calcareous  snells  of  the  other  dtellfish  that 
form  its  food  (Henzr.  Bt  r.  IWl.  34,  348). 

i\sj]artic  acid  is  prepared  by  hvdrolyaing 
a8|)aragino  by  means  of  hydroohlono  or  sui- 
phiiric-  acid,  lime,  baryta,  lea<l  oxide  or  potash 
(Pliason,  Ann.  Chim.'Phys.  [2J  35,  175  ;  37, 
Bl ;  40,  30S ;  8<^u]ae,  Landsw.  Versuchs.  Stat. 
'2'K  233) ;  it  is  one  of  the  degradation  pro<lucts 
of  proteid  matter,  and  is  obtained  when  casein 
or  prot«id  is  heated  with  (1)  dilute  milphuric 
a.  id  (Kreusskr,  J.  pr.  Vhem.  1869,  107,  239; 
Hitthauaen,  ibid,  218 ;  Fischer,  Zoit8ch< 
physio).  Cfaem.  1901,  83,  161;  1902,  35,  70; 

i(\'2):  (2)  firominr  or  wifh  stannnns  chloride 
(Hlasiwetr.  and  HalH'rmann,  Annalcn,  1871, 
100,  325;  1H73.  169.  162).  Aspartic  acid  i.s 
produced  liy  the  oxidfifinn  of  conglutin  with 
potaAsium  [jerraanganato  ^Fott,  .1.  pr.  C'heni. 
1873.  [2]  6,  91),  bv  the  jiancrcatic  digest  i«>n 

(»f  ftv.h  1,1  1  fibrin  at  40°-50°  (Hadzi.  /.  u.ki 

and  iSalkownki,  Ber.  1874,  7,  1050),  or  of  gluten 
(Kniiriem,  Zeitsdu  I.  Biol  1876.  11,  198);  and 


is  one  of  the  IK  i<l  constituents  of  Kiihnc^s 
*  antipeptone '  (Kutschcr,  Zcitsoh.  physioL 
Chom.  1898,  26,  19i> ;  26,  HO). 

The  naturally  occurring  aspartic  acid  is 
laevo-rotatory  and  the  same  l-aspariir.  acid  ia 
obtaine<l  by  hydrolysis  of  /(rw-asparagine 
(Schiff,  Ber.  1884,  17",  2Si2!t):  it  erystalli«i«s  in 
rhombic  prisms,  m.p.  270*^271*  (Michael,  Ber. 
1  1895,  28,  1629),  is  sparingly  soluble  in  water, 
100  grama  of  water  dissolve  y  mg.  of  the  aeid 
•  at  i",  where 

y=372  +  U  l^    018124<^-i-0  0O5:«^ 
(Engel,  Compt.  rend.  1888,   106,  1734).  A 
solution  containing'  1  873  n.c.  of  acid  i*?  ft  vMy 
doxtro<rotatory  below  76  ,  but  lieva-rotatorj 
above  that  tempetature ;  in  alkaline  soluticma 
the  substance  i.s  strongly  l.wo-,  iitnl  in  nrids 
I  strongly  dcxtro-,  rotatory  (Becker,  Ber.  1881, 
1 4, 1028).  The  heat  of  comhuation  is  S87-2  Gala., 
the  heat  of  formation  231-9()als.  (Berthelot  ami 
i  Andre,  Compt.  rend.  1890,  110,  884) ;  the  heat 
!  of  dissolution  at  18^  is  —7-26  Gala.,  heat  of 
j  neutralisation  by  .xo<lium  hvdroxido   '■  3-0  Calt*. 
I  for  the  first,  and  -t-3-5  iJ^U.  for  the  second 
I  equivalent  (Berthdot,  Gompt.  rend.  1891,  112, 
,  829).    Asj);irtic  acid  i*  readily  >olu?ile  in  aqueous 
solutions  ol  ccrtam  mineral  salt« ;  for  thii>  reajson 
'  Sohiff  (Ber.  1886,  17,  2929)  recommends  that 
in  its  preparation  from  a*paragine  \>y  boiling 
with  hydrochloric  acid,  the  minimum  quantity 
I  (2  mob.)  of  acid  bo  emplojred,  and  the  exccm 
afterwards  neutralised  by  ammonirt  (I  mol.); 
!  by  adopting  this  precaution,  a  yield  uf  90  p.c 
;  of  the  theoretical  is  obtained. 
1       A  p  <r'  '.V  acid  forms  salts  with  acid  and  baACs, 
I  the  copper  salt  t;4Hj().NCu,4JH,0,  forma  pale- 
;  blue  needles  almost  insoluble  in  cold  water (Eogd, 
j  I.e.).    Aspartic  aci<l  is  oxidised  byhydrocren  per- 
oxide to  the  semi-aldehyde  of  malonic  acid  which 
'  breaks  up  into  acetaldehyde  and  carbon  dioxide 
;  (Dakin,  Jour    Hi  I    ('hem.    I0Of>,       400)  ;  it 
is  capable  ot  lurnHhmg  the  ni1ro).'ei  ii  require<l 
for  the  development  of  B  adi  communis  in 
presence  of  rnannitul   nnd   glucose,  l>ecoming 
reduccii  to  ammomum  siULcmaie  (Harden,  Chem. 
Soe.  Trans.  1901,  623),  and  by  enzyme  action 
it  is  deoomposcfl  into  formic,  propionic,  and 
succinic    aciils    (Neuberg    and  C'ap|H'z,/.uoli, 
Biochem.  Zeitsch.   1909,   18.  424;  Borchardt. 
Zeitsch.  physiol.  Chem.  1909,  59.  96).  When 
aspartic  acid  is  heat«l  at  190**- 200®  for  20  hours, 
and  the  product  boiled  with  water,  two  Sparingly 
soluble  anbydndee,  octoa«p«urtide 

NH- 

ho(co-c<:h,-cx)).h 

and  tdfOipMiide 

'  NH  

H0(C0<;CH,-C.t))4H 
are  obtained,  the  more  soluble  ockMupvHie 

H0(CO<M:JH,<X)aH),H 
and  Mraapartic  acid 

NH, 

HO(tO-CCH,-CU,H)4H 
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can  be  isolated  from  the  tiltntte  (Schiff,  Ber. 
1897,  30,  2449).  The  following  aUcvl  eiten 
of  aspaitic  arid  arc  doscrilxHl :  Monoethyl 
a^pareUe  hydrochloride^  UUD.  199**;  diethyl  and 
dimHkyl  a»parUite  htfdndUoriin,  deUqn«aoent 
s«>Ud«  (Curtiua  and  Koch,  Ber.  1885.  18»  1293; 
WcKscheiden  and  f^rankl^Monatsh.  1906, 27, 487), 
ethvl  B'(uparkde  00,H'CH(NH,)-CH,CO,Et, 
m.p.  2(X>'»;  ethyl  o-av»;>art«/e  COjH  CH.-l'HfNH,) 
C  O.Et,  m-p.  Ifio'  (Piutti,  Chem.  Zentr.  1888, 
1459).  Th«  methyl,  ethyl,  aUvl,  propyl,  mo- 
propyl,  butyl,  i«obutvl,  and  t.wamyl  hydrogen 
esters  are  dextro-rotatory  at  ordinary  and 
Itevo-rotatory  at  higher  temperatures,  and 
f  irm  Hparingly  soluble  copper  salts  (Piutti  and 
Maxhi,  G&iz.  chim.  iUJ.  1906,  36,  ii.  738). 
i-DtothylasparUte   hM   Kp.  126*6^11  mm. 

pnMDie;  8p.gr.  l-OM»t  17*  and  [a]f  ='>9'46'' 
(Fischer,  Sitzunaher.  Akad.  Wiss.  Bt-rlin,  190<). 
48, 1062),  or  b.p.  126*'-127710  mm.,  Ifl0°-162725 
mm.  pcwore,  and  fonns  a  yellow  picrolonaie 
(  ■.H,jO,N.r,oH,OjN„  m.p.  290"»  (8ohmidt  and 
Widman.  Ikr.  1»09,  42,  497). 

Of  the  acyl  derivatives  of  aspartic  acid,  the 
b^nzf  nf sulphonyl  derivative  Sl),Ph  NH  ( ".Hj 
(CO,H),  melt«  at  nO**  (Hedin.  Hor.  1S91,*23, 
3196) :  the  hippuryl  derivative  NHBz  ('H,  CO. 
NH<;,H,(CO,H)„  m.p.  191°  (Curtius  and 
Curiius,  J.  pr.  Chem.  1904;  (ii.)  ?(»,  J  58); 
ftexzoy/  Utupartic  acid,  m.p.  184''-18rj°  (corr.); 

has  [a)J^+S7*4*,  kficyl  aspaHic  acid  CH,Pi^. 

CH(NH,)<X)-NH'C,H,(CO,H  ),.H,0  deoom. 
f"ws  at  180**-182*'  (corr.)  (Fisch.T  and  K...  iul's, 
Ikr.  IIHM,  37,  4585) ;  and  thQ  picryl  derivative 
<^\oH«0,J^4  haM  m.p.  tupmHc  dtanUde 

C,H,(NM,)(CONH,)„  m.p.  131^  haa  [ai^-V, 
and  pive«  tho  biuret  reaction  (Fischer  and 
KiKinigs,  iVr.  1904.  37,  4585).  Aspartio  acid 
resemble-  a.-^paragine  in  it.s  physiological  aotion 
(Saikowski,  Zfitsch.  phvsiol.  "("hem.  10O4,  12, 
1207 ;  Andrlik  and  \  eiich,  Zeitijch.  Zuckermd. 
Bdhn,  1908,  32,  313). 

'i-J-ftarlic  arid,  obtained  bv  hydrolvKifl  of 
rf-asparagine  (Piutti,  Ber.  1886,  19,  1694),  or 
ftom  l-broroosnocinio  aoid  and  aqueons  ammonia 
St  —40**,  a  Walfien  rearrangement  taking  place 
(Fiiicher  and  Raake,  Ber.  1907,  40,  1051) ;  is 
ako  obtained  from  a  aoliitHm  of  the  Taoemie 
acid  \'fi-^l)  aspartic  acid]  which  han  been 
innoculnt<<l  with  a  mould  grown  on  i-aspartic 
acid  (Engcl,  Compt.  rend.  1887.  106,  1734). 
lirmoyl  d-a^par1ir  acid,  obtained  bv  Fischer 
(Ber.  1899,  32,  2451).  by  the  resolution  of  the 
iBOomio  oompooiid,  throudb  the  bfoeiiio  aalta, 

has  in.pt  181M8S«  [a]f"-87-6»  in  alkaline 
•olvtion. 

Inactive,  (d-{-/).(Mpar<ic  acid,  preptued  b^'  the 
action  of  boiling  hyclrochloric  or  nitric  acid  on 
the  product  obtained  by  heating  the  ammonium 
salts  of  malic,  maleic,  or  fu  marie  acids  ( Dessaigne, 
Compt.  rend.  I860,  30,  324);  by  heating  an 
a«|u*-ouM  t^olution  of  the  hydrochloride  of 
/-aspartic  acid  at  170°-180°  for  some  hours 
(Mieluiel  and  Wing.  Ber.  1884,  ril  2984);  by 
heaUng  rf-  "r  /  axpartic  acid  with  2  mols.  HC'l 
(SDwgr.  M07)  at  I7OM80°,  or  from  an  aqueous 
MMtttion  of  equal  parts  of  the  d-  and  /-  acids; 
the  raci  mic  acid  crystallises  out  (Piutti,  Ber. 
1866,  19,  1694);  by  xoducing  and  hydrdyaing 


the  sodium  salt  ol  ethyl  oximino-oxalacetate 
(Phitti,   Chem.    Zentr.    1888,   68).    (d  +  l)- 

Aspartic  acid  forms  small  monoclinic  prisms; 
100  grams  of  water  dissolve  y  mg.  of  the  acid  at 
<*,  uniere 

y=617+2l-e9»-0  K>5/'-r0  0079<» 

(Engel,  Compt.  rend.  1888,  106,  1734).  The 
copper  salt  CuC.H40«N,4JHjO  is  darli-blue 
(Engel.  I.e.).  The  benzoyl  derivative  lins 
m.p.  164''-166*  (corr.),  and  can  bo  resolved  into 
its  active  components  by  crystallising  the 
bnioind  salt  (Fisoher,  Ber.  1899, 32,  2451). 

M.  A.  W. 

ASPHALT.    Compaei  hUmmen,  Minend  pifeA, 

Jews'  pitch,  DHumen  of  Judmi.  {J udt  tiprrli, 
Erdpechf  Bergpech,  Ger. ;  Oontdron  miiUralt  Fr.) 
A  name  given  to  tiie  solid  varieties  of  bitumen. 
In  its  purent  form  asphalt  presents  the  apjK^ar- 
ance  of  a  black  or  bro>vniah- black  solid  substance, 
possessing  a  bright  oonohoidal  fracture.  It 
melts  at  100°,  burning  with  a  brilliant  flame  ami 
emitting  a  bituminous  odour.  iSp.gr.  l-O-l  bb. 
Asphalt  is  insoluble  in  alcohol  and  water,  soluble 
in  about  five  times  its  weight  of  naphtha,  and 
in  benxoL  It  is  dissolved  by  alkalis  and  alkaline 
carbonates. 

By  dry  distillation  a  yellow  oil,  .\sphalt 
oil,  is  obtained.  It  consists  of  hydrocarbons 
mixed  with  a  small  quantity  of  oxidised  matter. 
It  begins  to  boil  at  90**,  but  the  iKiilinij-point 

a dually  rise*  to  250"^.    The  portion  boiling 
ow  200<*  has  the  sp.gr.  0-817  at  15° ;  that 
above  2^"  has  n  sp.gr.  of  0-868  at  ITA  Both 

fortions  gave  by  analysis  about  87  o  p.c.  carbon, 
1*6  p.c.  hydrogen,  and  0-9  p.c.  oxypen,  which 
is  nc^arlvthe  enn)|to'<ition  of  oil  of  amb<  r  (Viilekel, 
Annalen,  88, 139),  Nitric  acid  converts  it  into 
a  resin,  having  the  odour  of  musk  and  the  taste 
of  bitter  almond.^. 

Boussingault  obtained  from  the  asphalt  of 
Bcohdbrunn  a  palo-yellow  <h1,  pefotrfeiie,  liaving 
a  faint  taste  ami  bituminous  odour,of  spgr.  0*891 
at  21**,  and  boiling  at  280". 

By  heating  asnhalt  to  2S0*  for  48  hours,  the 
volatile  oil~i  are  ((riven  off  :  a  black  soliri  sub- 
stance, asphaltene,  is  obtained.  It  becomes  soft 
and  elastic  about  300**. 

The  purest  asphalt  is  found  on  the  shores  of 
the  Dead  iSca  and  in  the  pitch  lakes  of  Trinidad 
and  Mexico.  Roclts  more  or  less  impregnated 
with  ftitumen,  to  which  the  name  earthy  or 
crude  <isphalt  is  given,  are  found  at  the  I'oldico 
mines,  Cornwall  ;  near  Mathx^k.  Derbyshin* ; 
at  Haughmond  Hill,  Shropshire;  at  the  Hot- 
wells,  near  Bristol ;  in  the  limestone  near 
Glasgow ;  the  freestone  near  Edinburgh  ;  and 
generally  throutrhout  the  Orkneys.  I>nrge 
de]>o8its  occur  also  at  Seyssel.  Dept.  de  l'.\in  ; 
at  Becliclbnmn  and  l.ob^ann,  Lowi  r  llluiu-  :  at 
Bastenne^  and  Dax.  in  the  Dept.  l.jiiiflr^  ; 
in  the  N  al  de  Traver.  ,  Neuchatel  and  other 
place>«. 

.-\sphalt  is  separ?ite(l  from  the  minerals  with 
which  it  ia  a*so<iated  either  by  melting  the 
mass,  allowing  the  earthy  matters  to  subside 
and  n»moving  the  bitumen;  or  by  boiling  with 
water,  which  causes  the  bitumen  l<i  run  out  in 
the  melte<l  .state;  or  by  the  action  of  hjfdro* 
chloric  aciil,  which  dissolves  the  calcium  car- 
bonate and  leaves  the  asphalt  ;  or  with  oil  of 
turpentine,  which  dis..^olves  out  the  bitumen. 
Murric  (J.  Soc  Chem.  Ind.  3,  182)  dpiOfifa»dHy Google 
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methods  used  in  Italy  for  the  cxbrootioui  of  1 
bitumen  from  erode  (wphalt.  I 

Tho  Val  de  Travers  asphalt  coutaina  about 
20  p.c  of  bitumen,  and  it  only  requiree  the  , 
addition  cl  6  to  8  p.c.  of  mineral  or  cmJ  tar  to  ; 

convert  it  into  a  plastic,  workahlr  mastic  of  good  j 
t^uality  for  pavements  and  hydrauUo  works.  ! 

Tte  modem  meHkod  of  la3ring  down  asphalt ' 
pavement  is  to  first  prepare  a  foundation  of  con-  i 
oret«  the  surface  of  which  is  carefully  flatteoed.  ' 
On  this  even  anrfooe,  when  thoroughly  dry,  the 
melted  asphalt  is  spread  with  a  wooden  troMcl,  ; 
and  the  surface  is  iiualiy  smoothed  over.   The  ' 
liquid  Val  de  Travers,  TJmmerV,  and  Bamett*8  | 
asphalts  used  for  this  purpose  arc  all  mixed  ' 
with  grit  or  sand,  and  so  present  rougher  surfaces  : 
than  those  pavings  which  consist  <rf  asphalt 
alone.  Brantle  (D.  R.  P.  4993, 1878)  mixRsgroond 
slag  with  the  asphalt  instead  of  sand.  i 

Another  method  of  paA'ing  is  to  break  up  the 
bituminou"?  ore,  and  neat  the  fragments  till 
they  crumble  to  powder.  A  laver  of  this  hut 
powder,  from  10  to  20  imofaea  thiek*  to  laid  on 
the  dry  concrete  and  oompfesned  by  atanping 
u  ith  hot  irons.  i 

Artifieial  n»phaUt  or  gcm-tar  a»phaU,  is  a  I 
mixture  of  chalk,  Band,  or  limestone  with  tho  | 
thick,  pitchy  residue  obtained  by  evaporating  ' 
the  more  volatile  portions  of  gas  tar.  The  I 
mineral  sulisiancc  must  he  hrated  to  expel 
moisture  and  adhering  air,  and  then  added  to 
the  strongly  heated  pitch. 

In  addition  to  the  use  of  n  plif^lt  for  pave- 
ments, water-tight  tanks,  and  coatings  for  iron 
tubes  used  for  conveying  gas  or  water,  ftc,  it  ia 
used  in  photography,  in  photo-lithography,  and 
photo-engraving,  owing  to  tho  asphalt  becom- 
ing  insoluble  in  turpentine  after  exposure  to 
lignt.  In  the  latter  case  copper  plates  are 
covered  witli  a  thin  cualiug  of  pure  u^phaltum, 
or  bitumen  of  ■ludau,  dissolved  in  benaene  or  i 
chloroform.  When  dry,  tlie  {)hite  is  exposed 
behind  a  film  to  bright  sunliuht  for  half  an 
hour,  and  then  developed  l>y  tirst  toftening  the  j 
soluble  portion  of  the  asphaltuni  with  olive  oil,  ' 
to  which  subsequently  a  little  turuentine  is 
added.  As  soon  as  the  lines  are  bare  tiie  turpen- 
tine and  oil  must  be  washed  away  by  tho  action 
of  water. 

Methods  for  preparing  asphalt  for  paving  , 

and  other  purposes  are  deMribed  liv  Da£ru?ftn  ; 
(J).  R.  r.  4999,  1878  :  T^inpl.  poly.  J."  232,  547) ;  ' 
Kalilbetzer  (i).  K.  P.  FAW,  1S78):  Zadig  and  | 
Neuberg  {!).  R.  P.  5»i7s.  isTS;  l)iiiu'l.  jx^ly.  J. 
2.33,490);  (  lark  {Eiw.  Pat.  8U3G,  lb84  :  J.  Soc. 
LTicm.  Ind.  5,  183);  Kettmann  (Eng.  Pat.  12425,  ! 
1884;  J.  Soc.  Chem.  Ind.  4.  675);  Bichter 
{.Siofenaeid  Zeit.  2o,  272 ;  J.  Soc.  Chem.  Ind. 
2,  474). 

Native  asphalt  can  bo  distinguished  from  | 
artificial  asphalt  by  extracting  with  carbon  di-  I 
sulj>hide,  filtering,  evaporating  to  dryness,  and  i 
heating  tho  residue  till  it  can  be  ground  to  a  [ 
fine  jx)wder ;  0*1  gram  is  treat<?d  with  6  c.c.  of  . 
fuming  .suliihuric  acid  for  24  hours,  and  Ls  then 
mixed,  with  continuous  stirring,  with  10  c.c.  of  i 
yvater.  If  pitch  or  coal  tar  be  present,  the  solu-  ' 
tion  will  he  of  a  dark-brown  or  blaekinh  tint ;  if  I 
not,  tho  solution  will  be  of  a  light>yellow  oolour  | 
(if.  Pitch).  , 

ASPHODEL.    The  tuberou.s  routs  <if  Ajtpho- 
diU  de  Hardaigntt  of  Aaphodelwt  ranuMnu  (IJjid.),  : 


and  other  species  of  the  same  ^nus,  oontain  a 
fermentable  snbstanee  from  which  aloobol  may 

be  jne pared  (r/.  Riviere  and  Bailhache,  Compt. 
rend.  1895,  121,  Q50).  By  drying  and  ooaneiy 
grinding  the  tnben,  Landerer  obtained  a  powder 
which,  mixed  with  water,  formed  i  tiong  glue. 
Badoil  and  lionders  obtain  taunin  from  the 
palp  left  after  the  extraotkm  of  the  alooh<^ 

ASPTDIN  r.  Filii-mas. 

ASPIDOSAMINE  and  ASPIDOSPERMINE 

V,  VbO«TO-ALKAIX)ID8. 

ASPIRATORS.  Aspirators  are  used  to  draw 
air  or  other  gases  through  any  apparatus  con- 
nected with  them,  ana  were  probably  first 
employed  by  Brunner  in  his  analvses  of  air, 
1830-1840  (Pogg.  Ann.  20,  274  -  24.  569; 
31,  1).  The  prooeas  of  aspiration  or  inhaling 
of  air  is,  however,  most  coram<Th,  bein^  necessarv 
to  the  life  of  auimola  and  to  the  ventilation 
of  bnildoigs,  mines,  fto.,  to  dtanse  the  air  so 
that  it  may  supix)rt  life.  In  other  analyses 
of  air  by  Dumas  and  Boussingault,  on  exhausted 
globe  or  was  mied  as  an  aspirator  (1841, 
Ann.  Chim.  Phys.  [3]  iii.  257).  When  a  vessel 
i£  emptied  of  liquid,  air  must  enter  to  take  its 
phuse,  and  Idie  common  asfnrator,  in  its  varions 
forms,  is  a  vessel  with  two  o|>cnings,  the  lower 
to  serve  as  outlet  for  the  water  or  liquid,  and 
the  upper  OS  inlet  for  tiie  air  or  gas  to  be  aapimted. 
V^'ith  suitable  fittings  a  isiphon  ma\-  ^h'  u?c<1 
iustcad  of  the  lower  opening,  or  the  apparatu.> 
may  be  modified  into  a  bell* jar  standing  over  a 
basin  or  large  jar,  the  air  being  drawn  in  through 
the  cicck  of  the  b-ll-jar.  This  is  3Iohr's  asoirator, 
irtuch  is  sometimes  poised  like  a  gasholder  to 
facilitate  tilling  and  emptying  of  the  bell-jar 
(Mohr,  Lehrbuch  der  Titrirmethode,  1855, 
Biunswick). 

From  their  introduction,  aspirators  were  u.«e<l 
not  only  to  draw  in  goiaes  through  app^irulus  and 
reagents  emplojred,  at  a  regulated  rate,  but  also 
to  measure  the  gases  so  manipulated  by  simply 
measuring  or  weighing  the  liquid  run  out  of  the 
aapirator.    For  approximate  readings  aspirators 

^!a.s.s  may  bo  graduated,  and  those  of  metal 
may  be  provideii  with  gauge  glasses. 

Numerous  forms  of  the  sin^ile  aspirator  have 
been  invented  by  Bninner.  Rejmault,  Mohr,  and 
others,   ifig.  1  is  perhaps  the  form  in  moat  fre- 


Fia.  1.  Fra.  2. 


quent  use,  and  is  genprally  of  glass,  plain  or 

trraduiiled.  Yhj,.  2  is  a  very  convenient  form, 
described  by  Clemens  Winkler  (Indostrie-Gase, 
1877,  8(W-I1)  oonstmeted  of  sine  plate  and 
.supported  on  a  uoo'leii  tripod.  The  second  tap 
iMdow,  on  tho  side  tube,  is  useful  in  filling  the 
aspirator  with  water.  Fig.  8  is  the  form  often 
used  in  trstiim  the  :.o\scs  from  chemical  works. 
It  is  simply  a  cubical  or  wctft^jil^  JiP&vSW^ 
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of  sheet  le^d,  with  a  graduated  gauge  glaaa,  and 
can  be  opened  at  A  lo  fill  it  with  water. 

Double  aspiruinrt.  In  short  operations  the 
simple  aspiiator  requires  no  reliiiing  nor  special 
attentKMi  after  the  tape  are  ad  jmtod.  To  obviate 
the  inconvrniencc  of  stopping  to  change  or  refill 
thai  would  be  nccessarv  in  lonffcr  operations, 
JkvBoat  Boisgiraud,  Dancer,  nnenolGe,  aad 
others  have  contrived  double  aspiratOTH  so  con- 
nected that  each  vessel  is  alternately  above  and 
l>elow,  and  (me  or  other  alwayi  ready  for  nae. 
The  aspirating  bottlf-^  may  be  mounted  on  a 
oomnu>n  axis  as  in  JL>aucer'8  swivel  aspirator. 


Fio.  3 


yig.  4(Chem.  News,  186^  10, 205).  These  swivel 
ftspuat  jis  arc  very  eonvenieiit,  hot  thediffereooe 

of  water-level  in  the  two  bottles  ia  not  under  the 
coatrol  of  the  operator  and  varies  between  the 
b>i^  o(  one  bottle  and  »  very  smaU  ndnimnin. 
5  and  6  ahoir  an  anaqgenwDt  deviled 


1^.  6. 


Fro.  6. 


^>y  the  author,  which  has  eertaiu  advantages. 
The  bottles  A  and  B  are  connected  b»  shown, 
!"  IP  7  rnised  and  lowered  alternately.  The  four- 
way  tap  c  (^hown  larger  in  Fig.  6)  has  it.'<  index 
I  turned  towards  the  upper  bottle  in  aspirating 
and  towanls  the  lower  bottle  in  blowing.  It  is 
made  from  a  goo<^l  gas  tap  by  boring  up  tho 
centre  of  the  plug  at  f,  leading  out  the  hole  at 
c.  A  small  piece  of  metal  h  is  then  fitted  and 
Mldered  diagonally  where  the  holes  cross,  a 
pieee  of  .tubmg  k  soldered  on  to  the  aoeket  of 
the  tap,  and  an  index  l  above  the  plug. 

Parafltn  wax  is  used  to  adjust  the  bottles  for 
exart  measurement.  Mid  to  obtain  a  fine  adjust- 
ment below  at  D,  as  well  ns  above,  by  a  mark  on 
the  neck  of  the  bottle.  The  proper  quantity  of 
wax  is  run  throngh  a  wide  tube  into  the 
bottle  alight^  tiktM.  A  paotgo  firom  the 


tnbulure  to  d  at  the  side  of  the  bottle  is  secured 
by  pushing  an  indiambber  tube  through  the 
tnbulure  and  fixing  it  in  tho  proper  position 
before  the  wax  is  run  in,  and  alter  the  wax  is 
qnite  solid  this  tube  is  dnwn  out.  Tho  passage 
should  be  curved,  so  that  on  emptvnng  the  hottle 
of  water  the  water  runs  out  to  tho  mark  at  d. 
The  bottlea  are  then  adjusted  by  w  eighing  thdr 
content  of  water  between  the  marks  and  adding 
or  removing  paraflin  till  at  the  standard 
temperature  and  preeeore  they  h«dd  the  exact 
quantity  of  water  corresjvondinu  to  the  volume 
required.  In  successive  weiuhin^s  of  bottles  so 
adjusted  the  diiSsrenoeB  thoula  not  exoeed 
(>•!  f^'ram.  To  avoid  loosening  of  tho  wax  from 
direct  contact  with  the  glass,  the  bottles  should 
be  preserved  from  ehangee  of  temperature  and 
from  mechanical  vibration,  Ac. 

Constant  or  automatic  aspiratora.  Instru- 
ments of  this  elaaa  have  been  invented  by 
Guthrie  (Phil.  Mag.  [4]  15,  64)  and  by  Bonny 
(Winkler's  Technical  Gas  Analysis,  trans,  by 
Lunge,  17).  In  eaoh  of  them  a  pipe  from  the 
water  Bupply  leadi  a  constant  stream  of  water 
into  a  voMM,  ^Hiich,  when  full,  is  emptied  by  a 
siphon,  whoee  tube  ia  of  Urger  eiae  than  the 
supply  pipe.  The  arrangement  thus  acts  on 
the  principle  of  the  intermittent  siphon,  and 
the  vessel  is  filled  and  emptied  at  regular 
intervals.  In  Bonny's  in.^trument  these  are 
registered  by  a  simple  mechanism,  and  the  total 
volume  passed  is  known  on  meaeoring  the 
volume  passed  in  one  operation. 

The  Sprengel  and  injector  pumps  may  be 
need  as  oonatant  aspirators  (v.  Filtxr  pumps). 
By  means  of  a  collecting  Vk)x  attachctl  below  tho 
pumps  to  allow  the  gas  and  water  to  escajx:  at 
different  levels,  the  gas  may  bo  meaaured  by 

rssing  it  through  a  small  gas  meter  (Davis, 
Soc.  Chem.  Ind.  211). 

J.  Grossman  (Winkler's  Industrie-Qase, 
218)  has  invented  a  small  mercurial  aspirator, 
on  the  prineii)lo  of  the  (Jei.ssler  pump,  with  two 
reaervoirs,  wliich  arc  alternately  raised  and 
lowered.    It  i-s  fitted  with  registering  apparatus. 

In  testing  air  and  gases  from  oonnnea  places, 
warks,  &o.,  Angus  smith,  Davis,  and  others 
have  used  small  pear-shaped  aspirators  of  india- 
rubber.  These  are  emptied  by  simply  squeezing 
in  the  hand.  The  air  escapes  by  a  valve,  of 
which  the  simplest  is  a  small  slit  in  the  nitiht  r 
connecting  tube,  oix^ning  outwartis  like  a 
Bnnsen'a  valvr.  I'he  rubber  recovering  its  form 
draws  a  certain  volume  of  c«s  through  the  test* 
ing  anparatus,  and  it  is  easy  to  ascertain  approzi' 
mately  the  total  volume  of  gas  corresponding 
to  any  given  number  of  times  the  a^ninitor 
has  been  fille<i.  Another  larger  asi)irulor  ol  tliw 
ela.ss  is  of  Ixdlows  form,  like  a  concertina,  the 
folding  part  ltein<4  in<!iarultl>er.  This  aspi- 
rator is  frequently  UM'd  fur  tilling  by  diaplaco- 
raent  jars  or  hot  t  les  with  gas  to  be  tested.  The 
common  single-barrel  air  pump  or  apparatus, 
on  the  same  principle,  is  aho  ai)plieil  in  this 
manner  as  an  aspirator. 

At  tho  British  Association  Belfast  meeting, 
1874,  tho  lato  Prof.  Andrews  showed  how  an 
ordinary  wet  gas  meter  could  be  converte<l  into 
an  aspirator  by  a])])lyinL'  motive  power  to  the 
hollow  axis  of  tho  drum,  thereby  eauning  it  to 
suek  in  air  at  the  inlet  side  and  at  the  same  time 
to  measure  the  air  on  ^e  meter  indox^jin/ltoibgGoogle 
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mercury  liquid  in  a  CMt-iron  meter,  a  uimilar 
arrangenicnt  forms  the  haain  of  the  Barr  and 
Stroud  air  pump  8]>plif  fl  in  the  evacuation  of 
bulbe  for  eleotrio  lighiiiig  iaiiii>t>  (J.  Soc.  Chcm. 
Ind.  1806,  640;  Eng.  FM.  18188,  July,  1895|. 

X.  Ft 

ASPIROf.  Tmda  Mine  lor  ftc«tyl  salicylic 
acid  C,H«(CO0H)0<00<CH«,  HMsd  «8  ma  aati- 

rheumatic. 

ASSAYING.  AsMving,  *  the  trial  of  metals,' 
a  term  orij^inally  applied  only  to  tho  testing  of 

Sold  and  silver,  ia  now  luually  extended  to  the 
etenuinfttion  of  the  quantity  of  the  valuable 

uu'tRl  in  an  ore  or  nictHllnr^ii-al  priHluct.  It  is 
also  sometimes  taken  to  include  the  cHtimatioa 
of  any  element  ivhieh  may  prejudicially  affect 
the  value  of  tlic  ort',  but  it  is  more  usual  to 
discuttti  ihiA  together  with  such  work  m  tho 
complete  analysis  of  ores,  slags,  furnace fnnterwls, 
fuel,  &c.,  undiT  tli.  lu-aditi^;  of  'metallurgical 
analpraitt.'  A  brici  account  of  some  of  these 
MOtiona  w  given  below. 

The  art  of  assayini:  is  of  great  autitjuity. 
The  use  of  the  touchstone  for  testing  gold  in 
India  was  referred  to  by  MathnnnatBa  (Hist, 
of  Hindu  Chemistry,  by  Ray,  ii.  231),  and  was 
probably  known  in  the  Greek  world  at  least 
as  early  at  b.c.  7€0,  when  the  first  deotram  or 
gold-silvf-r  coins  wvrv  manufactured.  At  any 
rate  the  touchstone  found  its  way  into  (treck 
mjrtbology.  The  testing  of  sold  alloys  by 
cementation  was  described  by  Pliny,  by  Stralx). 
and  in  the  eighth  oentuiy  a.d.  by  tho  /Vrabian 
Geher,  who  was  also  familiar  with  the  method 
of  cupellntinn,  and  is  rfputcd  t«i  have  discoveretl 
nitric  acid.  The  ^rting  assay  of  gold  with  the 
aid  of  this  acid  is  referred  to  in  a  decree  of 
PhilipiK-  df  Valnis  in  tho  year  1343,  confirming 
it»i  um  ill  the  French  Mint.  Alloys  of  silver 
with  copper  were  tested  by  observing  the  degree 
of  blackening  caused  bv  heat  in  thf  Roman 
Mint  under  tho  KepubUo  (Rochon,  Essais  sur 
leeHonnoie^,  17,  1702). 

It  is  proba!4c  that  ores  were  not  value*! 
except  by  ins|)eetton  until  the  Middle  Ages, 
llie  first  clear  references  to  orB<asaayin|[  are 
to  1x5  found  in  tho  >%Titing8  of  Biringnocio, 
Agricola,  and  Ercker  in  the  sixteenth  century, 
but  the  art  >vas  evidently  regarded  by  these 
authors  as  alrea<Iy  ancient  at  the  time  at  which 
they  wrote.  Ercker,  writing  at  Frankfort  in 
158D,  descriU^  the  fire-assays  not  only  of 
several  different  kinds  of  goUl  and  silver  ores, 
but  also  of  the  ores  of  con|)er,  Imd,  tin,  antimony, 
iron,  mercury,  and  bismuth.  Asttaying  by 
moans  of  '  wt  methods.'  volumetric,  gravi- 
metric, and  electrolytic,  is  of  eomparat  ively  ret  ent 
introduction  (exce|itiiig  the  parting  assay  of 
gold),  but  has  now  in  great  part  snjx^rseded  tlie 
ancient  processes  involving  the  use  of  tumaces. 

SampUmj. — Whether  tho  material  to  be 
assay e<l  is  a  porti(jn  of  a  vein  underground,  a 
heap  ot  broken  ore,  {>ig!i  oi  metal,  or  a  delicate 
piece  of  jeweUery,  in  every  case  a  representative 
."^ample  mu«t  b»*  nb(ainef).  In  the  enw  of  on* 
i«  silu  uiidergruuud,  pietres  are  tukcn  from  a 
number  of  difierrnt  points  and  either  miiced  or 
examine*!  wparatelv.  Ope  \\lii(  |i  (  an  !m<  niove<l 
iri  reduceil  in  bulk  eillier  b>  hand  or  by  machinery, 
and  ill  generally  crushed  liner  between  each 
fnicce.Hsivc  reduction  in  bull;.  T^very  seoond. 
hfth,  tenth,  or  twentietii  !«Ju)veitul  or  car-load 


ma3'  bo  set  aside  as  a  sample,  or  tho  whole  heap 
may  be  made  into  a  perfect  cone,  wliich  \» 
flattened  and  divided  into  four  quarters  «long 
two  diameters.  Two  opposite  quartern  ape 
removed  and  mixed,  and  the  process  of  '  coning 
and  quartering  '  repeated  as  often  as  necesttary. 
A  heap  or  vat  of  ore  or  tailings,  which  must 
be  sampled  without  being  moved,  is  pierced  at 
regularly  spaced  intervals  by  a  sampling  tube 
\\hich  resembles  a  cheese-taster,  and  withdrawn 
a  cvlindrical  sample  extendiiig  to  the  bottom 
of  the  vat  or  heap. 

In  automatio  sampling  machines,  which 
are  nuuh  used  in  Western  America,  tlio  eruslied 
ore  is  made  to  slide  down  an  inclined  plaue  or 
rotating  cone,  and  a  portion  of  the  stream  of 
ore  is  deflected  and  *K?t  aside  Bs  a  sample.  Tln'-i 
machines  are  preferred  whioli  momcntariU 
take  the  whole  stream  of  ore  at  legnkr  intervAUi 
of  time-.  Further  reduction  in  tiie  lalxiratory 
is  eflectod  by  coning  and  quartering  or  by  a 
maeliine  euoh  as  the  riffU  or  sampling  tin, 
\shieh  concists  of  a  series  of  metal  troughs 
arranged  sido  by  side  and  fastened  at  equal 
distanoea  i^m  each  other.  A  itieam  of  ore 
let  fall  un  it  is  in  part  retained  by  the  troiigfaa 
and  in  part  passes  through. 

The  final  grinding  of  the  ore  is  effected  by 
mear\8of  an  iron  pestle  and  mortar,  or  of  a  large 
hammer  with  a  curve<i  face  sliding  on  an  iron 
piat«  (or  bvcMoanf ),  or  by  some  form  of  roUinir 
or  L'rinding  mill.  The  crushed  ore  is  pas^t-d 
through  a  sieve,  the  fineness  of  which  varie«i 
aocoraing  to  the  ore  and  the  method  of  aewy. 
If  a  panning  te«t  \n  requimi,  a  20- mesh  siev. 
(i.e.  one  with  20  holes  to  the  linear  inch)  s«ufiicee. 
For  most  fuMons,  e.g.  dry  lead  assay,  a  (tO^meah 
sieve  is  n  i  !  i'uUl  ores  are  crushed  through 
an  80-  or  lOO-uiesh  sieve,  and  in  the  case  ot 
tdluride  ores  of  gold,  ^e  beet  results  are 
obtained  by  using  12n-mc?:h  sievea.  Before  it 
can  bo  passed  through  a  tine  sieve,  the  ore 
roust  be  dried,  so  that  the  nunfUire  ia  determined 
on  coarfiely  crushed  ore  b\  ilrying  at  100**  on 
a  water- hath,  or,  if  the  dry  materia  is  not  likely 
to  be  affected  in  any  way  by  a  Bomc\\  hat  higher 
temjierature,  it  is  Vieated  on  a  sand-bath.  In 
crushing  rich  gold  and  sUver  ores,  mint  swet-jv 
ings,  ^c,  pieces  of  metal  are  found  which 
become  flattened  out  and  aro  raucrht  on  i  he 
sieve.  These  *  metaUiCi^ '  are  treatetl  fleparat*dy , 
and  the  value  ctkulated  on  the  weight  of  ore 
from  whicli  they  were  <lerive<l. 

The  lined  and  crushed  sample  thorouglily 
mixed  by  mean>  of  a  spatula  m  a  bastn,  or  on 
rubber-cloth.  iM'fore  the  portion  reqiiirefl  for 
aAsay  is  weighed  out.  If  storetl  in  a  bottle  or 
tin,  the  movement  of  the  vessel  causes  the  heavy 
particles  to  settle,  pn  that  the  material  at  tho 
bottom  becomes  richer  than  that  at  the  top. 

Ingote  of  metal  are  sampled  by  cute  taken 
from  the  comers  or  edge<i,  s?  in  the  case  of 
refined  gold  and  silver,  or  by  ilriliui^s  from  a 
number  of  different  spots,  as  is  fiometimee  done 
in  the  case  of  iron  and  «te«»l.  Pigs  of  argenti- 
ferous lead  are  sometimes  nampletl  by  drulings 
or  Haw  cute.  Base  gold  and  !«ilver  ingotH.  and 
in  many  en«»es  inL;<>t<  of  steel  ami  pig8  of  )ea<l. 
are  melt<Hi  ami  ^urred,  and  a  portion  <!ip|H-<l 
out  and  granulatwi  by  jwuring  into  mat<T.  »»r 
east  into  a  little  ingot.  Coins  are  sample^l  in 
various  ways,  silver  couw  ©J^^vffi: 
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in  compoaitioa.  The  simplest  method  applicable 
to  all  M  to  nil  them  ovt  and  out  them  into  a 

Inrse  number  of  little  pu'ocs,  so  that  all  parts 
uf  the  coin  may  be  represented  in  the  portion 
taken  tm  assay.  This  method  is  adopleo  in  the 
Philadelphia  5lint,  hut  jm  not  in  general  use, 
uther  more  complicated  methorlH  being  preferred. 
Gold  and  silver  wares  are  usually  pickled,  and  are 
richer  on  the  surfan-  than  in  tho  interior.  In 
sampling  them,  it  in  accordingly  necessary  to 
lemove  the  outside  by  scraping  tmd  then  to  sorftpe  I 

off  a  jvortinn  of  metal  for  assay. 

The  prdimitmry  examination  of  ores  incluiies 
careful  inapeetion,  which  is  all  the  more  uH<>ful 
if  ?ome  comparativrly  lar^r'*  pit'oes  are  includtHl 
in  thr  Hample.  The  proximate  const  it  Ufnti?, 
such  as  quartz,  p>Tite8,  magnetite,  galena,  kc, 
are  thus  nlj-^crvcd.  and  the  proportion.«i  in  which 
they  are  prtiijent  roughly  estimated,  this  informa- 
t  ion  being  reqvlred  in  making-up  furnace  charges. 
Frequently  a  concentration  tost  is  made  in  a 
miner's  pan  (a  flat-bottomed  sheet-iron  pan 
aboot  20  inches  in  diameter,  and  S  or  4  inches 

k'cp,  wth  sloping  plides)  or  a  vanning  shovel,  or 
m  any  baiiin,  pan,  or  even  dock-glasH  available. 
For  this  purpose  a  portion  of  25  grams  or  more 
i--*  'weigh«-d  out.  Ntirre<l  and  shaken  with  water 
by  a  circuiar  motion  on  the  shovel,  and  the 
lifter  particles  rinsed  away  and  caught  in  a 
basin.  Finally  by  a  combination  of  the  circular 
motion,  and  a  series  of  jerks,  the  denser  particles 
are  thrown  up  and  the  lighter  ooee  wadied 

i'um  the  shovel.  The  concentrates  are  ex- 
ammcd  with  a  lens  or  separated,  dried,  and 
mnighfid.  m  treated  widi  acid,  or  enmined 
by  means  of  the  blowpipe,  or  in  other  ways,  in 
(^der  to  determine  the  presence  or  absence  of 
riemwrte  likdy  to  intaroo  frith  the  method 
of  assay  chosen.  The  vanning  shovel  is  used 
particularly  with  tin  ores,  but  may  bo  applied 
to  any  others.  Panning  testes  are  especially 
useful  in  the  examination  of  gold  ores,  out  are 
also  required  to  determine  tne  nature  of  the 
*  mineral  *  or  compounds  of  the  heavy  metal.'* 
in  almost  a11  ores.  The  test  may  be  applied 
to  l&alf  a  gram  of  ore  in  a  watch-glass,  if  no  more 
can  be  spared. 

The  fumaoes  used  by  assayers  are  the  muffle 
furnace,  and  the   melting  or  wind-furnace. 


The  mvMe.  furnace  consists  of  a  small  oven  or 
muffle  of  refractory  fireclay  open  at  the  front, 

and  having  an  arched  top.  It  is  heated  by 
coal,  coke,  oil,  gas,  or  electricity.  MuiUes 
vary  in  sixe  aocoraing  to  the  amount  of  work 
t«  be  done,  but  tho«e  used  nt  the  Royal  Mint  may 
be  considered  full  size.  Sectional  views  of  one 
of  these  f  umaeee  are  shown  in  Fi^  1  and  2. 
The  muffle  a  is  14J  inches  long,  8^  mches  wide, 
and  5  inches  high,  inside  measurements,  with 
waUs  about  |  inch  thiok.  The  month  is  dosed 
by  the  firebrick  B  and  by  a  sliding  plate.  Air 
enters  through  holes  in  the  sliding  plate  and 
out  at  the  back  through  the  tube  c» 


Fio.  2. 

which  has  a  sliding  damper  and  leads  into 
the  main  Hue.  The  fuel  is  onliiiary  ea.s.  suj»plie<l 
by  a  row  of  bunsen  bnmer«  d,  and  complete 
combustion  of  the  gas  may  be  aidetl  by  clay  lire- 
balls  surroutuiing  the  muffle.  The  flues  £  £  carry 
off  the  waste  gases.  The  furnace  walb  consist 
of  lirebrick  bound  with  iron  and  covere<l  with  a 
thick  layer  of  ma^netiia  and  asbestos  to  check 
radiat  ion.  No  chimney  etaok  or  forced  draught 
is  require<l  for  this  furnace. 

A  tnelUny  furnuce  adapted  for  the  use  of 
coke  as  fuel  and  suitable  to  make  fusions  in 
as.say  o])erations,  Ls  shown  in  section  in  Fig.  3, 
in  which  a  is  the  flreplace,  B  the  flue,  o  the 
adipit,  D  the  dampor,  and  ■  the  firedoor.  The 

most  tisefid  size  of 
the  hrcplaco  is 
about  9  inches 
square,  and  about 
lU  inches  in  depth 
from  the  firebars 
to  the  flue.  The 
furnace  is  built  of 
brick  ami  linccl 
with  firebrick.  It 
lx)und  with 


IS 

angle  iron  or 
covered  with  iron 
plates  bolted 
together  and  fur- 
nished  with    tie  .   

rods.  Gas-melting  ^Op^fe^ 
furnaces    with  -^^^^  >^^'J*^^  - 

t  natural    draught  h^iQ-  ^^yiyinzed  by  Google 
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or  uhiii^  u  blast  of  air  arc  Icaa  oommon.   Tlie  | 
fluxing  crucibles  (a,  Fig.  4)  consist  of  fireclay  or 
a  rnixturf  of  plumbago  and  fiioclay*  or,  in  the 
assay  of  galena,  of  wrought  iron.   They  •»  of 
different  sizca  and    Hhai)es,  tho    best -known  | 
l.(  iiifi    tho   Battersea   (round,   Cornish,   and  j 
triangle),  French,  Heasian,  and  Ookwido  fltu- 


e 
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ciVOe.H.  the  last-named  being  used  for  making 
fusions  in  tho  niuflHe,  a  common  practice  m 
America.  MoRt  crucibles  require  cim  ful  anneal- 
ing before  being  used.  Roasting  dishee  made 
of  fireclay  (a.  Fig.  5)  are  for  the  lOMiing  of  ores  ; 
aooffifien  (e)  we  need  in  tlie  piooeai  of  aoorifioa- 


tion ;  cupi>lii  of  various  shajies  and  sizes  (d,  e) 
axe  made  of  compressod  boaiMMh  or  magnesia, 
and  are  required  in  tho  apsay  of  the  precious 
metals.  Tho  bone-ash  cupels  may  bo  made  by 
the  awayer,  ond  most  be  oarefully  dried  before 
use.  Mapnesin  cupels  are  usually  bought 
ready-made.    A   parting    flask    is   shown  in 


Fio.  6. 

fr,  Kg.  T).  The  furii:i(t!  impK-inctits  (Fig.  G) 
oooaist  of  basket  or  oiroular  tongs  for  lifting 
oiaoibles  oat  of  the  fnnaoe,  pouring  tongs. 


cupel  tongs,  eeortBer  tongs,  and  batton  tongs, 

with  various  scrapers,  pokor^,  A-o.  Iron  slng- 
mouids  (6,  Fig.  4)  are  required  for  oftHting  tho 
resnUs  of  ■oonfioetaoos  and  of  foiioii  Maoys, 

and  hammers,  anvils,  slag  hoops,  and  f  >t  her 
implements  are  ako  requhred.  The  charging 
scoop  (c.  Fig.  4)  is  required  for  charging  meii^ 
Sec.,  into  red-hot  crucibles. 

The  reagents  used  in  fire  assay  be 
daased  as  fluxes,  agents  for  reduoing,  oxkusing, 
sulphurising,  and  Jesulphurising,  anfl  rovers  to 
protect  the  contents  of  the  crucible  from  the 
action  of  the  idr,  fomaoe  gases,  fto.  CSeoeraUy 
speaking,  an  ore  consists  of  compounds  of  a 
heavy  metal  or  metals  (tho  minei&i),  together 
vdth  »  quantity  of  earthy  materials,  such 
quartz,  silicates,  &c.  (the  gangue).  It  in  re- 
quired to  reduce  tho  valuable  constituoat  to 
metallio  form,  and  to  incorporate  the  remaiader  i 
of  tho  ore  in  a  fusible  slag,  through  which  the 
I  particles  of  metal  may  settle  to  the  bottom, 
I  where  they  collect  in  the  form  of  a  button. 
Somotimos  a  regulus  or  matte  (sulphide  of  a  ^ 
heavy  metal)  or  a  speise  (arsenido  of  &  heavy 
metal)  forms  a  separate  layer  between  the  motel 
and  the  slag,  an(i  a  cover,  my,  of  common  salt, 
I  may  be  provided  which  is  lighter  than  silicate 
slags  and  floats  on  the  top.  On  breaking  open 
a  cold  crucible  in  which  a  fusion  has  been  madb^ 
there  are,  therefore,  frequently  four  lasers. 

The  principal  fluxes  used  are  aodmm  oar« 
bonate,  which  forms  fusible  mixtures  with,  acid 
(siliceous)  ores,  and  also  act.8  as  a  desulphuriser, 
converting  pyrites  into  a  mixture  of  salpihides  of 
iron  and  Podium  which  doos  not  form  a  rt^^trlus, 
but  is  dispersed  through  tho  slag.  Carbonate 
of  80<la  is  generally  used  hi  the  form  of  powdered 
bioarbonato,  which  gives  up  half  its  carbonic 
acid  without  fusion.    Soda  crystals  give  up  their 
water  of  crystallisatioa  with  ebullition,  and  are 
not   suitahlo   unions   ^in'rioiisly   driwl.  Basic 
ores  require  borax,  which  forms  fupible  mixtures 
I  with  oxides  of  iron,  lime,  &c. ;  and  increases  tho 
I  fluidity  of  most  charges.    ('ry?<talliso<l  !x>rax 
powder  on  heating  swells  up  enormously,  gi\es 
up  its  water  and  fuses  into  a  glass.    The  swelling 
[  may  occasion  loss  in  the  a.«say  if  tho  enicible  is 
too  full.    To  avoid  this,  l>orax  glass  may  be 
I  used,  which  is  equivalent  to  about  double  it« 
weight  of  onlinary  borax.    Litharge  is  a  useftil 
flux,  especially  for  oxides  of  iron,  copper.  Jcc, 
I  but  att-acks  and  corrodes  the  crucibles.  Fluor- 
i  spar  is  sometimes  use<l.  especially  ff*r  phosphat«'s. 
Sand  is  often  required  to  protect  tho  crucible 
from  attack  b^  Mile  ores. 

The  reduoing  agont<»  are  carbon  (charcoal 
powder  or  lampbla<?k),  ilour,  tartar  or  argol 
(crude  hydrogen  potassium  tartrate)^  mkI 
occasionally  potassium  cyanide.  One  part  of 
charcoal  is  about  equal  to  two  parts  of  flour 
or  five  of  tartar,  but  tartar  also  acts  as  a  flns^ 
being  oonvcrtcd  by  heat  into  carbon  and 
potassium  carbonate.  Black  flux  is  a  reducing 
mixture  made  by  deflagrating  one  part  of  Bitio 
with  two  and  a  half  parts  of  argol. 

The  chief  oxidising  agents,  which  are  also 
I  dosulphurisers,  are  hot  air,  hthargo  or  red  lead« 
'  and  nitre.  Iron  is  often  used  as  a  dosnlphurising 
,  agent.  The  ordinary  materials  used  as  coven 
are  borax  and  common  salt. 
'      The  bttlnnees  and  weights  do  not  differ,  as  a 

t  rule,  from  those  used  in  ordinary  ohemioal 

uiyiiizea  by  VjOOglC 


ASSAYING. 


319 


analr?!?,  the  mo^t  notable  except  ion  bcinp  m 
the  case  of  tiioae  used  in  the  assay  of  gold  aud 
silver.  The  proportioa  of  tiiew  metals  present 
in  on-s  b  reportfHi  in  troy  ounces,  pennyw'cights, 
aod  graina  per  ton,  or  sometimes  in  ounces  and 
decimals  or  in  pannyweiighto  and  decimals. 
The  ueicrht  f»f  orn*  tqken  for  assay  acconHngly 
contains  as  uiiiiiy  imiii^;rain.s  as  there  arc  ounces 
irov  in  a  ton  (29,1  Of)  in  a  ton  of  2000  lbs.,  and 
32.6G6  in  a  ton  of  2240  lbs.).  This  weight  of 
291G6  grams  is  called  an  assau-ian  (or  A.T.), 
lind  boxes  of  mights  made  up  of  assay-tons  and 
decimals  are  used  by  many  as«ayer?.  Then 
the  gold  extracted  from  the  sample  of  oru  is 
mmMd  in  milligxanut  ftnd  osn  be  leported 
irithout  ealculfttion.  In  the  a«i?ay  of  gold 
buliioa  tho  weights  commonly  range  from 
*1000*  downwards,  where  1000=0'6  gram  or 
etome  other  unit  such  as  6  grains.  Much 
t«djous  calculation  is  avoided  by  thus  mark* 
Jog  tlie  weights  so  that  their  fa(»- value 
gives  at  once  the  resiUt  of  tho  assay.  Again, 
in  assayiug  silver  by  precipitation  as  chloride 
(India  Mint  method,  see  p.  327),  since  18-815 
gninf  of  pure  silver  are  contained  in  25  grains 
of  chloride,  it  follows  that  if  18*815  grains  of 
an  alloy  be  always  taken  for  assay,  and  the 
resulting  chloride  be  weighed  out  with  a  series 
of  weights  the  largest  of  which  is  marked  1000, 
and  h  ecjual  to  25  grains,  and  the  others  arc 
marked  correspondingly,  thai  the  subsidiary 
weights  of  this  series  will  indksato  the  result  of 
the  assay  without  calculation.  A  similar  scries 
can,  of  course, be  aixanged  for  any  ??pecial  purpose. 

The  baLra^  tised  for  woighin^z  gold  and  silver 
in  bullion  assays  arc  light  and  tlelicat<',  taking 
about  2  grams  as  their  maximum  of  weight, 
and  turning  to  one  hundredth  of  a  miUtgram. 
Ustially,  one  division  of  tho  ivory  scale  is  made 
equal  to  005  mg.  Balances  for  weighing 
the  parted  gold  m  ore  assays  are  stil]  more 
(hlicate.  The  raaxirriurn  weiglit  which  tlioy 
can  cany  is  only  1  gram  or  even  leas,  and  they 
turn  with  oiie>hinidiedth  or  in  some  oaM  only 
onf  five-hundre<lth  of  a  milligram.  Milligram 
and  half.milligram  riders  arc  used,  but  the 
final  reading  is  always  baaed  on  the  deflestioa 
from  the  zero  po.«ition  of  tho  pointer,  measured 
by  the  number  of  divisions  on  the  ivory  scale 
uovefvft  l^tbe  swing'.  At  the  present  day  short 
bmn  -;  H  iiichcp,  4  inchej^.  an.l  r  v^Mi  8  em.  in 
leo^^th,  are  in  use,  so  that  the  balances  are  very 
rmpid  in  action  in  spite  of  tiieir  sensftiveneas. 

In  quantitative  l)lowpipe  work  on  gold  and 
silver,  it  has  been  found  possible  to  dispense 
altogether  with  a  delieate  nalanoe,  and  to  use 
m  ivory  scale  (Plattner*s  scale),  by  which  tho 
H^yirwprtj^  ot  the  bead  of  metal  is  aocuxately 
siessiueii  The  principle  has  been  extended 
in  the  assay  of  poor  materials,  and  beads  of 
mieroeoopic  dimensions  are  pUoed  on  tho  stage 
of  »  nderoseope  and  nieaaaied  by  means  of  a 
IT. icro meter  eyepiece.  In  this  way  L.  Wagoner 
(Trans.  Am.  Inst.  Mining  £n^.  zxxL  1901, 
798)  olituied  a  eloee  »pproxiniataan  to  the 
■«r"i;zht  of  beads  of  silver  of  0  02  mm.  in  diameter, 
which  weired  about  0*00004  mg. 

The  ftbo^  sonunary  has  spMial  reference  to 
^liC  rrquircmcnts  of  a  laboratory  for  making 
dry  lire  assays.  If  or  wet  aasaj^  tho  apparatus 
and  reagents  are  those  of  the  oldinary  analytiea] 
Ubocatorf  {9,  An^jm). 


In  all  methods  of  assaying,  wet  or  dry, 
time  must  be  considered  as  well  as  accuracy. 
It  is  sometimes  important  to  airiye  at  a  result 
in  the  course  of  an  hour  or  lesg,  and  .some  of 
tho  methods  described  are  intended  fur  such 
emergencies,  when  extreme  aoonraoy  must  be 
sacritjccd.  It  is  also  necessary  to  observe 
that  aitsay  methods  are  intended  to  bo  com- 
parative, and  s^orever  it  is  poaaible  eheok  assays 
on  similar  materials  of  knowTi  composition 
ahould  be  made  side  by  side  with  tho  aissuya  of 
ores  or  other  bodies  requiring  examination,  and 
a  correction  applied  to  tho  n-^nUs.  In  the 
following  p^os,  only  methodic  in  common  uso 
in  assay  omoeB  are  desoribed.  The  methods 
of  ordinary  analysis  are  generally  omitted  or 
made  the  subject  of  brief  reference. 

Aluminliim.  Hiere  are  no  special  methods 
of  assaying  the  ores  of  this  metal.  The  silicatei? 
are  broken  up,  and  the  silica  removed  ais  usual 
(see  p.  329),  and  the  acid  solution  of  tho  bases 
is  treated  so  as  to  separate  the  metals  contain eil 
in  it.  Aluminium  is  precipitated  and  weighed 
as  phosphate  AIPO4,  or  oxide  A1,0,.  It  is 
sometimes  weighed  as  oxide  tocother  with  oxido 
of  iron  FOjOj,  and  also  PiO,,  if  these  con- 
stituents are  present  in  the  ore.  The  last 
mentioned  constituent  is  of  course  combined 
as  phosphate.  The  phosphorus  and  iron  are 
then  determined,  aluminium  being  esti mated 
by  difierence  (Low's  Technical  Meuoods  of  Ore 
Ajialysis,  1st  ed.  22). 

Antimony.  The  antimony  in  ores  may  be 
determined  by  fusion  with  cyanide  of  potassium 
or 'with  iron  (avoiding  excess)  and  black  flux, 
but  the  results  are  uui^atisfactory.  Tho  sulphide 
of  antimony  in  an  ore  may  also  be  approxi- 
mately determmed  by  cluirging  500  grams  of 
ore  broken  to  nut-sizo  into  a  clay  crucible  with 
a  perforated  bottom.  This  crucible  is  fitted  into 
another  of  about  the  same  sise,  and  the  joint 
carefully  luted.  A  cover  is  also  luted  on,  and 
tho  whole  is  slowly  raised  to  a  red  heat.  The 
sulphide  of  antimony  fuses  and  liquates  into 
the  lower  crucible,  from  wliich  it  can  lie  detached 
when  cold,  and  weighed.  The  fused  sulphide 
of  antimony,  if  pure,  oontidns  71*7  p.e.  or  the 
metal.  Tho  valuation  of  antimony  sulphide 
ores  is  usually  effected,  according  to  Bedford 
MoNdll  (Betenger^s  Assaying,  Iltb  ed.  226), 
by  having  recourse  to  tho  ordinary  snielliug 
operation,  which  is  to  be  used  in  treating  the 
oreon  thelaiseseale.  Chaziges of  about  ^hilos. 
of  ore  arc  used  for  the  valuation. 

The  wot  methods  of  estimation  of  antimoay 
hi  ore  are  far  more  aoonrate  than  those  referred 
to  above.  The  ore  is  fu.sed  with  sul])hur  and 
sodium  carbonate,  and  then  dkested  with 
water.  A  solution  ct  an  alkawie  snlnho« 
comixjund  of  antimony  is  thus  obtained,  [rom 
which  a  mixture  of  antimony  and  arsenic  sul* 
phides  and  free  solphnr  is  procipitatcd  by  the 
addition  of  dilute  hydrochloric  acid.  After 
the  arsenic  has  been  separated,  the  antimony 
sulphide  is  weighed  or  is  oxidised  by  fuming 
nitric  acid,  and  weighed  as  Sh.Oj.  Ores  may 
also  bo  attacked  by  hydrochloric  acid.  The 
antimony  in  the  separated  sulphide  may  be 
e.stimated  volumptrically,  dissolving  the  sid- 
phides  in  hydrochloric  acid  and  chlorate  of 
potash,  warming  to  expel  the  chlorine,  adding 
an  exoess  of  potaasiam  iodide,  and  titrating 
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ASSAYING. 


with  thiosulpbate  ot  soda  (J.  Soc.  Chem.  Ind. 

XV.  255). 

AlMnic.    The  determination  of  axseaio  in 

ores  and  metallurgical  prrxlncts  is  usually  made 
by  Pearce's  method,  which  consiHt^  in  fu.sing 
about  0-5  gram  of  the  ore  with  6  grams  of  a 
mixture  of  equal  partj*  of  sodium  carbonate 
and  nitre,  dissoh  lug  out  the  Roluble  arRenatoe  of 
the  alkalin  and  precipitating  the  arsenic  in  a 
neutral  solution  by  me«ns  of  silver  nitrate. 
The  precipitated  brick-red  pilvcr  arsenate 
Ag.Axt),  is  filtered  off,  dissolved  in  nitric  acid, 
ana  the  silver  in  it  detennined  by  Volhard's 
thiocyanate  method.  The  amount  of  arsenic 
present  can  then  be  calculated  (Low's  Ore  Ana- 
lysis, 41).  Small  quantities  of  arsenic  in  metals 
and  minerals  may  be  separated  by  distillation 
with  ferric  chloride  and  calcium  chloride  in  a 
hydroohlorio  aoid  solotion^  (he  distilled  anenious 
ohloridobejittooiidaiwedmav«<Ml  d  oold  water 
( Berenger*s  Ajsaying,  3S4).  (For  afaenio  in  tteel, 
see  p.  325.) 

Bbmnth,  if  present  m  an  ore  in  the  metaUto 
state,  may  be  deteriniruvl  by  liciimt ioti.  tlu" 
method  of  procedure  being  similar  to  that  uscni 
in  liquating  sulphide  of  antimony  (g.v.).  The 
bismuth  in  an  ore  may  also  }k'  (IctcrniiiK-d  by 
fusing  it  with  fusioD  mixture,  common  salt,  and 
cyanide  of  potaesinm.  Time  mothoda  arc 
ini'xact,  and  bi m  ith  i  usufUly  determined  by 
being  weighed  as  Bi«0«  alter  precipitation  as 
carbonate,  or  aa  BiOCI  on  a  veishet  i  filter  or  a 
Gooch  crucible  aftor  being  uri«'<l  at  100". 
Bismuth  in  metallic  lead  is  precipitated  and 
weiffhed  as  BiOCl,  and  in  metallie  copper  H 
is  (li  tfrtfd  by  the  coloiir  L'iven  to  load  iodidi". 
(For  estimation  of  bismuth  in  oopper,  «ee 
p.  S22.) 

Chromluin  o;  i  ur  in  rhronic-iron  ore  and 
sometimes  in  other  iron  ores,  in  pig-iron  and 
in  steel.  Small  quantities  of  chromium  in  iron 
ores,  after  Mcjuirrttion  fr*^m  otluT  iin-fats  atul 
earths,  arc  precipitated  by  lead  acetate  in  an 
acetic  acid  solution,  and  weighed  as  PI}CrO«, 
or,  in  thf  Altrrnative,  redurcrl  by  sulphnro\i.< 
acid  and  the  chromium  preciuitated  from  the 
green  solution  by  means  or  amnonia  and 
weifihed  as  CYjO,.  Chrcunc-irfin  f»re  is  assayed 
by  a  volumetric  method  based  on  the  oxidation 
of  ferrous  iron  by  chromium  in  the  form  of 
chrnmntf.  Thn  rhrominm  is  oxidised  by  per- 
oxide of  sodium  (J.  iron  and  Steel  Inst,  xlviii. 
IfiS).  The  ferrous  iron  is  added  in  the  form  of 
a  wf  i^'hed  amount  of  ferrous  ammonium  sulj)lmt«' 
oroi  a  weighed  amount  of  metallic  iron  diKsulvcd 
in  sulphuric  acid.  The  excess  of  ferrous  iron 
prr<<f»nt  in  the  soUit  ioiv  containing  the  chromium 
is  titrattnl  with  )}ermanganate.  Chromium  in 
steel  is  precipitat<Kl  and  weighed  as  chromium 
phosphate  (rhom.  News,  Ivii.  1888,  153),  or  as 
chromic  oxide  Cr.O,. 

Cotelt   (^«e  Nickel,  p.  326.) 

Copper.  The  principal  ores  of  copper  are 
(a)  native  copper;  {b)  sulphide  oreu,  copper 
pyrites  or  yellow  ore.  erubescite  or  purple  ore. 
grey  ooppernrp,  &c.  ;  (c)  oxidised  ore?,  rnnla*  liitf, 
silicate  of  co]>}>er,  &c.  The  treatnical  of  copper 
ores  results  in  the  production  of  copjx^r  matte 
or  rc^nlns  containing  from  30  to  60  p.c.  of  rfrpiKT, 
and  foment  oop|x-r  or  copixT  precipitate,  con- 
taining 70  y>.c.  or  more  of  metallic  copper. 
In  addition  to  these  materials,  ordinary  com<  j 


menial  .standard  copper,  refined  copper,  and 
the  alloys  of  copper  requuc  to  bo  assayed. 

The  chief  metho<ls  in  use  are  as  followu : — 
(1)  Dry  or  Cornish  assay,  long  use<l  in  con- 
nection with    the  sale  of    copper  ores,  but 
i^plicable  chiefly  to  mattes  and  rich  sulphide 
ores.    It    is    especially    iin  satisfactory  i\h'«n 
dealing  with  pour  ores,  but  gives  low  residt^  in 
all  cases,  the  loss,  aooovding  to  Beringer,  ranffing 
from  2  p.c.  of  the  copyxr  prej»ent  in  thf  tie  nest 
materials  to  33  p.c.  of  the  copj>er  in  2  p.c,  on\ 
It  consists  in  fusing  the  calcined  regains  for 
metallic  copper  and  refining  tho  mpper.  Rich 
oxidised  ores  are  fused  for  uuAui  at  once.  The 
amount  of  ore  taken  for  assay  is  400  ftcaiiis, 
but  Mith  rich  material  otdy  20<i  ^.'rainf  or  eron 
100  grains  are  taken.    The  iluxes  vary  with  the 
nature  of  the  ore,  in  which  tbeie  may  >>e  too 
much  sulphur  and  iron,  as  in  copperpyrit  e^,  &  c . . 
or  too  little,  as  in  grey  copper.    The  fuLiowiiig 
a»  examplca  of  the  chatgw 

A.  Copiier  pyrites  B.  Grey  copper  ore 
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200 
100 
160 
16-20 
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fnsfd  in  a  '  largo  cop|)er  *  cnu-iblc 
at  a  low  rod  heat,  which  is  gradiuUly  raiiied. 
After  about  16  minutes  the  ehai^  is  poured  into 

a  conical  mould,  and,  as  soon  as  the  slai;  i> 
solid,  it  is  taken  up  by  tougs,  dipped  into  water, 
and  allowed  to  dry.  When  treated  in  this  wmy, 
the  t*lag  breaks  up  readily.  The  rctiulus  i». 
detached  by  a  hammer  and  crushed  to  powder 
in  an  iron  mortar.  Tt  should  1m  reddish^brown 
in  colour  and  contain  about  SO  p.c.  of  copper 
and  20  p.c.  of  iron.  It  is  roasted  in  a  Conxibh 
crucible  in  the  melting  furnace  or  in  a  roasting 
di.'ih  in  the  mnf!lc,  at  a  low  but  increaaing 
ttunperaturu.  with  continuous  stirring  at  first. 
When  *  sweet,'  i.f.  not  smelling  of  sulphoi*,  at 
a  full  red  heat,  it  is  mixed  with  a  little  charcoal 
powder,  and  re-ro8ste<l  to  decom]x>se  sulphates. 
It  is  then  crushed  again,  if  necessary,  ana  fused 
in  the  same  cniciblo  with  argol,  borax,  and 
sodium  carhoitatc.  .A  high  temperature  ia 
required,  and  the  cliar^'  is  wurod  in  about 
15  ininiiti's.  The  slai:  i?;  (Ictached  and  cleanfHl 
by  a  }«;con<i  fuhion  witli  more  argol  and  sodium 
carbonate.  M  in  oart^e  copper'  obtained  in  this 
way  is  rt^fined  1>\  being  charged  into  a  very  hot 
crucible  and  melted.  The  impurities  are 
oxidned  by  the  air  and  form  a  ring  of  oxidea 
round  an  eye  of  copper.  Tlien  renninp  flux, 
wliich  consists  of  a  deflagrated  nuxlure  of  nitrv», 
argol,  and  common  saltvls  added,  and  2  minutes 
later  the  copper  is  poured,  and  if  it  h  fcmn<l 
to  Ije  at  '  tough  pitch,'  it  is  weighed.  The  elu^ 
<  ontains  copi)er,  and  must  be  cleaned.  (For 
ftdl  drtail'  of  the  method,  see  Percy's  Metalloigy, 
i.  l*St)l,  454-478.j 

(2)  Elf<  tri>hjUe  o»»aif  ef  topper.  The  weight 
of  ore  taken  for  assay  depends  on  its  richness, 
a  convenient  amount  of  metallic  copper  for 
elect«Mleposition  being  from  0*1  to  0-5  gram. 
When  using  this  method  or  any  of  the  otbor 
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iral  netfiodR,  fli»  oopper  must  first  be  brousht 

i);'o  solution  and  usually  8ej)arfttod  from  other 
loeuls.  Ozkiked  ores  nuiy  reqaire  merely  to 
be  «n«ted  wifh  hydrochloric  acid.  Sulphide 
iiTPs,  mAttes,  cop|KT  pnj<'i[)itaU',  Sc<:.,  are  ot- 
tocked  by  nitric  acid,  evaporated  to  dryncsjt, 
•od  takea  up  by  hydroomoirio  Mid.  CoppiT 
slajpj  firo  fuHi'tl  with  scmHuiu  utuI  potassium 
carbooate  (fusion  mixture),  aud  a  little  oitre, 
and  are  tbim  digested  wiui  water  and  hydro- 
chloric aci'l.  Thi-  copptT  is  pncipitati'<l  from 
ito  hydrochloric  acid  i»olution  by  meaas  of 
seiphiiretted  hydrogea  or  (after  eTAporatioii 
with  sulphuric  aciiJ)  by  «)(liiiin  thiosulphato, 
and  the  wilj^hides  are  hltcrod  off  and  rediasolved 
ta  nitrie  wsmL  For  the  eleetrolytio  assay,  the 
M.luf  ion  obtained  in  this  way  is  ililutf*!,  warnuMl, 
<iod  filtered  into  a  2U0  o.o.  wtak,  and  made  up  to 
aboat  100  ca,  of  ivhieh  from  8*5  to  5  p.o. 
*-h  uM  bi-  nitric  acid.  Platinum  I'lt'ctrodea 
(spiral  and  wekhed  cone  or  cylinder)  are  then 
plaeed  hi  poMtioiit  uid  a  ooRvnt  from  two 
l>anivll  cells  iii  series  is  j«.iso<l  through  for 
lt>  or  17  hours.  The  cylinder  is  removed  from 
the  eokrarlBss  stdution^  washed  with  water  and 
afterwards  with  alcohol,  dried  in  a  \vat<"r-()vcn, 
»oii  weighed.  The  copper  ivccipitato  should 
be  safanon-red  hi  colour.   The  solutkm  still 

ritains  a  littlo  copjXT,  which  is  estimated 
eolonmetricaUy,  ammonia  being  added,  and  the 
coloar,  after  mtmtioD,  oompand  with  those  of 
>taDdanl  solutionH  containing  knu\ni  anmunts 
of  cop|)<BC.  Silver,  mercury,  bismuth,  arsenic, 
^nd  satifDony  intcfCeio  with  the  process,  being 
ilfpo>it<vl  with  the  copper.  Mercury,  however, 
in  eep^rat^d  on  dissolving  the  sulphides  in  nitric 
acid.  Bismuth  turns  the  copper  dark  grey,  but 
U  not  de|«»sit«,'d  until  most  of  the  copjM  r  has 
Ix  n  throwTi  down.  Arsenic  and  antimony 
fbrkrii  the  Copper  deposit,  but  may  be  driven 
ofT  by  heating  to  dull  rcilne^s.  Lead  makes  its 
appearance  at  the  anode.  The  elootrolytic 
sassy  is  suitable  for  all  matinriab  ooataimng 
copper  (c/.  Elkctrolvtic  ax.%t-vsw). 

By  rapidly  rotating  the  catho<le  a  coherent 
dsposit  eaa  be  obtained  even  when  »  strong 
current  of  10  to  12  amperes  per  100  sq.  eras,  of 
(^Athodie  iu^U^  of  the  usual  current  ul 
0  5  to  1-0  ampere  is  used.  The  time  fcqtilxcd  for 
the  deposition  of  the  copper  may  thus  be 
shortened  to  a  few  minutes  (Amer.  J.  i>oi.  1903, 
x^ii  320,  xviii.  56 ;  J.  Amer.  Chem.  Soc.  zxv. 
S'J6;  Cheni.  .S«x-.  Trans,  xci.  373). 

{3)  r/ke  mditiiuArk.  lu^say  of  co/>^tr.  There 
sre  two  main  processes — the  potassium  cyanide 
and  Uie  iodi(Ic  methods.  lloth  are  in  wide 
use  in  the  assay  of  (^nj«»,  alloys,  &c  In  pre- 
mnag  to  use  those  methods,  the  copper  is 
brwght  into  solution,  and  may  be  separated 
from  other  metals,  &c.,  as  already  dcssCTibed, 
*ith  eoy  further  precautions  necessary  to 
remove  special  impurities.  With  ordinary 
pyritic  ores,  however,  cuutaiuing  uo  zinc,  silver, 
nickel,  or  cobalt^  it  is  sufficient,  in  pieparing 
for  the  cyanide  process,  to  heat  the  ore  {jently 
^th  concentrated  nitric  acid  to  which  a  little 
'alphorio  acid  has  been  added.  It  tiieu 
•liluted.  an  excess  of  ammonia  or  of  N.i,,(  'U  , 
added,  the  bulk  made  up  to  t-onu-  eouvcuicut 

mount  such  «•  800c.c.,  and  the  solution  titrated 
«ith  potajijiium  cyaTiide.  The  blue  6oIntin:i  i^^ 
Jtxeiouriiied,  and  when  uverdouo  chanties  to  u 
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straw-yellow  colour.  The  results  are  aileoted 
by  time,  temiKTatuie,  de|[ree  of  dilution,  and 
by  the  amounts  of  ammonm  aud  of  ammonium 
salLd.  llio  conditions  of  the  check  at^y.s  on 
pure  copper  and  those  on  ores,  &c.,  must 
therefore  be  identical,  and  ferric  hydrate,  for 
example,  nmst  be  present  either  in  both  ur  in 
neither.  The  standard  cyanide  solution,  which 
docompo<M>s  somewhat  rapidly,  contains  about 
42  grams  KCy  to  the  litre,  and  100  c.c.  of  this 
is  equivaleiit  ta  1  gram  of  copper.  The  reaction, 
according  to  Bennger,  is  reptesented  by  the 
equation : 

Oa80«+4Kqy»2KGy.GuCy,+lC^<. 

The  quantity  of  cop[  ci  i  ually  present  in  an 
assay  is  about  0*5  gram.  At  the  finish  the  effect 
of  an  addition  of  0  5  c.c.  of  cyanide  is  readily 
observable.  Zinc,  silver,  nickel,  and  cobalt 
interfere  with  the  assay,  and  must  be  removed 
before  titration. 

In  the  iodide  method,  the  alloy  or  the  suK 
phido  of  copper  sejiaratod  from  the  ore  is 
dissolved  in  nitric  acid,  evaporated  almost  to 
tlryncaa  in  order  to  expel  nitrous  fumes,  and 
dikited.  The  solution  is  then  filtered  if  neoessary, 
and  carefully  neutralised  with  sodium  carbonate, 
avoiding  excess.  One  c.c.  of  acetic  acid  is  then 
added,  which  should  bo  enough  to  redissolve  the 
precipitated  copper.  Next,  after  cooling  the 
ila.<4k,  an  amount  of  about  6  grams  of  potaH- 
sinm  iodide  crystals  is  added  (or  not  less  than 
ten  times  the  weight  of  the  copper  present) ; 
the  solujioii  is  dihitt  d  t<i  a  fixed  amount,  say 
50  0.0. ;  and  the  liberated  iodine  is  at  once 
titrated  with  a  solution  oontaining  30*18  grams 
sodium  tliiohulphale  (equivalent  to  10  <^rams  of 
copper)  to  the  litre.  The  reactions  are  repre> 
seated  by  the  equations : 

2CuSO,  r  IKI    fhi  J,+214-2K^04, 

2Xa,S,03 +21 --2Xal  -  Na  ,S ,0,. 

When  the  y«»Uo\v  colour  is  almost  discharged, 
2  c.c.  of  fre<h  >tar<  h  solution  IS  added,  and  the 
addition  of  the  thiosulphate  continued  drop 
by  tlrop  until  the  blue  colour  di.sappoartt  and 
dws  not  return  within  2  or  3  minutes.  The 
effect  of  one  drop  or  0-05  c.c.  uf  -^tau'lard  sohi- 
tion,  equivalent  to  0*5  mc.  copper,  U  oL^crvabJe. 
The  solation  Ktandardiaed  with  ))urc  electro- 
lytic copper.  Ferric  acetate,  arsenic,  lead,  and 
large  quantities  of  Hodium  acetate  may  int^-rfcro 
witli  tlie  titration.  According  to  J.  W.  West- 
moreland (Beringer's  Assnyinu',  441),  sodium 
acetate  counteracts  the  interference  of  arsenic 
and  bi;^tmith,and  the  bad  effect  of  large  quanti- 
ties of  siKiium  acetate  i*?  r»'movefl  l»\  tluubling 
the  amount  of  ^iotiitk&ium  iodido  aililed.  iron,  if 
present,  is  precipitated  by  ammonium  phospliate 
(J.  Soc.  Chem.  Ind.  v.  4S).  Inst(  ad  of  n.  iitralisin<{ 
with  sodium  carbonate  aud  acidii^  mg  w  uh  acetiu 
acid,  an  addition  of  20  c.c.  of  a  saturated  solutioa 
of  jsinc  acetate  may  bo  made  (A.  H.  I^w). 

The  color i  metric  method  of  assaying  copper 
is  Bometinic-  uned  in  the  case  of  very  poor  ores, 
or  generally  vvhent'ver  th*'  quantity  of  ropj»er 
present  in  ^ulall.  licleivnce  has  been  made  t<i 
it  above. 

FsXn  mi  nation  of  commercial  coppf^r.  T'lrrtro- 
l^  tic  aud  Lake  copper  are  generally  iiuarly  pure, 
but  some  of  the  metal  aokf  contains  as  much  as 
2  or  3  p.c.  of  impurities.  The  most  in!- 
portaut  of  these  arc  arsenic,  nickel,  oxy||;un,  and 


cyffun,  and  ,   i 
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phospboiut;  but  uitimony»  bismuth,  oobalt, 
gold,  ir(  !i ,  ^'  I'  nium,  8ilver,8ulphur,  and  tellurium 
mav  also  bo  present,  llie  impurities  to  be 
looiccd  for  in  copper  which  has  passed  a  high 
conductivitj'  test  are  mainly  bismuth,  selenium, 
and  tellurium.  Arsenic  and  phosphorus  aru 
aepMated  as  iron  arsenate  and  phosphate 
mixed  Mith  acetate.  Cold  and  antimony  are 
separat<!d  by  disiiolviiig  the  copper  in  nitric 
acid,  and  buvct  is  precipitated  us  chloride  or 
hrnniide  from  a  nitric  (leid  f^ohition.  It  may 
Ik)  collected  in  a  precipitate  of  lead  sulphate. 
Nickel  is  loft  in  solution  by  precipitating  copper 
eloctrolytically,  or  liy  sulphuretted  hydrogen 
in  an  acid  !«olutiuu.  Lead  ia  detected  by  the 
Uiiokeniii^  nf  the  anode  in  th«  electrolytic 
MBay,  and  is  estimated  as  snlphato  or  chromate. 

Oxygen  is  usually  taken  by  (lifferonce,  but 
is  sometimes  estimated  by  colorimetric  deter- 
mination of  the  qnnntity  of  the  insolul>!<'  iHisio 
tall  of  copper  fnrmod  by  the  reaction  of  silver 
nitrate  witfi  cujirous  oxide  (Hampc's  method, 
Zeitsch.  anal.  Chem.  xiii.  1S8).  The  equation 
representing  the  reaction  is  as  follows  : — 
3Ca20+6AgNOa+3H,0 

=  2CujH,03NO,+2Cu(NO,),4-6Ag. 

The  metallic  copper  is  completely  dissolved  by 
the  silver  nitrate  with  separation  of  metallic 
sUrer.  Bismuth  is  separated,  according  to 
Beringer,  by  precipitation  by  soditun  bicor* 
bonate.  After  rcdis6olving  in  sulphnrio  acid, 
it  is  boiled  with  sulphurous  licid  and  potas!'ium 
iodide,  and  the  bismuth  in  the  ycUow  8oluti<n) 
estimated  colorimctrically.  Tdrariuni  and  se- 
lenium (J.  Amer.  Chem.  Soc.  xvii.  280)  arc 
precipitated  as  iron  tellorite  and  aelenite  by 
additions  of  iron  nitrate  and  aninioniB.  The 
precipitate  is  rediswolvcd  in  HCl,  tartaric  acid 
and  }x)tash  added,  and  a  current  of  sulphuretted 
hydrogen  passed.  The  selenium  and  teHuritim 
are  subsequently  pn"(;ipitate<l  by  a  current  of 
sulphurous  acid  iu  a  hydioohifMric  solutioUt  and 
parted  by  boiling  with  potaasitim  cyanide. 

Gold.  Gold  is  (/tiurally  in  tlio  metallic 
State  in  it<^  ore^,  either  in  the  form  of  grains, 
scales,  pellets,  &c.,  in  loose  aUuyial  grsTel^,  or 
in  various  forms  embedded  in  (juartz  or  other 
gangue  in  veins.  It  is  frequeutly  associated 
with  iron  pyrites,  blende,  kc,  oat  the  only 
native  cotnpounJd  are  tlie  t.Huridiv-.  Besides 
these,  the  aurifcroua  materials  to  be  assayed 
comprise  tuiUngs  or  residues  of  ores  after  treat- 
ment, copper  bottoms,  pig  lead,  unrefined 
bullion,  which  contains  silver,  copper,  and  other 
metals,  fine  (i.<.  refined)  gold,  and  lute  commercial 
alloys  used  for  cohmge,  plate,  Ac.  The  a.ssa> 
of  gold  ores  and  alloys  is  made  with  gn-it<  i 
exaotness  than  other  assays,  owing  to  the  lugli 
Ttluo  of  the  metal. 

A  panning  a^say,  or  conoentratiou  test  u 
carried  <mt  as  described  on  p.  S17.  The  con- 

Oentrate>  t  otisist  of  '  black  8and  '  tT  oxide*  of 
iron,  titanium,  &c.,  sulphides  and  arsenide^!, 
and  sometimes  srains  of  platinum.   Free  cold 

is  sometiiiK  >  vi-iitle,  and  is  collected  by  jrrinding 
in  a  mortar  with  mercury,  panning  out  the 
amalgam,  and  reooTering  the  field  by  distilling 
off  thf  nicrcury  or  ili--M<I\ in^  it  in  nitric  acicL 
In  either  case  the  gold  niusit  be  parted  from  the 
silver  as  described  on  p.  823.  The  panninu 
assay  of  alln\  inl  cold  deposits  is  usually  reported 
in  grains  ot  hue  gold  per  cubic  yard,  which 


I  weighs  aboat  9000  lbs.,  or  1|  diort  tons.  In 

the  ])anning  assay,  from  60  to  90  p.0.  of  Um 
j  gold  in  the  ore  is  usually  recovered. 
!      Ordhiary  gold  ores  are  a88a3red  by  (1)  the 

'  fu-^ion  or  crucible  methnd,  or  (2)  the  Bcoriticatioii 
uiethod.  In  the  cructblt  assay,  the  ore,  crushed 
through  an  SO-mesh  or  finer  sieve,  is  mixed  wit  h 
lithury  'ir  r"<l  lead,  <  lmr<  oal.  or  argol,  and  ti  e 
necessary  liuxes,  aud,  fused  in  the  mcltizig  furnace 
<N*,  as  in  Western  America,  in  the  muffle.  The 
amount  of  ore  taken  ia  usually  1  A.T.  (assay* 
ton,  see  p.  319),  but  is  sometimes  only  i  A.T.* 
and,  in  the  case  of  poor  tailings  in  which  there 
are  only  a  fe\v  Lrrains  of  gold  per  ton,  as  much  as 
12  A.T.  is  taken  and  fused  in  several  charges, 
the  gold  being  finally  collected  into  one  lead 
button.  The  fluxes  vary  with  tho  natnro  of 
the  ore.    The  following  are  typical  cbarses 

I  sabjeefr  to  ver  j  huge  vanatiooB  to  meet  ipeoal 


A.  flUidoasoce 

B.  Baste 

1 

(grey  orwUte 
«lfliaUtys 

osldised 
ore  (red  or 

|€.  Fyxftic 

Pffltes,  Ac) 

bcowa) 

I  - 

Ore  . 

1  A.T. 

1  A.T. 

1  A.T. 

Litharge  or 

red  lead 

1 

1 

1  ^ 

Charcoal  . 

1*2-1*5  grams 

2*0  grams 

0~1  gram 

•Sodium 

carbonate 

U  A.T. 

26  „ 

1  A.T. 

Borax 

6-10  grams 

10  ., 

lOgtsms 

Sand  is  added  to  B  and  C  if  necessary  for  the 
protection  of  the  omeiUe  from  corrosion.  The 
borax  is  usually  not  mixed  with  the  cliarge, 
but  is  added  as  a  cover  or  charged  in  after  Uie 
fu^n  has  begun.  The  charge  is  well  mixed 
and  put  into  a  cold  crucible,  which  it  must  n^^* 
umku  more  than  two-thirds  full,  and  pieces  oi 
hoop  iron  or  two  or  three  ten  penny  nails  are 
eniheddcd   iti   the  mixture.    ITie  crucible 


gradually  heated,  a  red  boat  beginning  to  appear 
after  about  lU  minutes,  and  a  duU  red  heat  not 

heinc^  attained  for  30  minutes  or  more.  Tranquil 
fusion  results  ni  40  or  50  minutes  from  the  time 
of  chaining  in.  Thn  pot  is  then  lifted  out  of 
tho  furnace,  the  naiM  removed,  anfl  the  charge 
poured  into  a  conical  mould  or  allowed  to  co«'i 
m  the  pot,  which  is  afterwards  broken.  When 
cool,  the  leail  liuttmi  is  de(aehrd  from  the  thy. 
I  by  hautnieriiig.  'I'hv  buLtoa  should  wei^  ul 
I  least  25  grams.  If  l&is  than  this  aaMmnt  of 
kad  i-s  rcdu(  ed,  a  fresh  charge  is  nnidc  up  con- 
taining moru  charcoal,  and  any  chiiuge  is  madt 
in  the  fluxes  which  may  seem  desirable  from  the 
appearance  of  thf  Hla;:.  If  the  lead  is  hard  or 
brittle,  ow  uig  to  the  presence  of  impurities,  it  ia 
I  usually  scorifie<l,  sometimes  with  the  adrlition 
of  fresh  lead,  before  l>eiug  cupelled,  as  other* 
wise  the  loss  of  gold  is  increased. 

The  slag  wul  contain  gold  and  o  fortiori 
silver  if  the  conditions  during  fusion  are  favour- 
able to  oxidation  ot  tho  mctais.  For  tbi.-*  rca&ini 
it  ia  better  to  reduce  almost  all  the  litharac 
than  to  leave  some  of  it  in  the  h1«j,  nnrl  the 
more  retidUy  uXiUiotd  mct»ls — iron,  uiuiiganesc, 
Sec. — must  be  reduced  to  their  lou-est  oaodeo, 
fcrruub  Mxi'i'-,  Practically  all  the  copper, 

nickel,  and  other  ruailiiy  reducible  metals ^wiU 
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then  be  ux  the  l&ad  button.    In  the  c&sc  oi  orc> 
containing  much  ooppor,  thi^  in  a  disadvantagi 
eutailiii^  of  fiold  in  cupellation,  and  tho 

lopper  may  bo  removed  from  tho  ore  by  treat- 
meat  with  acid  befofe  fnsion  (with  some  loan  of 

i-. 'T,  or  Icirgc  quantities  of  lithargo  (G  A.T.  o^ 
I'M  lo  1  A-T.  of  ore)  may  bo  added,  aud  uuly 
■1  imall  put  of  it  reduced.  la  the  latter  case 
the  slag  contaun^  gold  arnl  silver,  and  is  cleaned 
by  a  second  fusion,  with  the  reduction  of  more 
lead.  A  nmflar  method  «f  flnxiDg  is  used  for 
(oUurido  ores,  an  excess  of  litharge  in  the  sla^ 
urevenung  t4?liuriuui  from  entermg  tho  lead 
raltoiL  Antimoninl  and  arsenical  gold  ores 
art  sometimes  roafitcd  \iith  coal-dust  in  a  re- 
ducmg  atmosphere,  in  order  to  remove  the 
aotimuny  or  arsenic  m  m  sulphide  before  fosioii. 
An  alternative  method  is  to  fuso  with  much 
litharge  and  enough  nitre  to  oxidise  the  antimony 
with  uie  formation  of  antimouiatee.  Sulphides 
iMy  be  roasted  in  air  before  fusion. 

The  lead  button,  rounded  by  hammering,  'm 
plteed  on  a  hot  cux;el  in  tho  muffle  {see  p.  317), 
which  is  kept  at  a  full  ro<l  heat.  The  lead  melts 
in<l  oxidises,  and  the  litharge  and  other  oxides 
iin-  absorbed  by  the  cupel,  tho  gold  and  silver 
U-'ing  left  as  a  bead  (or  *  prill  ')  on  tlie  turfacf. 
If  the  bead  is  largu  and  cuntain^  imieii  silver,  it 
must  be  cooled  gradually  to  prevent  it  from 
'  i^pitting  '  on  solidiCeation,  by  whicli  jtart  of  the 
tnctals  might  be  lust.  The  bead  La  cleaned, 
wt-ighed,  flattened,  and  parted  by  dissolution  in 
boiling  nitric  arid  in  a  porcelain  crucible  or  test- 
tabe.  If  less  ihnii  two  parts  of  silver  are  present 
to  one  of  gold,  the  metals  are  not  parted  com- 
pletely, silver  being  left  in  the  gold,  and  it  is 
convenient  to  have  a  greater  proportion  of  silver 
jTcsent.  It  is,  therefore,  often  necessary  to 
acU  the  bead  with  more  silver,  the  proportion 
wying  w  ith  tho  size  of  the  bead,  as  follows  : — 

^i^  eight  o(  gold  Silver  required  for  parting 

10  miUignuns  40  milligrams 

0-2      „       otlma  2 

A  little  extra  silver  is  permissible,  but  if  too 
much  sUver  is  present,  there  is  a  tendency  for 
the  gold  to  brc«k  up  into  very  fine  particles, 
^»hicn  are  difficult  to  wa-^h  tvithout  loss.  The 
btparation  of  these  minuto  particles  is  avoided 
by  dropping  the  bead  into  boilinu  ai  id,  sp.gr.  1-2, 
when  the  parting  will  \ye  eonijileted  in  a  fvw 
-oconds.  'Ihc  parted  gold  is  washed  frw  from 
mIvct  nitrate,  kc,  and  is  made  firm  and  co- 
h' rent  for  wcighitiir  b\  l>eing  nnnealed  at  a  r?tl 
ht'At.  (For  weights,  balanccii,  &.C.,  see  p.  318.) 
ITie  silver  is  estimated  by  difference.  The 
litharge,  fluxes,  &e.,  must  he  tested  for  silver 
arwl  gold  by  runniiig  blank  charges  without  ori'. 

In  scorijication  about  0-1  or  0-2  A.T.  of  ore  is 
""ixt  d  with  30  or  10  frrams  of  pranulated  lead,  and 
"idj^tm-d  to  a  dry  Bcoriiier  (see  Fig.  6).  The 
'  hargc  is  covered  by  a  similar  amount  of  granu- 
lu'  rif.i'l,  and  from  0  5  to  1  gram  of  borax  is 
~prudde*i  on  Wt.  The  scorifying  dish  is  then 
charged  into  a  muffle,  which  has  been  raised  to 
i  temperature  ot  10(M»°-llO<J°,  or  considerably 
above  that  required  for  cuocllatiuu,  and  the 
muffle  w  closed.  As  soon  as  the  charge  is  nu  lte<l 
floun,  the  muffle  is  opened.  Tho  load  now 
<ixidises,  and  the  litharge,  forming  a  ring  of  slag 
round  Uie  scorffier,  oxidises  tho  sulphides,  &c., 
•ad  shgfi  off  the  eartl^  materials  in  the  ore. 


An  oxidation  procewls,  ihu  litharge  encroaches 
on  the  '  c\  ('  '  of  metal,  ami  at  length  com  rs  it 
over.  A  pinch  of  chareunl  powder  is  tlu  n  added 
in  ti.Hsuo  paiwr,  and  when  the  fusion  ib  again 
tranciuil.  the  charce  is  |iouretl  into  a  mould,  and 
the  sia^  d('tachr<l.  'i'hc  le.ul  ia  oupelled,  and 
the  astMiy  iiui-shed  at,  U'torc 

In  cupellation  some  gold  andsflver  is  carried 
into  tho  cupel  \vith  the  litharge,  especially  if 
tellurium,  selenium,  copper,  &c.,  are  prc&cut. 
Tho  gold  and  silver  are  usually  recovered  by 
fusiiij;  tho  crushed  cuirI  witli  lilharg(%  charcoal, 
scKUum  carbonate,  borax,  and  liuorsj>ar,  and 
cupelling  the  button  of  lead  (see  Lodge's  Notes 
on  Assaying,  112-1(59). 

Asjiuy  of  gold  bullion  and  ulioys.  A  piece  of 
tho  metal  to  be  examined  is  adjusteil  by  cutting 
and  filing  to  correspond  in  weight  w  ith  a  standard 
weight  marked  '  1000,'  which  varus  with  tliller- 
ent  assayecB  between  5  and  10  grains,  but  is 
ustially  0*5  pram.  To  the  a.*^say  piece  is  adde<l  a 
j>icce  of  iiilver  (free  from  gohi)  equal  in  weight  to 
2^  times  (at  the  Royal  Mint  2-1  times)  that  of 
the  gold  estimated  to  be  present  in  tho  alloy, 
which,  if  not  already  known,  can  bo  ascertained 
by  a  rough  preliminary  assay  or  by  the  touch • 
stone  {ate  p.  324).  The  whole  is  wrapped  in 
sheet  lead,  the  weight  of  which  depends  maiid^' 
on  the  amount  of  copjx^r  to  bo  removed,  and 
varies  from  8  to  32  limes  tlie  w*  iuhl  of  metal 
taken  for  assay.  The  lead  {lackel.'j  are  then 
transferred  by  means  of  tongs  to  cupels  already 
raised  to  a  bright  red  heat  in  the  muffle,  the 
current  (jf  air  thruugh  the  niuiil»  is  carefully 
regidated  niid  the  luat  mamtkimed.  In  from 
10  to  20  minutes,  a  rapid  passage  of  brilliant 
iridescent  bands  of  colour  over  tho  surface  of 
the  button  is  observed  to  take  ]>lace,  and  the 
buttons  then  appear  to  become  colder,  no  longer 
glowing  brightly  with  tho  oxidation  of  the  lead. 
A  few  minutes  later  tho  muffle  is  cIoschI  to  allow 
tho  buttons  to  set  without  loss  by  spitting.  If 
coj)per  is  present  in  tho  assay  piecciJ,  however, 
this  is  not  to  Ix  i  eared,  and  tho  charge  can  be 
drawn  while  the  buttons  are  still  mtuten.  At 
the  Royal  Mint  a  charge  consists  of  72  assay 
pieces,  which  are  charged  in  sinniltaneou-sly  by- 
means  of  a  divided  metal  tray  with  a  sliding 
bottom  and  withdrawTi  simultaneously  while 
still  molten  by  means  of  a  tray  made  of  a 
mixture  of  graphite  and  clay,  on  which  tho 
cupels  are  placed.  Tho  buttons  are  cleanetl  by 
bru.shing,  flattened  on  an  anvil,  annealed  in  the 
muffle  or  before  a  blowpipe,  and  reduced  to  a 
thickness  of  about  0*2  mm.  by  passage  through 
a  small  ^mir  of  flatting  rolls.  The  '  fillets  '  an; 
again  annealed  and  coiled  into  a  spiral  or '  comet' 
by  the  finger  and  thimb. 

Tho  parting  in  nitric  acid  is  eflfectod  either 
in  gla.ss  jiarting  Ha.ska  or  in  a  platinum  boiling 
apparatus.  If  parting  flasks  arc  used,  an 
amount  of  about  2  oz.  of  nitric  acid  of  sp.gr.  1-2 
is  heatetl  in  the  flask  almost  to  boiling,  and  the 
comet  is  then  tlropiMJ*!  in  and  boiled  until  2  or  3 
minutes  after  the  retl  fumes  have  disappeared. 
The  acid  is  then  poure<l  off,  and  the  gold,  after 
being  washetl  twice  with  boiluig  water,  is  boiled 
for  a  further  16  mmutes  wira  nitric  acid  of 
sp.gr.  1-2  or  .^tron-'cr.  Tlie  acid  must  be  free 
from  silver,  chloiiru!,  &c. 

Tho  gold  is  again  washed,  and  is  then  txans-> 
ferred  to  a  porous  cmcible  or  *  anneaMrigtlgBg  6y  Google 
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by  filling  the  fluk  witli  water,  pUcing  tho  oup  { 

over  its  mouth,  ami  inverting  it.  The  aoUl  fulls 
iato  the  cup,  and  tho  ttask  in  removed  without 
agitating  toe  wat<>r  in  the  cup.  The  gold  is 
then  dried,  anncnlcfl  I>y  ht'iitin.:  to  rriliios,  a.n<\ 
weighed.  If  no  more  than  three  parts  of  silver 
are  present  to  one  of  gold,  the  cornet  does  not 
breaK  up;  anrl  if  tnough  is  knouTi  previously 
of  tho  composition  of  tht^  bullion  to  make  sure  i 
of  ibis  in  the  cu{)olled  button,  a  platinum  tray, 
containing  a  number  of  little  platinum  cups  may 
be  used.  A  comet  in  placed  in  each  cup,  antl 
the  whole  ^y  18  iinmenMKl  in  nitric  aotd,  and 
subsequently  washed  by  dipping  in  ftn<l  out  of 
hot  water.  Leas  acid  is  used  per  a*i*iay  piece 
l>y  this  method,  and  the  boiling  is  more  pro- 
longed, 30  minutes  in  each  of  1  n  acids  of  ■P'gr. 
1'23  being  used  at  the  Koyai  Mmt. 

Jxk  eacn  batch  of  assays,  two  or  more  chock 
assays  on  pure  gold  are  ma^le  to  (li-terniine  the  | 
'  surcharge  '  or  net  sum  of  thu  lu&i^s  of  gold  and  1 
th(>  ^ain  in  weight  due  to  the  retention  of  silver. 
Witii  alloys  boiled  separately  in  flasks,  check 
assays  are  of  comparatively  little  value  (see 
Rome's  MeUllurcT  of  Gold,  5th  ed.  470-498). 

Alloys  of  gM  and  ailvtt  If  tho  alloy  con- 
tains enough  silver  to  be  parted  by  nitric  acid, 
no  ililliculiy  arises.  The  silver  is  dissolved, 
precipitateil  by  hydrochloric  acid,  tim\  weighe<i  i 
eiUior  as  chloride  or  as  metal.  If  the  silver  i«  ' 
defiiOient  in  quantity,  the  alloy  is  melted  with 
two  and  a  half  times  its  weiyhi  of  eadmium  under 
a  cover  of  potassium  cyanide  and  jiartcd  with 
nitric  acid.  The  silver  ia  precipitated  and 
wcifrhed  aa  chloride.  The  <;oM  residue  is  an- 
nealed and  weij^lu'd.  Sometimcis  the  silver  is 
determined  hy  difference,  the  alloys  being 
cupelled  and  weigher!,  and  subsequently  cui)el!(^d 
again  w  ith  the  addition  of  silver,  and  ]>artcd. 

( For  alloys  containing  omd  fiaHnvrnt  ^ 
p.  327.) 

Aamy  iht    tottthstonf.    This  ancient 

method  consists  in  comparing  the  colour  of  the 
streak  jiroduced  by  a  sample  of  gc»l<l  of  unknown 
composition  on  a  black  surface  with  thune  from 
a  series  of  known  comiHisitions,  after  all  have  ' 
}>een  treated  alike  with  nitric  acid.  Any  , 
abrading  .surface  on  which  the  acid  is  without 
action  can  be  employed  for  this  purpose. 

Iridium  fvceur«  alloyed  with  platinum,  and 
finds  its  way  nito  gold  builiuit.  In  the  latter 
case,  it  is  found  witik  the  gold  comet  obtained 
in  the  bullion  assay,  adhering  in  the  form  of 
black  scales  or  powtlor  t<»  that  Hide  of  the  gol<l 
which  was  originally  nearest  to  the  cupd.  It 
can  be  estimated  by  di.>«solvii\g  the  gold  m  (iqua 
rr/jt'a,  the  iridium  remaining  undiasolvcd. 

Iron.  The  dry  assay  of  iron,  made  by 
fusing  ores  with  fluxes  hi  carbon-lined  (brasquetf) 
crucibles,  is  obsolete,  and  neecl  not  be  described. 
The  wet  melluj<lf«  are  volumetric,  bas<Hl  on  tho 
<>xi«.lation  of  iron  from  the  ferrous  to  the  ferric 
slate  or  on  the  converse  reduetitm.  Either  the 
bichromate  or  the  permanganate  methoil  is 
generally  UBe<l  to  det.<'rmine  the  total  amount 
of  iron  in  ores  or  the  amount  of  iron  present  in 
the  ferrous  condition.  The  .stannous  chloride 
method  is  used  for  mcaeuhn^  the  amount  of 
iron  present  in  the  ferric  state  in  an  ore. 

For  the  determiiiution  of  the  t<ital  amount 
of  iron,  the  ore  is  |>assed  through  an  80-uieHh 
sieve,  and  attacked  by  acida  aa  usual.  Mottt 


ores  are  osidee,  carbonates,  fte.,  and  the  iron  in 

them  is  ea-ily  di-solved  by  hydrochloric  aei<i. 

Titaoifcrous  ores  are  fused  with  acid  potas- 
sium sulphate  and  dissolved  in  water  and 
hydrochloric  acid.  If  nitric  acid  i.s  j.resent  in 
the  acid  solution,  it  is  destroyed  by  evaporating 
to  dryness  with  hydrochloric  acid  and  taking 
up  with  hydrochloric  a<  id  and  water,  and  the 
iron  is  then  reduced  by  aioo,  which  gives  a 
stream  of  hydrogen  or  (if  titanium  is  present)  by 
crystals  of  sodium  sidphite  in  a  neutral  or  sli-ht  ly 
acid  solution.  As  soon  as  the  solution  is  colour- 
less, the  excess  of  mc  is  reroored,  or  the  sodtnm 
sidphite  decomposed  by  boiling  wifh  hyilri;- 
chloric  acid,  and  titration  is  carried  out  m  a 
iKjroelain  basin  by  means  of  a  solution  prepared 
\)\  w(  i;^hing  out  4-39  grams  of  potassium  bichro- 
niHto  to  the  litre,  equivalent  to  6  grams  of  iron 
according  to  the  equation : 
6Fea,+K,Cr,07+ HHCl 

3  Fe  jCl,  -f  Cr      +  2  K(  T  ^  7H  ,0. 

Potassium  fcrricyanide  (0-1  p.c.  !>oluii«>n, 
freshly  prepared)  is  u.sed  as  an  indicator,  a  drop 
from  the  assav  solution  being  mixe<l  w  ith  a  drf>Tj 
of  the  test  solution  on  a  white  glazed  ide,  from 
time  to  time.  The  end-point  is  reached  when  a 
colour  is  no  longer  produced.  The  sohition  of 
bichromate  is  stamlardised  bv  nieaufi  of  piano 
wire,  which  contains  al>out  0-4  p.c.  of  impurities. 

The  pTmanganate  method  is  carried  out  iu 
u  hulphuric  aetd  solution,  the  equation  being  : 

lOFoSO^+KiMnjO.+SH^SO* 

=5Foj(SOJ,+2MnS04+KjB04+8H  J». 

The  standarti  solution  i.s  prepared  by  weiL'hitUi 
out  2  82  grum.'i  uf  pot^issium  permanganate  i>er 
litre,  wliich  is  equivaleofr  to  6  grams  of  iron- 
The  end  reaction,  the  appearanee  of  a  pitikish 
tinge  in  the  solution  in  the  llask-,  is  \  ery  sharp. 

When  the  amount  of  ferrous  iron  only  in  tli  - 
ore  is  retjtiired,  the  ore  ia  dissol\H'd  in  hy<iro- 
chloric  or  sulphuric  acid  with  cxeluj>ion  of  air. 
The  ferric  iron  may  be  determinetl  by  difference, 
or,  as  a  check,  the  stannous  ihloritlo  methcxi 
may  be  used,  in  which  the  yellow  solution  oi 
ferric  in  in  in  hydrochloric  aotid  is  decolourised. 
The  standard  solution  (20  grams  of  commercial 
staimouh  cliloride  per  litre,  acidulated  with 
hyilrochloric  acid)  is  nm  into  a  boding^hot 
solution  of  iron,  and  h  standardised  bv  means 
of  a  solution  of  ferric  chloride  free  from  nitric 
acid. 

AiKih/.sis  uf  iron  and  ct'.>I.    Tlie  elements 
rcquuring  chlimatiun  arc  carbon  (graphite,  com- 
bined carbon  and  total  oarbcm),  suioati,  man« 
ganese,  sulphur,  phosphorus,  arsenic,  and.  i'l 
s})ecial    steels,   chromium,    nickel,  tungsten, 
molybdenum,  vanadiiim,  &c.    The  total  carbon 
;  is   estimated    by   combustion,    unually  after 
:  removal  of  the  iron  by  a  cupric  salt.  The 
i  graphite  is  estimated  by  combustion  t»f  the 
resitluo  after  dissolving  the  iron  in  hytlrochloric 
acid,  by  which  the  cond>ined  carbon  is  removetl 
in  combuiation  with  the  hydrogen  evolve»i, 
or  more  advantageously  in  nitric  acid,  by  «  hicli 
the  combin^l  carbon  is  oxidised  and  retaiue<i  in 
solution.  The  com  bintni  carbon  is  determined  hy 
the  colour  of  a  nitric  acid  solution  compared  wnh 
the  colour  of  certain  standard  solutions  con- 
taiumi:  known  amounts  of  carbon.    Silicon  i^ 
weighed  as  silica  after  di.^^olutiou  of  the  irou 
[  by  acid^t  or  iodine.    Sulj^ur  is  ^^^^^[f' 
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barium  hulphAte,  after  the  iron  has  been  Uis-  '  method  givc^  results  with  pure  oms  which  aru 
uAwtd  in  aqua  reffia^  or  it  it  erolTed  m  snl-  I  »boat  1  or  2  p.c.  too  low.   When  the  ore 


phuff  ltf<i  hytlro;4rn.  whinh  Is  absorl'od  i)y 
«»u:*tjc  soda,  aud  decomposed  by  a  ^tandaixi 
ttlotkm  of  iodines.   The  exoen  of  iodine  i« 


contains  unfimnny.  I>i:^rnutli.  ropprr,  t\io^p 
mctaht  aro  in  part  reduced  with  the  lead,  and 
are  wmghed  with  it.    If  the  lead  button  U 
tttiniated  by  sodium  thin^iilphatf.  hanl,  it  i-;  nerrssnry  to  r-timat*'  tho  l<  afl  in  it 

MaugaaeiiC  Is  Hcpatat<Kl  by  precipitation  with  ^  by  weighing  it  as  lead  .sulphate  or  otherwise,  or 
bfomme  in  aa  ammoniMalaolatioa  after  removal  t  to  a<lopt  wet  methods  of  asna^nng  the  ore. 
'jI  the  iron  as  basic  acetate.  The  prctipitatod  (For  di-tails  of  Iho  dry  a^say  of  leadi  866 
hvdrated  peroxide  is  heated  strongly  in  a  uiuthe  Percy's  Metallurgy  ot  Lead,  103-119.) 
lod  weighed  aa  MojOi.  There  is  also  a  colori>  |  In  the  wet  methods,  oxidiaed  oree  are 
metric  i-timation.  tho  stfvl  b  in/  di.S'<o]\ •■<l  in  attackrd  by  hydrochlorir  acid,  followed  by 
oitnc  at  id  and  the  solutiun  boiled  with  lead    nitric  acid,  if  necessary.    iSulphide  ores  an 


peroxide.     The  oolonr  <rf  the  i)ermanganate 

prtKltitrd  is  ronip?ir'  l   v-itii  thoso  of  standard 


treated  diraot  with  nitric  aokf.  The  lead  is 
detormiiud  i-ith<T  as  sulphate  or  volumrtrically. 


f 'lutions.    Phosphuruii  i*  precipitated  by  aumio-  I  by  means  of  ammonium  molyb<late  (Alexan 


niam  rotdybdate  or  m^nesia  mixture.  Arsenic 
Ls  separate^l  by  precipitation  as  sulphide  in  an 
4cid  itolution,  converted  into  arsenic  acid  aitd 
detarmined  by  precipitation  by  mi^^esiamtxture. 

fFor  the  determination  nf  the  mctala  in 
^pt^^jAl  steels,  jscfi  under  the  headings  C'Aromium, 

Sickel,  &c.     For  full  details  of  the  a&aljvis  of   boiling,  and  titratcfl  with  a  standard  solution  of 


  ^  (l<T  S 

method ).    In  the  latter  metl^od  ( Exig.  and  M 1 1  u' 
J.  Aj.ril  1.  1893.  298),  the  mixture  of  nitric 
acid  and  ore  is  evaporated  with  Kulphuric  acid, 
diluted,  boiled,  and  filtered.   The  lead  sulphate 

in  tho  residue  is  di-stdvel  in  hot  ammonium 
acetate,  aciditied  with  acetic  acid,  raised  to 


iron  and  steel  and  also  of  the  complete  analysis 
ni  iron  ores,  see  Blair's  Chemical  Analyaia  of 
Iron,  Campredon\s  (;uide  Pratique  du  C&miste 

Mt!al1ur-iste  el  d«  i'Easayeur,  43*<-fi34.  nnd 
i^rtTArkyaud  Ibbotsou's  Analysis  of  tslet  l  Works 
Materials. ) 

Lead.  Both  dry  and  wet  methods  of  n«.«ay 
arc  used.  Tho  dry  ik!««H\  i.-<  only  applicable  t<j 
rich  ores  and  to  conoentnites,  and  even  with 
tbese  is  less  nrctirnte  tlum  thr>  wet  methods. 


ammonium  molybdatr,  containing,  according  to 
Low,  4-25  grams  jk  r  litre.  The  .solution  is 
standardised  with  pure  lead  foil.  Tannin  is 
jHed  as  an  indicator.  ).'i\  in;_'  a  yellow  colour  to 
a  drop  of  tho  solution  ou  a  white  glazed  tile 
when  the  ammonium  motyhdato  is  in  excess. 
If  iron  and  calcium  are  pnvsent,  it  is  better  to 
i3e(>arate  the  le%d  as  sulphide  and  redissolvo 
before  titration  (Low's  Ore  .Analysis,  113). 

l>ead  inav  also  l)e  determineil  in  a  feeMy 


rho  ore  Is  crushed  through  a  00-mesh  sieve,  ,  acid  soluiicm  by  adding  an  excess  ut  iHiiassiuin 
mixed  with  sodium  earbtmate  and  argol«  and  |  ohromate  and  estimating  the  amount  of  excess 


fuf*e«l  in  a  uxought-irnn  rnieihlo  or  jn  a  clay  pot 
with  hoop-iron.  Galena  re<luce<l  by  the  inui, 
and  any  oxide.'*,  sulphates,  Ac,  of  lea<l  are 
^:<luc^•<l   li\    tho  argol.    Borax   is  sometimes 


hv  means  of  a  standartl  solution  of  ferrons 
eiiU»ride.  The  reactitm  is  the  same  as  in  the 
bichromate  as.say  of  iron,  but  in  this  case  tho 

eml  is  marked  fi\  the  nj»|K*aranco  of  a  green 


Ore  ,  . 
fiodium  ear* 

bonate 
Anrol  (tartar) 
Borax  . 


Any 

1.  Rich  gal»-ua,e«p.  3,  Phos-  4.  Cerus- 
golena  po<ir  ereit  phate  ore  site 
SUOgrs.  fiOOgra.  SUOgrs.  fiUOgrs. 


added  as  a  cover.  The  folio  wing  are  examples  colour  in  the  test  dro^is  on  the  plate  (Beringer's 
Ot  ilie  charges  reoommended  by  Fsroy >        I  Auaying,  214). 

Man^an^  occurs  as  MnO  in  pyrolusitc, 
when  the  value  of  tho  ore  usiuiliy  deix>nd8  on 
its  property  of  liberating  chlorine  when  heated 
\sith  hvflrochloric  aeid,  and  not  on  tho  pro- 
jiortion  of  metal  contained  in  it.  Nevertheless, 
the  percentage  of  manganese  in  ores  is  some- 
times required,  and  spiegeleisen,  ferroman- 
ganese,  and  steel  arc  also  a.s.sa yed  for  manganese. 
Either  the  ferrous  sulphate  a^say  or  Volhard's 
volumelrie  proee^H  irenerally  used.  In  the 
latter  nielhud,  the  inaugauese  is  precipitated  by 
potassium  pcrmai^anate  in  a  boiling  neutral 
solution.    The  precipitate,  as  far  as  numbers 


500  „ 
60 


350  „ 
100  „ 
ISO  „ 


3r)0  ., 

IW  „ 
30., 


"(Ml 
iUO 
30 


The  iron  crucible  is  made  red  hot,  cleaned,  and 
Uowed  to  cool.  The  charge  is  then  transferred 
U"  it,  care  being  taken  to  avoid  loss  by  dusting, 
tn<l  the  borax,  or,  if  none  is  used,  part  of  the 
»4«dium  carbonate  is  abided  as  a  cover.  A  clay 
1k1  ia  -  -         -  - 


also  placed  on  the  crucible.    The  'charge  \  *ro  concemetl^ is  represented  by  the  equation  : 


i"  slowly  heated  for  about  20  minutes,  and  is 
then  ]M)ured  into  a  mould,  provided  that  all 
•ums  of  effervescence  have  clisappeared,  and  the 
mixture  is  tfcen  to  be  in  a  stat«  of  tranquil 
tmioD.  The  lead  is  found  at  the  bottom.  It 
a  detached  from  the  alc^g  with  a  hammer,  and  is 
clfsned  and  weighed.  The  slag  is  examined  for 
IcjmI  beads  before  being  throun  away.  Clay 
cmcibles  are  used  for  phosphate  and  carbonate 
ores. 

When  th*"  ore  contains  arsenic,  a  sin-i.^e  is 
formed  which  is  found  adhering  to  the  upper 
sQrface  ci  the  lead,  below  the  slag.   It  must 

U-  reroove<l  with  great  care  to  a\ oid  lo.ss  of  lead. 
The  lead    hould  be  soft  and  nmlloable.  The 


K,MnjO,-f3Mn804-f2H,0 

:Kj.SO«-f-5MnO,-f2H,SO,. 

About  one  gram  of  the  ore  or  spiegeleisen 
is  dissolved  in  hydrochloric  and  nitric  acids, 
heated  with  -ulpli'urir  a.  id.  and  neutra1i>^ed  by 
tho  addition  of  an  emulsion  of  zinc  uxide  in 
slight  excess.  All  the  iron  is  precipitated,  and, 
after  violently  shakint^  the  mixture,  it  i"  made 
up  to  600  C.C.,  allowed  to  settle,  and  lUO  cc.  of 
the  clear  supernatant  liquid  is  drawn  off,  hcaU'd 
to  Ix  iling,  and  titrated.  The  ( nd  |K»int  is 
markcHl  by  tho  appearance  ot  a  piiUiish  tinge. 
(For  the  estimation  of  manganese  in  steel,  se« 
al'o\i'. ) 


  Mercury.    The  wet  mothwis  of  assay  are  not 

siiver  and  guld  in  the  ofe  are  determined  by  '  satisfactory,  and  one  of  the  distillation' methods 
oapdlatfou  and  parUng  (see  p.  323).  The  is  usually  employed.   When  a  laige  ^C9*i»th^v^oogLe 
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of  mefciiry  is  pmscnt.  a  combiution  tube  of  copper.  Cteld  is  ftdded  to  the  .  j«  i c  after  th© 
lH-20  inches  long  is  usetl.  It  is  sealuil  at  one  elimination  of  cobalt  if  copper  is  present.  Tho 
end  and  magpesite  |powder  placed  in  it  firsts  to  '  speise  u  weu;hcd  after  each  metal  haa  been 
a  depth  of  3  or  4  inehea.  Next  a  layer  of  2  i  removed.  The  slag  tntut  be  frequently  ex- 
in<  hi's  (if  iiusliik'  il  lime  in  added  and  then  5  or  10  aminetl  and  renewed,  and  great  car©  and  ex- 
grama  of  ore  well  mixed  in  a  mortar  with  10  grams  pcrienee  are  needed  to  attain  even  approxiin»t« 
of  lime.  The  mortar  is  cleaned  with  more  lime  <  results. 

and  the  rinsings  added  to  the  tube  and  covered  The  method  is  easier  to  carry  out.  if  copper 
with  clean  lime  to  a  depth  of  3  or  4  inches,  is  absent,  and  this  metal  is  sometimes  romovod 
Finally,  a  loosely  fitting  plug  of  asbestoe  is  '  b}'  precipitation  with  sulphuretted  hydrogen  in 
in.v  rtcd  )U\<1  tb<'  iinoci  iipicil  portion  of  llic  lube  an  acid  !?ulution  before  the  spri.-ie  is  formed-  If 
is  drawn  out  almost  to  a  point  and  bent  over  ^  oobalt  is  absentia  weighed  amount  ma  v  be  added, 
at  right  an?le<«,  care  beinp;  taken  that  no  hollow  as  otherwise  Hw  difficult  to  obsnre  the  prnnr  at 
in  the  gla-  ^nri-d  wliich  might  collict  me  wbirh  nirki-lbotMns  to  pass  into  the  sin;;  «fi<r  the 
of  the  mercury'.  The  tube  is  plaoed  in  position  i  removal  of  t^e  iron.  The  arsenides  in  the 
in  a  oombnstion  fnmaoe  and  tapped  imtil  the  I  speise  have  the  forarahs  Fe,As,  Co^.\s,  Ni.As, 
mixture  settles  nnd  leaves  a  free  passage  for  ,  and  Cu,A.s  (Rhoail  &  Sexton's  Assaying.  Is"), 
gases  thxon^out  its  length.  The  narrow  open-  In  the  wet  methods  it  is  usual  to  roast  the 
ing  is  made  to  dip  into  a  beaker  of  water,  and  '  ate  aa  a  preliminary  in  order  to  remore  t4ie 
thi-  tubt'  is  heated,  beginnin;;  with  tlif  astn'stos  arsenic,  sulphur,  kc,  and  tbr-n  to  separate 
pliu;  and  finishing  with  the  magneslte,  which  !  the  nickel  and  cobalt  from  the  iron»  manganeee, 
yieras  enough  carbon  dioxide  to  e^veep  out  the  I  rino,  &c.,  b}'  suitable  methods.  The  nick<4  is 
vapours  of  nienurv.  Tlic  time  required  for  jireeijiitatod  as  byflrat^^  ami  weighed  as  NiO. 
heating  is  aljout  30  minutes.  .  While  the  tube  Cobalt  is  often  included  in  the  nickel,  but  is 
is  still  red  hot  throughout  its  length,  its  end  is  I  separated  if  present  in  large  quantities.  A 
cut  ofT  and  tlroppea  into  tlie  beaker.  The  volumetric  method  depends  on  the  interference 
mercury  collects  in  the  water,  and  is  dried  by  j  by  nickel  in  the  titration  of  cyanide  with  a 
blotting-paiK-r  and  then  in  a  deeiooator  and  |  standard  solution  of  silTer  nitimta  An  alkaline 
WCighe<l  ill  a  |K)rcelain  crucible.  solution  containinfx  eaustie  soda  is  used,  and  .-^ 

When  onlv  small  quantiticss  of  mercurv  arc  ,  little  potassium  iodide  added  as  an  indicator, 
present,  Esehka's  method  is  used  (IMngl.  pnly.  '  An  exeen  of  a  stmdard  solution  of  ]>otasBtum 
J.  cciv.  74).  in  which  the  men  ury  is  eondeused  eyanide  i.s  added  to  a  solution  of  niekel  sulphate 
on  a  weighed  piece  of  gold.  This  is  in  the  made  allcaline  (and  precipitated)  by  caustic 
form  of  a  basm  made  of  tlun  sheet  gold.  !  soda.  The  excess  of  cyanide  is  titrated  by  a 
nsed  as  the  cover  of  a  porcelain  rnicihle  and  standard  solution  of  silver  nitrate  (BeringerV 
iille<i  with  water  to  keep  it  cool.  The  basin  i  Assaying,  205).  The  reactions  are  represented 
projects  beyond  the  rim  of  the  erueible,  and  |  by  the  equations : 

usually  wei^zhs  about  10  ^rams.    From  0-2  to  2-0  4KC>'+NiSOt  =  KiNiCv4  4-KjSO,. 

Sams  of  ore  is  mixed  with  1-4  grams  of  iron  j  2K('\  4  A<.'NO,  =  KAgCy^-fKisOj. 

inpts,  and  heated  in  the  crucible  for  10  or  20  I  mckcl  and  cobalt  are  al«o  sometimes  osti- 
rnniut(-.  the  flame  bemg  kept  fT<un  beat m-  the    ,nat«l  by  electrolysis,  and  for  this  purpose  musl 


upper  part.  This  may  be  done  by  fitting  the 
eruoible  into  a  hole  m  a  pieoe  of  i^eet  asbestos.  > 

The  gold  basin  is  tlu  n  dried  without  tbo  agency 
of  heat,  and  wcigbed,  the  increase  of  weight  I 
repmentinif  the  mercury. 

Molybdenum  in  ores  is  estimated  by  pre- 
cipitation as  mercurous  molvUlato  in  a  very  i 
slightly  alkaline  or  neutral  solution  by  means  of  ' 
nuTcurous  nitrate.    The  precipitate  is  ignite<i 
in  a  porcelain  crucible,  either  alone  or  with  • 
litharge,  until  the  meretiiy  is  expelled.  The 
increase  in  tlie  \\(  i:.dit  of  the  crucible  is  taken 
as  M0O3,  but  if  chromium,  vanadium,  tungsten,  j 
phosphorus,  or  amenio  is  present  in  the  ore,  the  j 
iiinit^Hl  MoOj  nni.st  lx>  purified  by  further  treat- 
ment or  separate<l  before  precipitation.   Moly-  j 
bdenura  in  steel  is  precipitated  as  ammonium 
pho.>»pho-ni<>lybdat'e. 

Nickel  and  cobalt  o<ctir  together  in  ores,  the 
ftirmer  niore  commonly  and  in  grcaU;r  proportion 
than  the  latter.  'I'hey  are  usually  ast^yed 
together.  In  the  fire  n.Hsay,  the  ore  is  roaste*! 
sweet  and  then  fu.-^ed  with  arsenic  to  form  a 


be  depurated  from  zinc  and  other  metals,  dL*- 
solveti  in  nitric  acid,  and  precipitated  in  an 
ammoniacal  solution* 

For  thf  separation  of  niekel  from  cobalt, 
nee  J.  80c.  Chem.  ind.  ix.  37."i. 

Nickel  in  sted  is  precipitated  by  bromine  | 
water  and  rnnstic  soda,  after  removal  of  the  | 
iruti  as  basic  aci  tat^.'..    It  is  weighed  as  XiO. 

Platinum  in  alluvial  deposits  is  oonomtrated 
by  panning,  as  in  the  caso  of  auriferous  aands. 
In  all  oases  platinum  can  be  collected  in  lead 
by  the  same  methods  as  those  described  nndcr 
the  assay  of  gold  ores.  The  lead  buttons  are 
sometimes  cupellwl  at  a  very  high  ti-niperature, 
but  it  is  difficult  to  remove  the  whole  of  the  leatl 
in  this  way.  as  the  •  prill  *  freezes  on  the  cupel 
when  onlv  J)art  ot  the  lead  has  been  oxidi«o<L 

Cupellation  may  bo  finished  in  the  oxygen-gas 
blowpij)e  fiame,  but  the  loss  of  platinum  is  then 
large.  It  is  more  usual  to  dissolve  the  lea<l 
button  in  dilute  nitric  acid  and  to  filter  off  the 
platinum  and  ,.'uld  residue,  which  is  parted  liy 
dissolving  in  aqua  regia,  and  precipitating  the 


speise.  This  is  heated  in  air  on  a  lit  tle  clay  dish  '  gold  withoxaUoaeid.  The  platmum  is  estimateii 
in  the  mufHe.  nnd  the  tm  tajs  oxidise<i  sueces-  by  difference  or  by  precipitation  as  (NH4)^Ptt'l4. 
sively,  iron  pa.H;^iii«i  mto  the  slag  first,  cob<dt  ,  Platinum  iu  alloys  or  in  rich  alluvial  con- 
next,  and  then  nickel,  cop|xr  lieing  left  until '  centratcs  may  bo  estimated  by  melting  vtinh 
last.  The  ehan'jes  in  colour  of  the  l)orax  slag  six  parts  of  pure  lead,  and  grinding  in  a  mortar 
whow  the  progress  of  the  assay.  The  slag  i{«  the  brittle  alloy  freo<l  front  slag.  Portions  of 
coloured  brown  while  iron  is  passing  into  it,  i»lue  the  allov  are  '»corifie<l  with  frcah  lead  and 
Uy  cobalt,  sherry-brown  by  nickel*  and  blue  by    dissolved  in  nitric  acid.         Digitized  by  Googlc 


ASSAYIHO. 


327 


Alloys  ooniftuung  gold,  silver,  and  plAthram  t«iiiin^  about  1O03  gam  of  i^ver  m  woii^hcd 

tf'  (lifTiciilt  t<i  assay,  as  they  are  insoluble  in  and  diaaolvcd  ia  nitric  ficiil,  mul  100  c.c.  ul  tho 
<ypta  regia.    Tho  method  adopt^nl  is  first  to   salt  solution  added  to  it  Irom  a  pipctto.  The 

I  capel  the  alloy  to  remove  copper,  &c.,  these  chlorido  \b  agglomerated  by  a  shaking  in  a 
oH'tab  being  estimated  by  difference.  'J'lio  >t<)])|)<"red  bottle,  and  tho  clear  supernatant 
aiioy  is  then  iaquarted  by  oupellatioo  with  twice  li<}uid  is  tested  by  '  dooiaormal '  solutioiiB  of 
its  ^raii^ht  of  olver  and  parted  boiling  in  common  salt  and,  if  neoessaiy,  of  sQyer 
sulphuric  acid.  The  ri-siduc  coivtains  the  gold  nitrate.  Tlio  appoarance  of  the  cloud  oF  silver 
and  platinum.    These  may  be  parted  by  a^aia  chloride  shows  tho  amount  of  silver  left  in  so- 

'  ittqaartini^  with  8ilT«r  and  dissblving  m  nitrio  |  Intion.  IVother  shakbga  ace  resorted  to  if 
;irid,  pro\  ido<l  that  the  amount  of  gold  present  required,  and  tho  final  reading  is  taken  after 
ttt  least  ten  times  that  of  the  pUtinum.  If  '  waiting  for  about  5  or  10  minutes.  Check 
the  proportion  of  gold  preeent  ia  kss  than  this,  a8sa3m  on  fine  silver  are  used  with  every  batch 
p'lrt  cf  tho  jdatinum  remain^'  undissolved,  and  to  test  the  strength  of  the  sohition,  which  varies 
it  u  therefore  necessarv  to  add  gold  in  many  with  tho  temperature,  &c.  Merooxy  interferes 
eases.  The  parted  gold  is  weired  and  the  with  the  method,  and  is  detected  by  the  colour 
pUtinum  estimated  by  difference  (6*°"  Rapport  of  the  precipitated  silver  chloride,  which  docs 
de«  Monnaiea,  1901,  p.  zxix. ;  Rose's  PftoouB  '  not  darken  if  m^ury  is  present.  Acetate  of 
IfetaK  278).  ■  soda  cotreets  the  error  if  the  quantity  of  mercury 

Silver.  The  ores  of  silver  are  asaay<xl  in  the  present,  is  small.  The  CJay  Lusaac  metliod  can 
same  way  as  those  of  gold  of  a  similar  kind,  be  used  only  in  cases  where  the  approximate 
the  soorifioation  metiiod  being  used  far  more  assay  is  already  IcQOwn  (Percy's  Silver  and  Gold, 
frequently  than  in  the  caso  of  gold  ores.  The  282;  Riche  et  Forest,  I/Art  de  I'Essayeur,  is:i). 
sla^  and  cupels  must  bo  examined  usuaUyy  as  In  the  India  Mint  method,  tho  silver  alloy 
■ilvsr  is  more  readily  lout  than  gold.  The  tem>  is  dissolved  in  nitrio  acid  and  precipitat«Ni  by 
l^  nituro  of  cup<^llation  is  kept  as  low  as  possiblf'.  a  slight  cxcosis  of  hydrochloric  acid.  Tho  silver 
to  cbecii:  tho  loss  of  silver  by  volatilisation  (see  chloride  is  then  colleoted  by  shaking  in  a  stop- 
Lodge's  Notes  on  Assaying,  37-111).  poed  faottie,  and,  after  being  washed,  is  trans* 
Silver  bullion  and  alloys  are  assayed  by  fcrred  to  a  porous  cup,  dried,  and  weighed  while 
cupellation,  by  the  Gay  Lussac  or  the  Volhard  warm.  The  chlorido  is  washed  by  decantation, 
voinnaetrie  processeo,  or  by  weighing  the  chknnde  >  but  the  drying  is  tedions,  and  is  expedited  by 
(India  Mint  method).  In  cufK-Uation,  tho  breaking  up  the  crust  with  a  glass  rod.  Any 
M)MQ*  or  oxidisable  metals  are  removetl  in  the  goki  thnt  may  bo  present  ia  weigh«xl  a^i  t>ilver 
ttiuffle,  and  the  silver  prill  is  cleaned  and  weighed,  chloride.  This  is  the  best  metho<l  if  or  alloys  con* 
The  wight  of  silver  taken  is  usually  10  |rrnin<^.  taining  less  than  70  p.o.  of  mlver  (Tcaos.  Intt. 
The  amount  of  lead  required  varies  from  six   Mng.     Met.  xvii.  334). 

times  tho  weight  of  the  silver  for  alloys  of  high  The  Volhartl  method  is  largely  used  in  this 
staodanl  to  twelve  times  for  silver  700  tine,  country.  Tho  nitiic  acid  solution  of  the  silver 
The  method  is  not  suitable  for  alloys  containing  is  freed  from  nitrous  acid  by  boiling,  and  is  then 
Ins  than  70  p^o.  of  silver.  The  muffle  is  kept  diluted  and  titxated  with  a  soliitum  containing 
at  a  lower  temperature  than  thfit  required  for  7"04  grams  of  ammonium  thiocyanate  p^r  litre. 
i;okl  cupelLation,  but  must  bo  raised  to  above  the  As  this  salt  in  deliquescent,  it  is  usual  to  weigh 
iDelting.poiat  of  pore  silTer  (962°)  at  the  fini^,  '  ont  about  7-3  grams  per  lito».  Iron  alum  is 
to  prevent  the  metal  from  sotting  in  tho  fumaco  used  as  an  indicator,  giving  a  red  colour  when 
More  all  ihti  le4ul  h&n  been  removed.  When  all  the  silver  has  been  precipitated.  Time  is 
the  cupellation  is  complete,  the  mouth  of  tho  saved  and  the  acouraoy  of  the  method  increased 
furnace  is  closed  with  great  care  to  exclude  by  taking  for  assay  an  amount  of  alloy  contain* 
draughts,  and  tho  furnare  in  allowed  to  cool  ing  about  1'002  gram  of  silver,  and  running  in 
slovrly  to  prevent  loss  of  silver  hy  spitting.  J  he  It^  0.0,  of  the  standard  solution  of  thiocyanate 
Midified  prills  are  cleaned  and  weighed.  Tlu?  from  a  pipette.  After  shaking  the  liquid  in  ft 
K)S8  of  silver  in  cupciiation  varies  from  5  to  15  i  flask,  the  titration  is  finishtnl  by  adding  tho 
[j&rts  per  1000,  and  chock  as.^ys  On  pure  silver  i  thioco^oato  a  drop  or  two  at  a  time.  Check 
are  placed  in  all  parts  of  t!i  fumaco  to  measure  assays  on  fine  silver  axe  used  (Ttaos.  lostb  Mng. 
thin  loss.    Any  gold  that,  may  bo  present  is   &  Met.  xvi,  154). 

weighed  as  silver.  Tho  procoss  is  very  ancient,  Tin.  Tin  ore  is  concentrated  on  a  vanning 
•nd  cle.ir  reference  is  made  to  it  in  connection  shovel  with  the  |iro<l\iction  of  '  l)laek  tin  '  in 
*itha  trial  of  the  Pyx  in  the  Black  Book  of  tho  order  to  tlcLcrjuim:  what  yield  may  he  ex{><  ctc<l 
Exchequer,  written  in  the  reign  of  Henry  II.       when  tho  oro  is  treated  on  the  dressing  floors. 

In  tho  Gay  Lussac  proce^.  the  volume  is  The  ore  w  crushed  and  sampled,  and  about 
iiveasured  of  a  standard  solution  of  coumion  30  grams  are  thoroughly  mixed  with  30  or  40  c.c. 
*«it  or  sodium  bromide  required  for  tho  pro-  of  water  on  tho  vanning  shovel  with  the  lingers, 
cjpitation  of  a  little  more  than  a  gram  of  silver  to  prevent,  as  far  as  jjossible,  the  loss  of  *  float 
in  solution  as  nitrate.  No  indicator  Uicd,  and  tin.'  Tho  oro  ia  then  collected  by  a  vigorou.s 
the  eod  «f  the  operation  is  judged  from  the  eircular  motion  of  the  water,  anid  the  slimes 
Appearance  of  a  faint  cloud  of  chlorido  in  a  are  ptniml  . iff,  a  process  which  is  repeated  until 
*olatioa  from  which  almost  all  the  silver  has  tho  waUr  remuinj>  clear  after  being  left  to  settle 
'wn  Drecipitated.  It  is  tho  moat  accurate  for  a  few  seconds.  By  means  of  a  circular 
methodof  assaying  silver  bullion,  ITie  standartl  motion  tvf  the  shovel,  combined  with  a  series 
w>lution  of  common  salt  (usuaiiy  called  the  of  jerk/?,  tliu  tin  oxide  is  now  separat^xl  from  tho 
normal  solution')  contains  about  5 -410  grams  liL^hter  material,  which  is  carried  down  by  tho 
fi{  Xa(l  iv  r  litre,  8o  that  1<'M>  e.c.  will  preeipitate  itt-eenilli>2  wave.  The  tailings  are  ."saved  anrl 
I  sifiiiu  ot  aiivor.    A  weight  ol  silver  bullion  con-  ^  washed  over  again  until  they  yield  no  jnore  tii^  GoOgle 
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and  are  then  enuhed  by  nibbing  with  a  hammer 

and  \uishr.|.    The  conffn trail's  ixrv  (lri»>d 

aud  roantod  and  drestMxl  onoe  more.  Sumctiiuos 
they  are  washed  quite  dean  from  worthlera 
riiiit«Ti(il,  and  .souicl  iini  s  l»-ft  itiijHirc  witli  oxiilr 
of  iroa,  &c,,  according  to  the  uaturu  of  the  ore 
and  the  eostom  of  the  operatOT.  Sometimes 
they  are  purified  by  l>f)ilIiiL!  in  hydroclilurie  acid 
Oft  aqua  regia,  which,  according  to  J.  H.  Uollini>, 
canaes  a  loss  of  tin.  The  residue  is  unually 
r<  }«/rtr«l  in  ]>ounds  of  bla(  k  tin  tn  the  loii)^'  ttui 
of  ore,  or  alternatively  in  parts  per  200,  so  that 
»  pfodnoe  of  *  9}  *  would  be  equivalent  to  4>76 
p.C.  (Boringor*£  Assaying,  276). 

The  black  tiu  obtained  bv  vanning  is  assayed 
for  metalUo  tin  by  ivduotion  with  antfaraeite 
(('omi«:h  method)  .  i  |' it  v^<ium  ryanidr.  In 
thu  Cornish  method  UH)  grams  of  tinstone  are 
heated  with  20  grams  of  anthiaoite  in  a  plumbago 
crnril»!f  at  a  wliid-  heat  for  If*  or  20  rninutt>-. 
The  charge  is  then  stirred  with  a  stick  and  agftiu 
heated  for  a  few  minutes  before  pouring.  The 
rxi  ivsH  of  anthraritr  c  (nitains  heads  of  tin,  which 
arc  separated  by  vanning.  In  the  cyanide 
prooess,  10  grams  of  tinstone  aie  fused  with  40 
grains*  of  impure  cyanide  (containiiig  potassium 
carbonate),  and  poured  at  a  red  boat.  The 
Omnan  process  consists  in  reducing  a  mixture 
of  5  prams  each  of  tinstone  and  ctiprir  oxide 
with  15  grams  of  black  Hok  (a  mixture  of  carbon 
and  poUasium  carbonate,  obtained  by  beating 
tartar)  and  1*25 jernm'^  of  bomx  with  a  coyer  of 
common  salt.  The  reduced  metal  is  compared 
in  weight  with  that  of  the  copper  reduced  from 
eupric  oxide  alone.  Tlie  most  tnist worthy  of 
the»e  metho<i8  is  the  fusion  with  c)ani<le.  The 
reduced  tin,  however  obtained,  is  us uallv  impure 
( !i(  ringer's  AHsaying  and  Kerl's  Uetalracgieohe 
Probirkun^t). 

A  good  wet  method  for  the  estimation  of 
tin  in  orr-;  without  previtms  con  centra  t  ion  is 
dtfitijbcd  by  G.  L.  Mackenzie  (Trans.  Inst. 
Mng.  and  Met.  xiii.  1904,  87).  It  consists 
in  cleaning  a  sample  of  from  1  to  5  grams 
of  the  ore  with  <Kjua  n</ta  (and  rentovinir  the 
tungstic  acid,  if  it  is  pre.s<.nt,  by  mean^  of  am- 
monia), nHlnriiiL'  the  .stannie  oxi(h'  to  tin  by 
ignition  m  a  current  of  c«»al  ^iu»,  dissolving  the 
metallic  tin  with  hydrochloric  acid  and  potas- 
sium jxTmanganate,  precipitating  with  sul 
phurette<l  hydrogen,  and  igniting  the  tin  sul- 
j)hide.    The  tin  is  w  eighetl  as  stannic  oxide. 

Tin  i»  also  estimated  ^  ohimetrienlly.  A 
satUifactorv  method  deiH!ril>t!«l  \>\  Beringer 
(Text-Book  of  Asgaying,  11th  ed.'  285)  is  to 
reduce  the  solutifm  of  stannic  chloride  to  stan- 
nous  chloride  hy  means  of  nickel  foil,  and  to 
titrate  with  a  st-andard  solution  of  iodine  in  an 
atmosplu  r-c  of  earlxniii'  at  id  ja-;.  Starch  i"*  nse<l 
Hs  an  iiuiicator.  In  ail  wet  methods,  tin  oxido 
must  be  reduced  to  metallic  tin  before  it  can  be 
distil  >K<-d. 

Titanium  in  ores  in  generally  in  the  form  of 
titanic  oxide,  which  is  insoluble  in  acids.  Tita- 

nate",  however,  are  somewhat  --olulili',  Mf>  that 
on  altai  kintr  ores  with  acid,  tttaiiiuui  will  be 
found  paitK  in  the  residue  and  partly  in  the 
sohition.  rhe  metals  of  the  iron  group  with 
tilauium  are  precipitated  from  the  solution  as 
basic  ac<  tate.s,  which  are  fuseil  with  jiotassium 
bisulphnte  aprl  extracted  with  water.  The 
Utamc  acid  ha  precipitated  iiuui  liie  solution 


by  means  of  prolonged  bofling  wiili  sidpliufous 

acid.  The  residue  left  1»y  tht^  attack  on  fht? 
original  ore  with  acids  is'  similarly  treated,  aSU:r 
the  silica  has  been  removed  by  heating  with 
sulphuric  and  bydiofluono  Acids  (Beniig«r*s 
AsaAving,  293). 

nnglteB  ra  wolfram,  steed,  fto.,  is  estimated 
by  weighing  ok  tiniest  ie  aeid  WO,.  'Die  ort*  is 
boiled  withliydrochioric  acid  or  aqua  rcgia,  w  hen 
the  tungsten  separates  as  iniioluble  yellow 
tungstic  acid.  After  thorouj:h  washinL'.  thi-* 
is  di.Hsolvod  in  ammonia,  filtered,  and  recoveml 
by  evaporating  the  solution  to  dryness,  and 
(ieiitlv  i.Miiting  the  residue  to  deeonijKi.-e  the 
ammonium  tungstate.  Nearly  pure  tung.stic 
aoid  remains.  Any  silica  that  may  be  preaent 
may  be  removed  hv  liMlrofluoric  acid. 

UnUklum.  The  mineral  i»  evaporated  M  ith 
nitric  acid  and  taken  up  with  HCL  After 
separation  of  the  other  metals  m  sulphides  and 
carbonates,  the  uranium  is  precipitated  by 
ammonia  and  we^ed  as  Vfif,,  or  it  is  pire> 
cipitatcd  by  mieroeosmic  salt  in  the  prfsciio© 
of  acetic  acid  and  ammonium  acetate.  1'he 
precipitate    oonsiBts    of    ammonium  nranyi 


]>hos|)hatc  UO_.Xn,PO,  A\hieh  i.--  waslu<!. 
Ignited  gently  and  weighed  or  convertod  inti* 
uranyl  pj-rophosphate  {T}Oj),P,0„  for  greater 
aceuracy  (Low's  Tt^ehnical  Ore  Ainl^^is,  201  i. 
This  precipitation  ib  also  tho  ba.si^  ut  a  volu- 
metric method,  a  boiling  sdution  of  uranium 
hf-m}i  titrated  with  a  ."^tantlard  solution  of 
phosphate,  until  ferrocyanide  no  longer  gives  a 
brown  colour. 

Vanadium  in  1  •]  \^  estimateil  by  titrating 
with  potassium  ]M-ruianganatc.  The  steel  is 
dissolved  in  HCl  and  evaporato<l  to  dryness  with 
a  little  nitric  acid.  The  resi<lue  is  fuM-d  with 
nitre  and  fusion  mixture,  ]>uiled  m  wat-er  and 
filtered,  and  the  filtrate  evoporated  with  HjSO^, 
rediireil  hy  sidplnir  dioxide  and  titrated.  One 
atom  of  iron  is  equivalent  to  one  of  vanadium 
in  the  titration  <iuiead  and  Sexton's  Anaying, 
270). 

Zlne.  I'lie  old  dr\  methods  of  assay  of  ores 
and  alloys  based  on  the  loss  of  weight  duo  to 
the  volatilisation  of  zinc  ftt  n  whito  heat  are 
oliNoJete.  Zinc  is  mually  weighe<i  as  oxid.-  after 
precipitation  as  carbonate,  or  it  is  tatrate<l  w  ith 
sodium  siiI|)hido  or  potassium  ferrocyanide.  An 
amount  oi  1  or  2  grams  of  ore  is  weighed  out 
and  dissolved  in  hyaro(  hlorie  acid  or  aqua  rtjfia. 
The  .lilien  nnd  metals  other  than  zinc  are  n-- 
moved  as  usual.  All  the  prciipitates  will 
contain  zinc  if  they  are  bulkv,  and  mu«it  be 
reilis  f  [•  f  d  ;ind  rcprecipitated.  'Hie  alkaline 
rdtrule  iriHN  Ik-  diluted  to  200  c.c.  and  used  for 
tho  Kodium  sulphide  titration,  which  is  caitied 
out  at  50**  no°.  A  flake  or  two  of  freshly  jvrc- 
eipitated  ferric  hydrate  is  used  as  an  indjc^UiT, 
turning  from  mi  to  bladi  as  soon  as  i«o<lium 
sulphide  is  in  exces's.  t>nc  c.c.  of  the  standard 
solution  of  aoilium  sui]>iiulo  shoidd  be  equal  to 
0-01  gram  sme.  Instead  of  fertio  hydrate, 
Ho<lium  nitropniFside  may  be  used  as  an  indicator 
on  a  white  tile.  This  gives  a  purple  colour  with 
i«<Hlium  sulphide. 

For  titration  with  potassium  ferTf)Cvanid»\ 
the  pure  amiriouiiieal  solution  of  zinc  ubtaiiUHl 
us  ahovt)  is  acidified  with  hydr>x'hloric  acid, 
lioiled  and  titrated  hot.  Tlie  standard  sohition 
ol  ferrocyanide  is  modo  ui>  by  diastoiviui'  41-21) 
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{rranis*  of  the  pure  salt  in  a  litre  of  wat«r.  The 
u-t  solution  ctiiK^ists  of  0'6  yrnni  of  uranium 
aci'tate  di»8»ilvi-<l  in  20  c.c.  of  water.  A  drop 
of  this  solution  giveci  a  bro\m  colour  on  u 
tile  with  »  <)n>P  of  the  lino  •olntion  m  soon  as 
the  frrroryanirfp  in  rxcejw.  It  is  advisable 
to  coutirm  the  euil  reaction  bv  n^blini;  5  c.c.  of 
a  standard  aohitioii  of  sino  in  )vv<lroehloric  acid, 
containinfr  10  grams  of  zinc  per  litre,  and  agftiu 
titrating  (Chem.  Ncwg,  Ixxvi.  ii). 

The  aMiay  of  zinc«diut  fur  metallic  zinc  in 
mtAe  by  acting  on  the  sample  with  dilute  sul- 
phuric acid,  and  collecting  and  measuring  the 
hydrogen  which  i»  evolved. 

Commercial  metallic  zinc  contains  lead, 
ca^lmium,  and  iron,  and  may  also  contain 
arsenic,  copper,  antimony,  tin,  &c.  By  dis- 
.solving  in  dilute  sulphuric  acid,  the  lea<l  and  the 
srreater  part  of  the  copper,  tin,  cadmium,  &c., 
are  left  undissolved.  The  residue  is  attacked 
by  nitric  acid,  and  the  metals  separated  as 
iKual.  Iron  in  zinc  is  titnted  in  the  sulphuric 
acid  solution  without  being  separated.  Arsenic 
and  antimony  are  passed  with  the  hydrogen 
•volved  by  sulphuric  acid  into  a  solntion  of 
silver  nilrat.'  (Campredon,  Guide  Pratique,  760 ; 
£lk>t  and  Storer,  Amer.  Aoad.  Arts  A  Sciences, 
viii  81). 

Coal.  Tlio  assay  of  coal  uf-iuilly  comprises 
tbe  determination  of  moi«tttxe,  total  aah,  nilpbur, 
eoking  properties,  and  oalorifio  poorer.  T\m 
coal  Lh  broken  down  and  sa  in  pled  as  in  the  case 
U  wes  (aee  to.  316)>,  and  the  sample  is  passed 
through  an  8u«ineah  neve. 

Th<'  moisture  is  determined  by  dryiiif;  1 
in  a  water'Oven  for  30  nunutes  and  weigh- 
ing. The  coal  is  then  again  Tvarmed  for  15 
niiruit*  s  and  n-\viMLdi»d,  and  the  process  is  con- 
tioued  until  the  weight  is  constant  or  begins  to 


For  sulphur,  2  grams  of  coal  arc  mixed 
with  3  grams  of  a  muEturo  of  two  parts  of 
etirined  mwnieaa  and  one  part  of  potassiiim  oar- 
b<inatf,  atKriiealtd  to  dull  redness  for  an  hour 
in  a  porcelam  or  platinum  crucible,  with  occa> 
aonsf  stining.  After  oooUng,  tho  diarge  is 
tr&Dsf erred  to  a  beaker  and  digested  with  water 
uui  1  C.C.  of  bromine.  It  is  then  aoidtUated 
▼Hh  hydroeUorio  acid,  the  bromine  boiled  off,  ^ 
and  thi-  >ulphur,  now  in  the  form  of  Muljiliate, 
precipitated  by  barium  chloride.  The  sulphur 
nay  also  bo  oxidised  by  heating  the  eoal  with  , 
«  mixlurc  of  nitre  and  cotrunon  salt.  Phop- 
phorus  in  coal,  if  determined  at  ail,  is  estimated 
m  the  ash,  wkhdi  may  require  complete  analysis.  ' 

The  coking  qualities  of  coal  are  examitu  d  by 
beating  50  grams  of  coarsely  crushed  coal  in  a  | 
'  largo  copper '  crucible  covered  with  a  closely  | 
fittinii  lid.  The  evolution  of  yasrs  is  completed 
alter  15  or  20  nunutes  at  a  full  red  heat.  After 
cooling,  the  coke  it  turned  out  and  wekhed,  the 
loss  of  wetglit  giving  the  amonnt  of  volatile 
matter. 

The  calorific  power  of  coal  is  determined  by 

ipaiting  2  gram?  of  the  finely  powdcrid  satniilf 
with  M  grams  of  a  mixture  of  six  parts  of  jh)- 
tassiam  chlorate  and  on*  pari  of  nitce.  The  coal 

•inrl  dfllfttrratinR  mixture  are  ground  to?flhi>r 
>n  a  mortar  and  ignited  in  a  Thompson  caluri- 
BUier.  The  error  doe  to  lots  of  heat  oy  escaping 

$:<■.,  ]s  nl«'av«  tak''T:  -i    on^'-trnt h  of  the 
lotai  tvolved.    The  caiorilic  power  reporl<.Hi  is 


the  weight  of  water  that  could  be  evaporated  at 
100"  and  T'U)  mm.  pressnre  by  a  unit  weight  of 

the  fuel  (r.  Fi'ki/). 

Cyanide  solutions.  In  gold  mills,  these 
solutions  arc  in  vtidc  use,  and  require  frequent 
analysis.  Fre*'  <  vanidi'  is  I'stiinatcd  by  means 
of  a  solution  of  Hilvt-r  nitrat<^  ])rr])ared  by  tlis- 
solving  13-04  grams  of  erjrstallist d  AgNO,  in  a 
litre  of  wat<'r.  One  c.c.  of  tliis  fsolutinn  is 
equivalent  to  0  01  gram  of  KCy,  the  eutl  of  the 
titration  being  denoted  by  the  solution  becoming 
milky  from  the  precipitation  of  Acrf'y.  The 
reaction  is  represent imI  by  the  equation  : 

AgNOj  T  :i Kt  y  =^ KAgCy 8 -f  KNO,. 

The  amount  of  cyanide  solution  taken  for 
aasay  may  be  from  10  c.c.  to  100  c.c,  acconling 
to  it«  strength.  Alkalis  and  other  compounds 
which  may  Xte  present  dissolve  silver  cyanide, 
and  accordingly  it  is  usual  to  add  potas.««ium 
iodide  as  an  indicator.  Turbid  cyanide  solution 
must  be  filtered  before  titration.  If  soluble 
sulphides  are  present,  they  jireveni  the  assay 
from  being  carried  out.  They  are  removed  by 
agitating  the  solution  with  freshly  precipitated 
lead  carbonate.  If  zinc  is  present  in  the 
solution,  part  of  the  cyanide  contained  in  the 
double  cyanide  K,ZnCy  4  is  estimated  as  free  KCV. 

The  'total  alkali'  in  a  cyanide  solution  is 
estimated  (J.  E.  Clenncll,  Chemistry  of  Cyanide 
Solutions,  92>  by  titration  with  a  standard 

.srilution  tif  sulphuric  a<Md,  using  methyl  Ofm^ 
as  an  indicator.  *  Protective  alkali '  (etp*  eif. 
f)3)  is  detevinined  by  adding  a  slight  eiteeai 

of  silver  nitrate  tou'ether  itTi  a  littlo  nhODOl* 
phthaleia  solution,  and  titrating  wiih  stuphnrie 
acid  until  the  ^nk  colour  disappears.  The 
'  redueiuj;  po\\  er  of  eyanide  sulut  ions  is  deter- 
mined by  acidihcation  and  subsequent  titration 
with  potassium  permanganate,  until  the  pink 
tint  becomes  perm.ment,  or  by  adding  an  exee.s.s 
of  permanganate  followed  by  an  excess  of 
potanittro  iodide  and  estimating  the  amount 

of  iodine  liberated  {op.  cit.  71). 

Gold  and  silver  in  cyanide  solutions  are 
determined  by  evaporation  cm  lead  foil,  which 

is  afterw'anls  cuixdied,  (*r  hy  evaporntinn  Mith 
litharge,  which  is  imtui  for  lead.  A  more  rapid 
method  is  to  jprccipitato  the  gold  and  silver  with 
zinc-duFt  an<l  sul|)hurie  aeid,  filter,  and  BOOVify 
or  fuse  the  residue.  The  latter  method  is  espe- 
cially suitable  for  treating  large  samples  of 
poor  solutions  ( tmtaining  very  little  gold  and 
silver.  In  ail  these  methods,  a  button  of  lead  is 
obtained  wliioh  is  cupelled  and  the  gold  and 
silver  parted  usual. 

Silica.  The  silica  in  on»  ia  partly  free  and 
partly  combined.  The  white  sandy  residue  left 
afti  r  earefid  exiraetinn  with  acid.s  i.H  snmrtimes 
nearly  pure  silica,  and  is  often  report*:*!  as 
'  silica  and  silicates  insoluble  in  acid.s.  It  may 
be  teste^l  with  -nlphtnie  and  hydrofluoric  acidts. 
The  usual  methotl  with  ores,  slags,  &c.,  is  to 
fuse  1  gram  with  5  grams  of  fusion  mixture 
and  a  little  nitre  in  a  jilatinuni  crucible  or  di-ih. 
it  \a  extractcii  with  warm  water  and  a  litt)*' 
hydrochloric  acid  and  evaporate<l  to  drynes's  on  a 
water-liatli.  The  l)i»ses  are  <li>--()]\ <•(!  mit  with 
hydro»;liloric  aeiti,  and  the  fciiica  rtlteriHl  off. 
The  flltrat«  is  agnin  taken  to  rlryness  and  dis- 
solved in  hydrocliloric  acid  to  neparate  the 
remainder  o£  the  sUica.    il  the  ortj^p^jj^  LoOgle 
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large  peraentaae  of  sulpliidos,  ozicies,  kc», 

uhif  h  arr-  sohinlo  in  acin'',  thf^Pf^  arp  rpmovf»d 
Ik-Ioic  the  fusion.  In  this  case  tho  acid  solution 
may  contain  silica,  which  ia  removed  by  evapo- 
rating  to  dryness,  taking  up  with  hydrochloric 
acid  and  iilu-ring.  The  purity  of  tho  sijica  is 
tested  by  evaporating  t«o  or  three  tiiuen  with 
woter,  suliiluirli'  lu  id  and  hydrofluoric  acid.  The 
allica  is  vulaLiliscd  (J.  Amcr.  Chem.  Soc.  xxiv. 
1902.  362). 

Sulphur.  A  rapid  method  of  determining 
tho  sulphur  in  ores  given  by  Furman  (Manual 
of  Pvmotical  Assaying,  'nh  td.  ;>1)  is  to  fuse 
5  grams  of  the  oro  with  15  gramas  <if  borax,  3 
I'rams  of  chan  otil,  and  one  or  two  miih  iu  a 
hut  lire.  Tlx-  time  required  for  fusion  is  about 
i/)  minutes.  The  nail«  are  then  withdra\ni  and 
the  charge  poured.  As  soon  a.s  the  slag  in  cof»l, 
the  matte  i^  <letachcd  from  it  with  a  hammer 
and  weitfhrd.  If  the  matte  wore  pure  Ft  S",  it 
would  contain  36-3  p.c.  of  sulphur.  By  uual^  ti.s, 
Furman  fiml.s  that  tli'-  iirarot  approximation  is 
to  tako  the  stdpbur  as  30  p.c.  of  tiio  matte.  Tho 
method,  though  inaccurate,  is  sometimes  useful, 
«8  it  can  be  completed  in  less  than  half  an  hotu*. 

The  more  accurate  methods  consist  in 
oxidising  tho  sulphur  by  aqua  regia  or  nitiiu 
acid  and  jwtassium  chlorate,  or  by  fusion  with 
a  mixture  of  nitre  and  sodium  carbonate,  and 
weighing  it  as  barium  sulphate.  A  good  method 
for  ores  and  ••'lags  consists  in  fusion  with 
cAUHtic  alkali,  extracting  with  water,  and  oxidLs- 
ing  with  bromine.  After  separation  of  the  silica, 
the  .'«ulphur  is  preei}>it;\t<  (I  bv  barium  chloride 
(Chem.  News,  i.  1884.  194).  if  lead  is  present, 
the  Folution  is  boiled  with  ammoniunt  car- 
bonate. T.  K.  R. 


cry.^tals  of  a  bright-green  colour  and  xvith 

brilliant  fnc-^  are  not  uncommon,  ^p.gr.  3-7»>. 
Before  the  days  of  blotting- ijajier,  it  was  us<h1, 
under  tho  name  of  arsenilio,  as  a  writinp  sand 
for  nbsorbinc  ink  (».  Cori-KP.).  L.  J.  S. 

ATELESTITE.  A  bismuth  arsenate  con- 
tainini;  iron  phosphate  fmiiul  at  Sehneoberg  in 
Saxony:  Bi,0,.  5715;  Fe,P,0„  12-50;  Ab,Os, 
3u  ;i5  (Freuiel,  J.  M.  1873,  786). 

ATHAR  or  ATTAR.  Indian  name  for 
volatile  oil   f  r  ;    -  {v.  0ns,  Essential). 

ATLAS  DYNAMITE  Explosives. 

ATLAS  POWDER  v.  Kxplositbs. 

ATLAS  SCABLET   v,  Axo-  imxjOirBXKO 

SIATTERS. 

ATMOSPHERE.   The  gaseous  envdopo  svup* 

rounding  any  liquid  or  solid  b^xly  ;  more  parti- 
cularly tho  gajicouii  envelope  which  Burruun<ls 
the  earth,  and  which  is  comnuMily  known  aa  air. 
The  thickiv  t)f  this  aiirial  envelop©  is  not 
known  even  apiiroximately,  but  it  w  quit«  cert-aiu 
that  it  exceotls  45  miles  measured  firom  tho 
earth's  surfaci',  which  was  the  limit  a<!«i!rnr<?  to 
it  by  VVolla.ston,  .'secchi  calculated  that  ajr 
exists  even  at  a  height  of  300  kilometres  »bove 
tho  earth's  surface.  From  the  ratio  of  decrcAft© 
of  deoaity  with  elevation,  the  atmosphere  at 
a  height  of  SO  mike  cannot  exert  any  measurable 
pressuro.  The  mass  of  tho  atmosphere  forms, 
like  the  earth  itself,  an  oblate  spheroid,  the  polar 
axis  of  which  is  much  shoirterthan  the  equatorial 
axis,  the  ratio  of  the  two  az»B  being»  according 
to  Laplace,  as  2  to  3. 

The  pressure  of  the  atmrnmhere  at  any  par- 
ticular spot  may  Ih>  mcasurea  in  terms  of  tho 
1  height  of  a  column  of  mercury  which  it  is  capable 
I  of  sustaining.     It  follows  from  the   law  of 


ASTATKI.    A    Russian    term,    signifying  :  Boyle  that  the  density  of  the  air  rapidly  dimi 


'  dregs,'  applied  to  the  residue  loft  in  the  dis- 
tillation of  Baku  petroleum  after  the  volatilisa- 
tion of  tho  kerosene,  and  now  laigely  used  as 
fuel  in  the  Caspian  region  (v.  PSTROLBITM). 

ASTERIA  {Star  Sapphire)  v.  Corundum. 

ASTRALINE.  Russian  petroleum  oil,  used 
for  burning  (t».  Petrolkitm). 

ASTRALITE.  A  glass  rescnibling  avcn- 
t urine,  but  containing  crystals  of  a  cuj^reous 
(ompound  which  by  reflected  light  exhibit  a 
dichroic  iridescence  of  dark  re<^l  and  ereenish 
blue.  Made  by  fusing  and  allowing  to  coo] 
slowly  a  mixture  of  80  pta.  silica,  120  lead  oxiile, 
72  .«i»dium  carbonate,  18  borax,  with  either 
24  pts.  scale  oxide  of  cnpiK  r.  and  1  pt.  scale 
oxiae  of  iron,  or  with  r>  \>t<.  hv.u-,  20  copjx^r 
oxide.  an<l  2  i    n  xide. 

ASTBOLIN.  Irado  name  for  antipvrine- 
methyl-ethyl  clyrollate  <\U ,  oO,.C,  ,H  ,"jON  j, 
ui.p.  W-Oo'o".  \  colourless  )"  a^der,  with  a 
alight  smell  and  pleasant  taste,  ruadily  soluble 
in  water  and  alcohc^ 


butyrosahcylate. 

ASYPHTL.   Tr«!c  name  for  a  mercvry  taU 

p-antinophcnylarsinic  <ifi'! 

(NHjC.h^Ahoioh  lO^,l^- 
(v.  AiWENlC.  One  ASIC  COMPOUNDS  OF;  c/.  p.  337). 

ATACAMITE.    Ilydrated  oxvchlorido  of 

rojiprr  Clin /riCu(OH),,  ocfMirrin:^  in  the 
Atacama  rt*gi«ja  of  Chile,  sometimes  in  sufficient 
anionnta  for  uso  as  a  copper  ore  (Cu  59-4  p.c). 
l/irire  quantities  have  al^o  Ix'en  riiinrii  at 
Wallaroo  iu  buuth  Australia.  Orthorbombio 


nishes  with  the  height.  For  air  of  constant 
temperature,  its  density,  or,  what  comes  to  the 
same  thing,  the  height  of  tho  rnrri  urial  column* 
should  dimini.<«h  in  geometric  iircgrf^sidii,  whilst 
tho  di.«!tance  from  the  earth  incroa-scs  in  arith- 
metic progression.  Tho  pressure,  even  at  the 
same  place,  is  continually  varying  from  a 
variety  of  causes,  and  hence  the  height  of  the 
baromoter,  as  the  mercurial  column  was  &r»t 
termed  by  Boyle,  is  practically  never  abeolut«4y 
constant.  The  average  height  at  any  one  spot 
at  tho  sea-level  is  mainly  dependent  upon  tho 
great  movements  of  air  whicn  result  from  the 
effect  of  the  earth's  motion  uj>on  the  gawoous 
enveloxK,  combined  with  variations  in  the 
density  of  the  aerial  mass  due  to  «olar  action. 
—  Acconlin^  to  Regiiaiilt,  1  litre  «>F  dry  air,  free 
from  carbonic  acid  and  ammonia,  measured  at 
0**  and  0-76  mm.  pfessure,  at  Paris  (lat.  48^  50  ) 
and  at  a  height  of  60  metres  above  the  .sea-level, 
weighs  1  -293187  grams.  Lasch  found  that  1  litre 
of  pure  air  at  standard  temperature  and  pressure 


ASUROL.      Sodium>mercuri*amido<ozyM»^J^eighs  at  Berlin  (lat.  52**  36')  1-293635  gram.s 


The  Bureau  Intemat.  des  Poids  et  ^Sfosures 
adopts  for  the  weight  of  1  litre  of  dry  air,  con- 
taining  0-04  p.c.  carbonit-  neiil,  at  the  iiunu  il 
temperature,  and  under  tho  normal  barometric 
pressure  at  lat.  46^  and  sea-level. 


p    ^    1 -29.^52 
"  ~  1  +  0  0030; 


X  * 


on  the  assumption  Uiat  0*00307  is  tho  expau.sion 
coefficient  of  air  at  comtant  pressure  for  a 
normal  decrree.  For  purposes  of  onlinarv 
chemical  caiculaUon  it  may  l»yWge«»^^le 
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sufficient  accuracy  tiuit  1  gram  of  air  ineasurca 
»t  gtaDdard  temperature  and  |»eamire  77S  o.c. 

Tip'  totiU  weight  of  the  atmns-phcrp  is  about 
H  tniliona  oi  pounds,  or  about  u  trillion  kilo- 
gnuBs  Kod  th0  nlatiTe  amountfl  of  the  chief 
ooaititaenta  may  be  aaBumed  to  < - 

Trillions  kgm. 
Nitrogen  (argon,  &e.)       .  4^12()0 
Oxvgen    ....  1-218040 
Carbonic  acid  .       .       .  0-003150 


Her>"  !h  1  calculated  that,  allowing  for  the 
vpaee  occupi.  <1  by  the  land  above  the  sea,  the 
nutita  of  the  atmosphcce  is  abOOt  jJm 
that  of  the  earth. 

The  Quit  of  presanre  adopted  by  engmeevs 
and  others,  and  styled  an  ahno^phere,  is  an 
aoMMUit  equal  to  the  average  presaure  of  the 
attDa«|Au»ra  at  the  sea's  leveL  In  British 
measure  an  atmoH]^h('rc  is  the  prc8Burr>  equivalent 
to  29*905  inches  of  mercury  at  32**F.  at  Loudon, 
•ad  is  abont  14*73  lbs.  on  the  sq.  inch.  In 
the  metric  system  ir  is  the  presisnro  of  7(>0  mm. 
(29-922  inches)  at  U°U.  at  Paris,  and  m  aqual  to 
I'Ott  Ulae.  on  a  sq.  centimetre.  Honco  the 
Fj^rlish  *  atmosphere'  is  (HtOO&i  that  of  the 
luetno  system. 

The  speoifio  heat  of  eir  at  constant  pressure 
is  0-2^74  (Rcmmnlt).  Its  coefficient  of  thermnl 
expansion  between  -30*  and  200"  m  OiJ03ti(jo 
for  W 

By  tlie  n]iiilication  of  sufficient  cold  end 
pressure,  air  mav  be  liquefied. 

Comparative!?  littfo  of  the  sun's  heat  is 
ahsorlMil  in  its  direct  pa?5«5nffe  through  air. 
Acccmiing  to  Tyndail,  a  column  of  air  1  metre 
long  absorbs  p.c.  of  the  heat  whi(  li  i>itsse8 

t  !in  >\tzh  it.  Acconiing  to  Violle,  and  also  Lecher 
and  Pemter,  the  amount  is  not  greater  than 
O^WTO  p^e.  Iliis  absorption  is  mainly  due  to 
-iquenus  vapour,  and.  in  a  lower  degree,  to  car- 
iK»uic  acid  and  suspended  organic  matter.  The 
sir  mainly  gets  its  neat  by  conduction  from  the 
earth,  and  henm,  as  a  rule,  it  is  hottest  near  the 
j^round.  The  law  of  the  decrement  in  teiupera- 
tois  eorresponding  to  height  is  not  accurately 
knn^^Ti  :  it  is  usually  stated  to  he  about  0-5f5* 
per  luu  metres,  but  the  rate  is  liable  to  very 
tpvat  variations. 

Airi'^nnt  jx'rfectly  transparent .  Tt=;  part  ich 
n  tiect  and  .scatter  light  in  sufiicieiit  quantitv  to 
obscure  the  1  tght  from  the  stars.  The  blue  colour 
of  the  sky  is dvic  to  the  fact  that  the  most  re- 
frangible rays  are  most  widely  scattered,  lu  the 
higher  regions  of  the  atmOv<»phero,  where  the 
amount  of  reflected  light  iK'comes  les,^  and  h'ss, 
owing  to  the  docreasefl  deusily  of  the  air,  the  sky 
Appears  to  grow  gradually  darker.  Brewster  first 
provf^l  that  the  blue  light  from  the  sky,  as  well 
iii  the  white  light  from  the  clouds,  wm  due  to 
reOseted  l^t,  by  the  fact  that  it  was  polarised. 

S'n<! penned  matter,  dust,  smoke,  aqueous 
\*pour  in  a  state  of  partial  precipitation,  Sec, 
gnatly  diminish  tlie  transpannoj  of  air.  Wild 
sive^  the  following  number'  as  repreRenting  the 
transparency  coefficient  of  1  metro  of  air  : — 

Diy  sir  (free  from  dost)  .  .  .  0*90718 
Air  of  a  room  (dry*  but  oontsining 

diut)   0-99520 

Air  fne  from  dost,  but  tttomted  irith 

squsooB  vaponr   ....  0'90328 


i»A»lO0Q89286 

nB  =  1-00029345 
«C =1-00029383 
iil)«»l<00020470 


The  refractive  indices  of  dry  air  at  standard 
temperature  and  pressure  for  the  Fraunhofer 
lines  A,  B,  C.  !>.  V.,  V.  (\,  H,  are,  acconiing  to 
Kettlcr  (Fogg.  Aim.  i;i4-401),  as  follows  :— 

wE-l -00029584 
nF  =  l-000290H5 
nG=>l-00029873 
i»H=«l-O00aOO26' 
Tlie  "-mission  sjwctrum  of  air  has  been  mapped 
by  Muggins  (Phil.  Trans.  154,  139)  and  Ang- 
strom (Pogg.  Ann.  04,  141),  and  the  speetrum 
of  liLdilnin^  I'V  Kundt  (P. Ann.  135.  315). 
who  has  aho^t-n  that  forked  lightning  gives  a 
Ime  spdotmm,  whereas  sheet  lightning  gives  e 
haii<l  siHctriim.    The  ahsorjition  h])eitrum  of 
air  was  first  mapped  by  Brewster  and  (iladstooe, 
and  has  been  further  examined  by  Janssen, 
Comu,  and  (liappuis  (Compt.  rend.  01,  OSS). 

Air,  owing  to  the  oxygen  it  contains,  is  a 
magnetic  suhstsnoe.  The  diurnal  variation  in 
ma<fiietie  declination  has  been  nlleced  to  he 
due  to  the  varying  magnetic  potential  of  tho 
oxygen  owin^  to  i£«ration8  in  tempevatuie. 

Air  is  a  mixture  of  nitrocren,  oxA'cen,  aqueous 
vapour,  argon,  c&rbou  dioxide,  with  minute 
quantities  of  oxone,  hydrogen  peroxide,  am- 
monia. nitnnH  and  nitrie  acids,  hydrocarbons, 
helium,  neon,  krypton,  xenon,  hydrogen,  &c. 
That  the  air  is  not  a  chemical  compound 
of  its  component  gases  h  provrnl  by  tho  fart«  : 
(1)  that  the«e  gases  are  not  present  in  any 
constant  ratio ;  (2)  that  sir  can  be  made  by 
:  imply  mixing  its  con.stituonts  in  the  proportion 
indicated  by  the  analysis  of  air,  without  con- 
traction or  any  therasal  disturbance  reeulting ; 
(3)  tlittt  on  treating  air  with  water  and  expelling 
tho  dissolved  air  by  boding,  tho  proportion  of 
the  oxygen  to  the  nitrogen  is  foimd  to  be  in- 
creased, and  in  amount  corresponding  with 
the  law  of  partial  pressures ;  (4)  that  the 
constituents  of  the  air  can  be  mechanically 
separated  by  processes  of  diffusion  ;  and  (5)  that 
tho  refractive  power  of  the  air  is  equal  to  tho 
mean  of  the  reuaotive  powers  of  its  constttnsnts, 
whereas  in  compound  gases  tho  refractive  power 
is  either  greater  or  less  than  the  refractive  iwwer 
of  tho  elements  in  a  state  of  mixture. 

Tho  amount  of  oxygen  in  air  may  be  ascer- 
tained by  measuring  tl^  diminution  in  volume 
which  *  knowTi  bulk  experiences  when  in  contact 
with  ?5ome  .-iilistanco  capable  of  absorbing  or 
combining  with  oxvgen  gas.  Among  tho  sub- 
stancesinuoh  may  be  conveniently  used  for  this 
purpo.se  are : 

1.  Fhosvhoriu.  A  fragment  of  phosphorus 
on  the  end  of  a  platinum  or  copper  win-  is 
exposed  to  a  measured  volume  of  air  standing 
over  water  or  laercurv  until  no  further  decrease 
of  volume  is  observctf  (BerthoUet).  Lindenwnn 
(Zeitsch.  anal.  C'hem.  1879,  IS,  158)  employs  thin 
sticks  of  phosphorus  for  tho  same  jiurposo  in 
the  Orsat  apparatus  [v.  Gas  analysis).  At 
a  temy>erature  btlow  7*  the  oxidation  of  the 
phu-i'lionis  cea.scs. 

2.  l'>/r(XfaUal  in  Alkaline  solution.  Chevreul, 
in  IsJU,  first  sujrgei-ted  tho  uso  of  this  reagent. 
The  aifsorption  is  apt  to  be  accompanied  by  tha 
formation  of  notable  quantities  of  carbon 
inonoxiih-  if  the  amount  of  oxygen  is  large  or 
the  alkaline  solution  very  concentrated.  Accord- 
ing to  Hompcl  (Bar.  20,  1865),  the  best  pro- 
portions are  5  gvems  pyiogaUol  diasolTfl^iMlili^  9/\jodg[e 
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water  mixed  with  120  gnuns  oftUfltio  potuh  dis- 

Holvofl  in  80  cm.  of  water.  Prarticall}',  no 
carbon  monoxide  ia  forraod  with  this  liolutiou. 
The  absorption  is  very  rapid  (Hempel,  Brr.  18, 
267  and  ISrKI). 

3.  Metallic  Copper.  A  spiral  ot  cupper  wire 
is  heat«d  to  redness  in  dry  air  free  from  carbonic 
arid  and  of  known  ]>r«'ssur»'  until  the  wholf 
of  the  oxygt-n  lias  <tiinltini-d  \*ith  tije  metal 
to  form  cupric  oxidr.  Tho  pressure  of  the 
residual  ^hs  is  then  determined,  whereby  the 
amount  of  nitrogen  is  as<'<'rtiuiie<l,  and  hence 
the  amooni  of  oxygen.  .\n  apparatus  on  this 
principle  was  suggested  by  JoUy  ( W.  N.  S.  0fi38)  ; 
it  is  s<'en  in  Fig.  I. 

The  glans  vensel  A,  of  abcnit  1(  K)  e.c.  oapacity, 
i.s  exhaust<'d  by  the  mercurial  pump,  and  i.s 
repleni.shed  with  the  air  luiiler  investigation. 
This  fai  then  cooled  to  0*  by  suiroiinding  a 


\  the  oxygon  was  702*80  mm.,  and  after  the 

Htraction  was  555'70  ram.,  then  1  volume  of  th«* 

;air  would  W  rc<luced  to   J^  I^^O'IlWOe  vol., 

or,  expres8e<I  centesimally,  the  oompositioo  oi 

the  air  would  be  : 


Nitrogen  (argon,  &c.) 
Oxygen 


70-OlNI 
20-904 


Fio.  I. 

^^^th  the  metallic  cylinder  D.  which  i.s  filled 
with  melting  ice.  Tho  tentiion  of  the  continetl 
air  is  measured  by  tho  height  of  mercury  in  the 

^SHs  ttilK's  f/  Mjel  which  are  coimeoted  to- 
gether by  caoutcixc'uc  tubing.  'J'he  tube  g  is 
movable  in  the  clamp/,  the  position  of  d  being 
lix(Hl  with  reference  to  \.  By  tnrniiiu  the  three- 
way  stop-cock  bf  A  and  d  may  Iw  alone  bri>ught 
into  connection,  or  both  may  l>e  made  to  connect 
\sith  the  outer  atnio^phi  re.  The  cock  is  now 
so  turne<l  that  A  and  d  an-  alone  in  connection  ; 
the  tube  g  is  now  raised  until  the  level  of  the 
mercury  in  d  jtist  touches  the  ]><)int  in,  when 
tho  tc>n.siun  ot  the  air  is  read  of!  on  tho  graduat<>d 
snde  behind  g.  The  copper  spiral  in  a  is  m  xt 
heated  to  redness  liy  an  cleetric  current,  whercliy 
the  heated  metal  rapitlly  ounbines  with  the 
oxygen.  The  cylinder  n  i.H  om  e  more  place<l 
roimd  A,  the  r-  ihial  ni'i  't'en  ccKtlcd  down  to  U* 
by  meanM  of  melt  iml'  !■  ■  .  and  its  tension  mca«ure<i 
by  adjusting  the  l<  \  • !  of  the  meroory  to  and 
rendinL'  off  the  le  i.'lit  of  the  mereurv  in  ;/. 
it,  lur  eXHUtple,  the  prcabure  bcluru  ab^l^acting 


100-000 

Kreusler  has  «hown  that  unless  the  air  be 
fully  dried  before  being  heated  with  the  copper 
spiral,  the  proj)ortion  of  oxygen  wtU  U'  apjmrently 
too  low. 

Duma.««  and  Boussingault  (.\nn.  Chitn.  Phvf. 

t3J  3257),  as  far  back  a»  1841,  matie  use  of  the 
act  that  heated  metallic  copper  combines  with 
oxygen,  in  order  to  det<'rnnne  the  gravimetric 
comi)08ition  of  air.  Air  deprivinl  of  moisture 
and  carbonic  acid  was  passed  through  a  weighed 
tube  oontairiini/  metallic  copper  heate<l  to  nnl- 
nuss,  whereby  all  the  iixyi;en  wa.s  absorbetl,  the 
nitrogen  being  collectctl  in  a  vacuous  glass  globe 
also  previoii..ly  \\eit;hed.  At  the  conclusion 
of  the  exiK-rnuent  the  tube  containing  the 
metallic  copper  was  again  weighed ;  the  increane 
in  \i»  weignt  gave  the  amount  of  absorlH-d 
ox^'gen,  totjether  with  the  weight  of  the  nitrogen 
which  it  also  contained.  The  nitrogen  was  then 
removed  by  the  air  ptimj)  and  the  tul»o  nirain 
weighed  ;  the  ditbTenee  l>etwet!n  the  tirHt  ami 
thira  weighings  of  the  tube  containing  the  copper 
gave  the  wcitdit  f>f  absorbed  oxygen,  and  the 
weight  of  nitrogen  was  obtained  by  atlding  the 
di  (Terence  between  the  seoond  and  third  weighings 
of  the  tube  to  the  increa.se  in  the  weight  of  the 
glass  glol)c.  As  the  mean  of  a  large  number 
of  experiments  made  by  this  method,  the 
precentage  comjx>8ilion  by  weight  of  air  free 
from  water  and  carbonic  acid  wa.s  found  to  bo 

Oxygen  .      .       •  .  28*00 

Nitrogen  (with  aigoo,  Ao.)     .  7700 

100-00 

t«duc  has  shown  that  this  ptoportkm  of 

oxygen  is  too  low,  as  an  averatre  :  the  amount 
is  about  23"2  p.c.  by  weight  as  eulcuiaie*!  from 
the  known  density  of  air  and  rtf  its  con.stituent 
gases  (Compt.  rend.  1896^  12, 1(106 ;  1808,  126, 
413). 

4.  Explosion  with  hifdrrfii  u.  A  moaaured 
volume  of  air  i.s  mixed  with  a  known  vi-hiTne  of 
hydrogen  in  exce».s,  and  tho  mixture  is  exploded 
by  the  ejcf  trie  s]>ark,  when  theoxygen  combine* 
with  the  hydrogen  in  the  proportion  of  I  vo|. 
of  the  former  to  2  of  the  latter  to  form  water. 
One-third  of  tho  contraction  resulting  from  the 
explosion  repn'scnts,  therefore,  the  amount  of 
oxytreu  in  the  air  under  exainmatiou.  This 
met  hod,  first  suggcstinl  by  N'olta,  was  perfected 
by  lJunsen.  Mo<lifi(  U  i< us  <,f  the  raetmxl  have 
i>een  ma4ie  by  Regnauil  and  Keiset,  Williamson 
and  Russell,  Fraiudand  and  W  ard,  and  others. 
These  methods  are  extremely  accurate,  and 
have  affonleil  us  all  the  exact  knowledge  wip 
have  respecting  t  he  variations  in  the  amoant  of 
oxygen  in  atmospheric  air.  Thus  Biinsen,  in  a 
fcrie.s  of  analyses  ma<lu  in  the  winter  of  lb4t>, 
btund  that  the  {H-rcentaoe  amount  varied  from 
2n  "tT  to  2"  S4.  P.egnsult  made  a  laru:«'  nnn^lirr 
ol  anaiy.0.  oi  air  collected  fw>»j.y«l|t455^y**vlil% 
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vnrkL   In  100  analyMw  of  sir  ooOeeted  in  Pam 

tlii-  iiiiniiiiuiii  ,11  M.unt  of  (>xyi;<-ii  wa-i  20*913,  the 
maiimuoi  20ihii).  Air  coUected  in  vanous  uurta 
<A  Europe,  from  above  the  Atlantio  Ooean,  nom 
the  summits  of  the  AtuU-s  and  from  tho  South 
FoUr  Sea,  coat«iiied  an  amount  of  oxjgcn  vary- 
ing htm  ao-aa  to  21 

aii»l\s<s  \ver>"  made  hy  Aii^'u.-i  Smith,  of  air 
cdlected  in  vahotu  tovna  in  Eittlaod  and 
Scotland,  and  also  of  air  eotleoted  m  tne  oonntry. 


The  orygen  in  London  air  varied  from  20  S57  to 
20-d&,  ie«g  oxygen  as  a  rub  being  found  in  the 
•ir  of  streets  tnan  m  that  of  the  paria  aod  open 
-[(.Krs.  A  series  of  30  analvHCH  of  Gla«go«'  air 
silowed  variations  from  20*887  in  tho  closer 
parts  to  20-020  m  the  more  open  spaoss.  Eren 
wider  extremes  wfro  found  by  Leeds  in  th  -  lir 
of  Kew  Yotk,  viz.  from  20-821  to  21*029  u.c. 
Aceoiding  to  B.  W.  Horlev,  the  diminianed 
proportion  of  oxj'gen  may  Im-  causi-d  by  tho 
down-rush  of  air  from  the  higher  regions  of  the 
atmospheie,  which  probably  oontam  a  less 
r<  Ulivi-  amount  of  oxycon.  Regnault'n  experi- 
ments afford  some  eviuenoe  for  the  belief  that 
the  air  of  the  tiopies  eontefau  slightly  leas 
OKVgen  than  that  in  nortli.rn  latitudes  {v.  also 
JoUy,  W.  F.  61,  520).  A  Mmilar  conclusioo 
lias  been  drawn  hy  Hempel  (Bcr.  20,  1854)  from 
tho  annl\-is  of  a  largo  nurnVnT  of  analyst's  of 
air  collected  simultaueoualy  at  Tromsd,  Dresden, 
and  Fkris.   ^le  mean  rmlts  wen : 

Oxygen 

Tromso  ....  20  !)2 
Dresden       ....    20  (HJ 

Pari?  ....    20 -HQ 

From  the  results  of  203  analyses  of  air 
Isctod  at  five  diffetent  spots  and  analysed  by 

throe  indop»eu<lfnt  methods,  it  follows  that  the 
most  probable  mean  percontago  amount  of 
oxygen  is  20*93.  Nnnmoos  determinations 
hy  Pett4?rH9on  and  Hogland  of  the  air  of  Stock- 
bolro  daring  October,  2«Iovember,  and  Deoembcr, 
1889.  gave  O»20-04  (B«r.  22,  3324 ;  Hempel, 
Ber.  20.  isra  :  Krcusler.  Ber.  20,  OP  I). 

Ozone  is  always  present  in  minute  quantity 
in  narmal  air.  Air  over  mnshes  oontams  littfe 
"V  no  ozone.  No  ozone  can  Ix-  detectofl  ii\  tho 
air  of  lar^  towns  or  in  inhabited  houses. 
Atmo^pheno  OBOne  is  probably  formed  by  the 
action  of  el€«:'trieity  on  air  and  on  the  water 
contained  in  it,  and  by  the  evaporation  of  water. 
Ko  aooorate  quantitatiTO  me^od  is  known  for 
the  ej^timation  of  ozone  ;  all  the  information  we 
St  {ffesent  possess  has  been  obtained  by  the  use 
of  S0i«a0ea  onmo  papers.  Of  these  tho  best 
known  is  Srh"nfii'iirs,  whieh  is  baseil  on  the  fact 
tiist  ozone  liberates  iodine  from  potassium 
iodide,  and  thereby  tenders  starch  olue.  To 
y>r*'f>rtre  them,  unsized  pap<'r  i^^  immersed  in  a 
soiHtion  of  15  parts  starch  and  1  part  potassium 
iodide  in  200  parts  of  water  and  ^od  in  the 
dark.  To  make  a  det<'rminatiun  of  ozoiu-  the 
paper  is  freely  exposed  to  the  air  for  some  hours 
•od  moistened  with  water,  and  the  denth  of 
tint  prr>dnco<l  compared  with  a  standarci  scale 
ol  colour.  Tho  method  has  no  pretensions  to 
■dentifie  aoonracy.  Houzeaa  (Ann.  Ghim. 
Php.  4,  27.  r»)  determines  tlie  n-lativf*  amount 
of  ozone  by  exposing  red  litmus  paper  previously 
dipped  in*  I  p.c.  sm.  of  potassium  iodide  and 
'!rie(l.  to  the  u  tion  of  the  air.  The  ozone 
it  berates  iodint>  uad  tho  free  alkali  turns  the 


paper  blue.  Thalliam  salts  are  ttimed  brown 

by  the  aetion  of  ozone,  and  henee  ]ia{>on(  80h1>  I 
in  solution  of  these  salts  havu  been  used  for  tho 
reoognilaon  of  oaona.  Paper  soaked  in  a  rery 
dilute  s*»lution  of  neutral  trold  chloride  is  turned 
a  deep  violet  colour  by  ozone  (Bottger,  Chim. 
Zentr.  18M>.  719). 

,\ttenipts  have  heen  made  to  estimate  (j/one 
by  aspirating  laigo  volumes  of  air  through 
ddute  solutions  of  bydriodio  aeid  and  determin- 
ing the  amount  of  tho  lib<'ratrd  iodine  by  iodo- 
metric  analysis.  Also  by  leading  the  air  through 
a  mixed  solution  of  potasaittm  anenito  and 
potassinin  Iodide,  whereby  tho  libcratotl  iodino 
converts  tho  arscnite  to  arsenate.  The  liquid 
through  which  tho  air  had  passed  was  then 
mixed  with  a  few  drops  of  ammonium  e^rhonato 
solution  and  starch  paste,  and  a  standard  solution 
of  iodino  <1 : 1000)  added  untfl  the  Una  colour 
was  permanent  A  precisely  .similar  exjxjrirnent 
was  made  on  e(^uai  amounts  of  distilled  \\atcr, 
iodine,  atsenite,  fto.,  used,  and  from  the 
difTerenco  in  thr  amount  of  iodine  nohifion 
needed  the  amount  of  oxidised  arsenitc  and 
hence  the  quantity  of  oione  was  detev mined. 

It  appears  that  tho  amount  of  ozono  varies 
with  the  seasons :  it  is  groatest  in  winter,  be- 
comes gradually  less  during  spring  and  autumn, 
and  is  least  in  summer.  Ozone  is  moro  fre- 
quently observed  on  rainy  days  than  in  tine 
;  thundetstoarmi,  gales,  and  hunieanes 


are  frequently  accompanied  hv  relatively  stionf 
manifestations  of  it  (c/.  Thierry,  (Jompt.  rend. 
1897,  124.  460). 

It  i.H  hi<;hly  ])roba])lo  that  many  so-callcil 
ozone  manitcstatiuiU)  are  (lut>  to  hydrogen  'per- 
oxide, the  eidstenco  of  whieli  in  tho  air  was 
first  demonstrated  by  Meissncr  in  18(53.  Unfor- 
tunately, there  i.H  no  rcadv  mode  of  discriminating 
between  o/.one  and  hydrogen  peroxide.  It  is 
probable  that  the  amount  <»f  }i\  dro^en  ]>ero.\ide 
in  tho  air  is  as  a  rule  great4.''r  tlian  that  ut  uzune. 
8chone  found  from  ob.servationB  ma<ie  at 
Mo.scow,  that  it  invariahly  proscnt  iu  rain, 
dew,  aud  snow,  and  was  less  in  winter  than  in 
summer ;  and  more  in  southeriy  winds  tlun  in 
those  from  the  north.  Tho  amounts  in  all  cases 
were,  however,  very  minute,  the  maximum 
being  1-4  c.c,  and  tho  moan  0*38  0.0.  hydrogen 
peroxide  vapour  in  1000  ( .e.  air. 

The  quantity  of  aqueous  vapour  in  tiiu  air 
varies  with  the  temperature :  thus  1  cm.  of  air 
when  saturated  with  wattr  contain"  : 

At  -lO*"  2*284  grams  At  -f  20**  17157  grams 
0*  4*871      M  25*22-849 
+  5**  0  795      „  30«  30-095 

lO**  9*362  35*39*252 
!«•  12-746  „ 
The  most  accurate  method  of  determining 
the  amount  of  aqueous  vapour  in  the  air  ooiu<isUs 
in  aspirating  a  given  volume  of  the  air  throuj'h 
ueijjlied  tubes  lillcd  with  some  hygroscopic  sub- 
stance, suoh  as  phosphoric  oxide  or  pumice 
soaked  m  oil  of  vitriol  and  reweighing  the  tuhee, 
w  hen  the  increase  of  weight  gives  the  quantity  of 
moisture  present. 

UsuaUy,  however,  the  humidity  of  the  abr  is 
estimated  by  meanbs  of  h\  i;rometers,  the  best- 
known  form  of  which  is  the  psyohrometer  or 
wet.and*dry-bttlb  thermometer  of  August.  The 
\  ahiolute  hmnid  tii  \<i  tin    ;nr  i-.  th>-  weight  of 
j  aqueous  vapour  conUiuod  ui  1  cm.  J^§ef<8!^HE300gIe 
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hvmidUp  denotos  the  relation  b«t«Mik  tho 

weight  riftuj-illy  prei5cnt  and  thui  wliieh  citnlfl 
be  thooreticaliy  present  if  the  air  wcro  saturated  ; 
it  is  nmially  expresaed  in  per  cent,  of  the  maxi- 
mnn\  Inimidity.  lliv  air  i.s  Kchlom  ahHoluti'ly 
»aturat«<i  with  aqueous  vapour,  although  in  our 
moist  climate  saturation  is  ocoasiondly  very 
ncarlv  n'tained.  With  us  tho  most  humid 
month  IS  Deoembor,  and  tho  driest  is  July. 

The  prince  of  ctuitonie  Mid  in  tho  atmo- 
"phf^rc  Mas  first  inHirntcfl  by  Black  in  1752. 
The  quantity  in  normal  air  is  about  0-03  p.c. ; 
in  that  of  large  towns  it  is  slightly  greater. 
.\nf:u5?  Smith  pivos  tho  followin<r  tunnniiry  of 
results  obtained  in  London  in  1804  and  lbG9 
(Air  and  Rain,  6IMS8)  :^ 
Over  TlivfT  Thames  .  8expt8.  00343  p.o. 
Intherark     .       .    5  0-0301  „ 

In  the  streets  .  .  10  „  0O380 
Any  circumstance  whicli  interferes  with  the 
ready  difTusinn  of  the  products  of  respiration 
and  of  the  coiuLiistiou  of  fuel  will  tend 
to  increase  tho  relative  amount  of  carbonic 
acid  in  tho  air  of  a  town  :  henco  during  logs 
the  amouul  luay  bo  au  gnat  as  O'l  p.e. 

The  amount  of  carbonic  acid  in  the  air  of 
the  country  at  ni^ht  is  tisually  jrreater  than  in 
the  day,  au  Ibu  fuUowing  comparison  shou's : — 

Air  in  the  daff4ime. 


Ob9cr\'er 


Year 


Place 


Amount 


Fr.  Schulzc 
T.  Keiset  . 
<«.  F.  ArnutrouK 
MOntz  &  Auliin 
A.  L«vy 
Pctcrmann 

Brown  &  lUcoiube  1  SUB-  l  UO 1  ,  Kew 

Air  in  the  night'time. 

T.  Ileiget  .  .1  1K73-SO  Ecorchebteuf  0  0304  p.c. 
U.F.  AxouitroiMi  1     1870     ,  tira«mue   .  0  0330 


1861-71 
1873-80 
187$) 
IHHl 
1M77-S3 
1892 


Rostock 
Koorclieba'uf 
Oraamcre  . 
Vi  rice  linen  . 
Mont  sour  is  . 
Oompluux  . 


002»2  p.c. 

Oi)2»0  ., 

1 0-0296  ,, 

O  OiM  „ 

0*0209  ,. 

0  0299  .. 

0  0204  ., 


These  difleroiic  are  mainly  due  to  tho  ex- 
halation of  uarbooio  aoid  fzom  plants  at  ni^ht, 
and,  to  a  smaller  extent,  to  the  absence  of  wind 
and  of  any  decomjwsition  of  tho  ^^as  by  tlic 
acticm  of  sunlight.  Over  the  boa  this  diurnal 
variation  is  not  perceived,  aa  the  following 
results  indicate : — 

Carbonie  add  in  sea  mV. 

T.  B. Thorpe'  Irish rhaanel  1 18«»-0  i  Day .  ,0-OSOl  p.c. 
and  AtUtnliO  i  I  ,\ 

I  Ocean  i  Kliht  1 0*0299  „ 


Mean  0-OSOO 

Comparatively  few  observations  of  tho 
atnount  of  carbonic  acid  in  other  parte  ot  the 
earth  than  Europe  hare  been  noMde.  The 

lullowing  may  Ijo  cited  : — 

Cariwnic  acid  in  tke  air  oj  tropical  countriu. 


MUaU  6l  AubJu 


S.  Anicrioa    .   IBOe  '  0'0S28p.c. 
5.  and  Central ,  i 
America     .  *  1862  >  0*0278 


Mean  O'OBOS 


The  prtwi^urw  exert<xi  by  the  oarbonio  acid  in 
air  is  so  small  that  its  amount  is  not  perceptibly 


diminished  by  rain.  The  amount  also  Is  not 
sensibly  altered  in  the  h^her  r^gioaa  of  tiie 

atmosphere. 

Of  the  several  methods  which  h»ve  boon  pro- 
posed for  tho  estimation  of  atmospheric  carbonic 
acid,  the  most  generally  convenient  ia  that  of 
Pettenkcfer.  It  conaista  in  exposing  a  known 
volume  (sa3-  50  c.c.)  of  dilute  baryta  water  of 
knuun  strength  to  a  measured  quantity  of  mix 
(4-6  litres)  contained  in  a  wdl-doeed  flask.  In 
about  5  or  6  hmir-;  the  absorption  t>f  tho  car- 
bonic acid  will  !>«'  completep  provided  timt  the 
sides  of  tho  flask  have  been  moistened  from  time 
to  Wuw  l>y  the  liaryta  solution.  Tho  l>;ir\ta 
solution  is  then  decaaied  and  allowed  to  stand 
in  a  small  8toppcrc<l  bottle  until  the  barium  oar> 
bonate  has  f^ctticd,  wh^n  ali(iuot  portions  (jsay 
20  c.c.)  of  tlu'  fhar  >oliiliou  arc  withdraun  and 
thr-  amount  of  tla'  baryta  still  in  solution  deter* 
mined  by  titratimi  with  a  .standard  solution  of 
sulphuric  or  hytlrot  hloric  acid,  of  which  1  c.c.  =  l 
mgm.  COfyphenolthalcin  being  used  as  indicator 
{v.  Acir>iMKTKY).  Tho  difT.  rtnro  in  tlu-  vobimo 
of  iicid  needed  for  the  neutraliaatu>ji  ut  tiie  baryt«k 
before  ami  after  exposure  to  the  confined 
volume  of  air  gives  tlu-  iuind)er  of  mil'  r  was  of 
cailjonic  acid  contained  iji  the  air.  Jilot  hmaun 
(Annalen,  237,  72)  has  de.scribod  a  motliticaiion 
of  the  appamtti'?  which  allows  of  the  titration 
being  effected  without  exposure  to  the  air  f>f  the 
laboratory. 

(For  other  methods,  v.  Haldane  and  Pombrev, 
Roy.  8oo.  Proc.  1889;  CI.  Wmklcr,  Chem. 
Untor.  der  InduBtricgasc,  Freiberg,  1877  ;  Jlei>et, 
Chcm.  Sor.  Trans.  OO,  1144;  Mftntz  and  Aubin. 
CompU  rend-  U2,  247.) 

(For  Angua  Smith's  minimetric  method,  v. 
Wx  and  Rain;  compare  haom,  Dingl.  poly.  J. 
231,331.) 

(On  the  influence  of  the  sea  upon  tho  amount 
of  at  niospheric  carbonic  ai  iil,  v.  T^  vy,  .\nn.  Cljim. 
Phv.s.  [3 1  34,  r> ;  Xhurpe,  Chem.  fSoc.  Trans. 
1M7;  Schloo.sinp,  Osmpt.  rend,  93^  1410; 
Lawfs,  riiil  Mai;,  [f)]  11.  20fi.) 

Miuut^i  quaiitiliea  ut  a  m  moaia  and  nitrous 
and  nitrio  aoidn  are  aUo  prci^ent  in  the  air. 
Although  many  of  the  pnblisln^f!  observ.ntionM 
are  probably  inaccurate  owing  to  iiic>  iui|icr- 
fection  of  the  methods  employed,  it  appears  to 
bo  proved  that  tho  amount  of  amni oni  i,  which 
exists  mainly  aa  carbonate,  is  subject  to  very 
great  variations.    By  aspirating  from  10  to  20 
litres  of  air  through  Nessler'.-;  solution  (an  alka- 
line solution  of  potassium- mercury  iodide)  and 
comparhig  the  depth  of  colour  with  tint  pro- 
duced by  a  standard  solution  of  an  ammonium 
.salt,  H.  T.  Brown  (Rov.  Soc,  Proc.  18.  286) 
found  that  the  air  of  ]&urton*on-Trent  during 
September,   Octol>er,   and   November,  1869, 
taken  2  metres  from  the  ground,  contained  from 
0-4069  to  0-8732  part  (NH,).CO,  in  100.000  parts 
of  air,  whereas  that  of  the  country  taken  durinjf 
December  and  Februarv  contained  from  0-5102 
to  0-6085  part.    The  direction  of  the  Tvind  had 
apparently  no  influence  on  tho  amount ;  In  .-»vv 
rain  seemed  to  diminish  it,  but  the  a»r  w&s 
restorotl  to  its  normal  condition  in  a  few  houri. 
Truchot  found  from  0*83  to  2-79  mgm.  per  mbic 
metre  in  the  air  of  Auvergne,  the  miimuum 
Ix'ing  found  in  clear  weather  ami  the  maximum 
during  fc^s  (Compt.  rend.  77,  1059).  Muntz 

and  Aubin,  from  obeervationa  on  rain  water^i 

uiyiTizeoDy  Google 
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fovnd  that  the  upper  strata  of  air  contain  much 
loss  ammonia  than  air  noar  tlio  ground.  Levy 
(Compt.  rood.  91»  04)  found  that  the  rain  wator 
and  snow  of  Paris  contain  in  mean  1*17  mgm. 
*  I  iiiiiiiioniacal  nitrogen  jkt  litre  of  wator.  The 
amount  of  ammonia  ia  thia  metec^io  watw  is 
leaife  in  winter  and  greateit  during  the  warmer 
IKriods  .  f  til'  year.  Gilbert  and  fAwes  found 
that  1/XK>»U0U  jpte.  of  rain  water  collected  in  the 
count^  contsmed  0*027  to  1*142  pta.  of  am- 
monia.  Rain  Mater  colk-ctetl  in  towns  always 
ooataina  huge  ^uaatitice  of  ammonia.  Thus 
Angm  8mHh  found  that  nin  water  eolleoted  in 
the  sjtarsfl\-  poj)ulHt<^d  dl.-trict-s  in  Scotland  con- 
tained 0-53  pt.  per  million,  whereas  the  rain 
water  of  London  eontamed  3*45,  that  of  laver* 
pc.ol  r>-2n,  that  of  Manchester  6-47,  and  that  of 
Glac^ow  9-1  ^  million.  The  increased  amount 
m  the  towns  is  donbtlees  due  to  the  infhieaee  of 

animal  life  and  to  the  constant  presence  in 
greater  proportion  than  in  the  country  ol  readily 
oMomposaDle  nitrogenouB  organio  matter  in  the 
air  f'-/.  H«'inricb,  CTiom.  Soo.  Ab^t.  1898,  ii.  114). 

The  quantities  of  nitrous  and  nitric  acids  in 
the  air  are  even  smaller  than  tlutt  of  ammonia. 
Angus  Smith  (Air  and  Rain,  287)  has  given 
tbe  following  results  showiiu;  the  amount  con- 
tained in  a  nuBloa  pti.  of  lam  water  t — 

Scotland,  inlaad  ooontry  idaoes  .  0-305 

Inland       .,          ..         „    .  0-370 

Scotland,  country  places    .        .  0-424 

„       towns'      .  1-164 

England,  iidan<l  country  places  .  0'71f) 

„       towua        .       .       ,  0-863 

Occasionftll>',  and  more  especially  in  the  air  of 

tcR-n-j,  ininut<:'  quantities  of  hydroca  r  l>on 
sulphuretted  hydrogen,  carbonic  oxide, 
sulphurous  acid,  common  salt,  alkaline 
sulphates,  are  met  with.  Boracic  acid  and 
aai  ammoniac  liave  lM?ea  observed  in  air  in 
the  neighbonihood  of  aetive  ▼oloanos. 

T!ic  jHTccntage  amount  by  volume  of  the 
jim't  gmm  in  the  air  may  be  stated  as  follows : — 
Argon  ....  0*93000  p.e. 
Krypton      .       .       .   000095  „ 
Xenon  ....    0-00114  „ 
Neon    ....    0-00123  „ 
Helium        .  .    0-00040  „ 

(M  iysan,  Compt.  rmd.  137,  000;  Bamaay, 
Koy  boc.  Proc  1908,  80  A,  599.) 

Organic  matter  in  greater  or  Ict^s  quantity 
ia  always  present  in  tho  air.  Much  of  this  ia 
iutit)gei:ious,  and  apparently  readily  susceptible 
to  pirtnCactioii,  givmg  rise  to  produets  which  are 
altprnately  transformed  info  nmrnonia,  nitrous 
and  nitric  acids.  This  furiu  ot  organic  matter 
ndnces  silver  nitrate  and  potassium  perman- 
ganate !-olutions.  A  portion  of  the  organic 
uatter  consiats  of  micro-organisms  which 
are  rapidly  dcposite<i  in  the  absence  of  strong 
aerial  currents.  Hesse  quantitatively  estimates 
the  relative  proportions  ol  micro-orgiiiuams  con- 
tained in  air  by  aspirating  a  given  volume  of 
the  air  through  glass  tubes  coated  internally 
with  gelatine  peptone,  which  is  then  kept  at  a 
temperature  of  about  25"  for  some  days,  when 
the  various  monad  bacilli  and  micrococci  which 
are  arr^UxI  and  which  are  capable  of  grouting 
in  the  gelatine  peptone  are  recognised  by  the 
colon  ies  which  they  form.  By  means  of  thi.s 
method   Percy   F.  Frankland  has   made  a 


number  of  estimations  of  the  miercoiganbrai 

contained  in  tho  air  of  (uwnh  and  in  tho  country 
and  in  inhabited  buildings.  By  simultaaeoualy 
exposing  small  circtilar  glass  dishes  partially 
filleti  with  the  nutrient  gelatine  to  the  action 
of  the  air.  a  rough  estimate  was  obtained  not 
only  of  the  number  of  miero-orgsaisms  in  a 
i^iveu  volume  of  the  air,  but  also  of  the  number 
which  fell  during  a  givon  time  ou  a  dchnite 
horizontal  area.  As  the  mean  of  a  series  of 
ob.ser\ ati<>n-^  made  on  the  roof  of  the  South 
Kensington  Museum  between  January  and  June, 
1880,  it  was  found  that  there  were  36  organisms 
in  10  litres  of  air.  whilst  279  was  the  avi-rnj^'e 
number  which  fell  on  1  sq.  ft.  in  1  minute. 
Sirailsr  experiments  made  near  Reigate  and  in 
tho  vicinity  of  Norwich  Hho\se<l  an  average  of 
14  organisms  in  10  litres  of  air,  while  79  fell 
per  sq.  ft.  per  minute.  Experiments  made  in 
Kensington  Gardens,  Ilydt-  Park,  and  on  l*rim- 
rose  Mill,  gave  an  average  of  24  organism^^  in 
10  litxee,  and  a  deposition  of  85  per  sq.  ft.  per 
minute.  At  St.  Paul's  Cathedral,  56  organisms 
were  found  at  the  base,  2ii  in  the  8tone  Gallex^, 
and  11  in  the  Golden  Gallery,  in  10  litres  of  air. 
At  Nor wi ch  Ca  ( lu-d  ra  1 ,  1 S  a  t  t  h e  1  ).n  s  0 ,  y  a t  ft  height 
of  180  ft.  and  7  at  300  ft.  In  uxhabitod  build- 
ings  great  variations  were  observed ;  as  a  rule, 
the  number  of  micro-organism.s  wii.^  lr'=;K  than 
was  found  in  the  opw  air  when  the  air  of  tho 
room  was  undisturbed,  but  rose  rapidly  when  the 
air  was  sot  in  nu  t  ion  by  draught  s  or  by  tho 
presence  of  maa^  people  (P.  F.  Franidand,  Rov. 
Soe.  Ptoc.  40,  509). 

Experiments  made  at  the  Montsouri?;  Obser- 
vatory have  shown  that  far  fewer  organisms  arc 
present  in  the  air  during  winter  than  during 
8)trin;j:  and  summer.  The  number  also  seems  to 
be  greatly  increased  after  rain.  Whilst  in  the 
warm  montha  the  number  of  Bpofee  in  1  litre  of 
air  was  28,  after  heavy  xaan  ft  rose  to  06  and 
120. 

AtmOBpherio  dust  is  made  up  of  both  in- 
organic and  or>^anie  matter.  Tissandicr  found 
that  1  cm  of  iiio  air  of  Paris  oontaine<i  on  tho 
average  7-5  mgms.  of  dust;  after  a  period  of 
dry  weather  (8  days),  23-0  m;^ms.,  and  after 
heavy  rain,  only  6-0  mgms.  It  consisted  of 
bom  87  to  34  p.e.  volatile  matter,  and  from 
66  to  75  p.e.  mineral  matter,  viz.  sulphates 
and  chlorides  of  the  alkalis  and  alkaline  earths, 
oxides  ot  iron,  earthy  carbonates  and  phos- 
phatcs,  &c.  {cf.  J.  Aitken,  Trans.  Boy.  Soo. 
Etlm.  35,  37,  39). 


A  charged  electroscope  slowly  loses  its  charge 
hi  air,  and  it  has  been  shown  that  this  is  not  due 
to  uioisturo,  but  that,  on  tho  contrary,  the 
leakage  is  greater  in  dry  than  in  wci  weather. 
The  conductivity  of  air  is  lessened  by  passage 
through  a  metal  tube  or  by  the  presence  of  a 
weak  electric  field.  The.se  facts  mdicate  that 
tho  conductivity  of  air  is  due  to  tho  presence 
of  chargetl  ions  (Towusend,  Proc.  Roy.  Soo. 
1899,  65,  192;  Geitel,  Naturw.  Rundsch.  21, 
221).  Tlic  rate  of  leakage  of  electricity  from 
a  charged  conductor  in  dust-frcc  air  is  the  same 
for  positive  and  negative  charges,  but  varies 
with  the  pressure.    'I  he  loss  of  oharee  per  second 

ipouds  tv  tho  production  of  »«gut  q  [g 
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Aluminium     .  . 

•  • 

Al 

271 

Antimony 

«  • 

Sb 

120-2 

Argon    .       .  . 

•  * 

A 

39-9 

Anonio  . 

9  * 

As 

74-06 

Barium  . 

•      ■  • 

Bft 

137*87 

Biamuth 

•  • 

Bi 

208-0 

Boron  . 

•  • 

B 

11-0 

ikutuiiio  • 

a  m 

Br 

79-92 

Cadmium  . 

m  « 

Od 

112-40 

CSmium  . 

■  « 

Cb 

132-81 

GUcium 

m  m 

Oft 

40<n 

Carboii  . 

*  • 

C 

12<» 

Cerium  . 

•  • 

Co 

140-26 

Chlorino  * 

a 

3d -40 

Chromium 

•  ■ 

Gr 

52-0 

ColMlt  . 

Co 

[SS-O? 

Ootumbium 

•  • 

a 

03*6 

Goppcr  . 

Cu 

63*57 

Dysproaiuiu  . 

«  • 

Dy 

162-5 

Erbium  .       .  « 

167-7 

Euiopium 

£u 

162-0 

Httorine 

■  ■ 

r 

10-0 

Gadolinium 

• 

Qd 

157*3 

Ctallium 

Gft 

60-9 

Germauium  . 

•  • 

Ge 

72-5 

Uluoinum 

■  • 

01 

9*1 

Gold  . 

m  « 

Aa 

107-2 

Helium  .  . 

■  ■ 

H» 

3-00 

Hydiogen 

•  • 

H 

1*008 

liuiium  . 

• 

In 

114-8 

lotluio    .       .  . 

«  « 

1 

126-92 

Iridium  . 

e  m 

If 

193*1 

Iron 

m  m 

Fe 

66*84 

Krypton 

4  m 

Kr 

82-0 

Lanthiuium 

La 

139-0 

Lead 

• 

I'b 

l'U7-10 

Lithium         .  « 

•  9 

Id 

6-U4 

Lul^cium 

m  • 

Lu 

174-0 

Magnesium 

*  « 

Mg 

24*32 

JUhu^neee 

•  * 

If*. 

64-03 

Blefouty 

Hg 

200*0 

u  OF  THE  numnrn  (o-ie). 


i  Molybdi  iiuni  . 

• 

Mo 

90-0 

i  Noodymium   .       .  ♦ 

Nd 

144-3 

Noon  .... 

No 

20-2 

Niokel  .... 

Ni 

68*68 

Niton  .... 

* 

Kt 

222*4 

• 

N 

14-01 

Osmium 

• 

Os 

I'M 'J 

Oxygen  .... 

• 

0 

16H)0 

Pailadium 

■ 

Pd 

lOtt-7 

FhoepIiQcqfl 

P 

31-01 

Flattnum 

• 

Pt 

105*2 

Fotaaaiura 

« 

K 

39*10 

Praseodymium 

• 

Pr 

140-6 

Radium 

• 

Ka 

226-4 

Rhodium 

* 

Bh 

102-9 

Bubidinm 

• 

Bb 

86-46 

Buthnnium 

* 

Ru 

101*7 

Sanumum  . 

• 

Sa 

160*4 

Scandium       .       .  . 

So 

44  1 

Selenium 

Se 

79*2 

Silicon  .... 

• 

Si 

28*3 

Silver  .... 

■ 

Ag 

107*68 

Sodium 

• 

Na 

23-00 

Strontium 

1 

a 

Sr 

b7  03 

1  Sulphur 

8 

32-07 

Tantalum 

• 

Ta 

I8I16 

Tellurium 

Te 

127*6 

Terbium 

B 

Tb 

160-2 

ThalUum 

» 

Tl 

204-0 

'  ITiorium 

• 

Th 

232*4 

Thulium 

• 

Tm 

lUt>-5 

Tin       ...  . 

• 

Sn 

119-0 

Titanium 

Ti 

48*1 

Tttugrteo 

* 

W 

184-0 

Uraolum 

• 

u 

238-5 

1  Vanadium 

• 

V 

51-0 

Xonun  .... 

• 

Xo 

130*2 

Ytterbium  (Neoytterbium) 

« 

Yb 

172-0 

Yttrium 

• 

Yt 

8»0 

Zino  .... 

Zn 

66*37 

1  Zirconium  . 

• 

Zr 

le 
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of  cither  Kigu  iii  each  cubic  centimctro  uf  air 
(Wilson,  Proc.  Roy.  Soc.  08,  151). 

Klstcr  and  T^elt**!  have  shown  (Wied.  Ann. 
I'l]  39,  321)  that  iuiis  are*  produced  liuriiu^ 
the  formation  of  ozone  by  contMt  of  air  with 
ttames  or  by  the  slow  oxidation  of  phosphom;', 
&c.,  bat  the  mrro  f»e^nce  of  ozone  dueti  nut 
impart  condurtivit v  to  air  (Jorissen  and  Ringer, 
Bct.  IWn.  39.  2090).  Lanjievin  (tonijjt.  rcnti. 
1905,  llU,  232)  states  that  iii  air,  in  addiliou  to 
unlinar}'  ions  carrying  charges  equal  to  that  of  a 
hydrogen  ion  in  solution,  tfu-rt!  rxi.st  other  ions 
Iwving  a  much  smallpr  mobility,  but  carrying 
char^  fifty  timoa  as  threat. 

Nordnifum  has  ciescrilnHl  (Conipt.  rend.  140, 
430)  an  apj^aratiLS  for  continuously  recording  the? 
state  of  lonisation  of  the  air.  Air  is  aiuiso<l  to 
drcolate  lH'twtM>n  the  plates  of  a  cylindrifai 
oondenaer.  and  ilic  ( liarge  given  up  by  the  iuiw 
iireniovt  i  y  uruppin^  wftter.  The  condenser 
itO(mnecttxi  with  an  ck'<  tr(>!»eopp,  1hf  rle'viations 
of  vhich  arc  recorded  photugraphioully,  and  an.- 
pioportional  to  the  iuiiii}M'r  of  ions  prcM-nt  in 
unit  volume  of  air.  Another  apparatus  for  the 
nme  purpose  is  that  of  Lnngovin  and  Moulin 
(Corapt.  rend.  140,  305). 

No  aatisfactory  explanation  of  the  ionisation 
at  «ir  wa»  found  until  Elster  and  Geitel  showed 
iPbynkal.  Zeit«oii.l901,76, 590)  that  a  nccatively 
charged  wire  suspended  in  the  open  air  oecame 
(tested  wHh  radioaciive  matter,  the  presence  of 
^hich  could  be  proved  by  ita  action  upon  a 
chaig^  electroscope,  although  the  quantity 
prcaent  was  altogether  too  small  to  respond  to 
an\  chrniical  test.  Rutherford  and  Allan 
ooafirmed  this  observation,  and  measured  the 
nte  of  decay  of  the  deposit  (Phil.  Mag.  1902, 
vi.  4,  704).  J^Ur,  Allan  shou.-d  that  the 
radioactive  matter  could  be  removed  from  the 
wire  by  rubbing  it  with  a  piece  of  felt  or  by 
K»lution  in  aiiinionia,  and  tliat  thr;  ashi-s  of  the 
f«lt  or  the  rosidue  from  the  evaporation  of  the 
Mhtkm  shoved  imdioaetivity  having  a  period 

o'  il.-.?;iv  equal  to  that  of  the  deposit  OH  the 
vuQ  a^biL  Mag.  1904,  vi.  7,  140). 

These  phenomena  are  due  to  the  presence 

in  the  atnio.Hphero  of  the  gas<  ous  emanations 
erf  radioactive  elements,  probably  those  of 
ndiiun  and  thorium  (BumBtead«  Amer.  J.  Sei. 
^'^i,  IS,  I).  'Hie  amount  of  active  matter 
H  not  constant,  but  increases  with  increased 
drenlstion  of  the  air,  and  is  therefore  probably 
due  to  the  j>re.sence  of  radium  in  the  soil  fSiinj)- 
lan,  I'hiL  Tran».  1906,  A,  205,  61).  BaUoon 
ohnrvationi  made  by  Flemming  (Zeiteeh. 
phv.-ikal.  f'hcm.  1JX>S,  9,  801)  ,~iho\v  tlint  r...li'nn 
emanaUon  is  pnsunt  even  at  a  height  of  3UO0 
jMtns.  Thonnm  emanation  exists  principally 
in  air  taken  from  th«!  .s<til  or  tho  lower  layers 
of  the  atmosphere  (Gockel  and  Wulf,  Phyaikai. 
MtmiL  1908,  Q,  907).  That  it  is  not  widely 
d:?v>mina1«xl  in  tho  air  i.s  pmhably  due  t<i  ita 
rtpid  rate  of  decay  (Blanc,  Fhysikai.  Zcitsch. 
Ifio^  9,  294).  The  experiments  of  Dadourian 
(PhvsikaL  Zeitsch.  1908,  9,  333)  and  of  WiLon 
;PhiL  Mag.  1909,  17,  321)  indicate  that  air 
aonuUy  eontains  about  3700  times  as  much 
tsdium  ••manation  a.s  thorium  emanation. 

By  passing  iiir  through  a  copper  spiral  cooled 
in  Ikpiid  ahr,  the  emanations  are  ooooonsed,  and 
'n:iy  th  n  Ke  volatilised  into  an  electroscope  and 
Ui«  luiiouut  estimated  by  their  effect  in  ionising 


{  the  contained  air.    Ashman  (Amer.  J.  Svu 
1908,  20,  119)  has  thus  found  in  Chicago  air 

an  amount  of  emanation  jier  cubic  metre  ecpial 
.  to  that  which  would  bo  in  equilibrium  with 
I  about  l-OxlO'^*  gram  of  radium.  By  absorb- 
ing tho  emanations  in  chareoal  and  then 
volatilising  them  into  an  electroscope,  Kve 
has  obtained  results  of  the  same  order— 
0'8xlO~'*  gram  for  tho  radium  equivalent  of 
the  emanation  in  tho  air  of  Montreal  (PhiL  Mag. 
1907,  14,  724),  and  has  shown  by  numerous 
observations  that  tho  value  is  not  afFe(ted  !>> 
temperature,  but  that  a  deep  cyclone  uith  rain 
eauses  an  inoresse,  whilst  anti-oydonie  eonditions 
cause  a  decreafe  in  tho  amount  of  emanation 
(Phil.  M&g.  1908,  16,  622).  These  results  have 
been  confirmed  by  Satteriy  (PhiL  Mi^.  16,  684). 

All  investigators  are  a;irred  that  these 
emanations  are  tho  chief  c&utn>  ut  the  luaibatmn 
of  air,  but  Wilson,  by  experiments  on  the  effect 
I  if  pressure  on '  natural '  mnisation  of  air  enelo? ed 
Ml  a  metal  cylinder,  has  shown  (Phil.  Mag.  1909, 

17,  216)  that  It  is  partly  duo  to  some  pene- 
trating radiation  tho  Source  of  which  is  not 
in  the  soil  (Pacini,  Atti  R.  Acad.  Lincei,  1909, 

18,  123).  Both  Pacini  and  Wulf  (Physikal. 
Zeil.sch.  1009,  10,  152)  ha\  e  d(  tected  a  doulilo 
diurtiHl  jHrio<licity  in  the  state  of  ionisation  of 
the  air. 

(See  also  Tfarvey  (Physikal.  Zeilseh.  1909, 
10,  46)  and  liungo  (Che-m.  Soc  .  Abstr.  11K»8,  ii. 
80).) 

ATOXTL.  Trade  name  for  the  mon o  sc »!  i 1 1 1 n 
salt  of  p-aminouhenylarsinic  acid  (i-Ilirlich 
and  B(  rtheim).  Forms  a  white  crystalline  taste- 
less, oflourles.s  powder.  So  named  from  its 
relatively  low  t<^ixic  action  (r.  Arsenic,  Oroamc 

COMPOUNDS  OF). 

ATRAMENTUM  STONE.  (Atramitdumsifln, 
(ier.)  A  product  of  the  jiartial  uxi'litiun 
of  iron  pyrites,  consisting  of  a  mixture  of  ft  rrous 
and  ferric  .«ul])h'\feb  Avith  f ree f enio oxide.  Used 
in  the  manufaeturc  ut  ink. 

ATRANORIN  C,,H„0,  is  present  in  the 
lichens  Evemia  vtilpinn,  E.  prunastri,  K.  fur- 
furacea,  Lecanora  <Ura,  L.  sordida,  I'annclia 
perUUa,  P.  phy»od*9t  PhyKta  steUaris,  Xanlhoria 
parictina,  Cladonin  rangiformis,  and  HUreornnlnn 
vesuvinnmn.  It  forms  colourless  prisms;  m.p. 
195**-ll»7''  (Zopf),  187*'-188*  (Hesse);  easily 
solulile  in  hot  chioroform,  Soluble  in  alkalis  with 

a  yellow  colour. 

According  to  Patemb,  by  heating  with  water 
t<t  lo^J",  atrani^rin  pives  phy«ciol  ( methyl- phloro- 
glucinol),  and  utraric  acid  (betorciuol  carljoxylic 
acid  mi  tliyl  ester),  and  thuw  suhstmires  are  also 
obtained  when  atranorin  is  heated  with  acetic 
acid  in  a  sesletl  tube  (Hesse). 

Pkjftcioi  forms  colourlef>s  needles,  ni.p.  104*— 
105**,  gives  with  forrio  chloride  a  blue- green 
colouration,  and  posacesee,  according  to  Hc^ise, 
the  ooDstitutioD  m  a  methylphloroglucinol 

\/ 
OH 

Betorcinol  utrhoxiflic  acid  imtliyl  tthtr 
C10H1/J4.  crystalliiie.s  m  leaflets,  ni.|».  140"*-Ul*  ; 
and  gives  with  calrium  hypochlorite  solution  a 
blood-red  colouration.    L>igeated  wiy^^^jj^j^yij^  q^q^j^ 
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ATRANORIN. 


hydriodic  acid,  it  ift  converted  into  ^-OfVt» 
(StctUiouse  and  Gtovee)  C,H,»Oi,  Moocdi&g  to 

th©  equation  : 

Ui«H„O4+Hl=CH,I+C0,+C,Hj,0,. 

fi-Ortin  (Me  also   BtuMic  aeid)  U  l<i-di- 

methylresoriiii. 

The  i>onBtitution  assigned    to  betorcinol 
rboioiio  Mid  methyl  ellMr  10 1'^ 
CH, 


ATTAR  or  ROSBS  v.  Oils,  Essnnuu 

AUCUBTN  r.  f^l  1  COS1DB3. 

AURAMINE.  ItinnoUtratMthyldiparaminO'di- 
NMe,-C.H-C(NH)C,H,NMo...HC1,H,0{Graebe). 


or 


oerl 


Heated  with  alcohol  in  a  srakd  tube,  atranorin 
givoH,  according  to  Patt'nio,  Hctmatommic  acid 
and  Hmmakmmnic  acid  ;  but  the  researches 
of  Hesso  indicate  that  these  compounds  in 
reality  consist  of  hamatomtnic  acid  nuthyl 
dlber  uid  betorctnol  carboxylic  acid  methyl  ether. 

Hamalommic  acid  methyl  eiher  <'ioWioOj 
form:)  colourless  needloB,  m.p.  147**,  soluble  in 
alkaline  solutions  with  a  yellow  colour.  With 
forric  chloride  it  givea  »  purnle-red  or  purple- 
browTi  colouration.  The  dJiyl  ether,  C,,H,,Oj, 
gives  colourli'ss  noodUs,  molts  at  111"-!  12^ 
( Hesse) ;  1 1 S**-!!!"  (Zopf ).  It  ia  reproaented  by 
the  formula : — 

O  CH, 

I  I 


CM, 
HO 


I 

— o 


)00G^. 

When  a  solution  of  atnuorin  in  dUuie  acetic 
acid  is  gently  evaporated,  atranorinic  acid 
(Hesse)  is  produced.  This  compound  is  also 
present  in  the  Cladonia  rangi/ornii.<  (Hesse)  when 

frathered  in  December,  but  ia  ftbaeat  from  this 
ichen  in  summer. 

Atranorinic  acid  C,gH,gO„H,0  forms 
colourless  cr>'stAls,  which  are  aahydrouB  at 
100**,  and  then  melt  at  157*.  With  ferric 
rhlorid<»  it  gives  a  dark  brownish -red  colouration. 
Heated  with  hy<irio<lic  acid  it  ^ives  fi-orcin,  or 
with  alcohol  yields  carbon  dioxide,  phy«ciol 
and  fi-orcin.  The  constitutiors  assigned  to 
atranorinic  acid  (1.)  and  atranorin  itself  (11.)  are 
Q»  folio  un  : — 


/\-<'O0H 
HOI  J-O-CH, 


o 


'00(^Hj 


DHL  ^a-<; 


CH, 
OH 


I 


OH 

COOH 


CH„ 
OU 


I. 


H. 
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I'ififrnrrf.  —  Pafirnh  and  (^glialaro  (Gazz. 
chim.  lUl.  7,  2b'j),  i'iiUnio  (tbid.  10,  157  and  12, 
267);  Zopf  ( Annalen,  288,  38);  Hesse  (J.  pr.  Chem. 
57.  ;  la'M.H-ki-  (Annftl<m.  2HH,  42) ;  Hesse 
(Annak'ii.  I  Hi.  :]*\.\)  :  St«  nhouso  and  Groves 
(Annali'ii.  2n:{,  A.  O.  P. 

ATROLACTINIC  ACID  v.  LArrrr  acid. 

ATROPINE  V.  V£uxTo-ALiua.oio8. 


(Stock;  DTniloth 'and  Zoepfwitx).  Aocortling 

1  to   Stock  (J.  pr.  Chrm.  47.  401  ;  Brr.  IWX 
'  33,  318),  and  Dimroth  and  Zoepjjritz  (Ber.  19u2, 
35,  984),  the  ban  has  the  constitution  a&«igned 
I  to  it  by  (Jraebe  (Rrr.  18W,  32,  1078  ;  1902.  35. 
j  2615),  but  the  hydrochloride  and  the  other  saJt^i 
,  have  the  qninonold  straotnre  Ue^N^SaB,  -C(  NH «): 
C'jH* :  NMe,Cl,  and   aro  to   bo   regarded  as 
derivatives  of  t^iphcnvlmethane  in  which  an 
amino-  group  has  leplaoed  one  of  the  bemene 
,  residues. 

Auramine,  the  tirst  member  of  a  scrivs  of 
yellow,  orange-yellow,  or  brown  d\t  >.  is  the 
hydrochloride  of  a  colourless  base  obtained  by 
the  action  of  ammonia  on  tetramethyldiamino- 
benzophenone,  and  comes  into  the  market  either 
in  the  nearly  pure  form  .1^  Auramt'rt'  O,  or  Tnixe<l 
with  dextrin  as  Auramtne  J.  and  II.  (lira*  be, 
Ber.  20,  3264).  Fehrmann  (Ber.  20,  2^47)  pre- 
pofiod  to  r  •  tri -t  tho  name  auramino  to  the 
colourless  baac,  but  such  a  chi^go  would  mcvit* 
aUy  lead  to  confusion ;  and  Cmebe  (U.)  has 
coiv^cqurntly  adopted  the  name  fittrftmiru  -hn*^ 
for  the  base  itself,  using  the  term  auraouuc  iu 
its  nstud  aignifioatkm. 

Prr partition. — ( 1 )  Aiirftrnine  was  originally  pre- 
pared from  tetramethyldiarainobenzophenone 
by  dissolving  it  in  some  indifferent  solvent  suiA 
as  chloruforin,  carbon  dlaulphid**,  hydrocarbons. 
Ac,  tnating  it  with  half  its  weight  of  phos- 
phonis  triouoride  or  oxyohloride,  and  adding 
excess  of  concontmtfd  ammoniiv  t()  tho  chlori- 
nated compound  thus  obtained  (B.  A.  S.  f ., 
D.  R.  P.  27789). 

(2)  Auraminr»  can  be  prepared  mnrp  ecnno- 
'  micttUy  by  heating  tctramcthyUliamiaobf  nzo- 

phenone  with  suitable  ammonmm  salt^;,  such 
as  the  chloride,  aectato,  tartrate,  thiocyanat<«. 
I  &c.,  vu  the  presence  of  zinc  chloride  at  200* 
I  (B,  A.  S.  K,  D.  R.  P.  290e0).  Aeetomido 
may  bo  cmploywl  iiistt-ad  of  ammonium  salts 
(B.  A.  S.  F.,  i).  H.  1*.  38433),  or  the  dye  may 
lie  olitaimHl  by  heating  aniline  hydrtK-hli  iride 
j  with  zinc  chloridt    u  !  carbamide,  phenylcar- 
'  bamide,  tliphenylcarbamide,  or  carbanil  (Ewer 
I  and  Pick,  D.  R.  P.  SlOSfi^ ;  but  these  altema> 
tivc  methods  have  no  practical  importance. 

(3)  At  the  present  day,  auraminc  is  pre- 
pared h\  a  method  due  to  Sandmovor  (Eng. 
Pat.  12549,  1880;  lOnnn,  1S!H))  and  Walkor 
(.1.  Soe.  Chem.  lud.  I'JOl,  34),  which  consist* 
in  heating  a  mixture  of  tetiamethyldiamino- 
flilthcnylnn  thanc,  sulphur,  ammonium  chlori<le, 

i  ami  sixiiiiiu  chloride  in  a  currLUt  of  tlry  ammonia. 
.\  nii>ilili(  ation  of  this  raetho<l  is  dc-cribod  bv 
.T.  V  Johnson  ( B.  A.  S.  F.,  D.  R.  P.  71320; 
Kn-.  P»t.  0241).  March  23,  1893),  in  which  the 
i«  tranirtthyldiaminodiphenylmethane  is  replace«i 
by     dinu'thv  1  -  tetramethyldiaminodiphenylmo- 
thanu   obtained    by  condensing  acetone  and 
dimethylanUine  (Ber.  1878,  12,  813).    About  14 
kilos,  of  diiiu  thvi-tetramethyldiaminodiphenyio 
.  methane  arc  mixed  with  120  kilos,  of  salt,  6 
I  kilos,  of  sulphur,  and  7  kilos,  of  ammonium 
'  chloride,  and  a  stream  of  ammonia  gas  is  passed 
I  through  the  mature  for  ei^|,i|§y5ytio'J|re 


AUBAMINS. 


r  duoing  ooloon  whioh  are  won  yeOaw  and  fairiy 

fast  to  lii^ht  and  soap.  Cottott,  for  whirli  the 
i  dye  is  chioHy  uaed,  roquinw  to  be  fint  mord&utod 
I  with  tannin  and  tartar  emetie,  and  on  this 

account  auraniino  is  useful  for  prodiu  iiiij;  cotii- 
.  pouad  tihades  with  other  basic  colouring  matters, 
I  soeh  as  aafraaine,  bens^^bydo-green,  fte.» 
which  un-  fix'^l  liy  the  snmc  nxjnlant.  (Ft^r 
further  ioformatiou  v.  K6chlin»  Wagner's  Jahr. 
•  1884,  1139.) 

Salts.     Alirfinu'tir     JnfhiK-hhiride  C'l^HjiNj, 
UCl,  is  sparingly  soluble  ia  water  and  has  (ato 


Ihe  mam  k  first  waahed  with  oold  water  to  dia- 

^nlve  away  the  salt  and  ammonium  chloride, 
It  is  then  diaaolved  in  water  at  70",  hltered, 
«d  the  dye  aalted  oat,  prooood,  aiid  dried. 
Auramine  is  also  prcpartHl  hy  heating  dimethyl- 
aminobeozamide  and  dimethyiauilino  with  zinc 
dilocide  at  160*-M0*  (D.  R  P.  77S29). 

(4)  Guyot  (Compt.  rend.  1907.  144,  1210: 
J.  Soc  Chem.  Ind.  190S,  679)  has  svnthesiaod 
Mffaminee  by  meant  of  ul»  oxaJio  eeten. 
Tetraalkyldiaminodiphenylglycollic  estcis(J.  Soc. 
Chem.  Ind.  1907,  b03)  form  neutral  salU  with 

•dda,fhe  indigo-Uoe aqueoua  aolationsof  wliich  1  S0«4'at  Sfc*;  ^  paimUaU  C\7H,iN,.C,,H, 'O^. 


react  with  Hmmonia  even  when  dihite  to  furnish 
tetraaikyldiaoiinodiphenylamino  acetic  esten, 
ammcding  to  the  equation : 

(R,N<;«H4),r(  I  -co .  R'  -f2N  H, 

=  NH,('1  +  (K,N("«H,),(:'(NH.)C0..R'. 

Tbeee  new  compounds  are  exa-carboxA'lic  deriva- 
tive* of  the  ieucauramines,  and  posness  all  the 
properties  of  the  latti-r.  They  <lissolvo  in 
}:lacial  acetic  acid  with  aii  inteivse  blue  coloura- 
tion, and  condense  with  aromatic  tertiary'  amines 
to  form  triphenylmethjine  derivatives.  Thus 
«ihylhexamcthyltriaminotrij)henyi  acetate  i.s 
produced  by  heating  an  e<^uimolecular  mixtun:' 
of  dimethylaniline  and  ethylt+^tramethyl- 
(iiaminodiphenylaminoacetAte  in  glacial  acetic 
•cid  on  the  water-bath  for  aome  nmratea : 
(IfcjN •( ',H  J ,C( CO , Kt)  X H,  -r f'.H ,  NMcj 

= (Me^  N  •( H , )  .C(CO ,  Et     H ,  NMe, + N  H3. 

Ulien  a  dilute  alkaline  solution  of  the  amino- 


has  m.p.  57  .  tho  ste/irnte  ha.s  m.p.  tJH"  ((Jnehm, 
Koteli  Zeit.  Angew.  Chem.  1898,487);  the  methyl 
sulphate  obtained  by  the  action  ol  dimethyl 
sulphate  on  auramine,  ha.<i  m.p.  225*  (ZoUeDf  J. 
pr.  Chem.  1902,  bO,  [20j  387). 

SnMitirted  Aununlnes.    In  addition  to 

auramine,  s»il)sf  ituted  auraniine.s  have  also  hrcii 
pn>[>ared.  Auramine  G,  obtained  by  treat uiu  a 
hot  mixture  of  «yia«dimethyldiamino.dt.o-toryl- 
methane  (from  methyl  o-toluidine  and  formal- 
dehyde) Hulphur,  ammonium  chloride  and  salt 
with  diy  ammonia  gas  ((>nehmaad  Wririit,  17.8. 
Pat.  4HH4:{<M.  has  m.p.  120*.  the  /)i>rrr/r  has  m.p. 
2H4°,  the  aulphdit  m.p.  182",  the  oxttittte.  m.p. 
210*.    Leiwaurnminf  Ohm  m.p.  208*. 

Metaxylylauramlne  can  be  ohiained  by  heat* 
ing  an  intimate  mixture  of  lU  kilos,  of  tetra- 
methyldiaminol)enx<iphenone  and  23  kilos,  of 
metaxyliiline  hydnnhloride  for  alx>ut  4  hours 
at  200°  III  an  eimmelled  ves-sel  provided  with  a 


acetic  e.-'ter  is  oxidised  with  dilute  potassium  1  mechanical  stirrer.    Fusion  takes  place  slowly. 


f'-rricyanide  solution  in  tho  cold,  a  (juantitativt 
}  n'\'i  of  tho  corrcjjpondino;  auramine  is  produced. 

Propfrtif^. — Auramine  crystalliaea  from 
''vater  in  vllow  .scales,  wliich  s<H^m  to  consist  of 
six-sidcil  tables,  and  from  alcohol  in  ^olden- 
yt  How  scales,  melts  at  207*  (Uraebe),  carboni.s&s 
at  iti-'i'  ^i^^*  without  previou.s  fusion  (Fehrmann), 
and  is  sparingly  soluble  in  cold  but  rcatlily 
nteUe  in  hot  water;  the  temperature  of  the 
iqueous  8olutif»n.  hos^ever,  mu.st  not  c.xcetHl  (>0*-~ 
"0*,  otherwise  tletomjKinition  ensucH,  with  the 
fiirmation  of  ammonia  and  tetramethyldiamino- 
beniophonone.  On  treatment  with  mineral  acids, 
the  aqueoiLs  solution  undergoes  a  similar  decom- 
position either  slowly  in  the  cold  or  very  rapidly 
on  heatinp.  Si»ectroscoj)iadly,  auramine  be- 
haves like  most  yellow  dyes  ;  a  hot  concentrated 
aqueous  solution,  however,  ahowa  two  bands, 
one  in  the  red  and  one  ui  tho  green,  which 
become  broader  on  dilution  and  finally  coalesce, 
forming  a  bright  broad  band  extending  from  the 
middle  of  the  rod  to  tho  commenoement  of  the 
green  (Graebe).  On  treatment  in  the  oold  with 
anunonia,  auramine  (crystallised  from  alcohol) 
is  converted  into  the  colourless  base  CijH.iN,, 
wliieh  melts  at  136®,  and  is  characterised  by 
yielding  with  acids  intenseh'  yellow,  and  for  the 
iDost  part  cr^'stallme  aalts,  'which  diasolve  in 


and  the  inH-:s  Imm-omics  reddish  yellow  in  colour, 
uM.sumuig  linally  agrtvnLsh  metallic  lustre  towards 
the  close  of  the  reaction,  which  is  complete  when 
a  test  H|K'cimen  in  almost  entirely  -soluhlo  in 
water.  The  cooled  mass  is  extracted  with  hot 
\^atcr,  and  tho  dye  precipitated  in  orange>y^ow 
flocks  by  addition  of  aodium  nitoate  to  the 

Jilten'd  solution. 

MethylauramlBtt  MeN:  C((',H4  N.Me,)2,  m.p. 
IXi"  (Zohlen,  J.  pr.  Chem.  1!M>2,  387).  tho 
hi/dnx  hloride.  (',^H  ..|X3(  I,  lias  in.j).  220°,  the 
tinirhloride  (C.^Hj.'NjI 'l)..Ptri^,  m.p.  1JK)*-2(K)*, 
tho  htjdrolnoiniiir  (^JL'jNjBr,  m.p.  2(i0*.  tho 
hydriodide  < 'i  li-^aU  ^o-P-  259*,  forms  a  .series 
of  un.stable  polyiodidee :  tho  trirhromale 
((',^H.«N3)j('r,0,o,  m.p.  70*.  tho  thto^t/finate 
C,,H,",N,('NS.  m.p.  213*-214*,  and  the  pkraU 

C,  ,H,,N,.(  .HjU.N,,  m.p.  22.-.* 

Ethylauramlne  EtN  :  qC,H«  NMe^),,  from 
auramine  ethyl  iodide  and  zinc  oxide  (i3.  R.  P. 
136616),  m.p.'  130^-131*,  dyee  moidaated  ootton 
a  pure  yellow. 

Phenylauramlne  PhN  :  (  ((  ^n^  NMej^,  pre. 

pared  by  heating  totramethyldiaminodiphenyl- 
methane  with  aniline  and  sulphur  at  200*  (Keer, 

D.  R.  P.  63614) ;  or  by  heating  dimethylaroino- 
benzanilide  with  diinethvlaniline  and  phosphorus 
oxychloride  ID.  R.  P.  44077);  has  m.p.  172*; 


water  and  alcohol  without  fluoresoenoe.    Alka.  *  the  hydriodide  (V.jHjjNj.HI,  has  m.p.  242* ;  the 


hne  reducing  agents,  such  as  sodium  amalgam 
«k>wly  decolourise  the  aiooholic  .<K)lution  of 
auramhie,  forming  leueaummiiu  (-'j^Hj.Nj,  a 
colourle8.><  crystalline  reduction  compound  melt- 
ing at  135*,  vkiiich  diaeolves  in  acetic  acid  with 
an  intense  bhw  ootoor  owing  to  ita  deoompo* 
«tkm  into  •.ffiiwonia.  and  tetrameUiyldiamino- 
beaahydrol. 


m-lhii-rnf.  (•  ,n    \,..MfI,  has  m.p.  214^. 

Paraminophenylauramine  JMUg  •  C^H^N : 
('(( 'aHj  NMe,),  (Finokh  and  Sohwimmer,  J.  pr. 
(  hem.  1891. "■)<).  401).  has  m.p.  221*-222*:  the 
hjfdrochloride,  m.p.  224* ;  the  picrate,  m.p.  185**- 
186*  (corr. ) ;  the  aiatet^  derivative  has  m.p.  194*- 

195* 


the  triar-t>il  derivative  has  m.p.  257° 


 ^   268* ;  moncbenzoyl  derivative  has  m.p.  117*:  and 

Auramine  dyea  nool  and  iilk  dinet,  pro*  [  tba  rft^ma^yl  derivative  haa  m.p.  180*>1BI* ; .  , 
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paraphmylenediaunmiiu        G,H4rN !  C(CaH«* 

NMe.),!,,  has  m-p.  311»-312«. 

oHhamiDopliMiylaurAmine,  m.p.  199^-200", 
forms  a  pienie,m.^,  220^-221%  and  a  benzoyl 
<l«-rivative,  m.p.    23e*-237*;  orthopkeit^ene- 

diauramine  has  m.p. 

]^>Tolylauramiiie,  obtained  by  heating  te- 

tratnethyltliamiriodipheuylnK'thario  with  p- 
tuhiidiuti  and  sulphur  (D.  K.  P.  63014),  or  from 
(linieth\  laininobenzo  -  p  •  toluidine,  dimoth^'l- 
aniliiu',  and  phu3[)horus  oxychloride  (D.  R.  P. 
44077),  has  m.p.  178°.  o-Tolylauramlne  similarly 
prepared  to  the  p-  compouiul  ha.s  m.p.  17H°-174  , 

a  •  naphthylauramtne  (Me,X  ( 'eH|),C  :  NC,„H. 
(D.  R.  P.  44077).  has  m.p.  225°.  iS-naphthyl- 
auramlM  (Me^N  i;,HJ,C  :  N  C,pH,  (D.  R.  p. 
44077),  m.p.  179° -ISO*.  Benzylaurainlne 
C.H,-CH,-N  :  (•(C.H^-^Mcj),  (1>.  R.  P.  136C1G) 
from  anraniiiif  hiMizylchlorido  and  magnesia, 
hM  m.p.  IIG''.  Benzoylauramine  (Finckh  and 
Schwimmer,  J.  pr.  Uhtm.  1894,  fii),  401)  Nliz  : 
CI(C.H,-NMe,)j,  ha.^  m.p.  179*»  (corr.). 

Mtlkylphe.nylaurnmine  hydrochloride,  de- 
phKnylauramint,  and  pentnmrthylcmaaramint 
hive  been  deaoribecl  by  Stock  ( Bi-r.  1900, 33, 318 ; 
J.  pr.  Chem.  47.  JOl-H.'O.  Tho  foUowinjij  com- 
pouudii,  closely  roiat^-'d  to  iho  uaphthylauramiiies, 
form  the  subject  of  a  patrut  (D.  R.  P.  44077) : 
Utrnethytdiaminodiphtnylmi thiiUm  -  a.  -  naphlhtfl- 

amiH^:  '(Et,N-C,H«),C:X  C,oH7,  ni.p.  167°- 
158*  ;  dimeihyldifth yhl ia  in  I ntxi iph e ii  iflitu  th yle  nr  - 
a-naphthylnmine  (.MejN  C.IlJ  (Kt.N-r.HjC  :  N- 

C,  „H,,    m.p.    177°-17H°;  tttratthyldiaminodi- 
phrnylmtlhyltm-fi-nnphOiyl4t m inr  ( Kt •CjH,) jC: 
N'C'ioHy,  m.p.  155°  ;  di met hyldicthyldiami nodi' 
phenylmethyUiie-fi- n«  phth  ylamine     (Mo  jN  'C'^  H 
(Et,N-C,H,){J  :  N  C,oH,,  m.p.  163*-1W. 

Tho  substituted  auramines  dye  silk  and 
wool,  anil  also  cotton  after  mordanting  with 
tannin.  The  shades  [)roducod  on  cotton  are, 
however,  distinctly  reddish  or  brownish-yellow 
compared  with  the  pure  yellow  produced  by 
annunine  it^^-If  ;  for  example,  the  auramines 
from  orthotoluidine,  metaxylidino  and  cumi- 
dine  hydrochlorides  tlye  cotton  golden-yellow ; 
those  from  aniline  and  paratoluiduio  dye  orange- 
red,  that  from  metaphenylenediamine  dyes 
orange-brown,  and  those  from  a-  and  /5-na[)hthvl' 
amino  dye  browTiish-yellow  shades  (B.  A.  H.  F., 

D.  R.  V.  29000  :  Fehrmann,  Bor.  20, 2862). 
AURANTIA  {Kaisergdb)  is  the  oommecoial 

name  of  the  ammonium  aUt  of  hezanitro- 
dipbeDylamino. 

HexttnilndiphenyUtmine  NH[(  ',H2(N0.),],  is 
obtained  by  treating  dipheiiylamiiu-  or  im  thyldi- 
phenylamine  witb  nitrio  acid,  and,  after  the  first 
vigorous  action  has  subsided,  heating  to  coro- 
jilcte  the  reaction.  Tho  product  is  then  ex- 
tracted with  water  to  remove  any  resin  or  picric 
add  associated  with  it,  and  finally  cry^i^tallised 
from  acetic  acid. 

It  formti  bright-yellow  prisms,  melts  at  238* 
with  decomposition,  bnt  can  be  sublimed  in 
yellow  neetlle.s  liy  careful  heating,  and  is  almost 
maoluble  in  water,  more  soluble  in  alcohol,  and 
easfly  soluble  in  ether.  It  readily  yields  salts, 
and  the  ammonium  salt  (aurantia)  crystallises 
in  lustrous  brown-red  needles,  although  com* 
merdallj  it  is  obtained  as  a  brick-reapowder 
which  dissolves  in  water  and  dyes  silk  and  wool 
a  beautiful  orange  colour  (Guehm,  Ber.  7, 1399 ; 
9,  1846 ;  c/.  TownMnd,  Ber.  7.  1849 ;  Hertem^ 


Ber.  11,  846).    Aurantia  is  used  chiefly  as  a  dvs 

for  leather  (W.  J.  1877,  1002).  I.jke  hoxanitriv 
diphenylamine,  it  is  very  explosive,  but  auv 
danger  may  be  avoided  by  moistening  it  witb 
glycerol  (VV.  J.  1876,  996).  According  to 
Unehm  (ik>r.  9,  1246,  1567)  and  Bayer  &,  Ca 
(W.  J.  1877,  879),  aoraatia  produces  skm 
eruptions ;  Martiui",  however,  contends  that 
thi.s  effect  is  due  to  idiosyncra.sy,  and  quotes  the 
opinions  of  Salkow^ki  and  Ziuroclc  in  support 
of  his  statement  (Ber.  9.  1247),  and  the  question 
ap[)ears  to  have  rt!ceive<l  a  nolut  ion  in  this  sense 
in  Germany,  since  the  niini-icrial  order  of 
November  S,  1877,  prohibiting  its  mauufaotorei 
was  cancellc><l  in  June,  1880. 
AURIN  and  ROSOLIC  ACID. 
UiMory. — liosolic  acid  was  first  discovered 
and  its  tinctorial  properties  descriln-d  by  Hunge 
(P.  31,  65),  who  obtained  it  from  coal-t^r  oil  by 
dissolving  the  residue  from  tho  di>i illation  of 
phenol  in  alcohol,  adding  milk  of  lime,  lilu^ring 
off  tho  brown  precipitate  of  calcium  brunolate 
and  precipitatinc;  the  ml  .solution  of  calcium 
rosolate  with  acetic  acid.  Later,  Tschelnitz  (.1. 
pr.  Chem.  7 1 .  4 1  (i )  and  .Miillcr  (Chea.  SoO.  Trans. 
11,  1)  found  that  the  yield  was  greater  if  the 
product  after  a<l(iition  of  tho  lime  wii^i  he-ated  in 
the  air  for  some  time,  whilst  Smith  (J.  1857,  448) 
ancl  Jounlin  (J.  1861,  943)  showed  that  crude 
phenol  was  couverte<l  into  rost>lic  a<-id  by  heating 
it  with  soda  and  manganese  dioxide  or  mercuric 
oxide.  Kolbe  and  mitt  (Annalen.  119,  169) 
and,  simultaneously,  Persoz  ( Fr.  Pat.  ;>1910,  July 
21,  1861)  obtained  it  by  heating  phenol  and 
oxalic  acid  with  sulphuric  acid,  and  this  method 
was  a<lopted  for  pre|)aring  the  acid  on  the  large 
scale  liy  Wurtz  (Schmidt,  Dingl.  poly.  J.  166, 
318)  who  termed  it  (yellow)  corallin  (known 
commercially  as  aurin  in  England),  and  by 
(iuinon.  Mamas  and  Bonnet  (Dingl.  poly.  J. 
167,  390),  who  convertetl  it  into  paH>nin  or  red 
corallin  by  digestion  with  aciueous  ammonia  at 
150*.  The  reaction  was  further  inv«>«tigate<l  by 
Frcsonius  (J.  pr.Chem.  [2J  6, 1 84).  liy  Prud'homme 
(Zcitsch.  angew.  Chem.  [2J  19,  359),  and  by 
Ojmaille  (Compt.  rend.  77,  678),  the  last  of 
whom  found  that  tho  proportion  of  oxalic  acid 
used  was  too  large.  By  oiasotising  rosaniIine,(^:aro 
and  Wanklvn  (Chem.  News,  14,  37  :  Proc.  R<jy. 
Soo.  16,  210)  obtained  rosoUo  acid  C,,Ui,0„ 
which,  however,  was  not  identioel  with  the  pro> 
duct  from  phenol.  Caro  (PhU.  Mag.  [4]  32,  126). 
moreover,  showed  that  the  formation  of  rosolic 
acid  from  phenol  is  dependent  on  the  presence 
of  en  so!  or  of  some  simple  (methane)  derivative 
of  tho  fatty  series  of  oiganic  compounds  (com- 
pare Guarnmii,  Ber.  5, 1065 ;  Znlkowsky,  Anna* 
len,  194,  122).  The  nature  and  composition  of 
the  ]^ioduots  obtained  in  Kolbe  and  Schmitt's 
reaction  were  not,  however,  aoonratefy  known 
until  1878,  when  the  researches  of  Dale  and 
iSohorlemmer  (Annalen,  166,  279;  196,  76), 
Oaro  and  Oraebe  (Annalm,  179,  184 ;  Ber.  II, 
llir».  1348).  E.  and  0.  Fischer  (Rr.  11.  473^ 
and  Zulkowsky  (Annalen,  194,  122  ;  202,  179) 
established  the  not  that  the  action  of  oxkBsinir 
atrents  on  a  mixture  of  phenol  and  rre-i*!.  or  of 
oxalic  acid  on  phenol,  results  in  the  formation  ot 
a  mixture  of  red  oolouring  matters  (corallin)  eon* 
taining  two  well  characterised  substances  termed 
aurin  C^tUu^^*  *^  meth^^urin  C,,lit«Oa- 
Aurin  is  the  unrar  homoloRue  of  Ova>  ea^ 
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.iinklyu'i*  nxsoiiu  acid,  and  L»  sometimes  known 

paniraMlio  Mid,  MOM  it  oan  be  obtainod  by 
(li.izotLsrng  pararosanilioo  (EL  and  0.  Fitoha, 
.-Uinalcu.  lUl,  268). 

CocaUln.  ThiH  namo  is  applied  to  the  rod 
colourin2  niftttor  obtainRd  by  heating  phenol 
and  oxalic  aoiii  w  ith  bulphuric  acid.  According 
to  Zolkowsky  ( Aiinalea,  104,  122;  202,  134; 
Monatsh.  IG,  '.Wi),  a  mixture  of  puro  phenol 
(10  paxtij)  and  sulphuric  acid  of  66*B.  (5  part*) 
U  heated  with  annydroua  oxalic  acid  •>  |  .u  i 
added  in  thrcso  equal  quantities,  at  12O°-130*' 
until  the  mass  becomes  viscid  and  the  evolution 
of  gas  (a  mixture  of  CO  andCO^  in  equal  volumes) 
flight.  This  stage  ia  reached  in  about  24  hours, 
and  the  product  is  then  poured  into  so  much 
water  that  the  further  addition  of  water  does  not 
produce  a  precipitate.  The  oocaUin  ia  thua 
0<;parated  from  phenolaulphonio  add  and  un* 
attacke<l  phenol,  and  the  yield  by  Ihuj  proct'.ss 
amounts  to  60-70  p.o.  CkxaUin  haa  been  shown 
to  be  a  mixture  of  pieudo«roK)]io  aoid  oroovallin* 
phthalin  (70  p.c),  to  whidi  it  owes  itM  resinous 
CQDoistency,  with  aurm,  methylauriOf  and, 
•eeording  to  Zolkowsky,  witii  mwnl  otber 
products,  of  which  verv  littio  is  known. 

PropertitM. — it  is  a  brittle  rosinoua  substance 
vHh  a  green  metallio  Ittttre,  and  yidda  a  red 
powder.  It  has  bei-n  employed  as  a  dye  for  uilk 
and  wool  (Sohrdder,  Dingl.  poly.  J.  204, 397),  and 
used  for  printing  on  cotton,  silk,  and  wooL  In 
printing  with  coralliu.  iny  ftc'i<l8  with  which  it 
nay  come  in  contact  during  the  prooeas  must  be 
oeotnliMd,  othorwiae  a  yvUow  instead  of  a 
tarkey-re<l  colour  is  the  result.  Kielmeyer 
teoommends  magnesia  for  this  purpose  (Wagner's  , 
Jahr.  1872. 709). 

Tho  folluwii^  aalvtanoes  h»ve  been  isolated 
from  coralUn ;—  , 

(1)  Avtai  (ponvoidie  tteid)  C,,U,«0,  or' 

C(C,H4-0H),  :  r,H4  :  O.  Tbo  formation  ,.f  tl,  - 
sum  present  in  coiallin  has  boon  attributed  to 
the  naotion ;  ^ 

JC;BgO+HA04-C„H,40,+H,00|+2H,O 

(D.  and  S.  Annalen,  196,  70 ;  compare,  how- 
ever. Zulkott-sky,  Annalcn,  202.  18t  ;  E.  and  O. 
Fiacher,  Ber.  H,  201;  Gukassiauz,  Bcr.  11, 
1179;  Z.  Ber.  11,  1431 ;  Nendd  and  Sehmid. 

.1.  pr.  Hi.  m.  12]  2^,  27:?1 :  Z  Monateh.  6b  106; 
Staob  and  i»mith,  Ber.  17,  1740).  \ 

PrtpanHoiu — Aorin  oan  bo  obtained  by 
tfiazo'iiiini:  pararosanilmc  (E.  and  O.  Fiscb'  r.  /  •  ; 
compare  KoaOLlO  acud),  but  the  procesii  has  nu 
pnekioal  Talne.  It  can  be  obtamed  pure  and 
in  good  yield  (95  p.c-.  wbi-n  zinc  chloride  is  iisct?) 
by  heating  phenol  (14  parts)  with  carbon  tetra- 
onioride  (B  parta)  and  zino  ddoride  (30  parts),  I 
or  aluminium  chloride  (10  yart.sl.  or  stannic  or 
ferric  chloride  (2U-30  parta)  at  UO^'-IGO'  in  an 
a«iloolave  doring  4  hours  with  occasional  stirring. 
The  product,  when  cold,  is  purifi  d  f>y  driving  off 
onattacked  phenol  with  steam,  and  removing 
solllblB  impurities  by  extraction  with  water 
(Heumann,  D.  R.  P.  68976  of  AprU  3.  1S02, 
expired  Aug.  1893;  compare  i'rietlel,  Bnll.  8oc. 
chim.  fiO,  2)>  Elbs  subetitutee  chl(>ro|iiorin 
for  carbon  tetrachloride,  heating  tho  mixture 
for  one  to  two  davs  in  a  steam- bath,  but  does 
not  rtate  the  yield  (Ber.  16, 1275). 

Rcffrenoe  ha'»  bf^^n  made  to  Smith's  and 
Joardin's  methods  of  oxidising  crude  phouoL  , 


Rudolph  (Zeit«ch.  angow.  Chom.  19,  3H4)  heats 
paracresol  (108  grams)  and  phenol  (188  grams) 
diB.so]vL>d  in  32  p.c  caustic  soda  solution  (400 
grams)  with  sodium  dichromato  (300  grams) 
also  disBolved  in  32  p.o.  caustic  soda  solution 
(250  ^ms)  for  some  hours  at  180®  under 
^)rc!<.siiro.  The  aurin  is  purified  by  conversion 
into  tlie  compound  with  sodium  bisulphite. 

Another  process  is  that  described  by  N.  Caro 
(Ber.  25,  948),  in  which  a  mixture  of  dihydroxy- 
liphenylmothanc  an<l  phenol  in  mol.  prop,  is 
oxidised  by  a  cold  solution  of  sodinm  nitrite  in 
concentrated  siUphurio  acid. 

To  obtain  aurin  from  the  commercial  pnxluct. 
Dale  and  iSchorlemmer  (Annalen,  166,  280)  treat 
a  concentrated  alooholio  solution  of  corallin 
with  gaseous  ammonia  until  crystals  of  tho 
compound  of  aurin  with  ammonia  cease  to 
form  ;  the  precipitate  is  then  heated  with  hydro, 
chloric  acid  or  aootio  acid  to  remove  ammonia, 
and  the  product  repeatedly  crystallised  from 
aloohol.  A  second  method,  in  which  the  com* 
mercial  nruluct  is  washed  with  cold  alooliol  ajid 
the  residue  repeatedly  crystalliaed  from  aloohol, 
has  also  been  described  (D.  and  8.  Annalen,  196, 
77).  A  Miird  methiHl,  duo  to  Zulkowsky  (Anna- 
len, 202,  185),  in  which  a  solution  of  oozallin  in 
dilate  soda  ley  is  satorated  with  snlphnr  dioxide, 
and  tlu!  re.sirioii.s  j ».■<(•  u do -rosolic  acid  or  corallin- 
phthalin  raeoipitated  by  water,  has  been  de» 
scribed.  The  separation  of  the  anrtn  ftom  tho 
methylaurin,  aiul  Icucorosolic  acid  left  in  solu- 
tion, is  effected  bv  the  aid  ol  sulphur  dioxide, 
with  wludi  anrin  forms  a  crystalline  compound. 

The  process  can  be  varied  by  dissolving  Corallin 

in  a  1*25  p.o.  solution  of  caustic  soda, 
tating  the  dear  sirilution  by  carbon 

suspendini^  the  precipit-ato  in  water  aciditio<i 
with  acetic  acid,  and  washing  it  finally  with 
water.  The  precipitate  ( 1  part)  is  then  dissolyed 
in  boiling  alcohol  (20p.ir(-  :,  and  the  aurin  sepa- 
rated by  adding  to  the  8oluti<m  one -fourth  its 
▼olnrae  of  bolting  water  (Honatsh.  16, 363).  The 
yield  of  aurin  by  any  of  these  methods  amovnts 
to  leas  than  10  p.o. 

Pnpertk§. — ^Anrtn  orystaUises  in  gamet*red 
rhombic  formn,  whicdi  a]>pear  rose-rod  by  trans- 
mitted, and  show  a  sky-blue  lustre  by  reflected, 
light ;  it  does  not  mAt  at  820^.  Li  aloohol  and 
acetic  acid  it.  dissolves,  formiiii.;  ydlow-rofl.  and 
inalkalisaud  ammonia  carmine,  i^)lutions.  Aurin 
combines  with  sulphur  dioxide,  forming  the 
compound  H  .SO, +  (r,jr,,0,)_,  i  4H  J).  wh:^h 
crystallL'<ea  in  red  cubes  and  cubic  octahcdra, 
showing  a  green  metalUe  lQsto»(D.  and 8.  Annalen, 
\m,  184  ;  Z.  Annalen,  202,  200) :  it  also  combines 
with  alkaline  bisulphites  (D.  and  8.).  Acetic 
anhydride  converts  it  into  two  triaceiyl-  com- 
pounds, Ci,H„0«(CiHsO)3,  m.p.  171"-] 72^  and 
146*-149",  from  each  of  which  aurin  can  l)o 
regenerated  by  hjdrolysis  (Herzig  and  Smolu* 
chowski,  Monatsh.  15,73  ;  Herzig,  ibid.  17,  191). 
Bromine  reacts  with  it  in  acetic  acid  solution  to 
form  ttirabrommtrin  CjjHijOjBr^,  which  yields 
violet  solutions  with  alkali.'^,  and  in  acid  solution 
lA  a  dark- violet  dye  for  e;ilk  and  wool  (D.  and  8. 
Annalen,  196,81;  compare  Z.  Monatsh.  4<i5; 
Ackermftnn,Bpr.  17, 1624).  With  io<line  in  alkaline 
solution,  or  electrolytically  with  |)otassium  iodide 
and  an  alkali,  aurin  yields  a  /nibdo*  derivative 
CjjH,,0|K.  for  which  snmo  pharmac*»ntiral 
value  IS  claimed  (Claaaen.  1>.  R,  J'u.gCy^yf  ^^oogle 
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M»y  27, 1 894).  Tttrnnitroamrin  C,  ,H ,  „0,( NOj)„ 
m.p.  HO®,  and  several  ethyl  ethors  h;i\ i-  hrm  jnv- 
pared  hv  Ackermann  {Lci  iot  awindinulhyl  ether 
(•,,H,j6(()('H,),,  set  Henig,  M«vn«tB!i.  «>, 
When  an  alcoholic  solution  of  auriii  is  >jit iirati-d 
with  anunoniau  awrin-ammonia  Ci^Hi^OaiiNH,}, 
18  obtained  ;  tniii  ervBtidliiie^  !n  dark-ml  needles, 
und  rapidly  li)>fs  i\iiiiii«itiia  uii  cxiiosun-  t<>  air. 
If,  however,  auriu  is  hoaU^  with  aqueous  or 
alooholio  ainniotua  at  I80'^-2(H)"  for  20  houn,  it 
yields  paraleucaniliiu'  (T).  niid  S.  Annalen,  19<>, 
75) ;  aiul  airoiiar  trvatmeat  with  methylamiue  aod 
aiuUiiA  reaolta  in  the  formation  of  trimethyl- 
and  triphenyl-  rosanilitu'  rc-ip  rtively.  R«  <luc- 
ing  agents,  and  zinc-Uust  with  aoetio  aciU  in 
particular,  convert  it  into  jtataltiMMMnn 
( 'Hi  ' 'uH4-OH)3,  whit  h  (T\  stalliM-.s  from  alcohol 
in  colourieeu  lustrous  nuc<Uc8,  docs  not  melt  at 
190*,  yields  a  friattt^  derivative,  nelting  at 
l^S^-i;?!)**.  and  on  oxiilation  witli  |H'rmanjj»ratp 
or  fcrricyanido  of  potassium,  does  not  yield 
aurin.  but  an  umletmnined  red  product  (Dale  and 
Schc»rl<-tnmer;  Zulkow^ki;  Cam  and  fJrnfhp,  I.e.). 

The  following  hydroxyaurins  have  Inren 
prepartnl  by  Nencki  (J.  pr.  Clem.  [2]  25,  275): 
cresolaurin  <\  H,oO, ;  reHautitl  C|t^l«0«; 
andoroiuolaurin,  C!,jU|gO|.. 

Other  hydroxyaurin«,  and  fieveral  aorin- 
carh(^x}lic  aciib)  have  been  made  by  N.  Caro's 
process  (/.c,  Bw.  25,  2671 ;  J.  K.  Oeigy 
and  Co.,  D.  R.  P.  49970;  E.  P.  3333  of 
1889).  For  example,  n  nrintr  iearhoxylic 
acid  qC'»U,(0HieU,HJa:t;,H3(0H):  O  can 
be  obtamed  (a)  by  diasolvin);  salicylic  acid 
(2  parts)  in  concentrated  sulphuric  acid  (15 
part«)  and  methyl  alcohol  (4  parts),  warming 
the  solution  toOO^-TO*^  and  adding  solid  sodium 
nitrite  parts'!  ;  {}>)  by  a<lding  aalioylic  acid 
(2  parts)  to  a  Miluiitm  of  80<lium  nitrite  (1  jiart) 
in  ooncentrateil  siUphuric  acid  (10  parts),  and 
adding,  with  constant  stirring,  either  ft)rmalin 
(O-.*)  nart)  or  methyial  (0  4  part)  The  product, 
a  n><l  jK)«der,  forms  lakes  with  metallic  oxides, 
of  which  that  with  chromic  oxide  i>4  the  most 
viilualile,  being  fa«t  to  soap.  The  ammonium 
salt  has  found  employment  in  calico-printing 
under  tb  ■  nurM'-  chrnmf  violet. 

(2)  Methylaurm  t\i„H,,(>,  tryst«lli.«u^«  in 
■nuiJl  bri«>k-re<l  ervi'talH  with  a  gnnm  metallic 
lustre.  Bnmiine  in  acitic  arid  converts  it 
into  the  eomiKmml  t  ,„11  ,.Br4()^.I115r  +  2H jU, 
which  on  boiling  with  water  yields  trirnbromo- 
imlhylnuri'n  ;  this  di^^soIvc'H  in  alcohol  with  a 
violet-rtMl,  and  in  alkali-^  \\  \th  a  magentA,  colour. 
On  reduction  \Mtli  /inc-dnst  an(l  acetic  aci«l. 
mrthvlaurin  yields  tho  Uuco-  ba-w  tV-oHigO,, 
ers.-tallLsing  in  colourles.s  rhombic  ne<>dlus  (Z. 
l.r.  :  Monatsh.  3,  471). 

(3)  PseadorOSOliC  acid  {corolUnphthalin  or 
phtnolrnraUin)  Cj^Hj.Oj,  is,  together  with  other 
amorphous  .substances,  tho  chief  constituent 
of  eorallin.  In  colour  ii  is  red,  with  a  green 
metallic  lustre,  and  on  oxidation  with  [X)tasrtium 
p^Tmanganate  vield.s  corallinphthaleln. 

(4)  Zulkow.ski  (M.inat.-^h.  If5.  3<i3)  .state?  that 
eorallin,  when  pr»j>ared  fn>n»  pure  phenol, 
eont«in.«,  in  addition  ti)  aurin,  tuo  colouring 
matters  of  th<'  formula  t'jgll,,U4+H,0  and 
( '  .„H  ,  ^O^  -f  H  ,( ).  of  which  the  former  is  precipi- 
tate«l  from  solution  in  alkali  by  carbon  dioxide, 
and  the  latter  is  not.  Further,  two  isomeric 
■ubetauces,  destitute  of  tinctorial  properties. 


of  the  fcrarala  Ci,H,«04,  are  contained  in  Hie 

filtrate,  after  precipitation  with  carlion  dioxitle, 
and  roooverea  from  it  by  neutrajinatinn  with 
hydrooMorio  acid;  they  we  termed  and 
B-aurin  oxidof.  Tho  natttre  of  these  four 
subntancoa  is  unlmown. 

(5)  In  addition  to  the  foregoing,  phenyl 
ortho-oxalate  (',,H,,0-  ttublimcs  durini!  the  pn*- 
paration  of  aurin,  and  is  found  on  the  lids  of 
the  aurin  pots  in  the  form  of  colonrtoss  needleti. 
meltitiu  'it  128*.  It  plays  no  part,  however,  in 
the  furmatiou  of  aurin,  but  i«  {voduccd  by  the 
action  of  phenol  vaponr  on  anhydrons  oxalic 


acid  fflapar" 


1  Sm  th.  num.  See.  Traiia. 


18^,  358 :  8taub  and  Smith,  Ber.  17,  1740). 

FMODIb  {rti  eomtlin  or  mtnn  J?.)  is  pre* 
j>are<l  by  heating  '2  ]  i  t  f  (m  IIow  i  eorallin 
and  1  part  of  aqueous  ammonia  (sp.gr.— 0*91) 
in  an  autoclave  at  186M40^,  until  a  test  sbows 
the  dcsinil  shade;  the  product  i.-  then  pOQlvd 
into  water  acidified  with  sulphuric  acid. 

PsBonin  is  a  dark^red  'amorphous  maas, 
with  a  green  metallic  lustr<%  and  is  a  mix^d  pro- 
duct containing  among  other  compounds  isoxsw 
pararosaniHne.  It  is  insoluble  in  water,  bnt 
solublr  in  nlr  h  t  rtnd  alkali.s,  \icMiiig  purph--n  d 
solutions ;  acjds  do  not  aliect  tho  colour  of  its 
solutions.  With  wool  and  silk  it  gives  shndea 
intermediate  between  those  of  tnageata  mad 
cochineal. 

CkMely  related  to  anrin  is  teamirill  (phemd- 

bensHn)  Ci,H„0,  or  o^i'll  =  ^'•"«  '  ^ 
obtained  by  gently  heating  1  mol.  of  benzo4n> 
chloride  with  2  mols.  of  anhydrous  ]ihen(.l,  re- 
moving excess  of  phenol  bj-  steam  tlii*tillat  ion, 
extracting  the  residue  with  sodium  bisulphite, 
and  i)rtci|iitating  the  filtrate  with  hydrochloric 
acid  (l>o<  bner,  Ber.  12,  1402  ;  comfiare  Homolka, 
Ber.  18. 1188).  It  crystallises  in  brie k- red crjrstals, 
melts  at  about  100*,  is  insoluble  in  M-ater.  but 
s<»luble  in  alcohol,  ether,  and  acetic  mid.  Alkalis 
dissolve  it,  yielding  violet  solutions.  The 
acftt/l-  derivative  melts  at  119°.  On  reduction 
I  with  zinc  and  hydrochloric  acid,  bcnzaurin  is 
converted    into  dihydioxytriphenylmethaiie 

Resofeinolbenzeln  <',»,H3„t>,  'Doebni  r.  Ber. 
13,  010;  Annalen,  217.  2:i4  ;  \kiien-.  f.  Ani- 
linfab.  in  Berlin.  1).  H.  I'.  4:}->2 ;  K.  \\  T2S 
of  1878)  is  obtained  by  heating  I  niul.  «»f  Unuo- 
triohloride  and  2  mols.  of  rewircinol  at  180*— 190^. 
It  <Tvstallisos  in  large  violet-red  i)ri<5ms,  ap)>car- 
ing  yellow  by  transmitted  lii-dii,  is  insoluble 
i  in  water,  ether,  and  benxent-,  has  a  yellow  itih< 
green  fluorescence  in  dilute  alcohnlir  solution, 
and  yields  a  6roi?u>- derivat  jvi;  which  is  s]  Mirin'..'ly 
soluble  in  all  onlinary  solvents,  and  dv  t-i  wchA 
and  silii  in  shades  similar  to  those  |iro(luc«d  by 
eosin. 

HosoLio    ACID    (fOASiirtti)    C.«HitO*  or 

OH ■(  'h *((  'H         ' ^•^« * ^ " formed  by dttso* 

ti.Hing  roeaniline  (Caro  and  Wanklyn,  C'hem. 
News.  14,  37 ;  compare  Zolkowiihy,  JMon*teh. 

10,  .39.^)). 

PrrporatioM. —liOO  grams  of  rosaniline  an* 
flisBolved  in  1^  litreeof  concentrated  hydrochloric 
acid  <lilttted  with  14  litres  of  water,  and  the 

filtcrid  brownish-yellow  solution  diluted  \»ith 
ir>0  litroA  of  water  is  treated  with  a  <lilute  »!olu- 
,  tion  of  sodium  nitrite  until  ^be  rogi^u^o 
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•Inort  Irai  not  quito  disn  ppared.  The  whole  is 

then  heaU'd  gradually  fo  boiling,  and  filtered 
after  the  evolutioa  of  nitrogen  haa  ooasod.  On 
eodin]^,  nwolio  add  aepemtes  in  hteferone 

brDwnish-i^rccn  crvstals,  and  is  purifie<l  hy  t]\<- 
Milving  in  aoda  lay,  saturating  tho  solutiun  with 
adplrar  dkndde,  ffltoring  ana  precipitating  tho 
"mfxjund  by  addition  of  a  mineral  acid  to  the 
aearly  colourleea  filtrate  (Caro  and  Graebe, 
AnnMen,  179,  192). 

I'rojxrtirM. — Rosolic  acid  crj'stallises  from 
dilute  alcohol  in  rubv-rod  crystals,  or  in  greeniKh 
aealea  wHh  a  metallic  lustre,  doea  not  melt  at 
270*.  and  is  insoluble  in  benzene  nnd  rnrl>un 
bisulphide,  very  sparingly  soluble  in  vsater, 
solnble  in  ether  and  aoetio  acid,  and  readily 
soluble  in  alcohol.  In  alkalis  it  (lissolves  with  a 
red  colour,  which  in  very  thin  layers  is  bluish- 
red*  and  in  thick  layers  is  yellowish-red.  In 
dihte  solution  tlio  colour  change  from  i>ale 
jrdlow  to  red  on  the  addition  of  alkali  is  sufli- 
eiaatljr  seoritive  to  admit  of  the  use  of  the 
»cid  as  an  indicator  (Thomson,  Chem.  News, 
47,  184).  It  irt  a  fee  bio  acid,  and  yields  an  un- 
•taUe  ammonium  salt,  Ofystallii^ing  in  steel-blue 
needles.  Bromine  in  acetic  acid  solution  con- 
mts  it  into  tetrabromorottolic  acid  C,oHi,Br40t, 
which  erystaliiees  in  lustrous  green  scaJea,  dia- 
kIvcs  in  alkalis  with  a  violet  coloiir,  and 
with  reducing  agents  yields  tho  Uuco-  com- 
pound. When  heated  with  aoetio  anhydride 
at  150°-2(K>'*,  it  forms,  amont»  other  comjMnmds, 
triacetylloucorosolic  acid  (ro.p.  Hh'-HO")  ; 
U*i(oromlic  acid  CjqH,/),  itself  beins  obtained 
l)V  r«.'<bicin(»  rosolic  acid  cither  with  sodium 
amali^am  or  with  zinc-dust  and  noda  ley  (Caro 
and  (jlraebe,  l.c.). 

A  colour  reaction  for  rowdic  aci<l  has  been 
(lescrilKMl  bv  Alvarez  (Ann.  C'him.  anal.  12,  0). 
To  obUin'  it,  (MNM)-1  gram,  with  0-2-0-3 
pram  of  so<lium  pcroxi«le,  is  mixed  with  5  o.c.  of 
alcohol,  and  after  4-ti  minutes,  If)  c.c.  of  water 
are  addc<l,  w  hen  an  intense  purple  colouration  is 
obtained  which  is  not  destroyed  Viv  wat<.'r. 

Azalln  or  Azurin.  Blue  ct.iouring  matters 
to  which  thiM*e  names  have  been  given  an  ob» 
taine<l  by  boating  (yellow)  corallin  with  aniline 
(D.  and  S.  Annalen,  166,  294;  (Juinon,  Mamas 
■ad  Bomiet,  l.c)  or  rosolic  acid  with  aniline 
or  various  (liamines.  By  substituting  phenyl- 
hydrazine  or  other  hydrazines  for  aniline,  red 
dves  known  as  rhodazlnes  are  ol)t«ined  (Ville, 
D.  R.  P.  «>S436;  Eng.  Pat.  UmS),  27775  of 
1896 ;  D.  R.  P.  100655  of  1896),  and  analogous 
bluiflh-red  dyes  are  formed  when  aurintncar- 
boxvlic  acid  (v.  supra)  or  aurincarboxylic  acid 
(Vidal,  Eng.  Pat.  5635,  5(>80,  of  1897)  are  subeti- 
tuted  for  corallin  or  aurin. 

The  hoxamethoxy-  derivatives  of  aurin  and 
rosohc  acid  are  <lescribe<l  under  KuPlTTOinc 
AODlY.'.).  W.  P.  W. 

AURUM  MUSIVUM  or  MOSAICUM.  Monic 
gold.  Made  by  triturating  an  amalgam  of  2 
parte  tin  and  1  of  mercury  ^vith  1  part  sal 
aramoniac  and  1  of  sulphur,  and  subsenuently 
ifubliming.  Used  as  a  bronzing  jx)wdcr  for 
piaster  figures  (v.  Bronze  powdeks). 

AUSTENITE.  a  solid  solution  of  carbon  in 
iron,  of  variable  ct»mjK)sition :  is  a  con.«»tant 
constituent  of  .st^-eln  containing  1*1  p.o.  of  carbon 
or  mrire  when  cooled  rapidly  from  a  tem]>erature 
of  1100^-1500°.    It  may  be  obtained  pure 


by  quenching  a  nteel  oontaining  O'M  p.e.  carbon 

and  I'OT  ]).c.  niani;ane';e  from  1050"  in  108- 
water  (Maurer.  M^tallurgio,  1909,  6,  33).  Steela 
eontaining  13  p.o.  of  mai^fanese  or  25  pkO.  of 
nirk'  l  contain  oulj  ftuiteoito^  and  aio  Boit  and 
non- magnetic. 

Under  the  mieroaoope  anatenite  ia  reoogniaed 
by  its  soft  tK-^s  as  compared  w  ith  'martetuite,*  with 
which  it  ia  usually  associated ;  by  its  stmctureless 
appearance  and  by  the  brahtnesa  of  an  etched, 
iK)lished  section  (La  ChatoBer,  Revue  do  JA&al' 

lurgie,  1904). 

AUTAN.   A  mixture  of  solid  (polymerised) 

formaldehyde  and  the  dioxides  of  barium  or 
strontium,  used  in  the  disinfection  of  living- 
rooms.  On  mixing  the  powder  with  water,  a 
rapid  disenga^(>metit  of  formaldehyde  vapour, 
mixed  with  oxygen,  occurs. 

AUSTRALENE  v.  Ti  ui  kntine. 

AUSTRIAN  CINNABAR.  Batic  Uad  ekro- 
mate  (v.  Chkomicm). 

AUTOCLAVE.  An  apparatus  constructed  on 
the  ])rinciplo  of  Papin*n  digestt!r,  for  heating 
liquids  at  temperatures  above  their  boiiing- 
pointa.  Autoclaves  are  usually  made  of  cast* 
iron  or  steel,  occasionally  of  copp<T,  and  in  some 
case^i  of  sheet-iron  or  steel.  ('aHt-iron  auto- 
claves are  sometimes 
strapped  w  ith  steel  rings 
for  greater  security. 
They  are  often  enamel- 
led or  lined  with  sh'-et- 
tin,  load,  copjx'r,«»r  zinc. 
Metallic  linings  are  now 
soldered  rii^idly  to  the 
surface  of  the  autoclave. 
They  are  fitted  with  a 
pressure  gauge  and 
safety  valve,  and  tubes 
for  the  inaertiom  of  ther- 
mometers, and  are 
usually  doaed    by  a 

screw  or  flanged  cover,  w^orking  against  a 
lea<Ien  washer,  and  are  heated  either  by  the 
circulation  of  hot  oil  or  in  a  bath  of  moIt«n 
lead.  Aa  they  have  frccjuently  to  sustain 
pressures  of  from  20  to  30  atmoe.,  they 
are  tested  before  use  by  hydraulic  preasure. 
Ooeaaionally  they  are  provided  with  agitators 


Fio.  2. 


Fig.  :J. 


working  through  stuffing  boxes,  in  order  to 
ensure  thorougn  mixing  of  the  contents  when 
heated. 

Fig.  4  show-s  a  mcthocl  of  withdrawing 
portiona  (rf  tho  otmtenta  of  an  autoclave,  or^ 
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AUTOCLAVE. 


adding  liquid  uritliont  remoying  the  oover, 

vhon  the  apparntus  is  in  use.  The  thveo-way 
valve  A  is  aUjust^  so  as  to  prevent  pusage 
through  the  pipe  «.  In  order  to  withdraw  a 
sample,  iho  1  linH^>- wn  v  cock  B  is  made  to  communi- 
cate with  b  and  d,  and  the  valve  A  turned  with 
a  jerk  so  as  to  connect  e  with  6 ;  the  sample  is 
th«i  withdrawn  at  rf.  To  c()rTi])1<  toly  remove 
the  ohai;ge  the  valve  a  is  loft  open  for  home  time. 
In  working  without  pressoie  the  air-cock  o  is 
opened,  and  commnnication  established  between 


Via,  4 

h  and  c  and  a'  and  b  ;  h  and  r  are  tlien  filled  with 
liquor  identical  in  conatitution  with  that  con> 
tuned  in  the  apparatus  obtained  from  a  previous 
operation.  The  rontcnts  of  tho  ves!-o!  aro  then 
leinoved  bv  restoring  the  communication  between 
e  and  b  and  b  and  d.  To  introduce  liquor  into  the 
apparatus  without  n-mnvinn  the  cover,  tlie  air- 
cock  C  is  opened,  and  the  funnel  a'  made  to  com- 
munioate  with  the  pipe  e  by  regiUating  the  valve  a. 

8ometiIlH••^  it  is  more  eonvcnieiit  ,  a.s  shown  in 
Hff.  2p  to  provide  a  loose  container  for  the 
substanoe  under  treatment.  J.  W.  H. 

AUTOLYSIS.  A  physiohtsicnl  term  sipnifying 
self-destruction,  and  used  to  indicate  the  de- 
stnietive  oliangra  (apart  from  pntrefaotion  due 
to  Diicro-orfranisms)  wliich  occur  in  cells  after 
death  or  removal  from  the  Uviug  body.  These 
changes  are  due  to  the  aotion  of  intnH»ellular 
enzMiie.s,  and  are  analapous  to  those  wliich 
occur  in  digestion ;  indeed  the  t«rm  auto-^liges- 
tion  is  sometimes  employed.  The  study  of  such 
rlnnLT'-s  is  important  because  it  is  believcil  that 
the  change  after  death,  when  the  cells  are  still 
*  surviving;'  for  a  time,  are  identical  with  those 
which  occur  durintt  life  and  rt\sult  in  tlu-  fornri- 
tion  of  wast  substances,  the  products  of  vital 
activity.  During  life,  iiowover,  the  destructfve 
chanL'os  arc  counterlmlanccd  by  chanpes  in  the 
oppi)i3ite direction  by  «  hieh  the  cells  build  them- 
auves  up  from  food  materials  to  repair  their 
wear  nnn  t'-ar.    Assimilation  of  this  Idnd  ia 

obviously  impos^ble  after  death.   

AUTUmTB   or    CALOO  •  URAHITB.  A 


mineral  consisting  of  hydimted  phosphate  of 
Uiaainni  and  calcium  Ca(UOj)2P20g-8H,0,  which 
within  recent  years  has  been  somewhat  ex- 
tensively mined  as  an  ore  of  uranium  and  radium. 

It  IB  a  member  of  the  isoitmrjihous  group  of 
minerals  known  as  the  '  uranium  micas,'  which 
crystallise  in  square,  tetragonal  (or  very  nearly 
square,  orthorhomlii<  )  ]ilates  with  a  ]vcrfi*ct 
micaceous  and  pearly  elcavuge  parallel  tu  their 
surface.  In  the  orthorhombie  autunite  tlie 
colour  is  charact«Tist ieally  sulphur-yellow,  or 
sometimes  with  a  greenish  tin^c,  so  that  this 
mineral  is  readily  distkignined  from  the 
emerald-green  torbernite  or  cupro-uranito.  Sp.jrr. 
3*1 ;  H.  2-2^.  It  occurs  as  an  alteration 
prodnot  of  pitchblende,  and  is  often  found  as 
a  scaly  encrustation  on  tho  joint-planes  of 
weathered  granite  or  gneiss.  The  more  im- 
portant localities  are  St.  Symphorien,  near 
Autun  in  Franco  (hence  the  name  autunito)  ; 
8t.  Just,  Redruth,  and  Gram)X)und  Road  in 
Gomwall ;  Johanngeorgenstadt  and  Falken* 
stein  in  Saxony  ;  Bfack  Hills  in  South  Dakota  ; 
and  Sabugal,  near  Guarda  in  Portugal.  At 
the  last-namied  looality  several  mines  have 
recently  been  openwl  up ;  the  crude  ore  is  here 
leached  with  sulphuric  acid,  and  thc^  extracts 
sent  to  Fkris  for  further  treatment.     L.  J.  S. 

AVA  or  Kam-knm.  The  r(M»t  of  Piprr 
methyslkum  (Forst,  f.),  growing  in  the  inlands 
of  the  Pacific.  It  is  taken  as  an  inU^eant  by 
the  natives,  and  ia  used  as  a  drug  on  the  <%)n- 
tinent.  It  is  often  aduheratwl  with  niatieo 
and  annatto  (Pharm.  J.  [3]  7,  149). 

AVENTURINE  or  AVANTURINE.  A  variety 
of  quartz  found  at  Capa  de  Gata,  Spain,  »]>angled 
throngliont  with  minnte  ydlow  scales  of  mica, 
is  known  as  avonturine  quartz.  An  aventurine 
felspar  or  nunstune  is  found  at  Tvedestrand, 
Norway.   It  is  used  for  anaments. 

Artificial  aventurinef  Or  ^isM,  or  gold  flux, 
was  manufactured  for  a  long  peaiod  at  the  glass* 
works  of  Murano,  near  Venice.  It  may  bo  pre* 
pared  by  adding  to  100  parts  of  a  not  too  re- 
fractory glasfl,  8  to  10  parts  of  a  mixture  of  equal 
parts  of  ferrous  and  cuprous  oxides,  and  allowing 
the  mixture  to  cool  very  slowly  so  as  to  facilitate 
the  formation  of  crystals. 

Aventurine  glaz(  for  porcelain,  invented  by 
Wohler  (Annalen,  70,  67),  is  prepared  by  tiuelv 
grinding  31  part«  Halle  kaolin,  43  quarts  sand, 
l4  gypsum,  and  12  porcelain  fragments  ;  making 
the  whole  into  a  pa8t4<i  nith  300  parts  water,  ancl 
adding  successively  19  parts  potassium  dichro- 
mate,  47  lead  acetate,  100  ferrous  sulphate,  and 
sufficient  ammonia  to  precipitate  the  whole  of 
tiie  iron.  After  the  sdnlm  potash  and  am- 
monium salts  have  been  wadiea  oat,  the  glasing 
is  ready  for  use. 

AVfaHON  GRAINS.  The  seeds  of  Wummw 
i/(/(C/oriiM,  employed  in  dyeing  for  tlio  produc- 
tion of  yellow  colours  (p.  Rhamnin,  art,  Xan- 

THOBHAlOnST). 

AVOCAOO  PEAR  or  ALUGATOR  PEAR. 
Tho  fruit  of  Persea  graiimina,^  tropical  product. 
The  fruit,  which  usually  weighs  from  4  to  6 

oz..  consists  of  rind  (about  8  p.c),  flesh 
(G7  p.c),  and  a  large  *  stone  '  or  *  pit '  (about 
25  p.c. ).  Acoording  to  Frinsen-Geerlings  (Chem. 
Zeit.  1897,  21,  715),  the  fle.sh  contains  : 

Olooote    Fmctose    Saocbartwe    Total  sootf 
0^0       046         O-Se  1*72, 
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The  flffih,  ^ieh  has  a  nut-like  flaTonr,  id 

u-^uiilly  rat  en  witli  ]»"))per  and  salt.  An  analysis, 
made  by  Jamicsou  CCbem.  News,  1910»  102,  61), 

Wator  BtiMTttctncft  Prot«ia  Sugar  I'ii  rr  Ash 
66-9  10-6  5-7      M      4  0  2-i) 

Tho  ether  extract  was  green,  and  contained 
about  4  p.c.  of  resins.  After  their  removal,  an 
oil.  resembling  that  of  bergamot,  was  obtained, 
which  had  an  iodine  value  of  29*9,  and  saponi- 
fi<:'Hti.iii  ^  .iliK'  o[  207.  H.  I. 

AVOCA0O  PEAR,  OIL  OF.  An  oU  obtained 
from  the  oleaginons  ^it  of  tho  Per  sea  gratisnma. 
Hofmann  stat^l  that  for  the  purposes  of  tho 
poapmaker  this  oil  woukl  be  aa  valuable  as 
palm  oil. 

AWAL  or  Tartoar.  An  Indian  drug,  tho 
bark  of  Cassia  anricvlato  (Linn.)  (Dymock, 
Pharm.  .T.  [3]  7,  977). 

AWL  A  I.  Amlaki. 

AXIN.  A  waxy  secietioa  of  a  Mexican 
rhynchotrous  insect  Llaveia  axiniu  -which  feeds 

on  Sjiotviifi.-i  luif  fi,  Xanihoxyhim  Cl'iia-hrrculis, 

and  Z.  penta»om& ;  has  the  oonsisteooe  of  butter, 
the  smell  of  ranoid  fat,  and  a  yoEow  colour. 

yhAts  at  ."is",  and  is  ."-olublo  in  hot  alcohol  and 
ether.  Rapidly  absorbs  oxygen  from  the  air, 
becomii^  brown,  hard  and  insoluble  in 
alcohol  anil  i  ther.  Is  readily  sajwnified,  yioW- 
ing  axinic  acid  and  glyoeroL  It  tesemhlee 
Japan  lao  and  forms  an  excellent  Uuiqtier  for 
Mooi],  nn'tal-,  and  pottery  (Bocquillon,  J.  Pharin. 
C  him.  1910,  2,  406  j  J.'  Soo.  Chem.  Ind.  29, 
1320). 

AZADIRACHTA,  Morgana,  or  Xlm.  Tho 
bark  of  the  nim  tree,  Melia  indica  (Brandis) 
f if.  Amdirtitkla'],  is  eommonly  used  m  fioidia  as 

a  foiiif  and  fehrifugo.  It  contains  a  bitter  resin. 
An  oil,  in  medicine  and  l<x  burning  is 

expreesed  from  the  seeds,  whieh  on  saponifica- 
ti  m  yieldc<l  35  ]>.c.  of  fatty  aoid  HMltmg  at  dfft 
and  65  p.c.  melting  at  44**. 

AZELAIO  ACID.  Upargylic  aeid.  00,H- 
fCH,),-COjH.  It  is  obtainerl  l)v  oxidising 
Chineiie  wax  (Buokton,  J.  1867,  303),  cocoanut 
oil  (Winr.,  Annalen,  104,  261 ),  or  cartor  oil  ( Arppe, 
Annalen,  12  f.  80)  with  nitric  acid  :  1  v  the 
oxidation  of  oleic  aoid  with  potassium  perroan* 
gumte  and  oaustio  potash  (Ehmed,  Chem.  8oc. 
Trans.  I  Sns.  R27).  and  by  the  oxidation  of  keratin 
(hcKn  shavings)  with  permanganate  (Liiisizin, 
Zeiteeh.  physioL  Chem.  1009, 320).  It  is  formed 
together  with  other  pnxlucts  when  fats  or  oleic 
acid  become  rancid  (Scala,  Chem.  Zcntr.  1898, 
i.  439%  It  has  heen  syntheeised  from  penta- 
methylene  hronndo  and  sodium  acetoacetatc 
(Haworth  and  Perkin,  (Jhcro.  Hoc.  Trans.  1894, 
and  has  been  obtained  by  deoomposmg  the 
ozonide  of  oleic  acid  (Molinari  and  Soncini. 
Ber.  1906,  2735;  Harries  and  Thiome,  tbid. 
1908,  2844 ;  Molinan  and  Fenaroli.  ibid.  1008, 
2TSn).  It  is  beet  prepared  hy  oxidising  with 
potassium  permanganate  an  alkaline  solution 
of  licmoleic  acid  OTtained  by  the  hydrolysis  of 
castor  oil  (Maqncnno,  Bull.  Soc.  chim.  1899, 
(tiL)  21,  106;  Hazura  and  Criissner,  Monatsh. 
9.  47ff)i  Ar.elaic  acid  cry.'>tallise8  in  colourle^ 
]«Ute8,  m.p.  106-2*  (Massol,  Bull.  Soc.  chim. 
[3]  19,  301),  and  is  readily  soluble  in  alcohol, 
less  soluble  in  water  or  ether.  By  heating 
a/claic  acid  with  so<la  lime,  nzrlnont  (cyrlo- 
nonanone)  C'.HnU,  b.p.  205°  (circa),  is  obtained 


(Miller  and  Tschitschkin,  Chem.  Zentr.  1890, 

ii.  181);  Harris  and  Tank  (Ber.  1007,  4555) 
have  shown  that  a  complex  mixture  of  cyolo* 
ketones  is  obtained  by  distilUng  the  calcium 
salt  of  azelaic  acid.  Azeln'r  nnhijdridc  is 
ohtainod  bv  hcatint;  a/.elaic  acid  with  7-H  pt.". 
of  acetyl  rhloride.  It  melta  at  &G°-57°  (Etaix, 
Ann.  I.  ':iini.  I'll  vs.  [7)  9,  899). 

AZELAONE  r  AzKT.Air  actd. 

AZIDINE  BLACK.  -BLUE,  -BORDEAUX, 
-BROWN,  -FAST  RED,  -FAST  SCARLET. 
-GREEN.  -ORANGE,  -PURPURINE, -YELLOW. 
-VIOLET,  -WOOL  BLUE  v.  Mo-  coLiJUia^iG 

M  \  I  :  !■  K.S. 

AZIMINOBENZENE  v.  Biazo  coMroTTNDS. 
AZIMINONAPHTHALENES  v.  Diazo  com- 

POUM 

AZINES  (QuinoxaMnes)  Azonlum  baMM, 
and  colouring  matters  derived  Irom  them. 

DifinUiim. — ^The  term  'azines'  has  been 
^iven  to  a  group  of  organic  ba.*?**?,  which  cont-ain 
in  their  moleculo  as  an  iutriu2»iu  part  of  thuir 
constitution  a  heterocyclic  hexagonal  ring,  built 
U]>  of  four  carbon  and  two  nitrogen  atoms, 
arraugccl  in  such  a  lutmner  that  the  nitrogen 
atoms  stand  in  pitra-poaition  to  each  other, 
whil^'t  the  four  carbon  atoms  are  dispooed  in 
two  pairs  between  titciu,  thus  : 

Tlie  t<  rrn  '  azine,'  first  proposed  by  Merz,  is 
not  happily  chosen,  and  is  even  misleading,  as 
it  enten  into  the  namea  <rf  other  nitragen 
compounds  of  a  diffareat  eonstitation*  such  as 
the  hydrazines. 

The  name  *  qufatoxalme  *  was  given  by 
HinslxTg  to  compounds  which  al^o  correspond 
with  the  above  definition.  It  was,  therefore,  con- 
sidered for  some  time  as  sjnionymoitt  with  the 
woffl  '  azine,'  ^vbich  latter  wa.*:,  however,  more 
frequently  used.  In  later  years  it  has  become 
ottttomaiyto  distinguish  between  the  twoterms, 
and  to  use  them  for  the  two  tantoinerio  fonna 
in  which  these  bases  occur  {su  Theory). 

The  name  '  aconinm  basea  *  has  been  given 
by  Witt  to  a  class  of  organic  bases,  derived  from 
the  aziues  by  tho  linking  of  an  organic  radicle  to 
one  of  the  nitrogen  atoms,  whereby  this  atom 
pa.'^ses  from  tho  trivalcnt  into  tbe  pentavalent 
state,  a  process  which  results  in  a  very  marked 
ehange  of  the  iwopertiee  of  the  sobBtanee. 

"Both  the  azines  and  azonium  bases  possess 
tho  nature  of  powerful  chromogens,  tho  in  tero- 
oyolie  ring  above  mentioned  being  endow  e<l  with 
Htront;  chromophoric  properties.  Being  highly 
basic  and  capable  of  asaumiug  a  quinonoid  ntruc- 
tore  (SM  TAeory),  they,  and  eapeoially  the 
azonium  ha?pf.  possess  to  some  extent  the 
nature  of  dvcstutlV,  which  is,  however,  much 
more  strongfy  developed  by  ttie  introduction  of 
e-cparato  auxochromic  pronps.  A  very  larco 
nuinbi-r  of  powerful  colourini;  niatU-rs  of  great 
intensity,  variation,  and  purity  of  shade  may 
thus  be  obtained,  sorao  of  wliirh  have  acqtiinxi 
con.<'iderable  practical  imy»ortance.  .Acconltng 
to  their  con.«ttitution,  which  is  in  almost  all  cases 
completely  cleared  up,  thoy  have  been  classified 
int*)  groups,  which  havo  received  i5fe|i^,^*Bw^oOgIe 
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eurhodincB,  ovrhodola,  ssfranines,  aa- 
franolF.    n  posafranines,  indvlinea,  and 

fluoriudincH. 

The  investigaikm  of  the  asin««  and  iheir 

(lerivati\es,  which  was  accomplishcil  by  a  num- 
ber of  chemists  duriixg  the  last  20  yean  of 
the  nkietieenth  oeoturjr, lias  been  of  eorariderable 
importance  in  the  devclopincnl  of  our  jtrcsctit 
views  on  the  ooostitutioa  of  colouring  matters, 
and  eHpoeially  in  the  adoption  of  the  modem 
quinonoid  Ftnictiual  loinilllJn  for  the  great 
majority  of  them. 

Hidonf. — The  two  mmplest  and  mfwt 
tyjiieal  im  iiihors  of  tho  nzirn  -roup,  (liphciDi/.iiic 
and  (iinaphtazine,  have  b*t'n  known  for  many 
ymm  as  '  azophenvlene  *  (C3aiis  and  Rasenaclc. 
1873  ;  Annal.  n,  If'.S,  1)  and  '  naphta*e  ' 
(Laurent,  1835;  .Vnn.  Uhim.  Phys.  69,  384), 
but  their  constitution  was  not  jtroperly  under* 
Htood  ami  their  importance  not  recognised. 
Mens  (1886,  Btr.  19,  725)  finally  proved  the 
conHliTutKin  of  the  former,  whidi  had  been  in- 
sufficiently Hubstantiated  by  ('laiis,  and  pro- 
posed for  it  the  name  diphenazmc  ;  Witt  (1886, 
Ber.  19,  2791)  determined  the  tme  natuze  of 
•naphlase.*  In  1SH4  Hinsberi?  (R<r.  17,  319) 
described  a  general  method  for  preparing  his 
ciuinoxalines,  whioh  fn-oved  most  miitful  in  the 
further  tlevclopment  of  the  subject.  Other 
general  ntethotbj  were  discovered  by  Witt,  Merx, 
Japp,  Ulimann,  and  othefS. 

The  first  eurhodines  were  prepared  by  Witt 
in  1879  and  1883.  Ho  rLcogniiiod  Uiat  they 
formed  a  new  class  of  dyestuff.s,  and  also 
that  they  ^^ere  rclatid  to  the  safranitus.  He 
det<«rmined  Uieir  constitution  in  I88d  (Btr.  19, 
44 1 )  by  showing  that  they  are  the  amino-  deriva- 
tives of  the  azines  or  quinoxaline.-j.  At  the 
same  time  he  discovered  the  first  eurl)u<iol.  The 
natural  oonsequence  of  this  discovery  was  the 
elearin?  up  (»f  the  nature  of  the  sjjfriinines, 
which  were  n^cognised  in  the  same  y<  ar  simul- 
taneous«Iy  and  independently  by  Witt.  Xi(  tzki, 
and  Bemthsen  as  ilianiitifi  f|i  ru  ni  i  ,  of  the 
(then  hyjK>thetical)  az4>tiium  i);isf>.  Ihe  first 
repnaentative  of  this  new  class  of  bases  wee 
prepared  in  1887  by  Witt  {R(  r.  20,  1183). 

The  subject  now  laliiu  up  and  rapidly 
advanced  b\  many  chemiHts,  amongst  whom 
Nietzki  and  his  collaborators,  Kehrmann, 
Ulimann,  and  their  collaborators,  may  be  cited. 
Otto  Fischer  ami  Hepp  also  did  a  considerable 
amount  of  work  in  this  domain,  and  eflpfcially 
in  the  investigation  of  the  induliues  anil  ai>o- 
saffanincs. 

The  typical  indulines  and  safranliu  s  have 
been  discovered  by  purely  empirical  methods 
in  till'  early  days  of  the  colour  industry.  The 
simplest  representative  of  the  group,  pkeno- 
mjraninp,  was  prepare<i  by  Witt  in  1877.  Its 
phenylated  <lerivative  is  maxitmne,Xh-  \\t^\  arti- 
ficial dyeiituff  pre|>ared  by  W.  11.  Perkin  in  18ofi. 

Theortf. —  It  has  been  already  stated  that 
the  ( sscntial  part  of  the  molecuk  ««(  an  azjru-  is 
the  heterocyclic  ring  consisting  of  two  atoms 
of  nitrogen  and  four  of  carbon.  Each  of  these 
six  atoms  has  three  atomicities  engaged  in  the 
formation  of  the  ring ;  the  nitrogen  atoms  have, 
therefore,  no  free  atomicities  left  («o  long  as  they 
remain  in  the  trivah-nt  condition),  whilst  ea<'h 
of  the  carbon  atoms  has  one  atomicity  free  to  Ih; 
saturated  b^  hydrugun  or  anotticr  monovalent 


element  or  radicle.  The  simplest  possible  com- 
pound of  the  kind  would  thus  have  the  formula 
C^N-H^.  It  seems  natural  to  stippose  that  it 
wouhl  bo  the  jirotutyiK)  of  all  the  aziue.'*. 

•Such  a  com))ound  exists  and  is  well  i.n  u. 
j  It  has  received  the  name  pyrazine.  Many 
clerivatives  oi  jt,  formed  by  the  substitution  of  its 
hydrogen  atoma  by  monovalent  organic  radicles 
are  also  known  ;  they  form  the  large  and 
investjgatc'd  claiiij  of  the  ketino  or  aldine  ba*t*i. 
But  neither  pjTazine  it«elf  hich  in  its  properties 
resembh's  pyridine,  to  which  it  8tiinil«^  m  thf 
same  relation  pyrkline  stands  to  benzene)  nor 
the  ketines  show  any  resemblance  to  tiie  ^rpicsl 
azincH.  They  exhibit  no  coloiirnf  io>i<,  nor  'lo 
they  form  any  drrivativos  whii  h  have  tin-  nature 
of  dyestuffs.  For  this  loason  p^xazine  and  the 
ketines  are  no  longer  eonsidered  as  belonging  to 
the  azine  group. 

The  characteristic  properties  of  the  azincM 
only  apjjear  in  compoun<ls  in  which  at  k'A4 
one  other  ring  system  is  linkoci  to  the  pyrazmc 
ring,  in  such  manner  that  one  of  the  Cs-group 
of  the  latter  becomes  jiart  of  an  aromatic 
radicle.  The  process  may  be  repeated.  Thus 
the  simplest  representatives  of  the  azine  group 
would  be  com|)ounds  of  the  following  type :— 

!     H     I     I     n  I 

Ptienazinf.  INphenazine. 

The  nomenclature  of  the  tnie  azines  has  been 
chosen  accordingly.  The  aromatic  radicle  or 
radicle-*  linked  to  the  central  (or  *  meSD**)  ring 
are  prefixed  to  the  syllables  -azine. 

llic  azines  are  memben  of  tiie  aromatic 
series.  If  we  consider  them  as  such,  wo  rccoKTiisT 
at  once  a  strong  analogy*  to  other  substances 
which  contaui  heteroojrdio  zinge  linked  to 
aromatic  radicles,  such  aa: 


I      .        I  I 
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Antfaraqalnans. 
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Aeridiiw. 
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f>xailne.  Thiazlnc 
all  of  which  are  chromogens,  like  the  aunes. 

If  we  consider  the  manner  in  whieh  the  six 
atoniif'ities  of  the  two  nitrogen  atoms  r ontaiiii-'l 
in  the  meso-  ring  of  an  azine  may  be  disposed,  vc 
recogniiic  two  possibilitiea  which  axe  reprc- 
sentod  in  the  following  stnietural  formula  of 
dipheoazine : — 
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FormulA  I.  hi  the  one  first  proposed  by  Claus 
for  hiH  '  ttzophpnylene,'  and  by  Merr  for  his 
azrnes;  il.,  thu  ouu  uugKCstcd  by  UilUibtTg  iot  hia 
qumomline^  Practic^y,  there  is  no  difforonce 
U'tween  nzinr's  uiul  qtiinoxftlinps ;  they  form 
one  group ;  but  it  luia  been  for  a  long  time 
a  matter  of  opinion  which  of  the  above 
■'i>riniiln>  waa  more  adapted  to  the  proj>ortie«  of 
uw.m:  Hub»tance8.  Furnmla  i.  explaiivH  by  it« 
perfect  symmetry  the  extreme  stability  of  the 
aiine*.  tho  fact  that  they  may  all  he  diatilled 
without  the  Hlightetit  decompositiou  at  f  xtremely 


i      +  „       I  h2H,04- 

H 

tilyfoal.  e'rhepylenwHamtna. 


HO 


I'benaiiiM 
(qalaonalliie). 


It  worka  in  iiii>st  casois  so  well,  that  it  has  been 
recommended  by  its  author  (Annalen,  273,  343, 
37 1 )  as  the  best  method  of  identifying  either  an 
orthodiamine  or  an  orthodiketone.  Very  small 
quantities  of  the  ingredients  are  necessary,  oiid 
the  azine  formed  is  easily  recognised  by  ita 
melting-point  and  sulphuric  acid  reaction. 

Hinsderg'H  reaction   mtky  be  extended  to 
nitro8o-/3-naphthol,  which   w   in  reality  the 
oximo  of  ortho-naplithiu|uini)nc.    Ulliiiann  tmd 
,   .  ,  -  -,  ^.  Heialer  obtained  (Ber.  42,  4203)  UAuhthapUun' 

high  temperatures.    iormuU  U.,  cm  the  other  ,  ^^.^^  by  heating  orthu-phcnylenedUiSne  hydro- 


hand,  is  distinctly  (ortho-)  (|utnonoid,  and  con- 
stfijuently  suggestive  of  ckruuiogenic  proper- 
ties. I 

The  existing  diflfercnce  of  opinion  a.s  to  the 
constitution  of  the  azines  has  been  finally  dis- 
po<ied  of  by  the  admisaion  that  the  azinm  arc 
umloubtediy  tautomeric,  capable  of  assuming 
tither  of  the  constitutions  I.  and  II.,  accord- 
ing to  circumstances.  In  their  free  state,  in 
which  they  are  volatile  and  almost  colourless,  i 
they  possess  the  symmetrical  (azinc-)  constitu* 
ti(m  I.,  whereas  in  their  intensely  ooloure<l  .salts  ! 
they  have  more  probably  the  aBymmetrioal, ' 
quinonoid  (quinoxaline-)  constitution  IL  In  the  ^ 
Colouring  matters  derived  from  the  azines,  the 
csde  is  frctiuently  complicated  the  fact  that . 
Uie  auxochromic  groups  participate  in  the  I 
formation  of  the  qumonoid  constitution,  which, 
by  that  means,  may  become  paro'  as  well  aa 
«riffto-qiiinoid.  Sometimes  it  is  difficult 
decide  between  the  existing  possibilities, 

Sf»tk€ikal  methods  for  the  production  of 
m'NM,  and  their  derhattve*  tmd  dMcription  of 
«omt  ■  .■i/,n-fil  reprcwntat iveg  oftht  group . 

L  Alines,  (a)  HfffUketieal  mOhods,  (These 
iriD  be  refened  to  in  the  deecripiton  of  typical 
representatives  by  tht-ir  nunilH-r.) 

1.  By  heating  4<nilroaaphthaiouo  with 
poirdraed  qukMime,  Lament  (Ann.  Chim.  Phys 


eUoride  with  nitcoaO'0>naphthol : 

./■\ 


NOH 


\ 


Nltnio>/Miaiihtliol. 


-f  HCl 


Orthophenykae  «Uamiiie. 


y\  +  H,0  +  NH,OH-HCL 

i  Hydroxylamlae 
hydrochloride. 


Naphthapheoaaliie. 

4.  The  method  of  Men  (Ber.  19,  725)  is  of 

leH«  ^rneral  application.    It  consists   in  the 
_  ^  action  of  orthodihydroxyl-  derivatives  u]nm 
to  ,'  orthodiarainee  t  the  hydro-  derivatives  of  the 
azines  arc  formed,  and  these  arc  oxidised  by 
the  oxygon  <rf  the  air  into  the  azines : 


'  —OH 
Pyrucatechol. 


H,N- 

./ 

Urtliophenyiene  diamine. 


•W,  384)  obtained  dinaphthazine,  which  ho 
calied  naphthasc  Doer  (Ber.  3.  291)  and 
KlotmkowBld  (Ber.  10, 578)  modified  the  method  | 

by  replacing  the  quicklime  by  zinc-dust.  Sohi-  ;  H.  Eiirly  investigators  ha<l  studied  tlio  re- 
chosJ^  (J.  K.  6, 2464)  used  lead  oxide.  !  action  of  ammonia  under  pressure  upon  benzoin 

Wotri  and  Aue  (Bit.  34,  2443)  obeerved  (1001)  I  (Erdmann,  Annalen,  13S,  181)  and  phenanthra- 
that  nitrolKuzcm-  gives  considerable  auantiti<s  tpiinoiie  (Soinrntini^a,  Monatsh.  1,  IK').  Japp 
of  (Upbenazine  on  being  heated  with  strong  and  Burton  showed  that  the  free  ammonia 
cavstio  soda,  a  reaction  Tidiioh  is  practically  may  be  advantai^ously  replaced  by  ammonium 
identical  with  the  one  discovere<l  by  Laurent.       at  f  tate,  and  proved  that  the  *  ditoiane  azotide ' 

2.  Claas  and  Rasenack  (Annalen,  168,  1)  j  and  "  phmanthrono  azotido*  obtained  were 
ebtahied  *  azophenylene  '  (diphenazine)  by  the  '  tetra phenyl ketine  and  diphenanthrasine.  They 
tlrj*  (IL^tillation  of  orthoazolienzoic  acid  in  the  :  grnerali.-^ed  the  method  and  npjilied  it  to  /5- 
shape  of  its  calcium  or  potassium  salt.  Claus  I  naphthaquinone,  from  which  they  obtained 
proposed  the  anne  formula  for  his  product,  but  I  dinaphtlmxine  (Chem.  8oc.  Ti»ns.  1887,  98). 
failed  to  affonl  eonvineinf^  j)nK)fs  for  it.  0.  Another  nimle  of  formation  of  the  azines 

3.  A  general  method  of  great  applicability  i  consists  in  tiie  joint  oxidation  ot  a  phenol,  in 
was  indicated  by  Hinaherg  (Ber.  17,  S19 ;  18,  which  the  pnra-  jiosition  is  no  longer  open  to 
1228),  who  shoued  that  wlienevcr  an  oljihn-  or  substitution,  and  aromatir  otthodiamines.  This 
ortAiMlikctoao  reacts  on  an  aromatic  ortho-  i  method  was  discovered  by  Witt  (lit;r.  19,  017), 
diamine,  two  moleculee  of  water  are  given  off  <  who  need  it  for  the  production  of  a  newisomeride 
and  an  azine  i.j  formed.  The  methoil  was  first  of  tohinajihthazine  by  oxidising;  a  mixture  of 
appbed  to  the  production  of  phenajsine :  i  /8-naphthol  and  orthotolylene  <l»»«ni|j^^j2Q^  GoOgle 
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AZINE& 


NH, 

/\/\  J 


Orthotoljrleue  dUmiae. 


\/\/\ 


TolmuphUuudne. 

7.  An  elecant  modittratiun  of  the  above 
method  WRfl  devised  in  I'Hi.j  by  riliiiann  and 
^korsmit  (Ber.  38,  1811),  who  heated  fi- 
naphthol  with  orthoaminonzotoluene.  Thi 
latter  takes  up  the  hyilroL'in  lilxTiit^'d  in  llic 
reaction,  yielding  ut  the  sHniu  tiuie  llie  aecebsar^' 
orthodianuae. 

N 

N 

I 

/\ 


/\/\ 


-~0H  + 


-CHa 


I  /N 

V  \ 

Tolunaphtitaxine. 

8.  A  very  peculiar  mode  of  formation  of 
thcHv  Bubstances  was  discovered  by  Witt  (Ber. 
20,  671),  who  shdued  that  the  nrthoazo-  deriva- 
tivoa  of  BCcomlary  amines,  and  more  especially 
of  each  AminoH  c<mt«ining  the  0  naphth3'l-  group, 
nro  dprompo»cd  hy  hciuL,'  ln'dtcW  with  ucitls  into 
t  he  currosponding  aziiie  and  ammu-  compound, 
thim: 

I 

c,H.  : 

Y  Aniline.  /  \/\/ 


\ 


Naphtha! 


IW^nKi  n-  -azti-pheityl- 

^-naplithylaminp. 

The  reaction  ia  simple  and  eaay,  aad  sives, 
as  a  rule,  excellent  yields.  It  is  in  reiJity  a 
cundrnsHtion  of  the  ^-wondary  amine  into  the 
corresponding  azino  by  the  dehydrot;enating 
influence  of  the  ato*  group  temporarily  intro* 
ductnl  for  the  purpose. 

^  (6)  Generic  characUra  of  the  azine  group.  All 
auQcs  have  certain  peenliar  propertiM  m  oom« 


I 


mon.   As  a  rule,  they  are  solid,  wcdl.erysta]|iied 

compounds  of  white,  pale  yeUow,  rrr  -  \  orange 
colour,  poasessing  a  high  meitmg- point,  and 
bcrfUng  under  atmospheric  prenom  at  %-ery  high 
tem{)oratTirc9  (in  some  case.'?  n]-]^ro«tliin2  red 
heat)  practically  ^lithout  decouipottitioo.  fbey 
rablime  at  temperatorea  bdow  their  boiling- 
point,  And  their  vapours  condeoae  into  voIq- 
minoua  aggregates  of  cn'sials. 

All  the  adnee  aio  bases  which  form  salta 
with  acids.  The  mono-acid  salts,  v  t!i  iie 
stronger  mineral  aoida^may  generally  be  uhiaiiu^ 
in  a  crystallised  ornkditioas  but  Uiey  are  stable 
only  in  the  presence  of  an  excess  of  ticid  or  in 
the  abaenco  of  water,  which  easily  decompose* 
them  into  their  con:<titu(-nts.  Those  aalta  am 
intensely  coloured,  a  fact  which  ju.>'tifits  the 
inference  that  they  contain  the  base  m  the 
quinonoid  (quinoxalint )  form.  The  hjrdrolsrtio 
action  of  the  water  i  tfureforo  accompanied  by 
tho  tautomeric  cbango  into  the  symmctncai 
(azine)  foi m.  These  salts,  some  of  wliioh  have 
boon  analyijcd,  invariably  contain  one  oquivalent 
of  acid  fur  one  molecole  of  the  base.  The  di-acid 
salts  cannot  bo  isolated,  but  eridenoe  of  their 
existence  is  given  by  tho  intense  rc<l,  violet,  or 
blue  colouiBtions  exhibited  by  tho  solutions  ot 
azinea  in  n  groat  excess  of  strong  acid,  preferably 
sulphuric  acid.  If  water  be  added  to  thp«f 
Bolutioas,  a  chaugo  takes  place ;  the  di-acui 
salt  is  decomposen,  the  yellow  or  orange  mono- 
arid  salt  is  formwl,  and,  on  further  adiiition  of 
a  large  excess  of  water,  the  free  ozine  itself 
eqiMnitea  out  in  flakes.  These  striking  colour 
reactions  arc  hiuddy  characteristic,  and  focpi  the 
beat  moans  of  identifying  the  azinc-^. 

Notwithlfeanding  those  intern^  colouration?, 
the  azines  are  nr)t  applicable  a«  dye.stvilTs.  Tin  y 
are  otdy  to  he  considered  as  chrotuu^eita  aiid 
8uit4il>le  to  ))roduce  colouring  natters  by  the 
introduction  of  auxochromie  group8  into  th'^ir 
moleculcii.  They  are  thus  striotly  an^Uogous 
to  the  other  heterocydio  duomogens  such  as 
anthraquinone,  acridine,  oxazine,  and  thiazine. 

There  is,  however,  one  group  of  a/.inc>s  to 
which  aU  the  rules  and  general  charactm-tics 
given  above  cannot  very  well  l>e  applied.  These 
are  tho  '  Indanthrenes,*  certain  amines  of  the 
anthracene  group,  which,  owini:  to  their  large 
molecule  and  wry  complicated  con^tiluf i..n, 
possess  properties  quite  diflfcront  from  all  itii? 
other  azines.  They  are  intenscl\  culoun  -t  and 
extremely  valuable  as  dyestufis  if  applied  to  th<f 
textile  fibre  by  tho  *  vat  process '  like  indigo. 
This  peculiar  mode  of  application  brings  thi  ni 
intooloee  relationship  with  indigo,  and  they  will 
thereforo  be  Seated  in  this  work  under  Ixdigo 

AND  INDIOQID  DYESTCTFS  (^.r.). 

ic)  Description  some  tjfpictU  repn9eniaikt* 
oftM  ostfie  group. 


(Claus,  Annalen,  IfiS,  1  ;  Bernthsen.  Ber.  19, 
3256 ;  Ris,  her.  19,  220G ;  Wohl,  Ber.  .14,  2443) 
has  iMen  obtained  by  the  methods  1,  2,  and  4. 

It  forms  pale-\ello»  medics,  of  the  m.p.  i"(*'- 
171%  soluble  in  alcohol  and  most  other  solvcnta. 

It  diftU*  without  deoompositiwu.  It,  disaolves, 
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Ib  stmnf  Midt,  fomiiiig  tuwUUe  sftlta  of  yellow 

Ml(i  r-'.  '1  !  <  ■!(  .11  r. 

Toluphfimiine 


hM  been  prepared  by  Mere  (Ber.  10,  725)  by  the 
fu  tion  of  jjyrocatcchol  on  orthotolylcnodiatnino 
(method  4).  It  ia  very  aimilat  to  dipheaaune. 
Iti  sbp.  is  nr.  ite  b.p.  350*. 


\ 


bas  been  prirjparcd  b^  Witt  (Ber.  20,  571).  i'he 
beet  mode  of  obtaining  it  is  by  the  docompofli- 
tion,  bv  nf\<],  of  iho  azo-  corapouiuU  <l«Ti\ fmni 
pbenyf-^-iiHpiith^laiume,  but  it  hiui  alao  ijixn 
prepared  by  the  action  of  fi-naphthaqiunone  OO 
0'rthi)j>hfnyl»Mi«liaminc  nn>!  hy  siroultanoniis 
oxidation  of  the  latter  aud  /^  naphthol.  It  forms 
vellow  needles,  meltins  at  142-5°,  distilling  at  a 
high  tempcmture  Mithout  dcoomposition,  and 
diasolving  m  tiulpburio  acid  with  a  leddish-brown 
colouration.  On  dilution,  two  sulphates  crystal- 
li^w  from  this  solution.  It  ia  supposnl  th»t  tho 
ftnnaUoD  of  two  aeries  of  monacld  huUh  uf  thia 
bass  is  doe  to  either  of  the  two  nitrugun  atoms 
br^coQmlg  pentftTslsnt  snd  sstimted  with  the 
acid. 

MmiaphthBxInes   Ci^Hj.N,.   Three  sub- 

Btancee  of  this  formulji  art-  kn<Avii,  the  i-smiieriBro 
of  which  haa  U.'c-u  discuhuod  by  W  itt  (Bcr.  20, 
577)l  One  of  these,  melting  St  179-8**  has  been 
jn^parT'd  by  the  sinmltnTifonH  oxitlatioii  (Bcr. 
ly,  917)  of  orthotolykin-diamuio  and  j8-naph> 
thol  (nieihoa.H  G  uiid  7).  Its  constitotion  is 
cxjuimmnI  by  the  iarmoU 


The  third   toltinaphthazine,   diseoveted  hy 

Hinsberg  (Annalrn,  237,  Mt,  371)  (nu  tliod  3), 
has  been  proved  to  constat  of  s  molecular  oom- 
bioAtioo  <ff  the  two  preceding  ones ;  its  melthig- 
point  ia  130^-142^ 

Several  other  tolunaphthszines  are  theore- 
ticaUy  poMiUe.  They  have  not,  however, 
hitherto  been  pre|iared. 

DlnailhthazllMS  C,^isN,.  It  has  already 
been  stated  that  Lanrenrs  myaterions  *na]^- 
thase,*  prepared  by  method  1,  tinally  proved  to 
l)e  dinaphthssine.  It  ia  probable  that  Laurent's 
prodnot  was  a  molecular  oombination  of  two  of 
the  four  isomeric  lii;  iphthay.ineH  f  nrr  ri  n  1  \ 
theory.  A  similar  mixture  may  be  obtamed 
by  TMoting  with  oiS-naphthyloiwdiamino  upon 
3-naphtha(piinone  (method  2).  This  method 
was  used  by  Witt  in  his  identification  of 
Laureates  'naphthase*  (Bcr.  10,  S791)^  For 
preparing  th(^  eonatitucnts  of  this  mixture  in  a 
pure  state  the  synthetical  method  8  should  bo 
resorted  to;  it  oonsisfes  ia  the  deeoorposition  of 
th<-  azo-  derivatives  of  the  two  isomeric  (a,/3,  and 
^^)-dinaphthylamines  (Matthes,  Ber.  23,  1329 
and  lSS3)i.  Hw  oomponnds  thus  obtained 
hnvf  the  following  oonstitQtioaB  and  meltiqg- 
puiiiUi : — 


^a,p,ii.   m.p.  2*i;»''-a»4".     a,  /l,  ^,  «.  m.p.  242^-243  . 

The  two  other  possiUe  isomsiides : 


\ 


'.     '   ■  .1 


I 


,  m.p.  24u 

may  be  obtained  from  iS^-naphthylcncdiamine 
'  by  tho  reaction  of  the  two  orthonaphthaquinoncs 
j  (method  2),  but,  so  far,  only  the  asymmetrical 
I  one  haa  been  prepare<|  by  Otto  Iischer  and 
Albert  (  Bcr.  '2*1  i^T 

.    ,  Alines  of  the  Pheoanthreoe  group.  Owing 

ation.  The  otheris formed  by  the  decomposition  to  the  extreme  facility  and  precision  with  which 
by  acids  of  the  azo-  derivatives  of  paratolyl-    phenanthraquinone  acts  upon  all  orthodia mines, 

those  asines  are  most  easily  prepared,  and 


J 


It  di<wolvcs  ia  Huiphuric  acid  «nth  a  violet  colour- 


paratolvl 

jS  naphthvlamine  (Bcr.  20,  577}  (method  8). 
Its  eonstnatioa  is  repvssented  bj  the  formula 


N 


GH, 

A/ 


N 


1  I  I 


,  phenanthraquinone   is   ooroiboiOy  ~  used  for 
deciding    the    (jut-^lion    whether    any  given 
aromatic  diamine  is  an  ortho-  compound.  A 
large  number  of  asines  has  fhits  beoome  known, 
I  of  which  only  a  few  ma\  be  described  SS  typical 
I  representatives  of  the  group. 

RnnaiithTapheiiailBe   C}„H,,Nj  (isomeric 

with  dinajjhthazine)  may  be  obtaineil  by  acting 
on  orthophenylenediamine  \nth.  either  phen* 
<  anthraquinone  in  an  aoefcie  aeid  solution  (Hins. 

berg,  Annalen,  237,  3J0).  or  with  ])h»-nanthra- 


Its  melting  joint  is  180" ;  its  sulphuric  acid  ,  (j^uinone  aodium  bisulphite  in  an  aqueous  solu* 
itioii  issinilar  to  that  of  aaphthaphen— ina.  tioa  (rasthod  2).   It  crystallises  in  pale-yellow^. 
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needles),  melting  at  217**.  aiul  diiisolvoa  in  sul- 
phuric acid  with  a  beAutifui  rod  ooloturalion. 
Its  constitution  is 


A  similar  substauco  may  bo  obtained  from 
orthotolyleaediamme.    It  melts  at  2I2*-2I3'. 

Phenanthranaphthazlne  r.^H,,N_.  is  cusily 
obtained  (Lawson,  Bor.  18,  2420)  from  ortho- 
naphthylonediaminA  and  phenaathntqvnume 
(method  2).  It  ;rive8  a  violet  colouration  with 
sulphuric  acid.  M.p.  273*.  The  sulphonic 
acid  dmrivatiTeB  of  tliia  Babetance,  C-,iH,,N,- 
SO,H,  arc  obtaine<l  (Witt,  R.r.  J'.t,  ITiS*"; 
21,  3485  seq.)  by  acting  with  an  aqueoux 
flolation  of  phenanthraqnuioae  Bodium  bigul- 
j i^ifc  upon  the  solutions  of  the  various  naphthyl- 
eiiiHliamino  sulphonic  acids  in  sodium  aeetate 
solution*  aoidiuated  with  aoetio  aoid.  Theiio 
Mxlium  salts  are  soluble  in  jnire  wali^r  ;  very 
small  quantitiirs  of  alkaline  salts  are  sufficient 
to  ])recipitato  them  from  these  solutkms. 

Chrysotoluazine  Cj^ll  ,,N,  and  Chrysonaphth- 
azlne  Ca^Uj^N,  have  been  preparwl  by  LiebiT- 
mann  and  Witt  (Bw.  20,  2442)  from  ohryso- 
quinone  and  the  conr-spondinj^  orthodianiincs 
(method  2).  The  same  authors  obtained  azino 
derivatives  from  the  quinone  of  pioene. 

Tolustilbazine  r,,H,^N.  was  discovcrpcl  hy 
Hinsbcrg,  who  described  it  umicr  the  somewhat 
misleading  name  '  Diphenyltuluquinoxaline ' 
(Anuftlcn,  237,  XV.i).  It  is  tv[)ital  of  the  many 
ar-ines  which  may  be  obtained  by  the  action  of 
benxil  upon  aiomatio  oithodia mines. 

It  sppRrntf^s  in  silvfrv  h  nf'r  ts  from  an 
aleohtiiic  solution  of  l»fnzil  niixcci  wjti»  a  solution 
of  orthotolyl'  tu'dianiini'  (nathod  2).  It  melt's 
at  111°,  and  dissolves  with  a  crimson  shade  in 
suljihuric  acid.  Itit  ooustitutiou  is  expressed  by 
the  foramla 


I 


The  correepondiDg  derivative  of  orthonaph- 
thylenediamine  WM  prepMed  by  Lmaa  (Btt, 

18,  242t)). 

Toliiindaiine  Ci,H,iN„  the  uine  derivative 

of  isatine.  lias  bom  prr pared  by  Hinslierg 
(rVnnalen,  237,  Ui)  Jrom  orthotolylenediamine 
uii.l  isatin,  by  meltinp  together  the  inRtediente 
(meLhotl  2)aiul  crx -lalli.^inp  the  produrf  rditained 
from  a  niixturo  ut  alcohol  and  acetic  acid,  it 
forms  yeUow  needle*,  melting  at  290»,  and  dis- 
Holving  in  acids  with  a  bt  owTiish-r»  d  .  ..Inuration. 
its  constitution  is  expressed  by  the  formula 


A  largo  namber  of  otheir  kis  important  azlnes 

have  been  prepared  in  experiments  ma<Io  with  a 
view  to  shuwiii^  that  certain  compounds 
obtained  by  the  authors  wen  either  ortbodilte> 

tones  nr  rirf  hn  lirinu'nes. 

11.  Colouring  matten  derived  from  azioes 
(tuhodiiiM  and  eurliodob). 

It  has  already  been  said  that  by  th.  intr  i- 
duction  of  an  auxochromic  group,  NHj  or  t>H, 
into  the  rooleeole  of  an  azine,  the  latter  is  trans- 
formed into  a  colouring  matter.  The  amino- 
derivativcs  of  azines  containing  either  one  or 
several  amino-  groups,  are  embraced  hy  the 
generic  name  of  mrhodims,  whilst  the  name  of 
eurhodoU  has  bevu  given  to  the  phinubc  (UH) 
derivative  of  tiie  asines.  The  following  is  an 
enumeration  of  thr  various  methotin  l)\  which 
1  eurhodincs  and  eurhodols  luive  been  obtained : — 

A.  Euiuiuuijiks. 

1.  By  heating  together  any  orthamino-azo- 
compound  and  the  hydrochloride  of  certain 
aromatic  monoamines,  such  as,  for  instance, 
a-uaphthylaniine  or  a-aminoqninoline,  preferably 
in  a  phenol  solution,  monoamino-azines  (the 
(iurhodines  proper)  are  obtainetl.    It  was  by  thi> 

Iwooesfl  that  tlio  first  eurho«line  wiis  discovere<| 
)y  Witt  in  1S8,1  (Ber.  18,  1119;  19,  441)  bv 
heatius  orthaminoazotolueiie  with  nnphthvl- 
amine  nydroohloridf*.  In  this  reaction  aii  urtho- 
dianiim-  is  fornicd  l>y  t  in;  reduction  of  the  amino, 
azo  eom{H>und,  which  combiner  with  a-naph- 
th>lamine,  hycU-ogen  beiiig  eliminated  and 
ahsorlxxi  by  the  MDino-aio«  compoand  sttil 
present. 

C,H,„N^  +  C,oH,N  =  6H  +  C,,H„X,. 
Orthotolylene-  u-.Naplithyl-  Typical 
diamine.         amine.  eurlxKline. 

2.  -\nother  method  of  nuu- li  great«T  applica- 
bility consists  in  reacting  with  a-diketones  upon 
aromatic  triamines,  which  contain  two  amino- 
^roups  in  the  ortho-  pofotion.  Two  molecul<a» 
of  water  are  eliminat<  i  t  i  every  molecnle  of 
eurhodine  formed.  Thuii,  lor  instance,  a  cnrho- 
dine  was  obtained  from  triamiuubc-nzinie  and 
phenanthmquinone  (Witt>  Ber.  19»  445) : 


H 


3.  Another  method  of  considerable  applica- 
biiiiv  consists  in  heating  together  nitroso-amines 
(Witt,  Ber.  21,  719)  or  quinonediohloriniides 
(Nietzki  a.  Ott-.,  Rer.  i^!,  I  'lisi  with  aromatic 
amines  in  which  thu  para-  ixisitiou  to  the  amino- 
^up  is  oooupied  l>\  some  radiole.  Thus,  for 
instance,  a  enrhodnio  is  formed  by  hcatinsf 
together  mtrosodimethylaniline  hydrochloride 
ond  j8-natihfhjtoiiiMk  in  aa  ooetio  acid  ooln^} , 
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HCl 


351 
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N 


NO 

liitonmaiinrthyLM^lHng 


Ha 


2 


vX 

I  /N 


^-NapltUiyUuniue. 


+  3H,0+ 


+C«H,NHj+H,0 
AnlUoe. 


UimethylamlnunajphthftpheO' 
I  fajdiocliliKld*. 


NH, 

Paraphenylenrdime' 
thyidiamine  mono- 
hydroctikwlde. 


»n!  an  analofoiis,  though  somowhAt  tlifforent 
reaction  takes  place  if  the  nitrosodimethylaiiiline 
betobatitvtod  by  dichkroquiaoiumide. 

CI 


(y 

Bvriiodtne. 

6.  Diaminoazines  arc  formed  by  the  de- 
composition of  cf^rtAin  indniniti'-s  whi-ii  thrir 
solutions  are  built-d  for  a  certain  tunt;.  'Ihua 
tolylene  blue,  the  indamine  produced  by  the 
action  of  nitros<>«linn  thylaniline  hydrochloride 
upon  mptatolylciiiui.imine,  k  decomposed  if 
iU  solution  be  bofled  for  some  time,  dimethyldi- 
aminotolupheiiawfM*  (tolylene  red)  being  the 
principal  product  of  this  reaction  (VVitl,  Bor. 
12,  991) :  ^ 


N 

/\ 

1 

\y 

N 

Cl 

DiebioruqaintMUiiiide. 


I     I  ! 


NH 


NH 


J  Nil, 
C^l,  NH, 


LeaeolQlylwie  blue, 


+  2HCL 


Atninoiu^ilitha] 


4.  Gorhodinc  j  t  <  )>er  may  also  be  obtained 
by  tbo  reduction  (with  amniojuutn  sulphide)  of 
nitro-axines.   Thus,  for  instance,  nitropheao-  j  amino^henasine. 

o  the  euriiA*  eometimee  be  1 


phenaotluume  nay  be  lednced  into  the  euciio> 


(line  arobioplieiioiibenaathfMtine  (Heini,  Ber.  21, 
2306). 

6.  II  oeitain  aso*  ooloon,  mieh  m  ebrfioTdine, 

be  hiated  witli  3-naphthol,  an  etirhoditu-  is 
i(miied:(Ulimaan  and  Ankcramit»Bor.3b,  1812) : 

/\ 

N 

\ 

/\/ 


I 

'\  .  NH, 
I'H, 

TolyU  nr  rt  il 
(UUueih}'ldiamiDu- 
tOtaVMOMilM)- 

7.  1)1-  and  |M>1\  iinn'no-  av.iiii-H  may  al o  br>  pre- 
pared bpr  the  oxidation  of  orthodiaminen  and  of 
polvaiDineii  oontaming  two  ammo-  grdum  la  the 
orth(»-  iMjsitioii.    Thus  0.  Fi.scher  and  K.  Hcpp 
:  proved  (Bcr.  22,  356)  that  the  red  sub^^tanco 
I  vhieh  i>  fornied  by  the  oxidation  of  orthophenyl- 
'  enediamine  and  \\lu(  h  has  been  observcfl  by 
;  many  investigators  (Griess,  Ber.  6,  202 ;  Sal* 
kowski,  AfUMaen,  173,  08 ;  Rudolph,  Ber.  12, 
2211  ;  WiesinK<-T.  Aniialen.  224,  353),  nothing 
else  than  diaminopheuazine.    And  Niotzki  and 
)  MflUer  obuined  (Ber.  22,  447)  by  oxidising 
■  tt'tra-arainobenzene  with  a  current  of  air  tetra- 

Anuuooxy}>henazinefl  ma^ 
found  as  by-products  in  thie 


Cbry80l<liae. 


reaction   (rilmann    and  Heuthlier*  Ber. 
4302  and  xbuL.  30,  4020). 

B.  KURHOIiOLS. 

These  may  likewise  bo  prepared  by  various 
methods. 

1.  The  sulphonic  acids  of  a/.inos.  fusi'd  with 
potash,  readily  yield  the  corrert|>utidiug  uxyaKuios 
or  eurfaodoLs  (Witt.  Ber.  10, 2791 ).  For  instance : 

(\,H,,NjSO,Na  ^2NaOH 
Sodium  naphtbapbenaQthraunusulplionate. 

BC,4H,,N,0Na    N a  SO,. 

Phenanthranafilitliii>-urlicd>->l, 

2.  Sevorel  eurhodincs  (ammo-aziiH;>)  yii^ld 
the  ooneaponding  eurhodol  on  being  heated 

'iTidt  r  pressure  with  Btronjr  acid?,  n  hydroly?is 
takuig  place  in  the  oircumatanccs  (Witt,  Bcr. 
19,  444)  \ 

C,,H,,N.  NM .  i-H,0««NH,+C,7H,,N,  0IL 
typical  eurhodlne.  K^^^Jittied  by  GoOgle 
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3.  Diazo>«siiMi,  on  being  boiled  with  water, 
yield  the  corrcaponding  rurhodols  ;  on  being 
boiled  with  alcohol  they  yield  the  alkyi  ethers 
of  these  eailiodoli  (Witt,  Ber.  19, 444) : 

C,,TInN,N:Na+H,0 
Diaxoeorhodine  cblorido. 

=Ha+N,+C„H,iN,OH. 

Ci,H,iN,  X :  N  a+C,H,OH 

-sHa+N, +C,  yH„N,OC,Hi. 

Kt!:v!eurhodol. 
The  following     an  r-iuinuTution  of  those  of 
the  enrhodineB  and  curhodoLi  whidi  have  been 

more  closely  investigated,  tho  properties  of 
which  are  typical  for  the  wholo  class  of  colouring 
matters  :— 

Typical  eurhodine  C,,TT,3>«,,  (Witt,  Ber.  19, 
446).  Tho  mode  of  formatiuu  uf  this  substance 
hMfllieady  boen  ^ven  (Section  A,  1).  It  is  best 
prepared  by  heating  to  130"  t  quiil  molecules  of 
orthoaminoazotolueno,  of  tho  inolttng-point 
118-5**,  and  a-naphthylamine  hydrcx'hioride,  dis- 
solved in  phenol  until  flic  colour  of  the  mix- 
ture, which  is  at  first  of  an  euu  ruld  fjreen,  has 
changed  uito  a  brilliant  scarlet.  '1  he  mixture  is 
now  treated  with  a  large  quantity  of  toluene, 
when  the  hydrochloride  of  tho  new  d^'cstuff  is 

I precipitated  in  a  crystalline  state.  By  recrystal- 
isation  fnun  water  ncidifiod  with  liydrochloric 
acid,  it  liiiiy  be  olitamed  in  a  pure  state.  Iruui 
the  puro  liydrochloride  the  frae  eurhodine  base 
is  precipitated  by  nlkalia  or  ammonia  in  the 
form  of  ii  yellow  powder,  which  may  l>e  re- 
oryatallised  from  aniline.  'JUhxia  prepared,  it 
forms  fjlisteninc^  yellow  prisms  ami  needles  of  a 
dark-bruwu  colour.  It  dissulvcji  in  ether  with 
»  yellow  colour  and  a  magnificent  green  fluoreB> 
cenoc,  which  is  characteristic  of  all  the  nicmheri? 
of  this  group  uf  dyt'dtulLi.  Kurhodine  foruis 
three  series  of  salts,  of  which,  however,  only 
thoso  with  one  molecule  of  acid  are  fairly  stal>le, 
whilst  those  containing  vaorv  acid  are  decom- 
poaed  by  the  additum  of  water.  It  is  to  the 
formation  of  these  various  salts  that  the  peculiar 
change  of  colour  is  due  wh>ch  is  observed  on 
adding  water  to  ft  solution  of  eurhodine  in  con- 
centrated sulphuric  acid.  This  solution  is  uf  a 
cherry-red  colour.  On  adding  a  small  quantity 
of  water  the  colour  changes  to  a  fine  emmild 
green,  whilst  still  more  water  produces  the 
scarlet  shade  of  tho  normal  sulphate.  This 
change  of  colour,  which  is  observed  with  all  the 
eurhodines,  links  them  to  their  ]>aront-8ub- 
stances,  the  azines,  which  exhibit  similar 
curious  phenomena,  and  aL^o  to  the  safranines. 

Tho  normal  salts  of  eurhodine  are  well 
crj'stalli.sed  and  of  a  bronzed  copjier  colour  when 
solid.  In  solution  they  exhibit  a  bright  scarlet 
tint  Mhich  they  communicate  to  the  fibre. 
These  normal  salts  arc,  however,  partially  de- 
composed by  an  excess  of  water,  the  free  eurho- 
dine base  being  regenerated.  The  same  takes 
place  if  fibres  dyed  red  with  eurhodine  be  washed. 
The  scarlet  shade  is  gradually  repbced  by  the 
yellow  shade  ol  the  free  eurhodine  base.  For 
this  reason  eurhodine  has  not  found  an  applica- 
tion in  tK-  i'rl-i-:;;,  <  1  , 1 1 1 1 fi i ' ial  dyestuffs. 

AmlnQnaphtbaphenaxine  Ci,UitNa  has  been 
obUmed  by  Nietski  and  Otto  (Ber.  21,  1608) 
from  \lamine  and  dich]orr>quinoniniido 

(tUmann  and  Aukcrsmit,  Ber.  Ittli).  It 
oiyrtailiset  in  dark-yeUov  needles.  Ite  Mukt  aie 


of  a  crimson  colour.  Its  solutiofi  in  sulphuric 
acid  cfiriTis^es  by  tho  addition  of  water  from  retl 
dijih-lirown  through  green  into  re<i.  It  forms  a 
diazo-  compound  which,  when  boiled  with  aloo- 
hol,  yields  the  ordinary  naphthaphenazine,  of 
the  melting-point  142*5*.  The  following  com- 
pound is  its  dimethyl  derivative  : — 

DlmethybunlnoDaphthaphenazIne    C,   { ,  ^N, 
(Witt,  Ber.  21,  719).    This  eurhodme,  the  lurma- 
tion  of  w  hich  has  been  described  under  Section  A, 
2,  may  easily  l>c  prepared  in  quantity  liy  heating 
.  together  20  part«  lutrosodimethylaniUne  bydxo- 
I  chloride  and   10  parts  /3-naphthylaniuie  with 
50  glacial  acetic  acid  ;    the  reaction  setu  in 
i  below  100**,  and  is  aptiu  become  violent.  The 
I  product  changes  to  a  tine  violet  colour.    It  m 
I  dissolved  in  water  acidified  with  hydrochloric 
'  acid,  and  the  filtered  solution  is  precipitated  by 
I  the  a<ldit  ion  of  sodium  acetate*.  The  crude  eurho- 
dine which  is  thus  precipitated  may  be  purifn  tl 
by  disifculvinL;  it  in  alcohol  acidified  with  hydro- 
'  chloric  aci<l.    From  this  solution  the  normal 
eurhodine  hydrochloride  crystallises  in  l.ronzt^- 
,  coloureil  needles.    From  these  ammonia  iiberHti>8 
'  the  free  eurhodine  base  in  the  form  of  a  scari>  t 
crystalline  powder.    It  may  ?»<•  reorystalliseti 
from  boiling      Iciic ;    it  i:>  thus  obtained  in 
magnificent   cr3'8tals   resembling  magnesium* 
platinocyanidc,  melting  at  2^)5*. 

The  change  of  colour  of  a,  sulphuric  acid 
solution  of  this  eurhodine  is  not  very  marked, 
going  from  violet  through  l>la(  k  and  green  into 
violet.  The  ethereal  solution  of  the  free  baac 
exhibits  tho  brilliant  fluoresoenoo  eharacteristie 
of  all  ourhodint  < 

Amlnophenapheaanthrasine  <',Jl , This 

eurhodine  was  prepared  liy  \\  itt  ^  Ii<  r.  19.  445) 
and  by  Ileim  (Ber.  21.  '2.'{(M>)  by  the  methods 
given  under  Section  A,  2  and  4.  It  crystallises 
from  toluene  in  short,  thick,  yellow  priana» 
meltiiijj;  at  279°. 

DlmethyldlaminotoIupbeDazIne ;  Tolylene  red 
C,,H,,N4.  The  formation  of  this  compound  by 
the  spontaneous  decomposition  of  tolylene  biTie 
has  been  described  under  Section  A,  5.  Thut 
ourhc^ditte  forms,  in  a  pure  state,  orange  erystalsa 
which  contain  4  mols.  of  water  of  crystallisation  ; 
at  150*  this  is  given  off  and  the  anhydrous  base 
remains  as  a  dark -red  powder.  The  hydra t4?d 
base  is  soluble  in  ether  with  a  pink  colour  and  a 
beautiful  orange  fluorescence.  The  solution  in 
concentrated  sulphuric  acid  is  green  ;  on  being 
diluted  with  water  it  changes  tnrough  sky-blue 
into  red.  The  normal  (monacid)  salts  are 
perfectly  stable  and  soluble  in  water  with  a 
pink  colour.  This  solution  d^es  un  mordanted 
or  mordanted  cotton  and  other  fibn>s  a  pink 
which  in  darker  shades  deepens  into  a  eoppeiy 
red. 

The  production  of  this  dvestuff  has  been 

patented  (Otto  N.  Witt,  B.*  R.  P.  15272). 
The  commercial  product,  which  contains  a 
certain  amount  or  impurities,  is  sold  under 
tho  name  of  '  neutr.il  red.'  It  is  cliietly  usetl 
in  calico-pnnting,  and  gives  very  faat  and  usetui 
shades. 

A  similar  jiroduct  is  preparo<l  from  the  in- 
damine  which  ia  formed  by  reacting  with  nitroiso* 
dimethylamine  hydrochloride  upon  metophonyl« 

enediamine.    It  is  eirdiiaeed  by  the  same  patent 
and  sold  under  the  name  of  '  neutral  violet.' 
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19,  444).  Tliis  substance,  tho  formation  of 
which  takes  place  according  to  the  equation 
given  under  Section  B,  2,  forms  small  leaflets  of 
4  ycUow  or  rc<l  colour  which  dissolve  in  con- 
centeftted  sulphuric  acid  with  a  red  colouration, 
and  are  reprccipitatcd  from  this  solution  by  tho 
addition  of  Avater.  Caustic  soda  solution  dis- 
solves it  with  an  orange  sha<lc.  Thoa  it  is  shown 
that  thia  eurho<loI  (like  all  compoimris  of  the 
«me  class)  cxhibitsj  both  acid  and  basic  pro- 
perties, tho  latter  being  duo  to  the  aum  group 
contained  in  their  molecule. 

Eurhodol  (;,4H,,N,0H.  a-Hvdroxynaphtha- 
phtnanthraziric  has  been  obtained  (Witt, 
Ber.  19,  2791)  by  tho  inflh-.-i  f!- .,rilK-(i  under 
Section  B,  1,  by  the  lu*.iuu  ot  naphthauhen- 
anthrazine-ft>flulphonic  aoid  with  caustic  allcalis. 
Its  solution  in  sulphuric  ncid  is  of  a  fine  and 
intense  indigo-bluf  :  it  cUauges  very  suddenly 
into  red  on  the  addition  of  water,  the  sulphate 
being  precipitated.  This  sub.stnnce  is  a  yellow 
wdouring  matter  which  may  be  lixed  uii  cotton 
with  alum-mordant,  like  alizarin.  Owing,  how- 
ever, to  its  costliness,  it  has  not  been  broufiht 
into  commerce.  A  large  nurat>er  of  isomeridcii 
m&y  be  ore  pared  by  starting  from  the  numerous 
«ulpho-  derivatives  of  orthonaphthylenediamine, 
transforming  them  into  azinesulphonates  by 
oonrlcnsation  with  phenanihraquinone  and  into 
eorliodola  by  auiwequ^nt  fuaioa  with  oaustio 
aHnltM. 

III.  Azoniom  bases  and  lafftuilnes.  Tlio 
uooiiun  bases  are  a  class  of  compounds  of  which 
o«r  knoiwledge  is  very  restricted,  very  few 
ttt/ro;.(nLati\cs  of  tho  class  being  at  present 
kaown,  a»d  that  rather  imperfectly.  They  are, 
l>ow«vi)r,  of  importance,  as  it  is  now  estabushed 
beyond  doubt  tliai  they  are  tho  parent  sub- 
''Umoes  of  the  very  important  class  of  dyostuSs 
Icncwn  as  safraiunes.  Although  the  first 
artificiil  dyt'-tufT,  mauvelne,  wa.s  a  true  safra- 
oinet  and  although  thia  floroup  of  compounds 
hss  been  frsquenUy  under  investigation,  a 
cornxt  view  of  their  constitution  had  not  l>oen 
obtained  until  quite  recently.  According  to 
the  theory  now  universally  adopted,  all  safea* 
tiine^  are  amino-  derivatives  of  a/.onium  bases, 
tu  which  they  stand  in  the  same  relation  as  the 
•nriiodinea  to  the  azines.  Hydroxy'  derivatives 
f  azonium  bases  have  al.so  been  prepared  and 
^ieacribod  under  tho  name  of  safraaois.  They 
ta»f  however,  of  no  importance  as  oolouring 
natter?. 

The  azonium  bases  themselves,  nono  of 
whidi  has  so  far  been  obtained  in  a  state 

tit  for  anaJysi.s,  stand  in  tho  same  relation  f  o  the 
Klines  as  tho  ammonium  bases  to  tho  amines. 
Hwy  are  asines  in  which  one  of  the  nitrogen 
'M'm\9  has  b-Tome  {wntavalent  by  bciiit^  satu- 
rated with  three  organic  radicles  and  one  acid 
niiele,  the  connection  with  tbs  second  nitrogen 
itrim  l^ing  still  preserved  by  tho  fifth  valeney 
of  the  pentavaient  nitrogen  atom.  Thua  the 
elaiactenBllo  oomrtitiition  <rf  the  asonium  oom« 
poonds  may  be  eaqpnased  by  the  general  formula 
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divalent  organic  radicle-,  nurl  X'  a  monovalent 
acid  radicle.  The  azonium  oases  are  compomida 
which  possess  strong  basic  properties,  and  which, 
by  tho  tenacity  with  which  thev  retain  their 
acid  radicle,  strongly  rcsemblo  the  ammuiuum 
bases.  It  is  probable  that  the  free  asonium 
bases  contain,  like  the  ammonium  bases,  the 
hydroxy  1  group  in  the  position  X»  of  the  above 
general  formula.  The  azonium  bases  and  the 
dyestu&  derived  from  them  are  also  capable 
of  tautomeric  changes,  which  lead  to  their 
assuming  quumnoid  stmotwes.  The  nature  of 
these  changes  is  in  many  cases  doul)tful  and  too 
complicated  to  be  fully  diacusst-d  in  this  article. 

Th<'  azonium  bases  are  strongly  coloured 
substanceSt  but  their  dyeing  propertie*?  are 
developed  and  brought  to'  pt^rtectioa  by  the  in- 
trwluptiun  of  amino-  groups  into  their  molecule. 
As  the  azuuium  bases  theoretically  pos«ib!f  nro 
very  numerous,  and  each  of  them  in  capable  of 
produeing  very  numerous  isomeric  mono-  and 
polyamino- derivatives,  the  number  of  possible 
safranines  is  exceedingly  large,  and  tlie  number 
of  tliose  \v]\'h\\  have  ahroady  been  prepared  is 
insiAnificaut  in  comparison  with  tliat  fore- 
shadowed by  theory. 

Of  the  safranines  which  have  hitherto  been 
prepared,  only  a  few  are  monoamine-  derivatives 
of  aioninm  bases.  A  few  more  are  of  iloubtfui 
or  unknown  constitution.  The  majority  aro 
asymmetric  diamiuo-  derivatives  of  azonium 
bases,  oontainiikg  one  aminos  group  in  one  of 
the  diatomic  organic  radicles  (Rn,  whilst  the 
other  is  attached  to  the  monoatomic  radicle  (R'). 

Tho  true  constitution  of  phenosafrani  ne 
and  its  congeners  has  been  reoognisetl  by  V\  itt, 
who,  after  ]Knntin«r  out  flie  analo^'v  between  (bo 
eurhotiiues  ami  safranines  (Ber.  18,  1119)  and 
clearing  up  the  constitution  of  the  former  (Ber, 
19,  446),  pn.ivrd  the  latter  to  be  asymmetric 
diamiaoazonium  ba.^jj  (Ber.  19,  3121).  Bmith* 
sen  had  proposed  (Ber.  19,  t690)  somewhat 
earlier  a  symmetrical  formula  for  the  safranines 
based  upon  Witt's  ourhodiue  researches.  His 
view  was  subsequently  adopted  by  some  chemists, 
but  the  author  of  (his  artiele  fails  to  seethcfofoe 
of  the  arguments  adducod  in  supi)ort  of  it. 

A.  Azonium  bases.  1.  The  typical  oompound 
was  obtainerl  by  Witt  (Ber.  2(1,  llS.*})  by  the 
reaction  of  iihenantiiraquinout)  on  phenjlortho 
naphthylenediamine.  By  heating  these  ingra- 
dieiits  in  an  acetic  acid  solution  an  inter- 
mediate proiluet  is  obtained,  which  on  treat* 
ment  with  a  mineral  acid  is  transformed  into 
tho  salt  of  tho  azonium 


\ 


^  which  Ri  «o4  ft^  jepresent  mono- 
?ou  I— T. 


and 


If  nitric  acid  is  used,  tho  nitratu  is  deposited 
in  very  fine  crystals.  It  is  sparingly  soluble  in 
water,  readily  .«!nltiblf»  in  ^jiirit  with  a  fine 
orange-re*l  colouration.  Tlio  liytlroehloride  dis. 
solves  in  sulphuric  acid  with  a  violet  tint,  which 
changes  into  red  on  dilution  with  wati^igitized  by  Google 
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2  If  in  thia  reaction  the  phenylortiionaphthyl- 
enftli  amine  be  replaced  by  phony  lortho- 
phenylencdiaminc,  iho  resulting  compound  is 
a  yclIoM'  dycstuff  of  considerable  strength.  It 
b  manufactured  and  sold  imdor  th»  oanic 
'  FUvinduline '  (1893). 

3.  A  very  similar  compound  wm  obtained 
by  Otto  N.  Witt  and  Christoph  Schmidt  in 
1892  (Ber.  25,  1017),  by  the  reaction  of  benzil 
upon  ethoxyphenylorthonaphthylendiamine.  It 
wan  called  ethoxyphenylnaphthostilbMonittm 
chloride  and  ha8  the  oonstitation : 

I 

O 


II.N 


=  UCl  + 


a 

1 

It  if  a  beautiful  vcllow  dyestuff,  but  too 
I  xi>< naive  to  be  pr^ued  on  %  manufaoturing 
soale. 

B,  Salranlnes-  The  varioua  colouring  iii»t- 

ten  belonginc  to  this  group  have  mostly  been 
prepared  b\  dTfTer(  iit  synthetical  methods,  which 
may  bo  clashed  iu  thy  following  manner : — 

1.  K<<lucti0ll  of  the  nitro-  d«rivativ«^s  of 
flzouluni  bases.  By  reacting  with  mononitro- 
phciiauiiuaquinono  or  amitrophen«ith»- 
qoinoae  on  phenylortlionaphthyleno<liamine, 
nitni-  and  <liiutro-  dcrivativee  of  the  above 
axuuium  bas^t^  are  obtainotl,  whicb  on  Teduction 
with  ammonium  sulphide  yield  reddish- violet 
coltnirintr  matters  beloiwing  to  the  safraaine 
^rroup  (Wilt,  unpublished  ofeorvationB). 

2.  If  the  8tiH>a/.«>niurn  base  obtained  by 
Witt  and  Schmidt,  or  any  of  its  congeners 
prepared  from  ethylated  arylorfchonaphthyl- 
onediamines  be  heated  uith  ammonia,  the 
cthoxy  group  is  replaced  by  the  amino-  group 
and  the  correspomlinff  safranines  are  formed, 
♦thia  is  quite  a  ip  r.il  reaction  (Witt  and 
Schmidt.  Ber.  25.  2003 ;  Witt  and  v.  Helmoit, 
Ber.  27.  2355;  Witt  and  Biintcook.  Ber.  27, 
2362). 

3.  By  the  action  of  diohloro^uinommides 
upon  secondary  aromatic  aminea,  in  which  the 
para-  position  to  thf  anuno-  unnip  is  occupie<l, 
monoamino-azouium  ba.se8  arc  formed  (Nictzki 
and  Otto,  Ber.  21,  1598).  llio  reaction,  for  in- 
stance, betwiM  ii  di(  hloroquinonimide  andphenyl- 
/3-naphthyUnmie  may  be  repceaeuUxi  by  the 
equation : 

a 

1! 


ci 

Kewdjwtofl. 

4.  In  a  similar  manner  nitroaodiufl^^I* 

aniline  (or  anv  otlu  r  nitroso-amine)  reacts  with 
phenyl-a-naphthylamine  (Witt,  Ber.  21,  719): 

HCI 

lv(CH,),  / 

I 


+  3 


Wtrosodi  metl  lyl  aniline 
hydrnchlonde. 


(CH.),N. 


Flynyl'/SMiaplithflainiike. 


2     "  N--'  : 


+3HgO-l- 


Xew  dyestuff. 


1 


NH, 

Dimethylparapbenfl- 

cnrdiikiniiK'  niOQO* 
hydrorhioriiit^ 


N 

I 

(1 

OlehlocoqptaionlinMe. 


6.  'I'hc  .^afranine.^^  proper  (a.<^ytumetric  di- 
aminoazonium  baae<i)  are  formed  by  the  joint 
oxidation  of  one  mol  pt;]!-  dif«inine  and  ivo 
mok-culea  ut'  an  aromatic  muuoamiiie.  In  tbi* 
reaction  fugitive  inda mines  aie  formed  as  inter* 
mediat*^'  jtr  nlucts;  the  process  thus  l)ecomw 
strictly  itiialogous  to  the  formation  of  toluyleue 
red  and  its  congeners. 

This  is  the  process  ^vhich  is  generally  tisetl 
in  the  manufacture  of  tiafrauines,  and  it  will 
therefore  be  fully  explained. 

By  the  joint  oxiciHtion  of  an  aronitf*?.^  para- 
diamine  with  one  luolcculo  of  an  aromatic 
monoamine,  an  indamine  is  invariably  formed 
(t?.  Indamines).  If  these  indamines  be'oxidisc<l 
in  the  preseuoo  of  another  molecule  of  an 
aromatio  monoamine,  a  n^ranine  is  formed : 


First  Stage. 

I 

A  ^ 

+    1      ,  +0,=.  N  +2H,0. 

A 

AnOfoe.  /\ 


Phenyl  ^•aapbthylamlne. 


A 
'J 

NH, 

Parapbenjrl 


H 

NH 

u^Ri«t^  Google 
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3fi6 


UCl 


i^^^l  llijdtKkCtllQffidi* 

"I 

IiidAinia«. 


Second  SUkge. 


NH, 


NH, 


+20  =  2H,0  + 


I  NH, 

\  I  NH.HCl  /\ 

Y  I    NH  +    I     I  +30=3H,0+ 

ClM  1     I  '  f     I  liydKwhlorid©.  (    ■  ^ 

Viyh.  y 

NH.  dlphenjtonlw. 

PheaoMfranine.  I 


Of  course,  ariv  othrr  paradiamine  may  l>e 
$u()8tituted  for  i*«u<ii»h<-r)ylene<liamine,  and  any 
i»ther  monoamine  fur  aniline.  As,  howevi-r,  the 
furniatlon  of  an  indamine  only  takes  place  if  the 
]»ar»-  position  to  the  aiuiuo-  group  be  still  free, 
Ik  rautai,  Ilut  at  least  one  of  the  two  nuilt  c  ules 
"f  monoamine's  imist  fulfil  this  condition.  Thua 
tile  tortnatioii  of  a  safranine  from  paxaphenyl- 
eacdiamine  takei)  place  on  oxidfttion  of  One 
molecule  of  the  diamine  with 

( 1 )  Two  molecules  of  aniline. 

(2)  Two  molecules  of  orthotoluidine. 

(3)  One  of  aniline  and  one  of  orthotoluidine. 

(4)  One  of  aniline  and  one  of  paratoluklinc 

(5)  One  of  orthotoluidine  and  one  of  para- 

totaidine;  but  it  does  not  t»k«  plaiM  tritli  one 
iboIbchIci  of  paraphenNlcnedianiine  and  two  of 
pintokidine  (Witt,  J.  Soc.  Cbcm.  lad.  1882, 
206). 

On  the  other  hand*  the  other  of  the  two 
molecules  of  monoamines  must  have  a  free  ortho- 
pontion  in  order  to  be  capable  of  entering  the 
n^attion.  Thus  the  indamine  of  the  above 
fwmuU  forms  safranines  with  all  the  primary 
aromatic  monoamines  of  the  benzene  series,  with 
the  excepti<m  of  one  xylidine  and  of  mMidine^ 
of  the  respective  formiua 

NH,  NH, 


and 


beoMtte  theee  two  have  no  free  ortho-  ^KMition  to 
b)'  us^-(I  for  the  formation  of  the  az<miam  giNMip 
(Nietzki,  Ber.  19,  3017  and  3136). 

It  is  al^  necessary  that  this  second  molecule 
of  monoamine  be  a  primary  base,  whilst  the  one 
necessary  for  the  formation  of  the  indaniim^  may 
be  either  primary,  secondary,  or  tertiary,  pro- 
vided alwaya  thai  it  poaieaNB  a  fzoe  paxa- 
position. 

6.  It  is  evident  that  the  general  process  do- 
•eribed  under  4  may  bo  modified ;  thus,  for 
instance,  the  dipara-amino-  derivatives  of 
woondary  bases  (being  the  leuco-  compounds  of 
indamincs)  may  be  oxidised  together  with  one 
molecule  of  a  primary  aromatic  monoamine, 
when  a  safr&nine  is  the  xesuli  (see  top  of  page, 
leoond  column) : 

7.  Another  modlfloation  (WHt,  Ber.  10,  873) 

coniiiats  in  heating  aminoazo-  compounds  with 
^  hydrochlorides  ol  aromatic  monoaminee. 


This  is  the  oldest  process  for  the  manufacture 
<»t  safranines.  The  mechanism  of  this  reaction 
is  simple.  Part  of  the  aminoazo-  compound 
bein^j  r"di!ced,  a  mixture  of  a  paradiamine  and  a 
primar\^  monoamine  in  molecular  proportions  is 
formed,  which  with  the  monoamine  added  in  the 
shape  of  hydrochloride,  is  transformed  into 
safranine  by  the  dehydrogenating  action  of  the 
lemaining  part  of  the  aminoazo-  compound.  It 
is  evident  that  the  yield  must  be  small  in  ih- 
process  of  manufacture,  and  such  is  actuuiiy 
theoaae. 

8.  An  asymmetrical  safranine  has  been 
obtained  by  the  reduction  of  pioxyl-<n:tho- 
phenylenediamine  (Kdurmann,  Bw.  3S,  9074). 

9.  Certain  compounds  belonging  to  the 
safranine  group  (mauvelne,  &c.)  are  formed  in 
a  very  complicated  reaction  by  the  oxidation  of 
heavy  aniline  alone  ;  on  continu(>d  oxidation 
mauvdtne  is  converted  into  a  safranine  (Perkin, 
Roy.  Soo.  FMw.  35,  717). 

The  following  is  an  account  of  the  more 
important  and  moxe  thoroughly  investigated 
sah-anines : — 

A.    MOKAMIKO-  D£&1VATIVE£  OV  AZOMIUN 

Basks. 

1.  Aposafranine,  Monoaminophenylphenazo* 

nium  chloride,  has  been  obtained  by  Nietzki 
and  Otto  (Ber.  21,  1731) ;  sec  also  Annalen, 
286,  188.  and  Ber.  30.  2624,  and  33,  3078)  from 
phenosafranine  below)  by  diazotisin^  one 
of  its  amino-  groups,  and  eliminatinff  it  by 
means  of  aloohm.  It  is  a  red  d^estuff  no 
prnrtiri!  importance,  but  vcr\^  mteresting  as 
prototype  of  the  induline  group  («ee  under 
iHDUuiras). ' 

2.  Red  dyaititff  C„H„N,n.  Obtahu d  by 
the  action  of  diohloroquinonimido  on  phenyl-> 
/3-naphthylamine,  was  prepared  by  Niotcki  and 
Otto  (Ber.  21,  1598)  by  heating  the  ingredientaia 
OKdeoular  proportion  in  alcoholic  wlution  on 
the  water-hath.  The  nitrate  forms  green  needles 
or  prisms  which  are  soluble  in  wator  with  a 
magenta-red  colour.  The  hydrochlorido  dis< 
solves  in  sulphnrio  acid  with  a  red  eolouiation, 
which  on  dilutioa  changes  through  green  into 
red. 

3.  Violet  colouring  matter  C.^H.oN.a.  Pre- 
pared  by  Witt  (Ber.  21,  719)  by  acting  with  3 
moleoides  of  nitrosodimethylanilinc  hydro- 
chloride in  an  acetic  acid  eolation  on  2  molecules 
of  phenyl-3-naphthylamine.  This  is  the  di- 
methyl- derivative  of  the  preceding  jl^bf^traf  Google 
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The  hydrocMoridc  forms  larf;e  black  newUea 
soluble  in  water,  \\  ith  a  line  violet  colour.  The 
free  base,  C,4HjpNj-0H,  is  lil>erat<(l  from  tho 
salta  by  caustic  alkalia  oiUj'.  It  i.s  in.Mjluble  in 
water,  soluble  fax  akoiiol*  witli  i  i  d  colour  and 
a  fino  orange  luoraMienoe.  It  is  sold  as '  neutral 
blue.' 

4.  Violet  colouring  matter  ( ',,H,  .N,(  1.  Pre- 
})arc<l  by  Witt  (Ber.  21,  71»)  from  paratolyl- 
iS-naphthylaniino  in  exactly  tho  same  manner  aa 


impurities,  auJ  tho  li(|uid  is  fdtorod.  By  adding 
a  small  amount  of  nitric  acid  and  suino  sodium 
nitrate  to  the  filtcrtxl  f-olutioii,  t  he  nitrate;  of  the 
safranino  crystaUiiieii  uut ;  ur  tho  chloride  may 
be  prepared  bv  adding  common  salt  to  the  solu- 
tion alter  acidifying  it  with  hydrochloric  aiid. 
By  repeated  recrystallisation  from  waiter  or 
alcohol,  the  phenosafraniue  is  obtained  in  a 
state  of  purity,  in  the  form  of  magnificent  green 
noodles.    Tho  sulphate  form.s  blue  needles.  The 


tho  preceding  substance,  of  which  this  is  the  i  platinum   salt  (C,hH,  jNiCOjPtCS^  fomui  in- 


next  homologuc.    \'iolet  soft  needles,  resem 
bling  in  their  colour  and  reactions  the  phenyl- 
derivativo. 

Tlio  above  substances  have  been  pat«rntcd 
(Otto  N.  Witt.  D.  R.  P.  19224,  dated  Feb.  18, 

1882). 

6.  Basle  blue  C,JI},N4C1  is  a  fine  blue 
dyestuff  prepared  (T.  Annaheim,  Ber.  20, 
1371;  Durand  and  Huguenin,  Ger.  Pat.  40886) 
by  the  reaction  of  nitrosodimethylaniline 
hydrochloride  on  the  paratolylnaphthylene- 
diamine  which  is  formed  by  heating  £bert 
and  Merz's  dihydroxyuaphthalene  witn  para* 
tolnidine  hydrochloride.  It  forms  a  Inown 
crvstaliitio  powder,  soluble  in  water  with  a 
hluish-violet  shade.  In  concentrated  sulphuric 
acid  it  dissolTCs  with  a  greenish^bfOim  shade, 
which  changes  through  green  mto  violet  on 
dilution. 

6.  Ailne  green  CjoH^sNja  is  formed  by 

the  n-actioix  of  i\i(ros(Mlinictli\ laiiiliiu'  hydro- 
chloride upon  2-6-diphcnvlnapl»thylene<iiaminc. 

7.  Induline  scarlet  "( ',9 »f,.NjCl.  a  very 
beautiful  red  d\(  stulT  discovcrrd  liv  S(  hra\il)e 
(D*  R.  P.  77226),  and  manufactured  by  the 
Badisehe  Aidline  and  Soda-Fabrik,  is  really 
not  an  induline,  but  a  safraninc.  It  is  pn-panvl 
by  melting  together  the  hydrochloride  of 
aniUnazoetbylparatoluidine  and  a*naphthyl- 
ainine.  The  reaction  is  strictly  analogOVe  tO 
th"  formation  of  the  typical  eurhodine. 

B.  J>TAMi!<0'  Derivatives  oir  Azonium  Bases. 

1.  Phenosafranlne  C,,H,,N4t'l.  Discovered 
by  Witt  (exhibited  in  Paris  in  1878  ;  and  men- 
tione<l  in  the  catalogue  of  MosiMrs.  Williams, 
Thomas  &  Dower,  cloijely  investigated  by 
Nietzki  (Ber.  1(5,  464)  and  by  Bindschedlcr 
(Ber.  13.  207  :  16,  865). 

It  was  with  th^  compound  that  the  mode  of 
formation  of  the  saframnm  and  their  chemical 
jirojx  rticM  were  dctinitclv  >u»ccrtained,  chielly  by 
B.  Nietzlu,  whose  brilliant  researohes  on  this 
flubjeot  did  much  to  clear  up  tiie  ohemistry  of 
this  Liroup, 

Phenouafranine  is  prepared  by  tho  joint 
oxidation  of  paraphenylonediamine  and  aniline. 

The  mechanixni  of  this  jtrocess  has  already  l>eon 
disouased.  A  dilute  aqueous  solutiou  of  the 
normal  hydroohknrides  of  these  bases  is  used,  and 
their    oxidation    is   aceoniplislicd    by  adding 

Sotassium  or  sodium  bichromate  or  manganese 
toxide  in  the  neoessary  proportion  to  the  hot 
s«lu(i((n.  llic  blue  colour  of  the  iiidainino 
which  appears  at  iirbt  is  immediately  replaced 
by  the  rod  colour  of  the  safranine  formed.  A 
certain  qjiantily  of  in.^oluMi'  dark  by-producta 
is  always  formed,  but  by  careful  work  the  yield 
of  pore  safranine  may  ha  raised  to  70  p.e.  of  the 
theorv.  When  the  (ixidnt  ii'fi  i~  fini-^lii-d.  mxlu  msIu- 


soluhlc  shining  leaflets.  Phcnosafranine  forms  a 
diacctyl-  derivative  on  boiling  with  acetic  an- 
hydride in  the  presence  of  dry  t-o<lium  acetate. 
It  forma  two  diasO'deriTativee,  of  which  tiie 
first 

Cx«H„N,Cl 

is  rather  stable  and  soluble  in  water*  u^th  blue 
colouration.   The  other  diazo-  oompouiMl 

:  N-Cl 
C„H„N,C1 
:  N-Ci 

is  veiy  unstable  and  of  a  green  colour. 

Fhenosafranine  dyes  wool,  silk,  and  cotton  n 
magnificent  pink.  Its  aqueous  solutions  are  red 
and  show  no  llucvBSoence,  whilst  alcoholic  aohi- 
tions  diow  a  marked  greenish-yellow  fluor* 
escence.  Pheno.safraninc  dissolvea  in  con- 
centrated 8uli)hurio  acid  with  a  green  colouration 
which  changes  through  blue  into  red  on  dilntitm, 
thus  indicating  tho  actual  exist^-nce  of  the  tllVSe 
scries  of  salts  foreshadowed  by  theory. 

If  pheooaafranine  or  its  homologues  be 
diazotiscd  and  then  comhined  with  )8-nai)hthol, 
beautiful  basic  blue  dyostufis  are  obtained^ 
wliieh  are  largely  prepand  «iid  ttMd  for  ootton- 
dyeing  and  calioo-pnnting  under  the  daiim  of 
'  ludoine  blue.' 

The  alkyl*  deriTatiyes  of  phcnosafranine  are 
interesting  colouring  matters,  sfunc  of  which 
have  found  an  industrial  applicatiuti.  They 
have  not  been  prepared  by  Introducing  alkyl- 
groups  into  ready-formed  t^afranlnc.  but  rather 
by  direct  synthesis  from  suitable  raw  materials. 
Eaeh  of  them  exists  in  two  isomeric  modifiea* 
tions,  according  to  the  amino  ltou})  into  which 
tho  alkyl-  group  has  been  iutroduccd.  The  two 
amino-  groups  of  phenosKfraaine  being  asym* 
metric,  and  therefore  not  equivalent  to  one 
another,  must  of  neceasitv  produce  diflcront  pro> 
duets  on  being  alkylated. 

a  Dlmethylsafranlne  CjoHi.NjCa  is  produced 
by  the  simultaneous  oxidation  of  one  nK^eoule 
of  paraphenylenedimethyldiamine  with  two 
molecules  of  aniline. 

It  is  a  dyestuff  of  a  magonta-red  shade.  Its 
nitrate*orysta)]iMa  in  green  needlet  (BbdsohedlBr, 
Ber.  10.  Hm\ 

^•Dlmethylsafranlne  is  obtained  by  oxidising 
a  mixture  of  one  molecule  of  paraphcnyieiie> 
diamine  with  one  molecule  of  aniline  and  one 
molecule  of  dimethylaniline.  Its  shade  is 
similar  to  that  of  the  preceding  one ;  its  nitrate 
form.t  brown  leaflets  (Nietsld,  Ber.  10»  3017  and 
3136). 

The  two  dtetbybafranlnes  are  obtahied  in 


a  siindar  manner.    Their  ehloride.s  form  green 
tiou  or  chalk  is  added  in  order  to  precipitate  the  '  needles  which  dissolve  in  wa^nl^^t^t^^  sj\3i5^le 
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fchado  (Nietzki,  Ber.  16,  4W).  These  sub- 
Mtanoes,  snd  onpeoudly  tiie  m-  dorivaiivm,  an; 

BMnufauturcd  im  l'-r  tlv  iinrrv  uf  Fuchfia. 

Tetnunethylsairanine  (Bmciscliodlcr.  /.c.)  iiml 
MrMthylsalranlne  (Nietzki,  {.<r.)  may  Ik-  prr- 
pared  by  the  joint  oxidation  of  one  niolfoulo  of 
paraphcnyloncdinicthyl-  (or  diethyl  )  diamine 
with  one  molecule  of  aniline  and  one  molecule 
of  dirnr  t hyl-  or  diothylanilino.  These subNtanccs 
have  been  sold  under  the  name  of  Ameihyst. 
Tbeir  ahade  is  a  magnificent  violet,  with  a  Hne 
ctimDon  fluorcaeenoe.  Unfortmifttely,  lliqr  are 
very  fugitive. 

2.  TolusafnmliMt  (Hofmaiw  and  Geyuer, 
Bcr.  5,  .'20,  an<l  very  numerouH  other  pui)li- 
catiofut)  C,iHj,N-Cl.  A  mixture  of  tho  ii>o- 
iMridaa  of  this  fornsula  i-^  the  aafranme  of 
eommerw^.  It  is  prepared  by  the  (>xi<lHtion  of 
»  mixture  of  paratolylene<liamine  with  the  two 
tolaklinea.  Thia  mixture  is  obtained  by  treat- 
ing three  moIfrtde«  of  the  orthotoluidine  of 
commerce  (which  contains  from  U  to  10  p.c.  of 
paratoluidjne)  with  two  molecules  of  hydro- 
chloric  acid  and  one  molecule  of  M(Hiium  nitrite 
di/«olvod  in  a«  little  water  as  jiuswibk'.  A  thick 
heavy  oil  is  the  result,  which  ia  merely  a  solution 
of  amino-azotoluenn  in  the  cxceos  of  toluidino 
present.  By  dissolving  this  oil  in  hytirochloric 
acid,  and  reducing  it  with  either  sine-dust  {(r 
iron  borings,  the  amino-azo-  compound  is  split 
np  into  paratolylenediamino  aial  orlhoto* 
luidine ;  consequently,  the  a^neoua  liquid  pro* 
duced  contains  the  bases  m  the  necessary 
proportions  for  the  production  of  Bafranine. 
The  rest  of  the  treatment  is  exactly  similar  to 
the  one  described  for  pheno-safranine.  Tlie 
■rfranine  is  precipitated  from  tlvc  liijuid  by  tho 
wldition  of  salt.  By  redissolving  it  in  water, 
boiling  M-ith  a  small  quantity  of  jK>tassium 
(ribhromate,  treating  it  afresh  with  milk  of  lime 
or  chalk,  and  reprecipitating  tho  filtered  liquid 
with  dean  salt,  tho  safranino  is  purified  so  as 
to  giTe  the  brightest  shades  on  dyeing.  Safra- 
iiine  prepared  with  a  toluidine  rich  in  para- 
toloidine  is  very  insoluble  in  cold  water,  and 
thftrfore  genemlly  disliked  hy  tho  dyer.  Tho 
]>re<etue  of  aniline  has  not  the  same  disagree- 
aUe  effect :  some  manufacturers  therefore  use 
the  first  Tonnings  of  the  magenta  process,  which 

<  otu-i>t  of  aniline  and  orthotoluidine,  and  con- 
tain uo  paratoioidine,  aa  a  suitable  raw  pro<luct 
fer  the  mamifaotore  of  tafranine.  The  safra- 
nine  of  commert-e  forins  a  hr  >wn  powder  which 
diaioLves  readily  in  hot  water.  It  dyes  a  bluish- 
jnnk  on  textile  fibres,  and  was  chiefly  userl  for 
ilyeing  cotton.  TTio  introduction  of  tho  ko- 
called  aubstantive  azo-  coloun,  derived  from 
bensidine  and  ita  congeners,  has  much  diminished 
th"  us»-  of  safranine. 

3.  GIrofle*     A  dimethylphcnoxyloeafranine  [ 
has  been  prodnoed  hy  heating  nitroaodlmethyl- 
aniline  hy«lro<hloride  with  xylidine,  and  sold 
under  the  above  name  aa  a  violet  colouring 
matter  of  a  pleading  shade. 

4.  Safranisol  (',,H,.,(0('H3).N\-ri  is  a  sub- 
fitaooe  which  has  been  obtained  by  ^ietski  by 
the  foint  oxidation  of  one  moleeule  of  para- 
phcnylenediainlne  \\ith  two  molecules  of  ortho- 
anigiditte.  It  dyea  a  very  beautiful  yrllowish- 
pink  with  a  yellow  fltioreiioenee.  This  product 
has  been  patented  (Knlle  k  f'o..D.  R.  P.  24229), 
but  owing  to  the  high  price  of  ita  production  1 


it  has  been  unable  to  comjwte  with  the  eiwin 
colours,  which  are  perhape  still  more  brilliant 

in  shade. 

5.  Blagdala  red  t'solln^^^^^-.  '^^^  and 
\  <'ry  beautiful  colouring  matter  is  the  safranine 
of  the  naphth.ili-ne  series.    It  wa.s  discovered  by 
Schiendl  and  tirst  investigated  by  Hofmann 
(Ber.  2,  374),  who,  however,  owing  to  th«  great 
difiiculties  of  its  analysis,  ft.Hsi;^ned  to  it  tho 
erroneous    formula    (j,oH«iN,*HCi.    Aficr  a 
revision  of  the  aiud3rtiml  oata  by  Julius  (Ber. 
19,  ISC')),  ita  true  composition  virrm  establi-shed. 
This  sub^tanco  cannot  bo  prepared  by  the 
usual  oxidation  process  from  paranaphthylBDO* 
'  diriniiiie    and   naphthylamino    becauso  para* 
I  uaplitiiylene<liamino  is  ai  uuce  transformed  into 
a-naphthaquinone  even  by  the  feeblest  oxidising 
atrent^.    Magdala  red  ha*  therefore  \n  h<^  pro- 
jwired  by  the  old  process  of  licating  a-aiuino- 
azonaphtbalene  with  a-naphthylamine  acetate. 
The  chief  protluct  of  this  reaction  ia  rhodindine, 
the  induline  of  thu  naphthalene  scries  (v.  Indu* 
lines)  ;   but  a  small  proi>ortioa  (6-8  p.e.)  of 
Magdala  red  is  formed  at  the  same  time.  This 
is  extracted  from  the  melt  by  repeated  treat- 
ment with  Moilint,'  water,  in  whii  h  it  is  sparingly 
soluble.     ( >n   eooling,  this    solution  deposits 
the  dyestuti  in  tiie  shape  ol  geluUuouh  tiakua, 
It  is  purified  by  repeated  cryatallisations  from 
water.    When  pure,  it  forms  n  diuk  crystal- 
line powtler,  which  dissolves  in  alcohol  with  a 
pink  colour  and  a  magnificent  orange  fiuorc»- 
cence.    It  is  us<mI  for  dyeing  light  pinks  on  silk, 
but  is  now  rapidly  being  replaced  by  rhodamino 
{v.  TRIPHENYLMETKANE  COI.OUB1NO  mattekm).  If 
ready-formed  paranaphthylenediamino  be  added 
to  the  magenta-melt,  the  proportion  of  Magdala 
red  formed  is  considerably  increased  (Otto  N. 
Witt,  D.  R.  P.  408«8).    It  is  thus  shown  that 
Magdala  red  is,  after  all,  only  a  product  of  the 
joint  oxidation  of  paianaphthyknediamtne  and 
a-naphthylamine. 

The  pure  salts  of  Magdala  red,  when  ro- 
crystallise<l  from  spirit,  form  green  needles  with 
a  metallio  lustre.  Tho  chloride,  sulphate,  pi- 
crate,  and  platinum  doable  chloride  have  been 
prepared  and  analysed.  These  s^ts  disiiolve  in 
concentrated  sulphuric  acid  with  a  blue-blaok 
colour  which  changes  into  rod  on  dilution. 

Mixed  MaL'dala  reds  have  been  pre[nired 
either  by  heating  amino-azonaphthaleoe  with 
aromatic  monoammen  of  the  bemKme  aeriea  (IC. 
T.  l>ecco,  Ber.  7.  12W).  or  l>y  heating  aminoazo- 
compounda  of  the  benzene  aeriea  with  jpara* 
naphthylenediamine  hydrochloride  and  andine, 
toluidine,  or  even  phenol  (Otto  N.  Witt,  D.  R.  P. 
40b68).  Th(^  dyostuffa  roeombie  Magdala  red 
in  their  pro|)erties. 

f).  Indazine  is  the  conimereial  name  of  a 
.Hafrauine  dye,  which  ia  obtauied  by  heating 
the  symmetrical  diphenylmetaphenylenediamine 
(prepared  liy  heating  rcsorcin  with  aniline 
hydrochloride  in  t  he  presence  of  zinc  chloride) 
with  nitrosodimethx  tniiUine  hydrochloride.  Ita 
eon.stitutioii  may  l>e  inferred  from  if  -  an<ilouy 
to  the  violet  dyi  iuil  prej)are<l  trcuu  nitrosodi- 
mothylaniltne  an<t  phenyl-3-naphthylamine.  It 
is  a  -erviee.iMi-  iihir.  nf  considerable  intensity, 
but  little  brilliancy  ot  shade. 

Havveine  C2.H.^^N,('l.   This  snbUnoe,  the 

oldest  of  all  the  artilieial  (  oldurint^  matters,  is 

Still  manufactured  in  a  small  way,  aud^j^jg^ASf  GoOgle 
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the  namo  of  rosokae.  It  wu  dueovered  and 

examined  by  W.  H.  Perkin  (Roy.  Soc  Proc. 
35,  717)>  who  also  described  the  mode  oC  ita 
produetion.  It  is  prepared  by  oxidiriiig  heavy 
anilin"  -vitli  potAssiura  diclirouiute,  and  extract- 
ing the  mauvelne  formed  with  water  or  spirit 
from  the  Uaek  iiuolnbie  nuun  iriueh  is  the  chief 
product  of  the  roartior,  A  dyostuff  roaembline 
mauveine  in  all  its  properties  may  bo  prepared 
by  the  reaction  of  nitrosodiphenylamine  on 
aniline  (Otto  Fischer  and  Ilepp,  Ber.  21,  2617) 
or  by  the  joint  oxidation  of  diphenylmetaphenyl- 
emediamine  and  paraphenylonediAmine  or  meta- 
Mninodiphoiiylainine  and  para>aminodiphcnyl- 
Mnine.  These  syntbc^s  are  a  clue  to  the 
OOHUtitotion  of  mauve!ne,  which  hn.s  been  a 
mystery  for  nearly  half  a  century — it  stands 
revealed  as  phenylphenosafranine.  The  above 
synthetical  methods  have  been  adopted  for  the 
industrinl  prcpamtiun  of  mauveine,  as  they  givi- 
better  fields  than  Perkin's  old  process  of 
ozidatioii.  Mauveine  is  generally  sold  in  the 
shape  of  a  violet  iwiste.  It  insohiblc  in  cold, 
sj^riugly  soluble  in  hot  water,  ea^iily  soluble 
\tith  a  fine  purple  shade  in  spirit.  Concentrated 
sulphuric  acid  dissolves  it  \nth  nn  olive-green 
colouration,  -which  ou  dilution  with  u-ater 
changes  through  green  and  blue  into  purple. 
Mauveine  still  nolds  its  own  against  the  chcapt-r 
now  violets  on  account  of  its  great  fastness  to 
light  and  other  influences.  It  is  used  for  shading 
the  white  in  bleached  ailks,  and  aleo  for  {sinting 
on  paper. 

Mauveine  yields  on  oxidation  a  pink  dycstuf! 
which  is  supjposed  to  be  identical  with  ordinary 
pbenoea^nine.  In  our  opinion  this  statement 
requiren  confirmation.  0.  N.  W. 

AZOBENZENE  CitHj^Nf  A  product  of  the 
partial  reduction  of  nitrobenzene,  obtained  by 
^litsclurlich  (Annalcn,  12,  311)  by  boiling  an 
alcoholic  solution  of  nitrobenzene  inith  pota«h 
and  distil]iii|;  the  product. 

Preparatton. — .Azc  Vi  nzciie  is  obtained  by 
acting  with  sodium  amalgam  (4-^  p.o.  of 
oodinm)  on  nttarobensene  diast^ved  in  ether  con- 
taining water  (Worigo,  Annalen,  135, 170;  Alexe- 
jcff,  J.  1864»  ^2&;  Kasenack,  Ber.  5,  367);  the 
product,  aeoordingto  AlexejeS  (J.  1867,  603)  is 
azobenzf-no  or  azoxy benzene,  according'  as  the 
sodium  amalgam  or  nitrobenzene  is  in  excess. 
On  the  lue^  scale  acobeoMne  ie  prepared  by  the 
reduction  of  nitrobenzene  in  alcoholic  solution 
with  zinc-dust  and  aqueous  soda.  In  this  re- 
action the  reduction  tends  to  go  further,  and 
some  hydrazobon7:pno  is  also  obtained  ;  this, 
however,  is  readily  oxidised  to  azobenzcno  if 
nitrous  fames  are  pasKCil  into  the  alcoholic  solu- 
tion of  the  product  (Alexejeff,  J.  1867,  503). 
Azobenzune  can  also  be  prepared  by  distilling 
azoxybcnzene  (1  part)  witn  iron  filings  (3  parts) 
(Schmidt  and  Schultr,  Ber.  12.  4S4) ;  by  heating 
nitrol>enzenc  on  a  water-bath  with  the  calculated 
<|uantity  (2  mob.) of  stannous  chloride  dissolved 
in  exci'fw  of  aqucou.s  caustic  !*oda  (Witt,  Ber. 
18,  2912);  by  nxlucinc;  nitrobenzeae  in  nlcohulic 
eoltttion  with  magnesium  amalgam  (yield  95  p.c.) 
(Evans  and  Fetsch,  J.  Amrr.  f.liem.  Soc.  1904. 
1168);  by  reducing  tulrobi  nzone  with  alkali 
sulphide  in  the  presence  of  alkali  (Farb.  vorm. 
Meistt<r,  Lucius,  and  BrUning,  D.  R.  P.  2\i]2m, 
J.  Soc  Chem.  Ind.  1909,  1310) ;  by  heating  i 
nittobenfene  with  diaicoal  and  alkali  (Faib.  ' 


vorm.  fVied.  Bayer  k  Co.,  D.  K  P.  210S06; 

Chem.  Zontr.  1909.  2,  163);  bv  trcatinc:  phenyl 
hydrazine  with  bleaching  powder  solutiuu  (Brun- 
ner  and  Pdet.  Ber.  1897,  284).  ^Vxobenzent 
can  be  prepared  by  the  ( I'-etrolytic  reduction 
of  nitrobenzene  in  the  prf  >>ence  of  alkali  (Elbs 
and  Kopp,  J.  Soe.  (  hem.  Ind.  1898,  1137  :  Lob. 
Ber.  1900,  2329  ;  Farb.  vorm.  Fried.  Bayer  &, 
Co.,  D.  R.  PP.  121899  and  121900  ;  Chem. 
Zentr.  1901,  2,  153:  Farb.  vorm.  Meist«c, 
Lucius  and  Briininjr  ;  D.  H.  V.  141535;  Chem. 
Zentr.  1903,  (i.)  1283 ;  and  Farb.  vorm.  Weiler- 
ter.Meer,D.  R.  P.  13MIW;  Chem.  Zentr.  1903. 
(i.)  372). 

Propertied. —Azobenzone  crystallises  in  large 
yellowish-xed  cry  stab  belonging  to  the  mono- 
rlinic  system  (Bocris,  R.  Aecad.  Lineei,  [5]  8,  i. 
575),  and  to  the  rhombic  isvatem  ( Alexejell,  Chem. 
Soe.  Abstr.  42,  965) ;  melts  at  6S*.  U)il8  at  293*. 
and  is  readily  soluble  hi  alcohol  and  ether,  in- 
.^^oluble  in  water.  From  benzene  it  erystallii^^ 
with  benzene  of  cxyBtaUisKtion  in  rhombic  prism.s 
which  lose  benzene  on  exposure  to  the  air. 
Weak  reducing  agents,  such  as  ammonium  sul- 
phiilf  or  ziiic-(lu?-l  in  alkalinr!  solution  (Alexc  jefl. 
Annalen.  207.  327)  or  phenylhydrazine  (Walther, 
J.  pr.  Chem.  1890,  54,  433),  convert  azobenwne 
into  hydrazobenzcne,  but  benzidine  is  obtained 
\vhcn  .stronger  reducing  agents  such  as  sul- 
phuiuus  acid  or  hydrogen  iodide  are  empIo3r©d 
(Bordenstein,  D.  R.  P.  172569;  J.  Soc.  Ch(  m. 
Ind.  1907,  272),  or  the  alcoholic  solution  i« 
treated  in  tho  cold  with  fitannous  chloride  and 
a  little  sulphuric  acid  (Schultz,  Ber.  17,  4«4  : 
Mentha  and  Heumann,  Ber.  19,  2970).  Aso- 
benzene  can  also  be  electrolyticallv  reduced  to 
benzidine  (Lob,  Ber.  1900,  2329 ;  wlu  n  luatwl 
with  ammonium  hydrogen  sulphite  and  alcohui 
under  pressure,  it  is  eon  verted  into  bensidine- 
sulphamic  acid  (Spictrel,  Ber.  18,  1481).  Wher 
melted  with  |)*phenylenodianune  in  (he 
preeenoe  of  ammonium  ehlorido,  it  vidda  a 
soluble  in<lulinc  dye  (Farb.  vorm.  Fried.  Bavcr 
&  Co.,  1).  R,  P.  53198 ;  Ber.  1»»1.  Ref.  137 Azo- 
benzene  yielda  a  mistnte  of  mono*,  di-,  and  tri- 
nitroazobenzenes  when  treated  with  fuming 
nitric  acid  (Gcrhardt  and  Laurent,  Annalen,  75, 
73;  Janovsky  and  Rrb,  Ber.  18^  1133;  19, 
2157;  Janovsky,  Monatsh.  7,  124  ;  Werner  and 
Stiasny,  Ber.  1899,  3256):  ordinarj^  sulphuric 
acid  disBolves  it  without  alteration,  whilst 
the  fuming  acid  at  130*  converts  it  into 
azobenzenemonosulphomc  aeid  (Grie&s,  Annalen, 
164,  908;  Janovsky,  Monatsh.  2,  219): 
chromic  arid  oxidises  it  to  carbon  (Uoxiilc 
and  nitrogen  (l>o  Coiiinck,  Compt.  rend.  1899, 
128,  683).  The  bromino  derivatives  of  azo- 
benzene  havo  been  examined  by  Werigo  (Anna- 
len, 105,  189).  Jauovbky  {I.e.),  and  MiUs  (C3iem. 
Soc.  Trans.  1894,  51). 

AZOBEMZEMB  BED  «.  Azo>  ooLOVBuro 

UATT£BS. 

AZO-BIACK  or  HAPHTHOL  BLAOR  v.  Awo- 

COLOVJtlSO  MATTERS. 

AZO-BLUE  V.  A7.0-  coi.orntxo  mattkbs. 

AZO-COCCINE  '    ,\/  -  <  '  1'-  i:!XO  UATTKMB. 

AZO-  COLOURING  MATTERS. 

History. — Tho  colouring   matters   of  tlii> 
cla><4  contain  one  or  more  aio>  groape — : 
liidxing  together  aromatic  ra<lieles.    The  typi*  .*! 
piirent  hubstancu  from  which  these  com|*ouitd& 
may  be  ragaided  as  being  derived  is  azobenzcoe. 


AZO-  COLOURING  HATTBR& 
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C«H,*N:N-C',H.,  which  has  been  known  rinoe 

the  year  1834  (Mit^chorlich,  Annalen,  12,  311). 
The  bMio  and  acid  derivatives  of  azobeazi*ne 
•re  sU  eotoufing  matters,  the  amino-  derivative, 
uminoazofjenzenc,  having  been  the  first  of 
these  compounds  which  was  prepared  and  intro- 
duced into  oommerce  on  anything  approachinc 
a  larL'c  pcalf  by  the  firm  of  Simiwon,  Maule,  and 
NicholM>n  in  1863.  This  substance  wa3  pre- 
pared by  the  action  of  nitrous  ga-ses  on  anuine 
d«solve<l  in  alcohol,  and  was  known  in  the 
market  by  the  name  of  '  aniline  yellow,'  the 
tme  oonatitution  of  the  colour  being  at  the  time 
unknown.  The  introduction  of  the  first  azo- 
rulour  into  commerce  it>  thus  due  to  the  hrm 
above  mentioned,  althoogh  the  production  of 
the  colour  itself  appears  to  have  b<*en  previously 
observed  by  Mene  (C'ompt.  rend.  1801,  52,  311), 
Luthringer  (Brevet  d'invention,  Auf^.  30,  1861), 
and  (;rieas  (Annalen,  1862,  121,  2(52,  note). 
Thf  first  researches  on  the  diazu-  coniiKjunds 
(AS  (listin;;ui.shetl  from  azo-  connH)uml.s)  were 
published  in  1858  by  GrifWB  (Annalen.  106.  123), 
wiw  in  1862  discovered  a  compound  produced 
by  the  action  of  nitrous  acid  on  aniline,  to  which 
he  gave  the  name  of  *  diazoamidobenzol ' 
(Ani^en,  131,  257).  The  latter  wiw,  however, 
a  true  dinzo-  comjxjund,  and  on  toniparing  it 
with  the  *  aniline  yellow  *  of  commerce  it  was 
fovnd  that  the  two  tnbetaacea  were  iaomerte, 
a  dist  overy  uhich  h-d  t"  the  establishment  of  the 
tme  formula  of  aminoaxobenzene  by  Martina 
and  Grien  in  1886  (SSeitich.  Chem.  N.  F.  S,  132). 
In  this  same  year  a  brux^Ti  dyo  w&h  sent  into  the 
market  by  the  firm  of  Roberts.  Dale,  and  Co., 
cC Maneheater,  and  thi»  colouring  matter  (known 

Manchester  Bro\\Ti,  Ve<uviiif,  Phcnylene 
Bfeown,  or,  more  generally,  Bismarck  Brown) 
wu  hiTettigftted  oy  Quo  and  Griesa,  and 
idcntifirtl  as  an  .17.0-  compound  in  1867  (Zcifsch. 
Chem.  N.  F.  3,  278).  These  chemists  regarded 
it  aa  triaminouobenzeno,  but  G.  Soholtz 
(Chcmie  dcs  Steinkohh  ntheers,  2nd  fd.  2,  193) 
showed  that  it  ia  benzene-1 :  3-disazophenyl- 
awdkuniiMii  This  compound  still  occupies  an 
important  place  in  the  tinctorial  industries, 
wlulst  the  earlier  kno\m  aminoazobenzene 
(aniline  yellow)  has  been  completely  abandontni 
on  account  of  its  fugitive  character.  It  i«,  how- 
ever, used  in  the  preparation  of  other  azo- 
colouring  matters  and  iodiiUnes.  In  1876  a 
Ijcautifully  crystalline  orango  colouring  matter 
made  its  appearance  as  a  commercial  proiluct 
under  the  nnme  of  '  chry-soldino,'  its  composi- 
tion and  constitution  having  l)een  e.^Jtablishcil 
by  llofmann  (Ber.  1877,  10.  213),  who  showed 
that  it  was  dinminoesobencene.  This  colouring 
natter  was  discovered  almost  simidtaneously  by 
Gbioand  Witt,  independently,  m  1876,  but  wa.s 
fioft  introduced  into  commerce  by  the  latter, 
the  manufacture  having  been  carried  out  by 
the  firm  of  Williams,  Thomas,  and  Dower,  of 
Bientifoid  and  Fulham. 

The  manufat  tiire  of  chrysoldine  was  the 
lint  indnstrial  application  of  Griess's  discovery 
of  the  diazo-  com|X)un<l'^,  tii,' colouring  matter  in 
question  being  preparefi  by  the  action  of  a  diazo- 
mh  (diaxobonzcne  chlorirle)  on  m-phenyhne- 
(liatnine,  and  thin  manufacture  wiLS  soon 
foUowed  by  the  appearance  of  acid  azo-  com- 
ponnds  {irepared  by  the  actkm  of  diuomlphonic 
acids  on  pheods.  The  typical  parent  sobstaoce 


of  these  acid  mo>  ooloun  may  bo  rraarded  as 

hydroxyazoWnzcne,  rgHj-N^'C^Hj-OH,  which 
was  first  prepared  by  Uriess  in  1864  (Phil.  I'rans. 
1S3,  670k  The  general  method  by  which  the 
azo-  colours  are  now  prenare<l  is  an  application  of 
the  reaction  between  uiazo-  salts  and  phenuis 
in  alkaline  solution,  first  made  known  by  Kekule 
and  Hidciih  (Her.  1870,  3,233),  thr  lirst  colouring 
matters  of  tiiis  class  having  Ix'cn  introduced  by 
Witt  under  the  name  «»f  *  'rro})a^>litir,s '  (Chem. 
Soc. Trans.  1879,  3.').  IT!*),  and  simultaneously  by 
Poirrier,  of  St.  Denis,  under  the  designation  of 
'Orange'  of  various  brands.  Since  the  first 
appearance  of  the  acid  azo-  colours  immenno 
numbers  of  the:^e  conipoun<ia  have  been  sent 
into  commerce  under  various  designations,  the 
first  patent  having  lx.'en  taken  out  by  Griess  in 
1877  (E.  P.  3698),  and  being  quickly  followed 
by  others,  whioh  wiil  berefcrn-d  to  in  due  order. 
Of  the  acid  azo-  coloiups  describetl  in  the  earlier 
specifications,  the  most  successful  from  an 
industrial  point  of  view  were  thoso  manufactured 
by  the  *  Badischc  Amlin-  und  Soda-Fabrik ' 
(Ber.  1879,  12,  1364),  and  by  Meister,  Lucius, 
und  Briining,  of  Hochst  (ihid.  141). 

The  next  step  of  importance  in  the  industrial 
history  of  the  azo-  colours  was  the  introdnotion 
of  disazo-  cotn}>oundj<,  containing  two  azo-  ^Touiw, 
The  typical  compound  of  this  clan's  is  l>en7.rneazo- 
benzeneasophenol  C,Hj'Nj  C'(,H,  N, CgHi  OH, 
discovered  u\  1877  by  Caro  and  SrhrauiR'  (Her. 
10,  2230).  In  1879  appeared  the  Biebrich 
seariet*  of  NIetaki  (Bor.  1880,  13.  800,  1838), 
which  was  introduce*!  by  the  firm  of  Kallo  & 
Co.  of  Biebrich.  This  dyestufi  is  prepared  bv 
oombhiini;  diaiotised  aminoasobensenedisttl- 
phonio  acid  with  )3-naj)hthoI,  iiiid  was  the  first 
of  the  secondary  disazo-  compounds.  The  first 
primary  disaao'  colouring  matter,  'Resorcin 
brown,  wa.s  discoverfnl  in  18S1  by  W.illarh, 
who  combined  two  molecules  of  a  diazo-  com- 
pound (m-xylidineand  sulphanilio  acid)  witli  one 
molecule  of  a  phenol  (resorcinol).  In  1884  a 
very  important  discovery  in  the  history  of  azo- 
colouring  matters  was  nwde  by  P.  BStttger,  who 
found  that  the  disazo-  compound  obtaiiKKl  by 
con)bining  the  tctrazo-  salt  prcimred  from 
benzidine  with  naphthionic  acid  possessed  the 
valuable  property  of  dyeing  cotton  «lirect,  with- 
out the  use  of  a  mordant.  This  colouring 
matter  was  put  on  the  market  by  the  Aktienge> 
fellschaft  fiir  .\Tiilirifabrikation.  under  the  name 
of  'Congo  red.'  liiis  dbcovcry  has  given  riwo 
to  the  production  of  a  very  largo  number  of 
similarlv  ronstitnted  colouring  matters,  which 
apiK-ar  on  ihc  market  under  the  names  of  benz«>-, 
Congo*,  dianiine«,  and  other  dyestufTs.  In  the 
following  year  another  important  ticvelopment 
was  announced  by  the-  introduction  of  the  first 
8atisfa(;torv  black  azo-  colouring  matter  (naph> 
thol  black)  for  wool.  This  was  discovered  by 
Hoffmann  and  WeinlM-rg,  and  placed  on  the 
njarket  by  L.  C^ssella  A:  Co.  In  1887  A.  G. 
Green  found  that  primuline,  which  he  had  dis* 
covered,  dyed  cotton  dh«et,  and  that  the  yellow 
colouring  matter  wht-n  thus  dyc<l  on  the  fibre, 
could  lie  diazotiscd  and  combined  (developed) 
with  /3 -naphthol,  m-phenylenediamine,  and 
»<imilar  '  dfVfh»jMTs,'  tluis  gi\  iii;^  rix*  to  a  scries 
of  new  azo-  dyestuffa  (inarain  coloun).  This 
discovery  led  to  the  manutaeture  of  many  aao- 
colouring  matters  which  were  capable  of  being,. 
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similarly  <liA7.otiKocl  nnd  (Iovo]oikmI  un  the  fibre. 
{e.g.  diamine  bJack),  r«  also  to  the  production  of 
azo-  colouring;  ,matt<T«  on  the  fibre  b}'  treatinjj; 
the  fibre  alreatiy  dyed  with  an  azo-  colour  with 
a  diarx)-  compound  (e.g.  benzonitrol  coloun*). 
In  both  ca«es  darker  and  faster  dyeings  are 
obtained. 

The  first  direct  cotton  black  (diamine  black, 
RO)  waa  discovered  in  1889  by  6an8  (CaBsella 
&  Co.)f  «nd  in  1891  lIofTmann  and  I)aimIiT 
prepared  the  first  greea  colourii^  natter  of  thia 
Kind  (diamine  green). 

A  modififii  uiothini  of  the  process  intnxluced 
in  ISbO  by  K«ad  Uolliday  and  Sona,  of  producing 
inaolnfale  aso*  colouring  matters  directly  on  the 
fil>rc.  hns  lict-n  lar«ely  tievclo|M'(l  «)f  ]at<>  y('nr^<. 
The  iiri>t  example  of  this,  viz.  the  combination 
of  diaisotised  p-nitroaniline  with  /3*naphthol 
('  paranitranilint'  n  d  ')  atill  holds  the  place  of 
greatest  importance. 

Manufaeiwt. — ^The  gmend  method  of  pre- 
pnriiTj  the  azo-  colours  on  a  Iar^'<-  ><  al«'  dcju  iul- 
uiKjn  the  reaction  between  a  diazo-  salt,  UKually 
the  ehloride,  and  a  phenol  or  phenolsulphonic 
acid  in  preeence  of  an  alltali,  as  typified  by  the 
following  example : — 

C,H.,-N,ri+C,H,ONa 

D*aiM)bcii7.i"nc  Sodium 
cliktride.  pUvuo&ide. 

==C,H,-N,-C,H ,  •()  H+NaCI. 

H«>!»ren«>n7.nphinioI . 

AminosuJpbonic  acidii  or  aminocarboxylio 
acids  when  diasotised  react  in  a  similaT  manner : 

DiuzoKulplwiiUic  Sttdiuni 

acid.  phennxide. 
-^SO.NaC.H^N.CgH.OH. 
Salphobens0neaiopbeiu>l  (fodlum  Mdt). 

Prt  p'trntinn  nf  the  diazO'  *rtf//».—  Tlie  amine 
to  bo  diazotised  is  usually  dissolved  in  about 
10  pans  of  water  and  one  equiTalent  of  hydro- 
chloric  fnioro  ranly  f^nlphuru')  acid.  F<.r 
diamines  twice  this  amount  of  acid  is  taken. 
The  sirfntion  *  is  now  cooled  by  adding  ioe  until 
the  temixTature  in  the  case  of  aniline,  the 
toluidinej",  the  xj'lidine.s,  kc,  0**-2®,  or,  in  the 
c«80  of  the  naphthylamincri,  the  nitroanilines 
and  ilianiincf^  such  as  benzidine,  tolidine, 
dianibidiiie,  &c.,  6"-10*.  This  is  done  by  adding 
ice  to  tho  solution.  More  acid  ( lJ-8  eqniW 
leuts)  is  now  added  for  r{~4  in  the  case  of 
diamines),  and  a  solution  ut  the  calculatLHl 
quantity  of  HCMlium  nitrite  is  run  in,  sufficient 
b<*intT  ii-<d  fo  a  reaction  with  stnri'h- iodide 
paptr  aftor  tin;  whole  has  been  mixf.l  for  two 
or  thre«'  Tiiiimtx^s.  (For  velooity  of  dia/oti.^ation, 
we.  Hantzsch  and  Schumann,  T^<  r.  1899,  32, 
1691;  Schumann,  ibid.  1900,  33,  527.)  In 
certain  oases  {t.g.  a-naphthyl-imine,  p-nitro- 
aniline,  &e.)  it  is  Ix  tter  to  add  th<^  nitrite  all 
at  once  in  order  to  avoid  the  formation  of  the 
diazoamino-  compound.  In  diazotising  such  com- 
pounds as  give  an  innolublo  diazo-  <ierivative. 
as,  for  example,  p-sulphob€-nzenea.''.o-o-naphthyl- 
aniine  or  ;>-acct\ laminobenzeneazO'0-na])hthyl- 
amine»  and  which  themselves  are  insoluble  in 
aoi(ls  (under  the  above  conditions)  it  is  advisable 
to  use  an  oxecss  of  nitrite  and  to  stir  the  ice- 

'  Boms  of  the  diazoAulphonic  acidx,  nurti  lui  diaxo- 
naphthionlc  arid,  an- iu»ulubl(*iu  water,  and  arc  tlwrc- 
fere  sotpluyiKl  la  a  state  of  suspeiMloa, 


cold  mixture  f or  .^o \  t  ral  hours.  Special  methods 
hnvii  to  be  employed  to  diazotise  amines  con- 
taiiiiug  several  negative  groups ;  the  operation 
may  often  be  effected  by  carrying  it  out  in  the 
presence  of  excess  of  60  p.c.  sulphuric  acid, 
and  Witt  has  shown  (Ber.  1909,  42,  295.S} 
that  diazotisation  is  easily  brought  about  in 
these  oases  by  employing  strong  nitric  ackL 
Other  substances  which  are  diflScuTt  to  diaxotise 
satisfactorily  are  those  which  arc  r<'a<lily 
oxidised  by  the  nitrous  acid,  stiob  as  the  1:2- 
andthe2:  1 -aminonaphtholi  and  their  sulphoiuo 
acids.  In  this  ea>-e  the  diazoti.-^ation  may  be 
done  in  the  presence  of  zinc  or  copper  salts 
(compare  E.  P.  10236  of  1904 ;  D.  R.  P. 
171024.  172446;  E.  P.  3r).'?78r,)  or  by  means  of 
zinc  uitrita  Another  method  is  to  diazutitte  in 
prraenee  of  an  excess  of  acetic  or  oxalic  acid 
(c  ( in  t >are  D.  R.  P.  106063, 176603^  also  £.  P.  SM« 
of  18»ti). 

Diifioulties  are  often  encountered  in  tn- 

deuvouring  to  diazotise  cerlaiii  dianunf*?. 
o-Phcnykne'  and  tolvlene-diamines  cannot  bo 
diamtisedy  as  they  yield  the  asimino-  derivntiTcn* 
and,  under  the  usual  conditions,  the  meta- 
diamines  furnish  Bismarck  inown ;  but  if  the 
diamine  is  run  into  a  mixture  of  nitrite  and  acid 
tlie  Ictrnzo-comijound  niav  be  obtained  (Gricss, 
Ber.  188«,  1%  317;  Tauber  and  Wslder,  Ber. 
1897.  S0»  2901 :  E.  P.  1603  of  1888;  D.  R.  P. 
10!?ft85).  In  the  ca«e  of  p-phenylenedianiine 
and  certain  diamines  of  the  naphthaieue  iseries 
diazotisation  is  brought  about  indirectly,  as  the 
direct  action  of  nitrous  acid  often  leads  to  a 
mixture  of  the  mono-  with  the  his-^liazo-  (or 
tetrazo-)  compound.  Sther  the  corresponding 
nitronmine  or  the  monoacetvlated  diamine 
is  eni  ployed.  Tliis  is  diazotised  and  combine<l 
with  a  component  in  the  usu<il  way  (see  below), 
and  tlK'p  llie  nitrn- group  is  reduced  (ir  the  acetyl 
group  hydrolv»cd  when  the  free  amino-  group 

can  then  readily  be  diazotisod.   Some  diaminw, 

indeed,  can  only  bo  diazotised  as  regards  one 
amino- ;;ruup,  the  other  being  quite  unattackeiL 
In  such  cases  (e.g.  o-nitro-p-phcnylcnediamine, 
I  :  4-na])hthylenediamine-2-sulphonic  acid — the 
latter  bi>ing  diazoti.sable  only  in  acetic  oi  oxalic 
acid  solution)  the  monodiazo-salt  is  combined 
with  a  com}K)nent  and  then  the  remaining 
amino-  group,  which  before  rcsistctlall  attempts 
at  diazotisation,  is  ea  H \  diazotised  (conifare 
Bulow,  Ber.  1896..  29,  22b5;  K.  P.  21H6  of  1896^ 
(For  further  infonnatioa  on  this  subjuct,  see 
Cain,  The  Cheniistxy  of  the  Diaao-  Compoiiiidih 
Arnold,  1908.) 

Commvalkm  (coupling)  of  thf  dtaxo-  eomjtomwd 
icith  a  com]>oni  lit  {jihiinA  or  aininr)  to  furin  an 
azo-  djftstuff. — Before  the  diazo*  solution  is  pre* 
pared  a  smution  of  a  ]Aenol  or  amino  is  made 
rca<ly  so  that  no  delay  may  occur  before  coupling 
takes  place.  As  a  general  rule,  phoaoli  are 
combined  in  alkaline  and  amines  in  a«id  (aoetie) 

solution.  Tn  the  case  of  pheods  or  naphtln.ls 
the  substance  is  brst  dissolved  in  tiic  calculated 
amount  of  sodium  hydroxide,  the  solution  diluted 
with  watei.  aiid  .sodium  earl>onate  added  in 
suilicicnt  quantity  to  ensure  an  alkaline  reaction 
l»eing  obtained  at  the  end  of  the  combination 
{i.e.  a  little  more  than  one  molecule  of  .solium 
carbonate  to  each  molecule  of  hytlrochloric 
acid,  so  that  sodium  hydrogen  carbonate  may 
be  fotmcd).  When  phentuio  sulpbonlp,  aoitu 

.  J  .i^  .o  l  y  Google 
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«i«  the  componcnUt,  they  may  be  diMoIved  in 

*'^d!uni  carbonat'C  instead  of  hydroxide.  The 
plioooiio  aolution,  haviiuc  been  cooled  to  about 
10*,  is  now  reafly,  ana  the  diazo-  solution  is 
run  in  >/r<n!ualIy  with  constant  t^tirring.  Com- 
bination takes  place  at  oaoe,>  and  when 
all  the  diaco-  wdaCloii  lam  been  added,  the 
mixture  must  l>c  tt>tod  to  cn.-uri-  an  alkaline 
reaction,  and  the  proseoce  of  a  slight  ozccas 
of  the  phenol  (about  2-6  p.e.  exoees  of  the 
theoretical  amount  U  usually  taken ).  Thi 
oext  day  the  colouring  matter  in  filtered  through 
filter  pveseea.  0  it  hM  separated  oot^  no  fmtlwr 
treatment  npcp«=5ary,  but  if  it  i.s  still  partly 
ur  wholly  in  mxlution,  it  ia  '  lialted  out '  (hot  or 
coM)  by  adding  oofBuon  ialt  ttntU  a  tpot  on 
'  Iter  pa|H'r  shows  only  a  fftinfl\*  coloured  rini. 
hi  rare  caitcs  the  precipitation  is  elboted  by 
acidifying.  The  filtsatjon  is  bei*t  elleetod  by 
lh„«  (lit!  of  compressed  air  and  the  pre?";  cake 
w  spread  on  traya  and  dried.  The  dry  lumps 
are  then  ground  m  a  mill,  adjusted  to  *  type ' 
cr  ■  st/>nflnr<l '  by  means  of  fommon  salt,  sodium 
sulphaiv,  kv.f  and  the  product  w  then  ready  for 
the  market.  In  oases  where  the  possibility  of 
the  formation  of  n  disazo-  dyestuiT  is  present 
{dihydroxy-  cotniKiunda,  a-oaphthol,  &c),  the 
eoopling  may  advantageously  M  oairied  out  in 
acptic  acid  solution. 

The  procedure  adopted  in  the  case  of  amities 
w  very  similar  to  the  above.  The  amine  is 
hrst  dissoivf'<^l  in  the  appropriate  nmount  of 
hydrochloric  acid,  the  solution  dilutctl  and 
su^ient  sodium  acetate  added  to  ensure  that 
no  free  mineral  at  id  remains  at  the  end  of  the 
combination  (in  rare  cases  coupling  is  effected 
!n  mineral  acid  or  alkaline  solution).  >\'hen 
the  combination  is  romphte,  the  dyt^tuff  is 
filtered  off  either  tm  it  l-i  ur  alter  having  been 
rendered  alkaline. 

Many  disazo-  dyestuffs  are  prepared  by  cora- 
bming  two  molecules  of  the  same  or  different 
diazo-  compounds  with  an  aniinonaphthol- 
soiphonic  acid.  In  tius  oaae  combination  is 
effected  first  in  aci<l  solution  and  then  the 
nintioazo-  (lyotufT  thus  formeil  is  rendered 
ail&aUne,  and  the  aeooud  molecule  of  diaEO< 
compound  added. 

Pogitiou  (i-i^uniffl  h))  ihf  azo-  group  in  the 
/ormaium  oj  azo- colour  trig  maUer».--{a)  Benzene 
tme»  i  When  the  para-  ponition  with  respect  to 
t!ie  amino-  or  hycfroxy-  ^roup  in  occupied  by  a 
hydrogen  atom,  and  no  group,  such  as  ^O,, 
BO,H,  or  NKjCl,  fs  in  the  meta*  position,  the 
a/o-  LToiip  enters  the  para-  positi<<n  in  place  of 
the  hydrogen  atom.  (6)  Naphthakne  etries: 
la  eonespondtng  compounds  of  the  naphthalene 
Sierie5<  fa-naphthvlnmine.  a -na|)hthol)  the  enter- 
ing azo-  group  also  takes  up  the  para-  position, 
but  when,  in  «*naphtho),  a  siilphonic  group  is 
in  the  3-  or  5-pf>>ition  with  resi)cct  to  the 
hydroxy-  group,  or  a  nitro-  or  NK  jCl-  group  is 
in  the  3*  position,  the  aso-  group  enters  the  2* 
jxisition. 

\N  hen  the  para-  position  is  substituted,  the 
««>•  group  enters  the  ortho>(2)>  position,  but  if 

the  pan-  substitnent  is  a  carboxy-  gTX)Up^  this 
is  usually  di-^pliu  e<l  by  the  azo-  group. 

Viliea  diaso-  (  ompoiuid;^  act  on /S*naphthyl- 
amine    or   ^-naphthol,  the  azo-  group  enters 

>  For  the  fonnatlon  c(  dlai<H>nr'  oompomuls,  «m  a 
mm^WmnHh sad  Bsr.  1M8,  «l,  4012. 


position  1  (in  the  ortlio-  position  with  respect 
to  the  amino-  or  liydroxy-  group).  If  the 
1  -  position  in  j9-naphthol  is  occupied  by  a  caib* 
oxv-  group,  this  is  displaced  (compare  also 
Sehnr^in  and  K)djnmiff,  Ber.  1908.  41,  2050 
and  article  ou  Di9azo>  and  TxxjiAXO*  coloub^ 
nro  UkrmB). 

Differing  capacity  for  combination. —  As  \\\W 
hare  been  gathered  from  the  preceding  para- 
graph, the  aco-  group  never  entefs  the  raeta- 
pofiltion  with  re.-|H.>ct  to  an  amino-  or  hydlOXy* 
l^ou^.  Turther,  a  component  in  which  the  para- 
poeitwn  is  ooeupied  by  a  snbstituent  group  ia 
not  80  roadilv  attacked  (in  the  orth  -  ])Oeition) 
as  one  that  is  not  substituted  (when  the  azo> 
group  enters  the  para-  position).  Moreover,  the 
capacity  for  combination  depends  also  on  the 
kind  of  (iiazo-  compound  employed,  thus  2- 
naphthol-^sulphonio  aeid  and  2-naphthol> 
6 :  8-diMulphonic  acid  in  dilute  solution  do  not 
combine  at  all  with  diazotised  xylidine  or 
naphthylamine,  whilst  diuotised  aniline,  aminc- 
azobenzene,  aminoazobenzcnrsnlphonie  acid  and 
naphthylanunesulphonio  acid^  couple  easily 
with  them.  The  combination  with  diasotised 
xylidine  and  naphthylnmine  can,  however,  bo 
made  to  take  place  in  concentrateil  solution. 
Tha  diaso-  compound  of  ^nitroaniline,  in  most 
cases,  coml>ine.s  with  extreme  ease.  Finally, 
2-naphthyhinuuc-0 : 8-disuIphonic  acid  does 
not  combine  with  any  diazo-  compound.  ( Vot 
measurement  of  the  rate  of  formation  of  <iu'- 
stuffs,  gee  GoUhKihmidt,  Ber.  1897,  3U,  tiiU, 
2075;  1899,32.365;  1900.33,  893;  1902,  Hr), 
3534;  Ve^y,  Tzaos.  Chem.  8oc  1909,  96, 
1186.) 

Considering  now  the  formation  of  azo- 
dyestuffi^  from  tetrazotised  diamines,  it  should 
be  noted  that  diamines  of  the  tyjw  of  benzidine 
furnish  tetrazo-  compounds  which  can  either  ho 
combineil  with  two  molecules  of  one  component 
(phenol  or  amine)  or  with  one  molecule  each  of 
two  comjM»innt*«,  and  the  reaction  can  thus  be 
divided  into  two  stages.  This  holds  good  even 
when  one  component  c»n]y  is  used ;  thus  tetrazo- 
tised benzidine  combines  almost  at  oner  with 
one  moleciUe  of  naphthionio  acid,  forming  a 
so-called  intermediate  product ;  but  the  second 
molecule  of  naphthionic  acid  combines  with  tlii-^ 
only  slowly.  Here  also  a  difierence  ia  combining 
power  is  to  be  noted,  thus  tetraiotised  bensidine 
combines  more  readily  th'Ui  < loCt  thc  COnwpOIld- 
ing  compound  from  toiidine. 

Oen^hd  praperties  — (])  Attion  of  alkalis, 
TI \ (!rox\ a/o-  dyes  containin;:  a  .siilphonic  or 
carboxylic  group  usually  form  differently 
coloured  salts,  and  consequently  the  addition 
of  sodium  hydroxide  to  their  solutions  protluces 
a  modiiioatioa  in  the  shade  (compare  Hewitt 
and  MitcheU,  Trans.  1907,  01,  1251).  The 
isomeric  cnlourin!?  niattern  prepared  from 
a-  and  )3-naphthol  show  a  characteristic  difier- 
ence in  that  only  those  derivtHl  from  the  former 
are  changiHl  by  sodium  hydroxide  (e^.  benso* 
azurinc,  ic. ). 

(2)  Action  of  cold  dilute  acids.  Dyestuffs 
containing  amino-  or  substituted  amino-  ^rroups 

Senerally  undergo  a  change  when  treat4'd  wuh 
ilutc  acid  (comjmre  Fox  and  Hewitt,  Trans. 
1008,  93,  333  ;  Hewitt  and  'i'liomns,  ibid. 
1909,  95,  1292;  Hewitt  and  I  holc,  ibtd.  11)09, 
95, 1393 ;  1010,  97, 511}.   In  the  oatK)  of  Cou^ 
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rod  tind  methyl  oraiigo  thin  obangp  is  so  pro- 
found that  th<ko  oolouring  matten  can  be  used 

as  indicators. 

(3)  Action  of  CoU  concentrated  sulphuric 
acid.  Nearly  all  azo-  colourintr  mattew  give 
characteristic  colour  chaivgea  with  this  reagent, 
and  it  u  often  need  as  an  aid  in  tlie  detection 
of  dyes.  Mixtures  of  dyes,  when  covered  w  ith 
sulphuric  acid,  oft«n  reveal  themselves  by  the 
various  ookmn  pnoducod  by  tba  particleB  as 
thoy  become  dissolved.  There  aro  certain  re- 
lationships bctwuea  thu  colour  of  the  solution 
of  azo-  ayes  in  sulphorio  acid,  and  therefore  of 
their  absorption  spectra  and  their  chemical 
constitution.  Thus  the  dyestuff  from  amino- 
azobenzcnesulphonic  acid  and  jS-naphthol  gives 
a  green  colour,  thoee  from  the  same  (diazotised) 
amine  and  /3-naphtholsul phonic  acids,  a  blue, 
and  those  from  aminoazobcTizene  and  its 
homolcgaee  combined  with  i9-aaphtholHul phonic 
mdda  a  red  violet  (compare  Ber.  1880,  13.  1840  ; 
Vogel,  Sitzung>*l)i  r.  K.  Akad.  Berlin.  1SK7.  Hi, 
7 Id;  Ber.  1889,  22,  034,  2062;  iSchiitze, 
Zeitech.  physikal.  Chein.  18^,  0,  2;  Grebe, 
Diss.  I/eipzi<_'.  1S92'). 

(4)  Action  of  hot  hydrochloric  acid.  Certain 
aio«  oolotinng  matten,  raeh  as,  for  example, 
atninoa/ol>enzene,  are  decomposed  when  boiled 
u  ith  concentrated  bydrochlorio  acid ;  reduction 
and  oxidation  take  i^aoe  acoompanied  bv 
chlorinatioQ*  In  tin  iT-stance  quoted  phenyl- 
enedianune,  aniliiie,  and  benzoquinono  or  its 
chloro-  derivatives  are  prodneed  (Wallaoh  and 
Kollikor.  Ber.  IHSI.  17.  :?'».-). 

(5)  ^clion  of  h(A  auiphuric  ticid  (Witt,  Ber. 
1887,  20,  671).  Azo-  colouring  mattets  which 
are  derived  from  jjlu-nyl-  or  tolyl-/8-naphthyl- 
amine  by  the  actioa  of  diazo-  compounds  on 
these  bases,  when  boiled  with  moderately 
dilute  sulphuric  acid,  yield  the  bases,  or  tfvir 
sulphouic  acids,  from  which  the  diazo-  compound 
was  pre{)ared,  tosether  \tith  naphthazines. 
Thus  the  dye.stnn  obtained  by  combining 
diazotised  bulphanilio  acid  with  phenyl-/8- 
paphthylamine,  is  decomposed  into  sul^ianilio 
acid  and  phenonaphthozino  : 
SOjH-C.H.NjC.oH.NHC.H, 

=SO,H-C^«NH,+(J„H,<  I  ;  C,H,. 

(6)  Action  of  nitric  aeid.   Azo-  cototuring 

mattrrs  ar«^  rea<lily  attacked  by  nitric  aci<l, 
aud  tho  courso  of  the  reaction  depends  largely 
on  the  conditions  of  temperature  and  oonoeutra- 

tion.  By  the  mo<lerate  aetion  of  nitric  acid, 
the  dyestuf!  may  simply  be  nitrated,  thus 
diphenylamine  orange  yiehls  curcumcine  and, 
by  ftirlher  aetion,  a/o-  acid  yellow,  the  dyestuffs 
in  both  ca.Ht«,  however,  being  accompanied  by 
some  nitrodiphenylamine  produced  by  the 
tis.«ion  of  i\u'  nto-  p-oiip.  Also  whrn  lia\azol 
(diazotised  toiuiUine  combined  \vitli  s^ilicylic 
acid)  is  nitrated,  it  yields  Pefuan  yellow  (o-nit  ro- 
tolueneasosalicylio  acid)  (compare  Ber,  1906,  40, 
4207). 

Methyl  orange  is  decomposed  even  by  cold 
dilute  nitric  acid  :  a  methyl  group  is  eliminated 
in  the  process,  and  dinitroniononielhylaailine  ' 
is  produced.    The  presence  of  a  diazo-  i  tMiipouiid 
can  also  be  detect.  <1  (Fox,  Ber.  1908,  41,  1989). 

Cold  fuming  mine  aeid  decom^HMCs  many 
aao>  oolouring  matters  (partioularly  those  oon- ' 


tanning  an  amino-  or  hydroxy-  group  in  the 

para-  position  with  rosi)eet  to  thp  azo-  croup), 
with  the  production  of  the  diazo-  et>inpt>und 
from  which  the  dye  is  prepared  and  the  nitro- 
derivative  of  the  other  component  ;  th>!-. 
orange  U  yields  diazotised  eulphanilic  acid,  an  i 
a  nitro-  oerivative  of  ^-naphthol  and  methyl 
orange  pives  o;)-dinitrodimethylanilin«".  tctra- 
nitrodiiuethvlaniiine  and  diazotised  eulphanilic 
aeid  (O.  Sc6midt»  Ber.  1906^  38,  3201). 

Finally,  warm  nitric  acid  usually  decompo.'*ee 
azo-  dyestuffs,  with  the  production  of  nitro- 
plu  nols  or  bases. 

(7)  Action  of  chlorine  and  bromine.  All  aso- 
colouring  matters  aro  readily  atiAcked  by 
chlorine  or  bromine.  Fission  generally  takerf 
place  at  the  azo-  group  with  the  production  o< 
halogenated  phenols,  but  some  dyeetuftB  are 
converted  into  substitution  produots  (eompare 
Ber.  1884,  17.  272). 

<8)  Action  of  reducing  agfiUs.  Reducing 
aLT'-nt-s.  .such  as  /.ine-du.st  and  water,  zii><  -d\i-t 
and  ammonia,  or  sodium  hydroxide,  xiuc-duat 
and  dilute  adds,  tin  and  hydroehlorie  aeid, 
stannous  chloride  and  .sodium  hy}M  isvil|)liitc 
(technically  knoim  as  *  hydrosulphite  (Grand- 
mougin.  Ber.  1906,  39,  2494,  31161.  3929; 
compare  also  J.  nr.  Chera.  1907,  -i  l  76,  124; 
Franzen  ami  Stioldorf,  J.  pr.  Chem.  1907,  (ii.) 
76,  467 ;  O.  Fischer,  FHtcen  and  Billee,  J.  pr. 
Chem.  1009,  (ii.)  79.  502)  attaek  the  azo- 
group  and  convert  it  into  two  amino-  groups ; 
thus: 

NH,-C,H«-N :  NC,H.+2H, 

=NH,  C,H4  NH,+C,H4  NHj. 
Tho  base  which  was  used  to  provide  the  diazo- 
compound  is  thus  regenerat<>d,  whilst  the  other 
component  is  converted  into  its  amino-  <leri  vative. 

By  carefid  reduction  ^-ith  zinc-dust,  dyestuffs 
obtained  by  the  combination  of  diazotised 
aminoazobcnsenesulphoivie  acid  with  phenols 
yield  the  aminoarosnlphonio  acid  without  the 
latter  under<:oirig  reduction.  Further,  nitro- 
azo-  dyostufis  can  be  reduced  to  the  correspcmd* 
ing  aminoszo*  d3reBtuffii  with  sodinm  sulphide. 
The  reduetion  of  a/,o-  dyestuff;*  i;'  a  \i.-!(ful 
means  of  attacking  the  problem  of  their  con- 
stitution,  although  the  operation  reqnhes 
considerable  care  (eomi)aro  Witt  ,  B<  r. 
19,  1719;  188»,  21,  3m  and  esneciaUy  the 
rerereneee  quoted  in  connection  witn  reductioD 
by  hytlrosulphitc). 

Azo-  dyestuffs  are  also  readily  reduced  by 
titanous  eUoride,  and  a  process  for  thnr  estima* 
tion  l)y  titration  with  this  reagent  has  been 
worked  out  by  Knccht  (J.  Soc.  Dyers,  1903, 
19.  169;  Ber.  1903,  36,  166,  1549;  1907,  40. 
3Sin).  A  detailed  account  of  the  method  of 
carrying  out  this  and  other  methods  of  reduction 
will  be  found  in  Hans  Meyei^a  Analyse  und 
Kcmstitutionsermittelung  organische  Verfain* 
dungen,  2te  aufl.  1909,  p.  87a 

(9)  Identification  of  (U0>  eolourin'i  mattfts 
on  the  fibre.  This  is  carried  out  tiy  observing 
tho  action  on  the  dye<l  fabric  of  \  ariou«  reagents, 
for  which  vorious  tables  have  been  constructed 
(compare  dun  ami  'J'lK)ri>e,  The  Synthetic 
i>yeatuffj<,  I'JUG ;  Lunge,  Chomiscb-tecbni:cbe 
rnttTsuchungensmethoden,  Eng.  tiana.,  edited 
b\   Keane.  l9ll). 

Ihrect  formation  of  aw-  eolourt!  in  the  filtrf.— 
The  production  of  an  tnsolnblo  az:o-  <^iy«^^(^[^ 
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the  fibre  was  first  achieved  by  T.  and  R.  HoUiday 
{  K.  P.  2757  of  1880),  who  impregnated  the  fibre 
witb  a-  or  jS-naphthol,  passed  it  then  through 
a  diazo-  solution^  ana  finally  developed  the 
lolour  hy  treatment  with  alkali.  An  improve- 
ment oa  thk  process  was  introduced  by  the 
PWvuwke  ▼ormals  Meister,  Lucius  und 
Brunin;^',  in  1S80,  which  consi«t<,'d  in  '  i)addiiiy  ' 
the  fibre  (generally  cotton)  with  the  sodium  salt 
of  »  phaaol  (uBually  /3-naphthol),  and  passing 
the  cloth  throuf;h  a  diazo-  solution,  the  free 
mineral  acid  of  which  baa  been  ucutraliaed  by 
adding  sodltim  ao«feat«i.  ^Iliia  proeeM  i«  very 
Irirgely  unt'd  at  the  present  day,  and  is  applietl 
to  the  greatest  extent  to  the  production  oi  the 
ao^aUed  *  paxm-red '  (the  aaoo  odour  obtained 
by  conihimng  diazotiscd  j>-nitroanilino  with 
^^aaphthol).  The  colouring  matters  produced 
ia  ma  w%y  will  now  be  diMKsribod. 

Paranitranillne  Red.  The  colourinf:  matter 
tir»t  prepared  in  substance  by  Meldoia  (C'hem. 
See.  Trana.  188S,  47.  667)  by  combining  diazo- 
ti'icd  p-nitroanilino  with  jS-naphthol  in  alkaline 
solution.  As  stated  above,  it  is  now  almost 
entinly  produced  on  the  fibre.  The  goods  arc 
foak'nl  in  a  bath  containin^^  sodium  g-iiaphtli- 
oxide  auid  Turkey-red  oil,  or  thickening  mattrial.^, 
aqneeied  out  and  dried  at  65*'-80*'.  They  aro 
then  passed  through  the  diazo-  solution,  washed 
acd  soaped.  In.  order  to  avoi<i  preparing  the 
diaao>  auntion  in  the  dye-bcmsje,  various  pre- 
paration-; may  be  u^'v^l.  Thus,  Paranitranilioe 
extra  N  jiastc  is  a  mixture  of  /i-nitruanUino 
witii  the  calculated  amount  of  soidium  nitrite, 
and  ni'^'l'^  on!v  to  lie  stirred  slowly  into  the 
utc^iiijiary  quantity  of  hydrochloric  or  sulphuric 
acid,  ice,  and  water,  to  produce  the  diazo- 
Solution.  A  similar  product  is  Benzonitrol 
pa(»t«.  Other  prepaxaliuuji  cuuUiiu  thu  dia^o- 
oonpound  in  a  suitable  form  for  keeping. 
Thus,  Nitrosamlne  Red  is  the  sodium  salt  of 
p-nitro«n<idia7.obenzene  (which  is  very  stable) 
and  furnishes  the  true  diazo-  solution  when 
mixed  with  dilute  acid.  Azopbor  Red,  AlOftll 
Bid  and  Nitraiol  C,  are  mixtures  of  the  diaco- 
sulphate  wiUi  sodium  sulphate  (whereby  sodium 
hydrogen  sulphate  is  produced) ;  they  are  dis- 
solved in  water,  the  solution  filtered,  if  neceesar)', 
and  neutralised  Ixfore  use  with  t>o<lium  acetate 
or  hydroxide.  Paranitraniiine  red  ia  uaed  as  a 
substitute  for  the  red  Congo  dycstu&  and  for 
Turkey  rc<l  I'  is  extracted  from  the  fibre  whei; 
treated  with  oiganio  solventa,  and  when  the 
fibre  is  heated  to  180*-200*  the  dyeetuff  partl\ 
-lililimes.  (For  the  formation  of  paranitraniiine 
red,  sec  Pomcranz,  Zeitech.  Farbvn.  lod«  1900, 
6.  IM;  Erban  and  Hebas»  Chem.  Zeit.  1907, 
ni.  r>r»3.  C78,  687  ;  LichUsnsUin,  Zeitsch. 
i:.icktrochcm.  IW^  U,  586 ;  Prud'homme  and 
Cblin,  Rer.  Gen.  Mat.  OoL  1900,  13,  1,  66; 
Bail.  Soc.  chim.  1909,  (iv.)  5,  779;  Bucherer, 
and  Wolfi,  Zeitsch.  aogew.  Chem.  1909, 22,  731 ; 
Jiutin-HiieUer,  Bull.  Soc.  ehim.  1910,  (iv.)7,  60.) 

MetanitranUine  Orange  and  Nitro  >  tolutdlne 
(hauge.  Prepared  as  above  from  diazotised 
■i>nitroaailine  or  nitnMf'toluirlinu  and  $• 
niiphthol.  The  former  ritcs  yellowiah  and  th'- 
latter  reddish  shades  of  orange.  Their  use  is 
not  very  cxtonaive,  aa  they  are  not  (m%  to  robbing, 
»nd  the  colours  sublitu''  keepiu;;.  An  orange 
free  from  those  disadvantages  can,  however, 
be  obtained  by  naing  4a*nttro^>pheneiidine. 


Nitrophenelidine  Rose  or  Blue-red-  Here 
o-nitro-jj-phenetidine  in  used  as  the  dui  ^  i  i M-d 
base.  A  substitute  for  this  is  Azophor  Rose  A» 
which  is  a  mixture  of  a '  stable '  diazo-  compoond 
with    /9-naphthol.    Other    rose    shades  are 

I  prorluced  by  the  use  of  |)-nitro-o-aniaidine. 

I  Napbtbylamine  Bordeaux.*  Prepared  on  the 
fibre  from  diazotised  a-naphthylamine  and 
j3-naphthol.   The  dveatufl  ia  uaed  also  aa  a 

Sigment  colour  under  the  namea  Gmilliapll 
amet  (D.  II     tnd  Cerotine  Scarlet  2  R  (C.  1  ) 
Am  Turliey  Red  is  produced  by  treating  cloth 
padded  with  /3-naphttM>l  with  diasotlaed 
napbtbylamine.    It  is  a  bf^hft  aoarlet»  whidi, 
I  however,  ia  not  very  last* 
I      Vul  Am  Qmii  Ptepared  from  diasotised 
o-aminoazotoluono  and  j8  naphthol.    It  ia  abo 
j  mauulaotured  in  aubatanco  and  is  used  for 
colonrine  oib  and  varnishes  under  the  names 
^  OU  Scarlet  (M)  (K)  (W)   Red  B.  Ofl  soluble, 
I  extra  cone.  (Remy),  Cerotine  Ponceau  3  B 
(C.  J.),  and  Fit  PWMMn  R  (K). 

Benzidine  and  ToUdine  Puce.  ()btaine<l  frtmi 
tetrazotised  benzidine  or  tolidine  and  ^-naphthol. 
Dark  garnet  to  brown  shades  are  produced  which, 
,  ho\M  r,  ire  not  fast  to  light.  Rather  yellower 
shaded  result  by  uuing  tctrazotised  diaminocar- 
bazole  inatoad  of  the^  diamines;  when  treated 
with  copper  salts  the  tints  are  very  fast  to  light. 

Dianlsldine  Blue-  Tetrazotised  dianisidinu 
is  eombincd  on  the  fibre  with  /S'ttaphthol  in 
presence  of  cop]*er  salts.  The  tetrazo-^  oTn pound 
is  also  put  un  the  market  a<i  Azophor  Blue  D, 
a  mixture  of  the  t«trazo-  comi)ound  and  alu- 
minium sulphate  which  has  been  drie<l  in  a 
vacuum  at  46*.  The  colour  is  very  fa^t  to 
light,  soap,  and  rubbing. 

The  pro<luctTon  of  black  insoluble  colours 
in  the  fibre  was  first,  eflectad  by  the  Furbwcrke 
vorm.  Meister,  Lucius  und  Briining.  The 
cloth  is  lidded  with  /3-na)4ithoI  and  tragacanth, 
and  trcatt"d  with  a  mixture  of  the  tctrazo- 
compounds  of  dianisidine  uid  certain  other 
bases.  The  mixture  of  bases  sold  for  this 
purpose  is  known  hh  Azo  Black  Base  0,  and  the 
diaao>  compounds  are  put  on  the  market  under 
the  name  of  Axophor  Blacit  S.  Cassella  &  Co. 
have  introduced  a  black  obtained  by  padding 
the  cloth  with  1  :  6-  or  i  :  7-aminonaphthoi, 
and  then  passing  it  through  diazotised  ji-nitro- 
aniline  so  as  to  form  tiie  disaso- colouring  matter, 
ilii    ,Liii'  iijdithol  is  put  on  tlie  iiinrket  as 

Amldonaphthol  BD  and  3  B,  and  Ixith  brands 
are  mixtures  of  the  two  amtnonaphthols  men- 
tioned. Full  l>liick  colours  are  nldikined  uhii  li 
are  fast  to  soap  and  chlorine,  but  they  are  not 
very  easUy  applied  in  printing.  A  blaolc,  also 
itUrocluced  by  the  same  firm,  is  produced  fnmi 
Azotol  C  which  is  an  asymmetric  dialkylatod 
di-p-diaminoazobenaene  fit  is  identioal  with 
Kin/.nKrLrer's  Ice  BUck).  The  base  is  diazo- 
tised and  combined  with  ^-naphthul  on  the 
fibre  in  the  usual  way.  The  latter  firm  also 
has  introduced  the  use  of  the  diazo-  mmpmind 
of  aminochrysoidine,  and  of  the  tctrazo-  u»m- 
)K>und  of  />/>-diaroinodiphenylamine  for  the 
pni<luctii>n  (if  black  eoloiir^.  Other  letrnzo- 
,  eom]>ounilM  ie<'omniende«l  are  lhe.se  ol  ammo- 
benzene-azo-a-naplit  h  \  lamine{By.)anddiamino* 
dimethylcarbazole  (.M.). 

<  lilee  p.  3<M  for  ttie  (uU  aaauM  uf  ttrms  u(  wbicli  these 
lattsfs a»  aoonuaetlon.  ^       ,^  Google 
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Anofhcr  proco&s  of  pnxlucing  azo-  colour-  | 
in^  mutters  on  the  iibro  u  by  the  use  of 
pnmulino  (q.v.).  When  cotton  dyed  with  this 
tlyrstuff  is  treatc<l  uith  ii  »f»hiti(n^  containing 
hytlrochloric  aciU  aiul  sodium  nitrite,  the  dye- 
•tuff  18  dittZotiHcd.  The  cloth  is  now  passed 
through  a  bath  cont  lining  the  '  (k  veloper,' 
consisting  uf  a  solution  of  an  amine  or  a  phenol. 
Jl-naphthol  is  mostly  used  in  giving  Ingrain-  or 
Primuline  Red.  An  oranp'-  '■;•!  nir  is  obtrtin-d 
with  rcsorcinol  (Ingnin  Orange j,  and  a  brown 
with  m- phony  lencdiamine  (Ingrain  Brown). 
Man^'  (liroct-dyeing  cotton  colours  which  contain 
a  cUazotisable  amino-  group  (for  example, 
diamine  black  BH)  acquire  a  faster,  decj>or, 
and  modifif4  shade  when  similarly  (lia/.i)ti.-<c(l 
on  the  iibro  and  developed  with  /S'liaplithol 
or  r/'-phenylflnedianiine. 

In  the  succeeding  portion  of  this  article  it  is 
proposotl  to  give  an  account  of  the  most  irajwr- 
tant  azo-  colours  which  are  at  prtm»nt  in  com- 
merce.' Each  colotir  will  be  treated  of  un<ler 
its  commercial  name ;  its  chemical  formula 
given,  and  the  mode  of  preparation  and  general 
propert  ies  briefly  described. 

Unless  otherwiae  stated,  it  may  be  assumed 
that  colouring  matters  containing  a  sulphonic 
or  carbozylio  ^up  arc  pUc«d  on  tike  marlcet 
in  the  form  of  their  aodium  aait». 

The  foItoNx  ing  abbfeviationa  ace  used  for  the 
names  of  lirms : — 

(A.)       ssAktiengeMlbeliaffc   ffir  Aniltnfa- 
brikation,  Bnlin. 

(B.)       BE  Badtsohe    Anilia-    und  Soda- 
Fkbrik,  Ludwigshaf «n  a  /Rhmn. 

(Bl.)       =  Thr  BhhIc  ChoniicHl  '  ' mijaiiy. 

(By.)      s=2  Farbcnfabrikea  vorm.  Jbr.  Bayer 
It  Co.,  Elberfflld. 

(C.)       ssj^opr.lcl  Cm^olU  &  Oo.»  IVank- 
furt  a/Main. 

(C.  J.)    »  Garl  Jager»  O.  m.  b.  H.,  Dftseel- 
dorf-Dcrcndorf. 

(CI.  Co,)  =  The  Clayton  Aniline  (Jo.,  Ltd., 
Clayton,  Manchester. 

(daiia  &  Go.)  =^  Claus  &  Cb.»  Clayton,  Han* 
Chester. 

(D.)       »  Snhl  ft  Co.,  Barmen. 

(D.  H.)  a=  Dye  ^^■^rks,  formerly  L.  Durand, 

Hugucnin,  &  Co.,  Basle. 
(F.)       —  A.  FiMheaser  &  Co.,  Lntterbach. 
(G.)       » Aniline    Ci^lnur-    and  Extract- 

Works,    formerly    John  R. 

Cloigv,  Basle. 
(H.)       ==     a.l  i{.>lliday  and  Sons,  Ltd., 

Hudiltr.-ificUI. 
(1.)         —  Soci^te'  jKiur  Tlndustrit'  ("himique, 

(fnrniirly   Bindachedler  und 

Bu.wli;.  Basic. 
(K.)        ~  Kallo  fi  (Vi..  Biobrich  a/IUiein. 
(K.  S.)    esSan'li  iz    k  (V).  (formerly  Kem 

and  Samioz),  Basle. 
(L.)        =  Farbwerk  Miilheim  (formerly  A. 

lyonhanh    t^-  Co.),  Hulheim, 

near  I'rankturt. 
(Lev.)        I^vinstoin,  Ltd.,  Blacldey,  Man- 

cho-ster. 

>  Wool  Scarlet  R  (8ch.),  Crocelne  3  B  (Sch .vid 
Mamlne  Red  NO  (i'  t  arc;  iti>  InnRcr  inAnufiictured. 
arcorilinK  to  inffirnuiti'm  rfi-rivod  by  tho  writtT  fn>n» 
Iho  iiiftiiufooturors  imlirnted.  Siiue  tin*  tlrm  Bruokc, 
Simpson,  and  Spillcr,  ]At\..  vvAsvd  to  exitt,  someof  ittn 
oolnuriittf  matters  made  by  theni  are  now  nanutaetiired 
by  &(eHn.  Glaiti  and  Co.*  ol  MaodiMter. 


(M.)        =  Farbw  r-rkc  vorm.  Meister,  Luciui*. 

unii  Hrtiiiiiiu',  llixhst  a^'Ttfain. 

(N.  I.)  =s  Farb\Ncrk  Griesheim,  Noti^l, 
Istel  &  Co.,  Qrioeheim  a^^'Hain. 

(0.)  =  C^iomischc  I'abrik  Griesheim- 
Elektron,  Werk  Oehler  (for- 
merly K.  Oehler),  Grieaheim. 

(P.)  =  Socic'te  Anonymo  de«  Matitew 
Colorantos  &  Produits  Cbi- 
miqucs  do  St.  Deni.s,  Paria. 

(P.  L.)    =  Pick,  Lango  &,  Co.,  Amsterdam-. 

(Soh.)  »The  Schollkopf  AnUino  and 
CThemioal  Company,  Bafiak>» 
U.8.A. 

(T.  H.)  =  Chemischc  Fabriken  vorm.  Wci- 
ler  ter  Meer,  Uerdingen  a/ 
Khein. 

(W.)  Williams  Broa.  ft  Co.,  HoQUbw, 

Middlesex. 

Alio  E.  P.     Englidi  Faleni ;  D.  &  P.  » 

G<  rniiui  Patriit ;  F.  P.  »  IVench  Fateat;  A.  P. 

=  American  l'rtt<?nt. 

1     \*-\SU'  Azo-  CoMI'dT-NDS. 

A&iUne  Yellow ;  Aminoazobenzcne 
C,H,N,CH.NH,. 
[1]  (*]. 
This  oompound,  discovered  by  Mene  in  li^l 
(Jahieeber.  p.  496),  and  introdnced  into  com- 
merce by  Simpson,  Mnule,  and  Nicholson  in 
1803,  ia  intereating  aa  being  the  first  aao-  oolouf 
madeonamanufaeturini^Brale.  It  was  formerly 
prepared  by  passing  nitrmi.s  acid  f;as  into  an 
aloobolio  aolation  of  aniline.  Aa  a  colouring 
matter  it  ta  now  of  no  importance,  but  ia  largely 
used  as  (he  startiny-point  in  tlio  nuiiuifaclun-  of 
other  azo-  colours  and  of  indulinos.  In  practice 
this  componnd  oannot  be  prepared  directly  by 
the  action  of  one  niolnnil*;  of  nitnai^  H^^iii  on 
two  molecules  of  aiiiliuf,  since  duizoaminoben- 
zene  ia  alwaya  the  first  product  of  this  reaetion ; 

2C,H,-NH«HC1  +  NaNO, 

-C.H.  Nj  NH  C.Hj-f  XaCl  f  H(1  t  2H,0. 

The  diazo-  oum|)ouud  is  slowly  converted  into 
the  isomerie  aniline  yellow  on  being  kept  for 
.tome  t'lmv  in  contaot  with  aniline  and  an 

aniline  salt  : 

C.HsN.NHC.Hj-C.HjX.C.H.NH,. 
The  manufacture  is  carried  out  as  follows : 
100  kilos,  of  aniline  are  mixed  with  30  kilos,  of 
concentrated  hydroohlorio  aeid,  the  mixture 
coole<l  (from  outside)  to  al)out  18**,  and  a  solution 
of  15*6  kilos,  of  sodium  nitrito  in  lH  kilos,  of 
water  and  18  kilos,  of  saturated  sodium  ehlonde 
.solution  addrd  at  first  fairh  ra])i<llv,  ho  that 
the  temperature  rises  to  25°.  and  then  taan 
sloniy,  the  temperature  being  ke]>t  below 
hy  outside  cooling.  Tliis  o|>eratittn  takes  about 
7^  hours.  After  24  hours  the  chaogo  of 
dtaaoaminobensene  into  aminoazobenaene  is 

1  (iiiijilctr.  The  salt  soliiliou  i-  now  drawn  off, 
the  residue  stirred  with  1>6  kilos,  of  hydrochlonc 
ackl  and  64  kilos,  of  water,  and  the  aminoaso- 
benzene  hydrochloride  is  filt*  ro-l  off.  wa^^hrd  with 

2  p.c.  hydroohlorio  acitl,  ccnlrifuced  and  dru-d 
.at  00*.  'The  yield  is  41  kilos,  of  dry  aminosxo- 
hcnzi  ii*'  livdrorhloridr.  The  oM  aniline  yellow 
was  the  oxalate  of  the  base.    The  free  Ij*.-^ 

I  <T\  stallises  in  yellow  rhombic  prism**.  Itn. 
1  1 27 -4";  b.p.  aliovo  f^OO".  The  hydrochloride 
>  orystallises  in  btccl-bluu  needles.    Base  sUgbtly 

.  J  .i^  .o  i.y  Googl 
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soiable  in  hot  water,  readily  soluble  in  alcohol. 
Tdlowaoliitioa  ©olonredTed  bykydrooUoric  acid. 

f.ii'  rnliir'  .^yVn<\  ISOl  f#f«  above);  Dale 
and  Uaro,  K  1*.  3307  of  1863 ;  Martiua  und 
Grien,  Zettaeh.  f.  Ghem.  1866,  2,  132 ;  Kokule 
ibid.  2,  689  ;  Witt  and  Thorna.-.  Clu-ra.  Soc. 
Tmns.  1883,  43,  112 ;  Friflweil  and  Green,  ibid. 
1885.  47.  917;  »nd  18S6.  49,  746;  SOdd  and 

Baa.-.  H  r.  I^SH,  10.  lOf,.'?. 

fiuiter  Yellow  ;  Oil  Yellow  (W.) ;  Dimethyl- 
•minOMobenzene,  C,H ,  N,  ( '^H  ,  N(CH,),.  Pre- 
pared by  thf  action  of  flia/olipnzene  chloride 
on  dimethvlaiuiint}.  Substance  forms  yellow 
leaflet*  of  ra.p.  115"  ;  soluble  in  dilute  hyflro- 
chloric  !\c\d  witb  a  rod  colour  ;  i^fcipitatrfl  by 
alkali,  boluble  in  strong  sulpiuiru-  acid  with 
a  \.  llow  orfonr,  becoming  re<l  on  dilution. 
■l:tera<ttr«.— Grifss,  B.t.  1877.  I<>.  r.28. 

Chryso'idtne  ftnost  lirms) ;  Chrysoidlne  Y 
(H.)  (W.j;  Chrysoidlne  JEE  (C.  J.):  Chryso'idine 
Crystals:'  Chrysoidlne  Small  Crystals  (T.  M.) 

Diaminoazo benzene  C-H.  N.  CjHjCNH;,),. 

[1]  [2:4] 
This  colourint;  matt(»r  is  prepared  l)y  mixing 
a  solution  of  diazulienzeno  chlorid*}  with  a 
Mihiiioa  of  m-phenylonediaraine.  In  practice 
a  knowT\  weight  of  aniline  is  dissolved  in 
dilute  hy«:bro<'hloric  acid  and  diazotUed,  the 
Mitttiun  being  dilul<  <l  so  as  to  contain  about  2-3 
p.p.  of  iliaxo-  salt.  This  and  a  dilute  solution  of 
pucuvifnt'iliaiuiiie  h> ilrochloride  are  run  simul- 
taneou*iy  into  a  sodium  chloride  solution,  and 
the  colouring  nuittor  is  fdtered  off  throuffh,  a 
tiltcr  press.  Tlic  prefw  cake  is  then  dissolved 
in  hot  dilute  hydrochloric  acid,  the  hot  solution 
•ilt«>ml,  and  hydrochloric  acid  added  to  the 
iilLrat<  .  'I  h<'  ( hrysoldinc  separates  in  small 
neetiU's,  ^^hi^•h  nro  tiltere<l  off,  ccntrifuL't  d,  and 
(lrie<i  at  50*.  The  free  base  forma  yellow 
needlca;  m.p.  IH-S**.  Slightly  soluble  in 
\4-ater,  leadily  in  alcohol;  solutions  orange. 
The  commercial  product  is  the  hydrochloride 
C„H„N4,HC1,  which  forms  beantaul  bhokish- 
green  piisms  with  a  metallic  lustre.  Tlio  -trong 
isf)lution  of  the  salt  solidifiea  on  rapid  cooling  to 
a  red  jelly.  DisBolTcs  in  strong  sulphuric  acid 
with  a  brownish-Nfllow  colour, 

Li<€fo<iw«.— Hofmann,  Ber.  1877,  10,  213  j 
Witt.  a»«f.  350  and  «54 ;  Oriees,  Und.  389. 

Chrysoidlne  R  (H.)  (W.)  (O.)  (I.);  Chrysoidine 
BEE  (P.);  Cerotlne  Orange  (C.  J.);  Gold  Orange 
(«r  Cotton  (T.  M.)  (D.  H.);  Ben«eneaw)-in-tolyl- 
caediamino  r%H,  \,  (  «]I,(Cn,)(NH,),.  Pre- 
paced  from  aniline  and  m-tolylenediamine  as 
in  the  preoediiur  case.  The  me  base  melts 
at  IG-'j^-lfi*?*.  Tno  commercial  prcMluct  is  the 
hydrochloride,  which  forma  yellowish- brown 
lumps.  I>i8tolTos  in  strong  sulphnrio  aold  with 
a  gn-  "li  li  •  I  l!r -v  colour. 

Chrysoidlne  R  (D.  H.);  Tolueneazo-m- 
toIvl«iedianiineCH,-C,H4-N,CeH,(CH,)(NH,),. 
Pn'part-d  as  above  from  o-toluidino  and  m- 
tolylcnetiiamine.  The  commercial  oroduct  is 
the  hydrochloride.  It  is  a  ciystalline  violet 
priw-drr  which  giTcs  a  bfown  colouT  in  strong 
sulphuric  acid. 

IMft  duome  Brown  B  (A^) :  Dimtvoplienol* 

•ao-m-tolvlcnr'diamioe 

UHC.H.(NO,)^,-C«H,(CH,KNH,),. 
Prepared  from  picramio  aeid  and  m-tolylene- 

I  ('hrv<iinJ1ri<>  CrytUlfl  atlO  COBtaiB  the  buniolOgOfiS 

turn  9'  aad  p-tololdine. 


diamine.  It  is  a  bro^\7l  paste  giving  a  dark 
orange-re<l  solution  in  hot  water.    It  3nelda  a 

red  solution  with  strong  sulphuric  acid. 

Lilcraiiire.—E.  P.  22S86  of  1899 ;  D.  R,  P. 
112819. 

Chrome  Brown  P  (P.);  Dinitrophenolazo-m. 
aminophenol  OH  •C,H^(NO,),N.C,H,(OH)-NH,. 
Prepared  from  picramic  acid  and  m-aminopheiMM. 

Introduced  in  1003. 

Literature.— D.  P.  109579;  F.  P.  336559. 

DIuiBi  OiMii  {K.)t  Janv  Oimo  B  (U.)  : 

N 

C,H»-NC.H,<1>C,H,N,<;,H4  N(CH,)^ 
N 

CI  C.H, 

Prepared  from  diazotisod  diethylsafranine  and 
dimethylaniline.  The  eommeioial  product  is  a 
brown  or  dark-green  powder  giving  an  olive- 
green  solution  with  strong  sulphuric  acid.  Janus 
Green  G  is  a  dyostuff  of  analogous  constitution. 

Literature.— E.   P.  7337  of  1897  j    Jf".  P. 
26543^ ;  I>.  R.  P.  90668. 

II  Acid  Abo-  Oompouiiim. 

A.  SalplMnto  AeMt  of  AmliioBio-  Componndt. 

Acid  Yellow  :  A  '  ;   Fast  Yellow      )  (Hv.  ; 
Fast  Yellow  G :  New  Yellow  L  (K.);  YeUow  SS 
(P.):  Fast  Yellow  extra  (By.).   This  colouring 

matter  is  n  mixture  of  the  so<]ium  salts  of  numo- 
and  di-  sulphoni*-  acids  of  aminua/.ol)eiizeno 
HSO,  (:,H,  Ns  C.H.  NH,  and 
HSO,-C.H,N,<!,H,(HSO;)NH,. 
Prepared  by  the  notion  of  ftuning  sulphuric  acid 
on  aniline  yellow  (3~t>  parts  acid  to  one  of 
aminoazobenzene).    Solution  not  precipitated 
by  alkali  ;  colour  dissolves  in  t^trong  sulphuric 
ucid  with  a  brownish -yellow  colour  becoming 
redder  on  dilution.    Solution  gives  a  precipitate 
with  barium  chloride,  but  not  with  caleinm 
chloride.    The  corAispondiug  colouring  matter 
from  aminoazotoluene  is  somewhat  more  orange 
in  shade,  and  is  kti  v  ti  if  Fast  Yellow  (B.)  ; 
Yellow  W  (By.):  Fait  Yellow  R  [K.). 

/.l7erfl^^rr.— Grii.sl.  r,  E.  P.  43  of  1879; 
A.  P.  253598  ;  1).  K.  P.  41<?r..  7094;  Chem.  Ind. 
187U.  2,  4b,  34t>;  Ciriess.  Ber.  1882,  15,  2187; 
Kger.  Ber.  1889,  22,  M7. 

Mpthyl  Orange  ;  Hellanthin  ;  Orange  III. ; 

Gold    Orange ,  /^-Suluhubcnzeneazodimcthyl- 

aniUne     H80,'C.H4-N,'0«H4-N(CH,)..  Pro. 

(4         II]  W  ' 

pared  by  the  action  of  diazotisod  8ul|4ia»ilic 

ncid'  on  dimethylaniline.    Solution  colouring 

matter  orange,  and  not  precipitatotl  by  alkali ; 

dilute  acids  iwiodttoe  a  crystalline  precipitate, 

the  crystals  having  a  violet  refU  xion  (the  free 

sulphonic  acid).    The  substance  dissolves  in 

strong  sul]>huric  acid  with  a  jrellow  colour 

becoming  red  on  dilution. 

L»/cra/urf. —Griess,  Ber.  1877.  10.  528. 

TropEBoUne  00  (C);  Orange  W.  i    :  DI- 
phenylamine  Orange:   Acid  Yellow  D  (A.); 
Orange  N  (B.) ;  New  YeUow  (By.) ;  Orange  M 
(L);  p*Sulpiu>benaeneasodiphenyIamine 
HSO,-C,H,-N,  C,H.  NH  '  ",Hj. 
W  UJ  — 

*  Vor  detailed  tatbrmation  on  the  manufacture  of 
saliAaDllIc  add  and  fts  homologues  m«  Mahibiuser, 
I>|]igl.|iolr.  i'  2«4.  island  saa;  Paul.  Zeitscb. 
aogBw.Chera.  18»o,  9,  68©,  ^  j       l  y  G 
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Produced  by  the  ftotion  of  diftsot  isnd  mlplumnie 

acid  on  di}>hi'iiv]atnin<'  tlissolvod  in  nlcohol  or 
crude  oaxboiic  acid.  The  product  is  thrown  on  an 
open  filter,  the  paate  dissolved  in  eonoentnted 
aiqiKDU';  potassitira  rarhonate  and  precipitated 
by  adding  sodium  hydroxide.  The  colouring 
mftttsfr  is  not  rmj  readily  soluble  in  water; 
th(*  solution  is  yellow,  and  when  strong  deposits 
crystals  on  cooling.  Subetanoe  dissolvcti  in 
strong  sulphuric  acid  with  a  violet  colour, 
l>ocoiniac  rt-dder  and  giviiic;  a  prt-ywh  precipitate 
of  the  free  sulphonic  acid  on  dilution.  The 
aqneons  solatioa  of  the  snbstanoe  is  eolowed  red 
by  dilute  aeida. 

When  nitrated  tim  colour  f  umishoft  a  mono* 
nilro-  derivative  togethm  with  a  mixture  of 
mono-,  di-,  and  tri-  nitrodiphem'lami'io  ; 
moderate  nitration  yields  a  yellow  colouring 
matter  which  is  found  in  commerces  under  the 
nnmf  oi  Citronine  (0.):  CurcurocYne  fA.^; 
Azotlavine  3  R  ex.  cone.  (T.  M.) ;  Citronine  NE 
(P.).  More  energetic  nitration  of  Orange  IV. 
furnisher  Azo  Acid  Yellow  (.A.) ;  AlO  Yellow  (M  ) ; 
Azo  Yellow  3  G.  ex.  cone.  (T.  M.);  Citronine  2  A£J 
(P.);  Azoflavim  (B.);  Indian  YfUow  (By.). 
Both  dyestufls  are  orhrc-yollow  powders  and 
give  with  strong  sulphuric  acid  reddish- violet 
and  magenta-reu  solutions  respectively, 

Metanll   Yellow  (0.),  {B  ).  h:.  J.); 

Orange  MN  (1.);  Tropffioline  G  (t.);  Yellow  M 
(P.);  M«luiO  Ydtow  GR  extra  (T.  IL).;  m- 
Sulphobenzon  eazodiphcny  la  ro  ine 

r.)       ..I  — ' 

Prepared  in  the  same  manner  aa  the  preceding 
from  m-diazobcnzenosulphonic  acid  '  and  di- 
phenylamine.  Aqueous  solution  orange,  siving 
no  prt  cipitate  with  alkalis,  beoomin|;  red  and 
precipitrttini^  with  dilutee  acids.  IHssolves  in 
strong  sulphuric  acid  with  a  dull  violet  colour, 
becoming  niagenta^red  on  dflution. 

Metanil  Yellow  S ;  Acid  Yellow  2  G.  is  |)r(> 
duced  by  sulphonatiug  the  preceding  colouring 
matter. 

Li(rralun.  —  F..   V    1220  nf   1S70  :     1 '106  of 
1880 :  Paul,  Zcitsch.  angow.  them.  L6m,  d,  68G. 
rtatYdUow  N  (P.);  JtiuM  SolUi  R$  Civ* 

MIIIMilD6 ;  Sulphotolucncazodipheuvlamine 
HS0.C,H,N,C,H4-NH-C.H- 

ru  '  

w 

This  colouring  matter  13  homologous  with  the 
two  preoedJngt  which  it  teeembleB  in  ita  general 

proportii's'. 

Littralurt.-  liou.s«in  ami  Poirricr,  E.  P. 
4491  of  1878. 

Archil   Substitute   V;  j)-Nitrubenxeneaao> 

a-napiitliyiamiiK'-p-sulphonic  acid 

NO,-C,H,-N,C,oHj(NH,)HSO,. 
Are^red  bv  the  action  of  diazotised  p-nitro- 
anUme  on  naphthionic  acid  ^  in  weaklv  acid 
solution.  Solution  precipitated  by  acids  and 
alkalis.  Strong  Hulphurie  at  iil  gives  a  magenta- 
red  solution,  becoming  browiush  and  precipitating 
on  dilution. 

>  moAmlnobenzenesidiihoalc  acid  is  prepared  by 
■ulphunatinA  nitrobenzene  and  reducing  tbe  m-oitro- 
beuxen««ulphonic  acid  thos  formed. 

Naphtliioulc  acid  is  manufactured  en  a  lacfs  sc^e 
by  heating  a-njiphtiiylamlne  with  >-4  parts  of  slsona 
sulphuric  add  or  by  heating  dry  naphthylMnlnetulphate 
to  isfr'-aXP. 


Literature. — Roussin  and  Poirrier,  E.  P. 
4490  of  1878;  B.  R.  P.  6710;  F.  P.  1S72S1:  Chum. 
Ind.  1879,  2,  292. 

ArehU  Substitute  3  VN  (P.);  Archil  Sub- 
stitute V  (^V.);  /i-Nitrobenaeneaio-a-napliUiyl- 
aminesul phonic  acid 

NO,-CgH,N,C,on,'NHj)SUaH. 
I'rc  pared  by  the  actiuu  ot  diazutiscd  p-nitro- 
aniline  on  o^napltyiylBniine-SHnilphonic  scid. 
Forms  a  brown  powder  giving  a  no.  atdntion  in 
water  or  strong  sulphuric  acid. 

Literature.- E.  P.  Ism  of  1887;  D.  K.  P. 
45787  :  F.  P.  1859CI8. 

Palatine  Chrome  Brown  W  (B.) ;  p-Sulpho-o- 
hydiQgybflOieneagoHw^phcaiyhirowliamine 

SO,H•C«^,(OH)  N,  CA(NH,),. 

Prepared  from  'Ittirntised  o-amino}>henol-p- 
sulphuiiic  acid  and  7H-phenylenediamine.  A 
black- brown  powder  diMolving  in  hot  water 

with  an  orange- bro'wn  colour,  and  in  strong 
.sulphuric  acid  to  give  a  dark  orange-broim 
tioiution. 

Lihralurf.-^A.  P.  G28814  ;  F.  P.  284741. 
Anthracyl  Chrome  Green   (D.);  Dinitro- 
phenolazo.o-naphtbylamine-4-sulphonic  acid 
OHC,H,(NO,),-N,-C,oH5(SO,H)-NH^ 

Prepared  by  the  action  of  diazotisdd  picramki 
acid  on  naphthionic  acid.  Solution  in  w^Ust 
is  re<idish-broM-n,  and  in  Btoong  aaliikuris  acid 
bluish  fiery  red. 

Liieraturt.—'D.  P.  142163. 

Alkali  Brown  (D.) ;  Benzo  Brown  5  R  iB\  .)  ; 
Alkali  Brown  R  (L.  P.) ;  CotUm  Brown  R  (B.) ; 
Terra  Cotta  (G.);  PrimuUneaiOoin-phenylenie< 
diamine  P'  •NjC,H,(NH,),.  Prepared  from 
diazotiaed  primulino  or  dohydrotbio-j>>toluiditte- 
sulphonic  aoid  on  m-phenylenediamine.  8olatioa 
browiiish-rcd,  prtcipitatetl  by  acids  or  alkalis. 
Gives  a  bluish- violet  solution  with  strong 
sulphuric  acid. 

Apollo  Red  (P..) ;  Archn  SubstUute  extra  ((M. 
p '  ,NitrobenzeneazO'a-naphth>'lamuu><ii»ulphonic 
aeid,  NO,-C.H,N,-C,.H,(NH,)(SO,H),.  Pre- 
pared  from  diazotise<l  ;;-nitroanilino  and  o- 
naphthylamine-4 :  6-  or  4  :  7-disulphonic  acki- 
Gives  a  browniah-red  solution  in  water  and  a 
magenta-red  in  strontr  sulphuric  acid. 

XOerafttre.— £.  P.  94G8  of  1887  ;    A.  P. 
376S02  %  F.  P.  184638. 

BriUlant  ArehU  C  (C.) ;  Brilliant  Wool  Scarlet 
(K);  Azimido  of  j>-nitrobenzoneazo-i  :  8-na|>h- 
thylenediaroinednnilphonio  acid 

Prepared  1>y  tlie  action  of  nitrous  aoid  on  the 
prodiH  t  from  diazotiiicd  j)  nitroaniline  and 
1  ;  8-iuijiluhylonetliamine-3  :  G-di4»ulphonic  acid. 
A  brownish-red  powder  dissolving  in  water  with 
a  red,  and  in  strong  sulphonio  add  with  a  Uucb 
solution. 

LU^rnture.^Y:.  P.  24714  of  1693;  D.  RP. 
77426  ;  F.  P.  2348:i7. 

Wool  violet  S  (B.)  i  Diuitrobcnzeutazo- 
diethj^awlamlle  aoid 

(NO,),C,H,'N,C,H,(SO,n)X(C,H,),. 

PropanHl  from  din  rot  if  ed  2  :  4-di?ii:r  inilin' 
and   iliethylnietanilio  acid.    A   black  pij»xl»-r 

*  P  s  ttM  residue  ol  pdmuUne.  j  by  Google 
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giving  a  rodflisli-violft  solution  in  water  and  a 
aoariel-Nd  in  strong  t^ulpiiuric  aciil. 

LiieratHre.—E.  V.  01 97  of  1894;  D.  R,  P. 
86071  ;  F.  P.  239096;  A.  l\  525656. 

SabDon  Red  (A.):  MethylbonKcnvlamino- 
thioxylenolftao-^-iuiiphthyiamiiie>3 :  6'disiiipho- 
nic  acid 

•^N^    1  I 

CH,  NH, 

Prtparod  from  diarotiaed  dehydrothio-m-xvii- 
dinc  and  ;3-iiaphtlnlamine-3  :  6-diiiulphoaio  acid 
R  AqueouH  solation  is  orange  red,  Oivee 
violet  solution  in  strong  stilphuric  acid. 

Literature. — Paul,  Zeitach.  angew.  Chem. 
1896  9  6S0. 

BrllHant  VeUow  S  (B.)  (T.  M.);  YeUow  WR 
(I.);  Curcumine  (U.);  p-SiUphobenzeneazodi- 
phenylaminesiilpihonic  acid.  PrepeitMl  by  8ul- 
phooating  orange  IV.  Solution  in  water  is 
vellow  and  in  strong  sulphuric  acid  bluish-nxl. 

LitfTxUure.—jy.  R.  P.  21903. 

Lanaeyl  Violet  B  (C);  Disulphohydroaqr- 
iMpbthaleaea3U>ethyl-a-naphthylamine 

(H80,),C,fH4{OH)N,<J,^,NH-C,H,. 

Prt  |)Ar»'<I  from  diAZOtiM^l  1  :  S-aniin  iii  j  hl  h  il- 
3 ;  6*disuIphonio   acid   and  cth^l-a-uapiithyl- 
Solution  in  mter  ia  ieddiflh>Tiol«t,  and 
in  strong  sulphuric  ari'l  is  screen ish-bluc. 

Uteraturc—K.  P.  12558  of  1890 ;  D.  R.  P. 
94288;  F.  P.  267136. 

B.  Ottloiylte  Addi  of  AmlBOMO-  Qanpoimdi. 

Yellow  (ast  tO-iMp  (P.) ;  Orang*  MO  (P.); 
fli^Oarbox  \\>*:-i  izenoazoc  ti  phe  1 1  \  1  a  m  ine 

CU,H-C,H4N,C.U4NHC,H,. 

^epared  by  the  aotkm  of  m-diasobencoio  aoid 

on  diphenylamine.  Used  in  wool-dytitit;  ami 
aspeciaUy  calioo-priDtiug;  the  ahadeti  aro  very 
fast  to  soap.  A  tiiown  paste,  difficultly  acdnblo 
in  water.  Solution  becomes  reddish-violet 
with  acids.  Diwolvea  with  a  violet  colour  in 
■troniK  sulphoric  aoid,  beooming  fed  on  dilution. 

L,UrnlHre.—E.  P.  4621  of  1883;  IX  R.  P. 
29W1;  F.  P.  1.-7755:  A.  P.  207852, 

C.  Hydroxyaio-  Compounds. 
Sudan  Brown  (A.);  Pigment  Brown  (B.); 
••Napiithaleneazo-a-naphthol 

Pnpaied  by  the  action  of  diazotisod  a*napht^yl- 
amine  on  a*naphtho1  in  alkaline  solution. 

Literalurr.^E.  P.  780  of  1S78  ;  I).  R.  P. 
6411  i  F.  P.  123148 ;  A.  P.  204799 ;  Ijtanldand, 
Titaa.  Chem.  Soe.  1880,  37,  752. 

Sudan  G  (A.)  (F.)  tn>.)  (W.);  C5armlnaph  J 
(D.  H,);  Ceraslne  Orange  G  (U);  GeioUne 
TiOow  R  (C.  J.) J  CkiyMlli  iMohibie  (P.); 

B^  nzf-norizor.  V  inolG.Hs'Ni  ^  '  .l  f  (OH),.  Pre- 
ptced  by  the  action  of  diazo  benzene  chloride 
on  nsonnnol  in  alkaline  aoiotion.  Solution 
of  colouring  matter  yellow,  giving  a  brown  pre- 
cipitate with  acids.  Dissolves  in  strong  sul- 
pnurie  add  with  ■  y«llowish-brown  colour. 

LUf  raturr  Raoyor  and  Jager,  Bcr.  1876,  8, 
151;  Tj'pke,  ibid.  1877,  10,  1576;  Wallach, 
iW.  1881,  14,  24 ;  Wallach  and  Fi.sch«T,  ibid. 
1882,  15,  2814  ;  Meynr  and  Krein.  ih,d.  1883, 
18,  1329;  liebermann  and  Koetonecki,  ibid. 
1884,  17»  800;  Heomami  and  Oeeonomidea, 


Ibid.  1887.  20,  904  ;  ^Vui  and  i'ukull,  ibid.  1120  ; 
Pukall,  ibid.  1147  ;  Fischer  and  Wimmor,  ibid* 
157S:  WiU,  ibid,  im,  21,  804;  Kostanecki, 

ibid.:i\l{K 

Sudan  I  (A.)  (K.)  (lb.)  (K.)  (W.) ;  Carmintpli 
(i).  li  ):  Cerotine  Orange  G  (('.  J.);  Benzcnu- 
a5£o-£l-uaphthol  C,II,N,C,oll,OH.  Preparwl 
from  diazobenzeno  chloride  and  /S-naphthol. 
A  brick-red  powder  insoluble  in  water.  Uaed 
for  colouring  oils,  Ac. 

LUerature.^LieberTmain,  Ber.  1883, 16, 2860 ; 
Denare,  Qazz.  chim.  itaL  1885,  15,  406 ;  Zincke 
and  Bindewald.  Ber.  1884. 17,3031  ;  Zincke  and 
Rathgen,  AW.  Iss(,  l!>,2484:  Fischer  and  Wim- 
mer,  ibid,  1887, 20,  ir»79  ;  VVeinbere,  ibid.  3172  ; 
Jaoobson,  Aid.  1888. 21,  415;  MeUlola  and  East, 
Trans.  CTicm.  Soc  IS88,  .53,  400  :  Moldola  and 
Morgan,  ibid.  1889.  55,  603  ;  GoUlaohmidt  and 
Rosell,  Ber.  1800,  S3,  496 ;  Goldaohinidt  and 
Brubacher.  ibid.  1801.  24.  2.300;  McPhf-rson, 
Ber.  1895,  28,  2418;  Farmer  and  Hantasch, 
ibid.  1899,  32,  3100 ;  MShlan  and  Strohbaoh, 
ibid.  1<KK),  3.'}.  805;  Goldsehmidt.  and  Keppeler, 
ibid.  894;  Mdhlau  and  Kegel,  ibid.  2873; 
Betti,  Oass.  eliliB.  itaL  1900,  30,  ii.  184. 

Sudan  II(A.)(K.):  Red  B  (B.)  (Fi.) ;  CerollM 
Scarlet  0  (C.  J.);  Xyioueazo-8-i\aphthol 
C4H,(CH,),-N,-C,pH,0H, 

Prepared  from  diaaotised  a^lidine  and  iB- 

naphthol. 

Carminaph  Garnet  (D.  H.) ;  Cerotine  Searlet 
2  R  (CL  J.) ;  a*Naphthjaleneazo-/3-naphtIiol 

(•,oTI,N,-r,„lI,OH. 

Prepared  from  diazotiaed  ••naphthylamine  and 
/3-napaitiiol.    An  fnM^ble  paste  used  in  print* 

in^'.  (Sfr  ahi)  Naphthylamlne  Bordeaux,  p.  363.) 

AsophospUne  GO  (M.) ;  Chloride  of  m> 
trimethylaniinobenxeneasoraeoreinol 

C1N(CH,),C,H,N,-C.H,(0H),. 

Pr<'pan'<l  fnnn  diazotised  »7i-aminophf*nyltn- 
mt^thykmiuoiuurn  chloride  and  reeorcinol.  Solu- 
tion in  water  is  yellowish -red,  and  in  strong 
Bulphuric  aoid  brownish-red. 

Literature.— E.  P.  14494  of  1895 ;  D.  R.  P. 
87257  ;  F.  P.  249227. 

New  Phosphlne  G  (C);  «*Dimethylamino* 
toiueneazorosorcinol, 

N(CH,),CH,C,H.N,.C,H,(OH),. 
Propart-^l    from    diazotised  p-aminobenzyldi. 
methylamine and  reaorcinoL    Gives  a  vellowiah* 
brown  solution  in  water  and  strong  sulphurieacid. 

Li(rrntnre.—E.  P.  22572  of  I8i«2  ;  D.  R.  P. 
70678;  F.  P.  225968 ;  A.  P.  516100. 

Tumlii  Omigo  R  (C);  «*l>inietli^iBino- 
tolttenoa  zo  -  J3  -  naphthol 

NfrH  1,  riTvr,TT,  X,.r,oH,-OH. 
Prepared  irum  diazotised  ^-aminobeuzyldi- 
methylandna  and  iS-naphthol.  A  brown 
j>o\vxlor  or  a  50  p.c.  paste.  Sparingly  soluble 
in  water,  with  a  browncolour.  (Jives  a  yellowish- 
brown  solution  in  strong  sulphuric  aciil. 

Literature. — .Vs  for  the  preceding  colour. 

Azochromlne  ( (  t.  ) ;  Tetrahyc&oxyazoben- 
zene  OH-CgHj  Nj  L',lI^(OH),.  Prepared  from 
diazotiaod  p-aminophunol  ami  pVTOgallol.  Com- 
mercial product  is  a  3U  p.c.  paste,  giving  a 
dark-yellow  solution  in  boUiiii'  water.  With 
strong  sulphuric  acid  it  gives  a  Drown  solution. 

LtUrature.—E.  P.  11902  of  1893;  1>.  K.  P. 
sum,  F.  p.  JS0W7,  A.  p.  t*»«i,g„,^,yQoogk 
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nuliw  BlMk  (K.);  lamn  Grey  B  (M.); 

Safraninwizophonol.  Pn'pared  froni  one  of 
the  variotios  of  safiaaiae  aad  phoaoL  Its 
solution  in  water  is  bhokish'graen  blne»  and  in 
Btronc  sulphuric  nrid  gneo. 

LttertUure.—Uon.       1886,  (iii.)  16,  984. 

Indoln«  mm  R  (B.)  (G.) ;  laau  Blue  (M.) ; 
Naphthlndone  (C);  Bengaline  (K  );  Vac  Blue 
(H.) ;  Fast  Cotton  Blue  R  (0.) :  Indole  Blue  R 
(A  );  DiailiM  BllMCK.);  MMlM  Blue P  (P.): 
Safraiun('fi7.o-;3-naphthol.  Prepared  from  va- 
rious aafranines  and  /3-naphthuL  It  gives  a 
violet  mlution  in  water,  and  a  greenish-brown 
in  strong  sulphuric  acid. 

Lil>:rfUure.—E.  P.  4543  of  1891,  18709  of 
1893,  3488  of  1895,  23985  of  1898  ;  D.  R.  P. 
61692,  85690,  85932,  91721,  92015,  105433, 
108497;  F.  P.  212276,  245239,  250239,  283013, 
285360;  A.  P.  524251,  624254;  Walter,  Auh 
dor  Praxis  dor  Anilinfarhonfabrikntion,  1903, 
306  (whoro  the  uruparatiun  is  dosoribed  in 
detail). 

D.  Sol^lioiile  AeUt  9t  Hydmyaw-  Conpoimds. 

1.  MONOSULPHOKIO  AciDS. 

Tropseoline  0  (('.);  Resorcin  Yellow  (A.); 
Chrysoin  (B.) ;  ChryseoUne  ;  Gold  Yellow  (By.) ; 
Yellow  T  (I.);  Acme  Yellow  (U);  ;)-Sulpho- 
Ixjnzenoazorosorcinol  HSOj  C^H i  N^  C H H 
Pro<luced  by  the  action  of  diazotiscd  suiphanilic 
acid  on  resorcinol  in  alkaline  solution.  Solution 
of  colouring  matter  orango  ;  suhstanco  difwolves 
in  strong  sulplinrio  uoid  with  a  vollow  colour. 

LUrrature.—drk-.^s.  Bor.  1878,  11,  2196; 
Witt.  Trans.  Choni.  Soo.  1879,  35,  183. 

Orange  II  (most  tirms) ;  Tropffiollne  000, 
No.  2  :  Betanaphthol  Orange ;  Mandarin  G  Extra 
(A.);  Gold  Orange  (By.);  Orange  Extra  (f.) ; 
Orange  A  (L.) ;  Gold  Orange  extra  oonc.  (T.M.); 
p*8nlphobenzenoazo-j9-naphthol 

HSO,-C,H«Nj(",„II,OH. 
Prepared  from  diasotised  sulphauilic  acid  and 
^•naplithol.  Solntkm  orange,  becoming  rod  on 
addition  of  sodium  hydroxide.  Solution  iii 
strong  eulphurio  aoid  rod,  becoming  orange  on 
dilation. 

/>f7^r^//Hrc.— Hofmann,  Bor.  1877.  10,  1378; 
Grioss,  ibid,  1878, 11,  2108 ;  Witt,  ibid.  1879,  12, 
860;  Miller,  ibid.  1880,  13,  888;  Witt,  Chem. 
Zeit.  1880,  4,  437;  MQhlhanser,  DingL  Poly.  J. 
1887, 264, 181, 238 ;  Paul,  Zeitsch.  angew.  Chom. 
1896^  9,  686  (the  last  two  papers  give  details  of 
the  manufacture). 

Orange  R  (I.);  Orange  T  (K.);  Kermesin 
Onait  (L.) :  Mtndulll  OR  (A.);  8nlpho-o-to. 
lueoeaio-/3-naphthol 

HS03r,H,-N,C,„H,OTI{e). 
Homologous  with  the  preceding,  the  diazotuxxl 
sulphonic  aoid  of  o>t(dnidine  bemg  used  inrtead 

of  Hulphanilic  acid. 

Orange  2  R  ( I. ) :  Orange  R  ( B. ) ;  Sulphoxy lene- 
azo.^.naphthol  HSOa'G,Us*Na'0i»l^*OH(/9). 

Prepared  in  the  same  manner  as  the  preceding 
from  the  sulphonio  acid  of  commercial  x^lidino 
and  /9-naphthol.  Aqueous  solution  gives  a 
reddish-brown  precipitate  with  dilute  acids. 
Dissolves  with  a  red  colour  in  strong  sulphuric 
acid,  giving  a  brown  precipitate  on  dilution. 
LiUrature. — ^Tlie  manufacture  of  the  two 


AlOfuohsine  B  (By);  Tolueneazo-1 :  8-dihy- 
dro^maphthalenesul  phonic  aoid 

X,  C,„H^(OH),-SO,H. 
Prepared  by  the  action  of  diazotiscd  oommer. 
cial  toloidine  on  1 : 8-dihydroxynaphtlialeiie>4> 
sulph'mic  acid.      Solution  in  water  is  bloiih- 
rod,  and  in  strong  sulphuric  acid  violet. 

£tferaf«re.— K  P.  18617  of  1889 :  D.  R  P. 
5t  nr,  ;  F.  P.  203744  ;  A.  P.  466.S41,  4«;.SI4l' 

Ponceau  4  6B  (A.)  (Lev.);  Croceine  Orange 
(By.j(a);BrilllaiitOnii8eO(M.)(C.J.);  Orange 
GRX(B.);  Bcnzcneazo-3-naphthol sulphonio  acid 

C.Hj -N, -C,  oH ,(S0 H )  O H ( 0 ). 
Prepared  by  the  action  of  diazol)enzeno  chloride 
on  /3-naphthol-6-sulphonic  acid  (Schaffor's  aoid) 
in  alicahne  solution.     Solutions  in  water  or 
strong  sulphuric  acid  are  orange-vellow. 

Literature.— Griesa,  Ber.  ISTS.  11.  2197. 

Orange  GT  (By.);  Orange  RN  (C  );  Onuge 
0(KL);  TolueneazO'/S-naphthol-sulphonic  acid 
C,H,NyCioHs(SO,H)OH(/3).  Preparod  by 
diazotiamg  oommcrcial  toluidine  and  combining 
with  SomMer*8  i8-naphtholmonosul phonic  acid 
in  allcaline  solution.  Orange  aqueous  .«olution 
gives  an  oily  precipitate  with  acids.  Dissolves 
m  strong  sulphurto  acid  with  a  roagcnta-reil 
colour,  giving  an  oily  deposit  on  dilution.  1 

Searlet  GR  (A.);  Soarlet  R(Bv.);  Brilliant 
Orange  R  (M.)  (C.  J.);  Orange  L  (Lev.)  (P.). 
Homologou.s  with  the  last ;  prejmrod  from  dia- 
zotised  xylidine  and  ISchafier's  acid.  i>i8Solves 
in  strong  sulphurio  aoid  with  a  red  oolonr,  beoom- 
ing  brown  and  precipitating  on  dilution.  1 
LikraXure.— Levinstein,  Ber.  188U,  13,  C8& 
AioeoMlBe2R(A.):  DoaMe8eMlelR(Ley.): 

Xylenr-azn-a-nnphtholsulphonic  acid 

(CH,),C',H3N%-(\„H,fS03H)OH(a). 
Prepared  bv  the  action  of  diazoxyleno  chloride 
(commercial  xylidine  diasotised)  on  ••naphtlidl* 
4-sulphonic  acid  in  alkaline  solution.  Aqueous 
solution  not  precipitated  by  alkalies  ;  when  hut 
and  concentrated  deposits  bronzy  crystals  on 
cooling.  Dissolves  in  strong  sulphuric  acid  with 
a  redfush- violet  colour,  becoming  brown  and  pre- 
cipitating free  acid  on  dilution. 

Literature.— K  P.  2237  of  1883;  D.  R.  P. 
28012. 

Azo  Grenadine  L  (By.) ;  AoetylamiiiolMO> 

zeneazo-a-naphthol-4-suIphonic  acid 

CH,  C'O  NH  (',H,  N,  (\„H,(SO,H)  OH. 
Prepared  from  dia/otistnl  p-aminoaoetanilide 
and  o-naphthol-4-Hulphonic  acid.  Magenta-n*<l 
aqueous  solution  becomes  orange-red  with 
sodium  hydroxide.  Solntitm  in  strong  tulpluirie 
acid     r''  \.  < 

Azoeosine  (By.)  (Lov.i ;  Axoeoslne  G  (K.);  I 
Anisoleazo.a-naphthol-4-8ulphonio  aoid 

('H,-OC,H,N,-C,„H,(S0,H)OH. 
Prepared  from  diasotised  o-aniaidine  and  «• 
naphtliol-4«nlplioDio  aoid.  Oives  a  red  aolntkHi 
in  water  and  a  oermiiie-ved  in  strong  aolphaiio 
acid. 

J&dsralw^.— B.  P.  8SS7  of  1883. 

Benzoyl  Pinic;  RoM  de  Benzoyl  (P.);  Benz- 
oylaminoditolylaao-a-naphthol-4-8ulphonio  acid 
C,H4  00-NH'C»H«-C,H4-N,  C,oilt  OH 


hi 


I 


H,  CHj  SO,H 

last  oolouring  matters  is  deeoril)ed  in  the  paper  i  Prepared  from  tliazotisod  monobenzoyl-o-tolui- 
by  Hflhlh&user  already  lefened  to.  '  dine  and  a-naiilitiiol-4<«iilplKHuo  Mid.  *  i(b^^[^> 
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red  paste,  ^iviag  a  cherry-red  solution  in  water, 
and  a  fahuah-rw  fohition  in  Btmig  mlpluiiio 
Mid. 

LUerature.—D.  K.  P.  60332. 
IMRedBT(Bv.)(Lev.)(D.H.);  o-Naphthft- 
leoMdK>>/l-iiaphthor-6-sulphonic  acid 

C„H,-Na-C„H,(S03H)0H. 

Frepared  from  diuotind  a-naphthylamine  aod 

a-naphthol-fi-sulphoDic  acid  (SchiifTcr).  Gives 
a  red  solution  iu  water  and  a  violet  in  strong 
snlpinirio  aeid. 

Xdmtare.— E.  P.  786  of  1878;  B.  IU  P. 
5411 ;  F.  P.  123148 ;  A.  P.  204799. 

iMt  Bmm  H  (By.) :  A«H  Bim  0  (M.) ; 
Naphthylamlne  Brown  ;  p-Sulphonaphthalene- 
azo-a-naphthol  HSOj-C.^H^-N.-CiiH^  OH.  Pre- 
parad  by  the  action  of  diaEOtisea  «-xiaphtbyl- 
ainine-4-sulphonic  acid  (naphthionic  acid)  on 
a-naphthol  in  alkaline  solution.  Colouring 
matter  sives  a  reddish-brown  solution,  not 
changed  by  acida  or  alkalis.  Diss<:)lves  in  strong 
sulphuric  acid  with  a  reddish- violet  colour. 

Literature.— E.  P.  786  of  1878;  D.  R.  P. 
Mil  ;  F.  P.  123148;  A.  P.  204799. 

Fast  Brown  3  B  (A.);  Sulphouaphthalene-2- 
aao-a-naphthol  HSO,-Ci,H,  N,C,oH,  OH.  Pre- 
pared by  the  action  of  diazotisod  /S-naplif  h\  l- 
aininc-6-sulpbonic  acid  on  a-naphthol  in  aikabnu 
solution. 

Aqueous  solution  V)romush-ro<l,  l>ecoiuing 
violet  with  dilute  acida  and  red  with  alkalis. 
Soluticm  in  strong  sulphuric  acid  Une^  giving 
reddish- violet  precipitate  on  dilution. 

LUeraiure.~E.  P.  3724  of  1882;  D.  R.  P. 
22M7  ;  F.  P.  150503  ;  A.  P.  332829. 

Chrome  Fast  Cyanlne  G  (I.),  introduced  into 
cuuiDiercu  lu  1907,  is  prepared  by  the  action  of 
diaaotised  l-«iiiino*2>iiapnthalfidpiioiiio  add  on 

a-naphthol. 

Eriochrome  Blue  Black  B  (G.);  Sulpho- 
naphtholaao-a-naphthol 

HS03-C,oH5(OH)N,r,oH,OH. 

Prepared  by  the  action  of  diazotisod  1 -amino- 
|l*naplitlio]-4-aulphonie  add  ba  a-naphthoI.> 

The  olackifh- violet  aqueous  solution  on  addition 
of  hydrochlorio  acid  becomes  first  reddish- 
htama,  and  tiieD  ffivea  a  bro^niiah-Uaok  pve- 

dpHate.    With  sodium  hydroxide  the  solution 


chloric  acid,  and,  with  sodium  hytiroxide, 
becomea  first  deep- blue  and  then  red.  Thu 
solution  in  strong  sulphuric  acid  i»  biackish^blue, 
giving  a  brown  precipitate  on  dilution. 

Litfraturr.  —  K.  P.  1. 15)82  of  1904;  D.  R.  P. 
169683 ;  i\  f .  350071 ;  ItaL  P.  73631 ;  Aust.  P. 
27191. 

Brilliant  Double  Scarlet  G  (A.)  (Fa v.)  (K.); 
Seariet  for  silk  (M.);  Poneeau  for  silk  (P.).  Pre- 
pared from  /3-naphthylamine-6-8ulphonio  acid 
and  /9-naphthoL  Aqueous  solution  gives  bro%m 
precipitate  with  dilute  acids.  Dissolves  in  stnng 
sulphuric  add  with  a  red  colour,  giving  a  bnrwn 
precipitate  on  dilution. 

LttercUurc  as  under  Fast  Red  B. 


Fast  Red ;  Fast  Red  A  (B.)  (OJ^^^vO; 
naphthaleneazo- /3-naphthol 


eelline  (D.  H.) ;  Rauraclenne  ; 


first  blue  and,  on  adding  excess,  tinallpr 
nd.  Tiie  aohition  in  atroog  tiupharic  add  is 

blae.piviug  a  violet-black  precipitate  on  dilution. 

Liieraiurc—K  P.  15025  of  1904 ;  i).  R.  P. 
181326;  F.  P.  300065;  ItaL  P.  78630;  Anat. 

P.  3fm30. 

£rioeliromB  BiMtk  T  (G.);  Nitrosulpho- 
napirtlioliiKMipnaplithol 

NO,-C,oH4(SO,H)  N%  r,„H,  OH. 
Prepanvi  by  the  action  of  diazotii?ed  8-nitro- 
aminu-/3-Qaphthol-4-siUphonio  acid  on  a-naph- 
thoL   The    reddish-brown    aqueous  solution 
gives  a  violet-brown  precipitate  with  hydro- 

>  In  U»  consUtatlooal  formola  of  this  ooloaring 
matter,  Undly  commonleated  alon«  with  other  informa- 
Uan  to  tlie  writer  by  the  manufacturerfi.  the  azo-  group 
U  thovn  attached  to  tho  i-  potition  of  tin-  a-oaphthof, 
althoai^  the  4-  po«ltloa  Is  uaoccupied.  The  combina- 
UoQ  U  probably  effected  in  (veseace  of  very  concentrated 
alkaU  oydiQiida.  Other  examplM  of  this  ortho-  com- 
blMtk)aanknoim,both  In  the  benseae  and  naphtha- 
kna  Hriia.  (Oomiiare  Mlefael  and  Otaodmougia,  Ber. 


am,  U»  USt :  Bambener,  <Md.  1900,  SS,  8188 ;  Bam- 
hgmmAJUbiajt^ML UM, S8»  1869;  Bambanv, 


HSO,C\oH,-NjCioH,OH. 
Prepared  by  the  action  of  diazotised  naphthionic 
acid  on  /3-naphthol  in  alkaline  solution.  Snh- 
stanco  diiisolves  in  hot  water  with  a  ruddii^h- 
brown  colour ;  concentrated  solntioa  wheo 
rapidly  cooleti  solidifying  to  a  brown  gelatinous 
mass.  Soluble  in  strong  sulphuric  acid  with  a 
violet  colour,  becoming  bro>\ii  and  giving  a 
precipitate  of  tho  free  acid  on  dilution.  The 
corresponding  colouring  matter  from  a-uaphthyl- 
amine-5-8ulpboaio  aoia  ia  oalied  Bllllbuit  iBSt 
Red  G  (B.). 

Literature.— E.  P.  786  of  1878;  D.  R.  P. 
5411 ;  F.  P.  12.3148;  A.  P.  204799;  Gtiaas,  Ber. 
1878,  11,  2199  ;  1S79,  12,  1364. 

Aeid  Poneeau  (l>.  H.);  Fast  Add  Searlet; 
Ponoeau  S  for  silk  ( 1. ) ;  Ponceau  G  for  SUk  (K.) ; 

Sulpho-i3-naphthaleneazo-/3-naphthol 
H80,C,oH,-N,C,„H,OH. 
Prepared  by  sulphon»ting  0-naphthylamine, 
diazotising  the  mixed  isomeric  sulphonio  acids, 
and  combining  with  /3-naphthol  in  alkalino 
solution.  Aqueous  solution  gives  a  brown  pra> 
cipitate  with  dilute  acids.  Dissolves  in  strong 
sulphuric  acid  with  a  red  colour,  becoming  brown 
and  pncipitiitinii;  on  dilution. 

Lithol  Red  B  (B.);  Sulphonaphthaleneazo- 
^-naphthol  liSOjCioH,-NjC,oH,OH.  Pre- 
pared by  the  action  of  diazotisod  j3-naphthyl« 
amine-l-Bulphonic  acid  on  jS-naphthol.  The 
commercial  iiroduct  is  a  which  is  only 

very,  sparingly  soluble  even  in  hot  water.  It 
ia  used  exdusively  in  tho  manufacture  of  lakes. 

Literature.— K  P.  25511  of  1899;  D.  R.  P. 
112833;  F.  P.  297330;  A.  P.  t)50757. 

Clayton  Cloth  Red  (CI.  Co.);  Stanley  Red 
(C3.  Co.);  Sulphobenzenylaminothiocreeolaio- 
^•naphthol 

CH,-C,H,<(     >C-C,H4(S0aH)  i\\  C,oH,  OH. 

■  S 

Prepared  by  the  action  of  diazotised  dehydro- 
p-toluidincsul])honiu  acid  on  jS-naphthol.  Tho 
commerdal  product  ia  the  ammonium  salt. 
Forms  a  rerldi.sh-browT  solutioa  in  water,  and  a 
violet-red  with  strong  sulphuric  acid. 

L>/€raftire.~S.  P.  18901  of  1880;  D.  R.  P. 
51331. 

Acid  Alizarine  Black  R  (M.) ;  Nitrosulpho> 
phenolazu-3-naphthol 

OH-C,H,(NO,)(S03H)X,CioH,-()H. 
Prepared  from  diazotiiMxl  0-iutro-2-aminuphonol> 
44ttipbonle  add  and  ^-wpfcthoL^Aqiigcg^Qoogi^, 
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solution  n  brownidi'violtt,  uul  Mhitian  in  strong 

snlphuric  iicid  is  mid ish* violet. 

LiUrature.—iL  P.  2772  of  190U;  1>.  B.  P. 
I4S892;  A.  P.  687986. 

Anthracene  Chroms  VMl  (€»);  Sdpbo- 
OApbitholazo  -  0-iiaphthol 

HSO,  0,oH»(OH)  N,  OH. 
Prcpart'il  by  the  action  of  diazuti-i  tl  li  ainino- 
/3-naphthol.7-8ulphcitiic  acid  (R.)  on  3-naphthol. 
Aaueou8  solution,  is  rci  I ;  hydrochloric  acid  gives  a 
reddish-violet  precipitate,  and  sodium  hydroxide 
tuni8  it  bluish-violet.  Solution  in  utronR  sul- 
phuric acid  is  bluish-RToen,  giving  a  reddish- 
violet  precipitate  on  dilution. 

Literature.— E.  P.  28107  of  1897 ;  D.  R.  P. 
109932  ;  F.  P.  272620,  272621. 

Palatine  Chrome  Blue  (B.) ;  Erloohrome  Blue 
Blaek  R  (G.).  Isometio  with  the  preceding. 
Prep«red  trom  diasotteed  l>unino-j9-naphthol- 
4-8ulphonic  acid  and  /3-na]>hthol.  Blue  aqtu^ous 
solution  gives  yetUowisk.brown  ptecipitate  with 
hydroohlorio  seid,  and  turns  firrt  blue  and  flien 
ri'<l  with  .so<lium  hvdroxidf.  Solution  iti  si n^iig 
liulphurio  acid  is  dark  blue,  giving;  a  blackish- 
tnrown  precipitate  on  dihttion. 

/,7  ;n/  jn.    E.  r.  (.f  in<)4:   F.  P. 

330055;  Ital.  P.  73530  ;  Aust.  P.  30030. 

ftinein  Blaok  U  (K.)  is  the  rino  sodium  salt 
of  thi  al  ove,  ami  Ls  ])r(|)arcd  by  diazotising 
l-amiuo-^  Qaplittiol-4-sulphonio  acid  witli  sino 
nitrite  and  oomUnnig  the  diuo-oompoaiid  vrith 
/hnaphthol  in  concentrated  alknlint?  solntioii. 

LiUraturc^E.  P.  23034  of  1905;  D.  R.  P. 
176508,  196SS8;  F.  P.  363786;  A.  P.  807422. 

Eriochrome  BUok  A  (O.);  Nilrosulpho- 
iiaphtholazo-3-naphthol 

NO,-C,„H,(SO,H)(OH)N,C,oH,OH. 

Prepared  front  diazotiscd  8-nitro-l-amino-/5- 
napnthitl  4  ulphonic  acid  and  ^  iiajihthol." 
Dark-blue  aqueous  solution  gives  a  rt-<ldish. 
brown  preeipitate  with  hydrochloric  acid,  and 
becomes  cherry-n-d  with  sodium  hydroxide. 
Solution  lu  iiiruug  hulphurir  a<  id  is  dark-violet 
blue,  giving  a  bro\vn  precipitate  an  dilution. 

Liternf  fir f.—E.  P.  15982  of  1904  ;  D.  R.  P. 
169683;  1'.  1'.  350071  ;  A.  P.  790363;  Ital.  P. 
73531 ;  Au-t.  1'.  271111. 

Diamond  Blaclc  PV  (By.);  Sulphuphenolaso- 
1 :  5-dihydroxynapbthalone 

OH-C,H,(S03H)N,C,oH6(()H),. 
Pri'paml  from  iliazotix  4  o  aininophenolsul- 
phonic  acitl  mid  I  :  5-tlilivilruxynaphthalone. 
Bluish-red  aqueous  uoiutiou  givc^  a  dark  nxl 
procipitatc  hyitrochloric  acid.  Solutioii  in 
Ktrons  sulphuriu  ncid  in  blackiah-grt^n,  givmg  a 
reddish  piecipitatc  on  dilution. 

lH>rnfurr.~E.  p.  18i:il}  uf  1W2. 

Roxamine  (D.  H.);  bulpkutuiplUhaictieaiso- 
S:  7'dihydroxynaphthalene 

HS03-C,„HeX/r,JI,fOH), 
Prepared  by  the  action  ot  tliazotii>cd  naphthionic 
ftcid  on  3 :  7-dihydruxyuaphthaleneb  Aqueous 
M>lut  i>  II    .M-arlrt.'  Dissolves  in  Htrong  sulphurio 
avid  mth  a  violet  colour. 

Am  Add  Bine  4 R  (By.).  probably  pre- 
jmred  by  the  action  of  (lia/.rjtised  /j-uilro.uiiline  [ 
on  1 :  8-dihydroxynaphthaleue-4-HuJphonic  rtcul 
and  snbeequeritly  reducing  tlie  nitto-  uruup.  It 
^fi  ves  a  h!n r .  \  1 .  ,1 ,  t  I  >!  u 1 1 .  ri  i iM\  ater and  a reddi^h- 
viiilet  m  Hlrong  sulphuric  acid. 

LiUrature,—Cbem,  Ind.  1890. 1»,  640.  . 


Mlttns  Yellow  (Lev.)  (D. ) :  Chrome  Yellow  D 
(H  Anthracene  Yellow  BN  :  Mordant 
Yellow  0  (B.)  (M.) ;  Chrome  Fast  YeUow  (A.): 
EtSkIm  TfOov  D  (K.);  Sulphonaphthaloneaao* 
salioylic  acid 

HSO,  r,,Ht  Nj-€,H,(CO,H)  OH. 
i^vpared  by  the  action  of  diazotised  jS-uauhth^i- 
amine-5-(or  6)-BulF^on}c  acid  on  salicjno  sod. 
Solution  in  water  is  yellow,  sad  in  Strang  sul- 
phuric acid  yellowish-red. 

Oriol  TsOow  (G.):  Cotton  Ydlow  R  (B.): 

Allcall  Yellow  (D.);  Primnlincnzoaalicvlic  acid 
P  '•N,-C4H3(CO,H)  0H.  Prepared  by  theactioa 
of  diasotised  primuline  on  salioylie  acid.  Gives 
an  oranpf-yt'llow  sohition  in  water,  and  S 
scarlet-red  with  strong  sulphuric  acid. 

Literature.^D.  R.  P.  4S466;  F.  P.  102628; 
A.  P.  398990. 

btoehrome  Phosphine  R  {(i.);  Nitrosulpho- 
benzononsosalicylio  woid 

NO,(",H3(S0,H)X,C4H,((;0,H)-OIL 
Prei>arcd  by  the  action  of  diazotiscd  p-nitro- 
aniline-o-sulphonio  acid  On  i<alicy]ic  aciiL 
Yellowish -orange  aqueous  solution  becomes  pale 
oran^  with  hydrochloric  acid,  and  blue-rod  with 
sodium  hydroxide.  Solution  in  strong  sulphuric 
acid  is  yellowish  oran^^o  giviQg  •  psJe-ydlow 
precipitate  on  dilution.  , 

lAfmam—T).  R.  P.  appL  A  17781  of  1900. 

Eriochrome  Red  B  (U.):  Sulphonnplithol* 
asophenylmethylpyraBolone 

(•(CH,) :  N 

U80s-C,.B^0H)'N,C  I 

Prepared  by  the  action  of  diaxotii»ed  l-aiiuno-^- 
naphthoI-4-siilphonio  acid  on  phenylmothylpyn* 
iiolonc.  Yt'|j(»wish-red  aqtic<nt-?  solution  give*  a 
bright  bcarlet-red  precipitate  with  hytlruchioric 
acid,  and  becomes  orange-ydlow  with  sodium 
hj'droxido.  Solution  in  strong  sulphuric  acid 
is  magonta-rcd,  giving  a  scarlet-rtxl  precipitat« 
on  dilution. 

Litcratw.^i:.  P.  17274  of  TfVVl  ;  D.  B.  P. 
165743  ;  F.  P.  350101  ;  A.  P.  bUS^lU. 

DlinU  YeUow  R  (M.).  Prepared  by  the 
artinrr  of  diazotiscd  prininltne  (sulphonic  acid) 
on  l-pheii}l-3-uu'thylpyriiitolone.  The  orange* 
yellow  aqueous  solution  give«  an  oranirc  v  eDow 
precipitate  with  hydrochloric  acid  and  a  rwidiah- 
yellow  one  with  sodium  hydroxide.  Solution  in 
Mtroi^  sulphuric  acid  is  dark  orange,  giving  SO 
orange-vellow  precipitate  on  dilution. 

Literature— E.  P.  10127  of  1897;  D.  R.  P. 
117575. 

Dianll  Yellow  3  G  ( M. ).  Prepared  from  diaso- 
ti.-ed  dehydrothio-p-toluidinesulphonic  add  and 
ethyl  acotoacetate.  Grecnii-h-}  cllo^^  aqueous 
solution  g^ves  a  yellow  precipitate  with  hydro* 
chloric  acid,  and  becomes  orange  xvith  sodiuin 
hydroxide.  Solution  in  strong  sulphuric  acid 
is  browuiah-yellow,  giving  a  yellow  prooipitat« 
oc  dilution. 

Liternturr.^E.  P.  17328  of  1897  :  D.  R.  P. 
9870A  ;  P.  P.  25titt47,  209001 ;  A-  P.  00260, 

2.  Dl8m.FH0KIC  Ac  1U8. 

Phenoflavlne    fO):  7H-£iulphobeoienesso* 

a m  moi>heuf  >  1  s  v 1 1  pi  n  > n  i c  acid. 

HBO,t..U,  .\,  U,H,(SOaH)(NHj)  OH. 


»  Pi 


teildue  of  prUnuilop. 


Google 
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Prepared  ^>y  tht*  action  nf  tlia/.ntiscd  iiK'tanilic 
acid  on  3-aiuiuupheuui-5-Hulphuriic  acid  (ill.). 
Givm  *  yellow  solution  in  mter  or  strong  sul- 
phuric acid. 

LHmUmre.—D.  B.  P.  71229. 

Chrome  Brown  BR  (Q.);  Dlsolphophenol* 
•lopyrogallol 

OH-<;,H,(S0,H),N,-C,H»(0H),. 

Piepsnd  by  the  «etioa  ot  diasotised  ]9-Aaiino> 

phcnol-2  :  C-disulphonic  acid  on  pvrugallol. 
.Solution  in  water  ia  yellow,  and  in  strong  sul- 
phuric acM  Inown. 

Lifrraiure.—E.  P.  111>02  of  1803;  D.  R.  P. 
81109;  F.  P.  230»37i  A.  P.  548460. 

Qrmnge  G  (A.)  (IL)  (B.)  (P.)  (C.  J.);  OflOg* 
CG  (C);  Bt'nzencnzo-^-naphtholdi8ulphoiiic 
acid  C,H,-N,C,oH4(SO,H),-OH(;5).  Product d 
by  the  action  of  diaiobenzene  chloride  on 
0-naphthoI-(> :  S-(li.sul|)hnnir  acid  (G-salt)  in 
alkaline  solution.  Solution  not  prccipitatfMi  by 
alkali;  diMolros  in  strong  sulphuric  acid  with  an 
onrngo  colour,  undergoin:z  lu  <  h  in<je  on  dilution. 

£iteraturr.~E.  P.  17 Jo  ot  1878;  D.  R.  P. 
3229;  F.  P.  124811. 

Crystal  Scarlet  6  R  (C.)  (M.) ;  Crystal  Ponceau 
lA){K.)\li.];  a-Naphthalencaro-3-naphthol-b  :  8- 
dkttlplionic  acid  (G-acid).  Produced  by  the 
irtion  of  diazoti^cd  o-naphthylainiuo  upon 
li  naphthol-0  :  8-di«ulphuuic    acid   in  alkaline 

KihltlOIl. 

Littroturr.^E.  P.  816  of  1864;  p.  K.  P. 
3W91  ;  A.  p.  332528. 

PoneeM  2  G  (A.)  (B.)  (If.)  (C);  Orange  R 

(H.).  Isomeric  with  Orange  G,  I^pared  by 
the  action  of  diazobenzene  chloride  upon 
d-naphthol-3  :  6-disulphonic  acid  (R-salt).  Pro- 
;>erties  similar  Ut  those  of  the  preceding  com- 
ix)und  ;  colour  t-ligliily  redder  in  shade. 

Literaturf  as  for  Orange  CJ. 

Aioeoralllne    (D.);  i>-Acctyl»mioobenaene- 
a»>-0-naphthol<3  fS-disuf phonic  acid 

CH,-CONHC,H,N,-CjoH4(SOjH),OH. 
Prtpan  d  by  the  action  of  diazotised  acetvl-p- 
pbt'u^  liiueiliauiino     uu    /3-iiaphthol-3  :  6-disul- 
phonic acid  (R^salt).  Solution  in  water  is  orange- 
rcl,  .md  in  strong  sulphuric  a(  id  ycllu wish-red. 

Ljftr<ii «Tc.—M»etzki,  Bvr.  I  .S84,  17,  344. 

Ponoeau  R.  2  R,  G  and  GR  >  (.A.)  (B.)  (M.) 
iUv.)  (H.)  (C.)  '  -  Brilliant  Ponceau  R 
IT.  H);  XyUdine  Scarlei ;  Xylldine  Red;  Xy- 
Ieaeasii«^-naphthol-3 : 6-disulphonic  acid 

r,H,-N,-C,oH4(HSO,),  Olf(3). 
I'roduuxl  by  the  action  of  diazotised  xylidine 
(chiefly  mala-)  on  /3-naphthol'3 :  6>cli8ulphonic 
^n<\  (R-i^aU).     ProjxTtics  ^imilar  to  those  of  i 
Uran^e  G.    Colour  a  d).-itinct  scarlet ;  aqueous  | 
lolutKMi  not  precipitated  by  alkali ;  an  anior- 
phou,*  pr<  rijMtritr  hv  ralcium  or  barium  (  Hlnridc. 
^lubie  with  a  red  colour  in  strong  bulpliuric 
•ciii,  beooming  brown  and  pceeipitatiiig  on 
(illation. 

Littratun  .^TS..  P.  ITlauf  lb7b ;  i).  R.  P. 
F.  W  li>4sll  ;  A.  p.  210233. 

Ponceau  '.\  R  (A.)  (i?  -  iM  )  (C  J.)  (K.) : 
Poneeau  4  R  (A.) ;  Cumldine  Red  ^M.j ;  Cume- 
iieaio>j9i«naphthol-3 : 6'di8ulph0nio  aetd 

I  tand  OR  ar«  made  from  enule  xyliiUae  and  crude 
It-tilt,  R  from  cmtfe  zylldfiie  and  1 R  fkom  m-xylldfae 
sod  pore  K-talt. 

1 II  to  Badetiomenide  enmhUaeaod  4  R  from  pure 


Produced  by  the  action  of  diazocumeac  chloride 
llroiii  i^-cumidine)  on  R-salt.  Properties  ns 
above  ;  colour  of  a  re<lder  shade  than  tho  last. 

Li(>  rnfvri\ — Stt  aliOVO. 

Ponceau  3  R  (M  )  ;  Dimctliylethylbenzcnc- 
azo-/S -napluliol-ii  :  (i-diwlphonic  acid 

C,Hi  C  ,H,«  •H3),  N,  C„ir,iS(),TI),  OH(|3). 

Prepared  by  the  action  of  diaaotisod  ethylxyli- 
dine  on  R-salt. 

ri  ■    i,  ,> -  -Si  (  al.ave. 

Bordeaux  B  (H.)  (A.)  (ML):  Fast  Red  B 
(B.);  BorteMixBLfC.);  BordMUUclltxtn(H.); 
Ceraslne  (P.).;  Arehllline 2B(l>cv.) ;  a  Naphtha- 
leneazo-^-naphthol-3 :  O-di^ulphonic  acid 

<  lo";  ^'»  <^'ioH4(SO,Hj,  OH. 
Prepared  from  diazolised  a-naphthylamine  and 
R-salt.    Solution  in  water  is  magenta -n-rl,  and 
in  strong  sulphuric  acid  blue  becoinuig  inu<;cnta- 
red  on  dilution. 

Lit(rature.—E.  P.  1715  of  1878;  U.  K.  P. 
3220  ;  F.  P.  124811 ;  A.  P.  251164. 

Sorbine  Red  (B.);  Azogrenadlne  S  (By.); 
Laoaiuclifiae  SB  (C).;  p-Aoetyiaminobens- 
eneaao^«naphtliol«8 :  d^iiRaiphonio  acid 

CH,-00-NH-C,H,N,-C,„H«(SOjH),OIL 
Prepared  by  the  art  ion  of  <iiazoti-i  d  a<  i  t  \  l-y»- 
phenylenediaiuiue  oa  auu  phthol-3 :  ti-di^uiphunic 
acid.  Aqueous  solution  is  currant-reil,  and,  in 
5:tronr;  suI])hurio  acid  fiery  n^d.  LiOaflMllSinC 
SG  is  a  clusciv  related  dvestuff. 

Palatine  Searitt  (BT)  ;  Cochineal  Scarlet  PS 

(Bv.);  m-XylenoBro  a  naphthol-3  :  6-di.sulphonic 
acid  C,H,N,Ci,U«(St),H)jOH.  Prepared 
from  diazotised  i»-xylidine  and  a-naphthoU 
3 :  6-di*uI phonic  acid.  Solution  in  water  is 
scarlet-reil  and  in  strong  sulphuric  acid  bluish- 
red.     (  lijsclv   related   dvestufifs   are  Palatine 

Scarlet  3  R  <^id  4  R  (B.) ;  BriUfauii  CocUomI  2 

R  and  4  R  (C). 

XL  Carmobine  6  B  (H.). ;  m-Xyleneazodi- 
hvdroxynaphthalcno-3  :  O-disulphouic  acid 
CgH,  N,  C,„H,(SOjH)j(OH)j.  Prepared  by  the 
action  of  diazotised  m-xylkllnc  on  1  :  8-dihy- 
droxynaphthalene.3 :  6odisulphonic  acid  (chto* 
matrope  acid). 

Eosamlne  B  (A.);  M<  thoxytolueneaao*a< 
uaphthol-3  :  6-disulphonic  acid 

CH,OC\H,Nj-C',„H,(SO,H),OH. 
Prepared    from    diazotised  //'-aiiiino-/>-cresol 
metliyl  ether  and  a-naphthol  8  :  (i-diMilphonlo 
acid.    Solution  in  water  is  blui;4i  icd,  ntul  m 
.strong  sulphuric  acid  violet-blue. 

Lil"-nff'rr      <  )<,.rn.  Ind.  1896,  1''  >i 

Palalii»e  Red  (H.):  Naphthorubin  [liy.); 
o-Naphthaleneazo  a  iia|>lithol-3  :  6-di.sulphonic 
acid  C,oH:N,C,oH,<SO,H)jOH.  l^pared 
from  dinzotise<l  a-uaphthylamine  and  o-naphthol- 
3  :  6-disulphonic  acid.  Bluish-red  solution  in 
water,  and  blue  in  strong  sulphuric  acid.  A 
similar  colouring  matter  is  Azo  Red'A  (C). 

Likratun.-^  P.  15716  of  1886 ;  D.  R.  P. 
3H2SI. 

Direct  Rose  G  (K.  8.) : 
,.S. 

[  CH,C,H,<^      >t  tVU4X,CjoU4lSO,H),OH. 

!  Prepared  from  diazoti.-ed  (ichvdrothio-/)-tolui- 
dinc  and  «'naphthol-3 : 8-disuipbunio  acid  (•• 
I  acid).     Cherry -red  aqueous  solution  gives  a 
I  scarlet-rt^l  pn'cipitatc  with  hydrociUorio  acid,  . 
i  atul  a  bluish-red  one  with  sodium  hydroxide,  v^oogle 
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ijolution  i»  strung  sulphuric  acid  is  dark-bluish 
red,  giving  a  Bownet-red  precipitate  on  dJlutioii. 

Erika  B  (A.):  Mothylbenzpnylaminothio- 
xylenola2o-a-naphthol-3  :  6-disulphonic  acid 

CH  J  AHi<  ^  >C<J,H.-N,-C„H^80,H), 

l*rcparcd  from  diazotised  dehydrothio-m-xyli- 
dino  and  a<naphthoi-3 :  G-disuIphonio  aoid 
Solution  in  water  or  strong  sulphuric  acid  is  red. 
rii  \  ir  1  1  r  i:  lis  of  Gcr&iiine  (By.)  and 
BriiliftiU  Ger&nine  (By.)  are  a&aiogoiuly  oon- 
stttnted. 

Literaiure.-  i:  17333  of  1888 ;  D.  R.  P. 
03051  i  F.  F.  imiOQ  i  A.  P.  416657 ;  Sohuliz, 
Ber.  1889,  22»  683. 

Azo  Bordeaux  (By.)';  NaiditlialeiiiB««>-a* 
naphthol-4  :  8-disulphonic  ac  id 

Prepared  by  the  action  of  diazotiaed  a-naphth^l- 

amine  on  a  iiaphthol-4  :  H-disulphonio  acid. 
Magenta-rod  aqueous  solution  is  not  changed  by 
acids  or  alkalis.  SolvtioD  in  strong  sulphuric 
aoid  is  blue,  becoming  magenta-red  on  dilution. 

Uleraiure.—K.  P.  15776  and  16781  of  1886  ; 

R.  P.  40571,  42304 ;  A.  P.  333086. 

Axoeoohlneal  (By.);  Ani»oleaito->a»naphthol- 
4 : 8-disulphonic  acid 

CH,0  •( '8H«-N,-C,oH4(S03H )  jOH. 
Similarly  prepared  from  dia/otir^od  o-anisidine. 
Solution  in  water  and  strong  sidphuric  acid  is  red. 

Likrttture.—E.  P.  15775  of  1886 ;  D.  R.  P. 
4&571. 

Chromotrope  2  R  (M.) ;  Biebrich  Acid  Red  4  B 
(K.);   XL  Carmo'isine  R  (H.);  Benzenoazo- 

1  :  8-dihydroxyimphthf.l  i\"  'I  :  6-dis«lplu)iiic 
aoid  C,U«-Nt*U,,U^(i>U,H}s(UH),.  Produceii 
from  diazofciwd  anuine  and  1 :  8>dihydroxy> 
nnph(halone-3  :  6-dis\il phonic  acid.  Gives  in 
water  a  magenta-rod,  and  in  strong  sulphuric 
aoid  a  rubv^red  solntion. 

Lite  ml  nr,  .  -  E.  P.  9258  of  1890;  B.  B.  p. 
QWm  i  F.  p.  206439  ;  A.  P.  458283. 

Chromotrope  2  B  (M.);  p-Nitrobenzeneaco- 
1  :  8-dihvdroxynaphtli,\l(m' -  3  :  n  -  disuljihoiiic 
acid  NO,*CVH»-N,  C„H,(SO,H),(OH),.  Pre- 
pared by  the  aotioa  of  diasotiiKNl  ^-nitroani- 
line  oil  1  :  S-dihydroxynaplithiilcne-;?  :  H-disuI- 
phonic  acid.  Solution  in  water  is  ^eUowish-red, 
and  in  strong  sulphurio  acid  dark  violet. 

?    !  '       \  Tindi T  Chromotrojio  2R. 

Victoria  Violet  4  BS  (M.);  jj-Aminobenz- 
oneaso-1  :  8-dihydroxvnaphthalene-3  :  d-disul- 
phnnin  acid  Ml ,  ( '.UVNi  C,  Jl,fSO,II),(OH)j. 
l*repartHi  by  the  aikalme  redueiiou  vt  chromo- 
trope 2  B  or  by  eliminating  the  acct>i  group 
from  chromotrope  6  B  (are  oelow).  It  gives  a 
tlark- violet  solution  in  water,  ami  a  bluish-red 
in  strong  Aulphuriu  acid.  Similar  colouring 
matt,  rv  ir.  Victoria  Vk»l«t  8  BS  (M.)  and  Azo 
Acid  Blue  B  (M.). 

Litrralure.—E.  P.  8270  of  1892;  D.  R.  P. 
708^  '   :rV2\  :   F.  p.  221363. 

Chromolrope  6  B  ^M.);  XL  Fuchsine  6  B 
(H.);  p-AcctylaminolK-nzeneazo-l  :  8«dihydrozy« 
napht  hal(>no-3  :  6-cli.sul phonic  acitl 

CH,<;ONHC,H4NjCioH,(SO,H),(0}I),. 
Prepared'  by  the  action  of  diaiotised  aoetyl-/)- 

*  No  Iniiu'T  ni'iniifjkrturcd  uudiT  ttic  uaine  'Bofflslo 
Muhin  '  by  tU«  bch<>Ukup(  Co. 


.  pheoylenediamino  on  1 :  8-dihydruxj'naphUul- 
I  ene^ :  6-di8nlphonic  aeid.    SolivUoa  in  water 
is  violet-red,  and  in  Strang  snlphnrio  add  raby* 

I  red 

I     LUenOim.'^'D.  K  P.  76788. 

Chromotrope  10  B  (M.);  Naj)hthfll(  neaz  v 
1 : 8-dihydroxynaphthaleue-3 : 6-disulphomc  acid 
I  C,eH,-N,C\„H3(S0,H),(0H),. 
Prepared  from  diazotised  a-naphth^'laminc  and 
the  above  acid.  Violet  solution  in  water,  and 
greenish-blue  in  strong  .sulphuric  acitL 

Literature— As  under  (Jhroraotrope  2  R. 

Chromazone  Red  A  (C:.);  Benzaldehydeazo- 
i  1  :  8-<Uhydruxyuiiphtlialcue-3  :  6-disulphonic 
add  CHO  C,H4  N,<;,oH,(80,H)t(OH),.  Phj 
ducetl  from  diazotised  /i-aminobenzaldchyd« 
and  1 :  8-dihydroxynaphthaicne-3  :  6-disulpboiuG 
aoid.  Solution  in  water  is  Md,  and  in  Strang 
sulphuric  acid  blue. 

Literature.— "D,  R.  P.  85233  ;  F.  P.  248519. 

Chromazone  Blue  R(G.);  Phenylethjihy> 

drar.oup  of  the  prcreditiLt  eolourinjj  matter 

Pre{>ared  either  by  oondeosiDg  chromasone  red 

with  r/.«-phonylethyIhydrn7r>ne  or  by  the  action 
vl  diazotised  /j-auuiioUinatylidenephenylethylhy- 
drazone  on  1 :  S^dihydroxy-S :  6-disulphonie  acid. 
h'nl-,i>{or-i  in  water  ia  bIue>Tiolet|  and  in  strong 
buiphuric  acid  blue-rod. 
Literature  as  above. 

Diamine  Rose  (U);   Dlamhie  Pink  (C); 
Bcnzonyiaminothiopheaolaxochloronaphtholdi- 
svlphooio  aoid 

Prepared  from  diazotised  dehydrothio-p-tolui- 
dino  and  8-cldoro-a-naphthoI-3  :  B-disulpbonic 
aoid.  Magenta-red  solution  in  ^vater•  and 
reddisb-violft  in  strong  sulphuric  acid. 

LUerature.—K  P.  1920  of  1894 ;  D.  E.  P. 
79055, 82285k  M7«8,  99827 ;  F.  P.  2SS271 ;  A.  P. 
635037. 

Fast  Acid  Fuchsine  B  (By.);  ik-uzeneazo- 
1 : 84Uttmottaphthol-8 : 6-disii^onie  aoid 
C,H»-Nt'C„H,(SO,H),(OH)-NH^ 

Pre[)ared  from  diazotised  aniline  and  1:8- 
uuimunaphthol-3  :  r»-disul]>honic  acid  (U-acid) 
i  n  alkaline  solution.  Solution  in  water  or  strong 
sulphuric  acid  is  magenta-rod. 

Literature.— 13343  of  1890 ;  D.  R.  P.  623tW, 

70031 ;  F.  P.  2  mm. 

TohUM  Red  B  (K.);  Benzenoazo- 1 1  8-anuQO- 
naphthol-4 :  6-dif>ulphonic  aoid.  Isoraerio  with 
the  preceding.  Prepared  from  diazotised  anilinf 
and  1  ;  8-aminonaphthol-4  :  6-disulphonic  acid 
(K-acid).  Solution  in  water  or  strong  sulphuric 
acid  is  niagenta-rcd. 

LUeraiurt^K  P.  516  of  1894;  D.  B.  K 
09164  ;  A.  P.  603S8S. 

Fast  Sulphone  Violet  5  BS  fK.  S.)  is  prepared 
by  combining  a  diazo-  compound  with  1 : 
aminonaphthoUS :  8>  or  •4  :  0>disnlphonio  add 
in  iilktiJine  solution,  und  treating  the  protlu^t 
with  ^-tolueneeulpbonyl  chloride,  whcrcbv  the 
amino-  group  is  transformed  into  the  p-taftMOt' 
sulphonviiuiiiiut- iii'i.    OtinT  dyr  *  i; *T    >f  (ho 

same  kind  arc  BriUiant  Sulphone  Red  B  (K.  S^j 
and  FlMt  8lil|llUNli  VlttM  4  B  (K.  S.). 

Litenaiire,—K  P.  82686  of  1899 ;  B.  P. 
120081.  -  J  -  - '  y  v^oogle 
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AioruUna  S  (A.);  AzoruliiiM  A  (C.);  Am 
Add  MUne  (0.  J.)  (D.) ;  Aio  Aeld  Jtvm»  R 

K.):  Nacarat  (P.):  Fast  Red  C  (B  );  Car- 
mOisUld  (By.) ;  CinnoulOO  AS  (Lev.)  iiuiphu  a- 
napliilwleimuK>*tt>iuphtholaulphonk>  acid 

HS0,-0„H,-Nj-€„Hj(S03H)  OIL 
Prepared  by  thf  action  of  (lmzoti-4«'il  uaphlhionic 
acid  on  o-naphthol- l-sul])honic  ac  id  in  presoneo 
of  alkali.  Solution  givt<s  a  rod  trystalline  prc- 
cipitato  with  calcium  chloride  ;  substance  dis- 
solves in  strong  sulphuric  acid  viith  a  bluUh- violet 
colour,  becomini;  red  on  dilution.  When  used 
for  after- -hr" mine;  on  wool  thodyealofl  i8law>wn 
as  Azoehrome  Blue  R  (K.). 

LiUrature.-^E,  P.  2237  tad  4237  of  1883; 
P  R.  P.  2R012. 

Aiochrome  Blue  B  (K.) ;  isomerio  with  the 
preceding.  Prepared  from  diazotiscd  naphthi- 
onic  acid  and  a*oaphthol-5  sulphonio  aokl. 
Aqueous  solution  is  bluish-red  and  givw  a 
reddish- brown  {irecipiUito  with  hyilroohlorio 
acid*  Subataace  diaaolves  in  strong  salphurio 
add  with  veddiah-bhie  oolonr. 

Fast  Red  E  (H.)  (K.);  Fast  Red  flx  v.l  (A.) 
(CJ.)  i  8ulpho*a-na|>iithak-n(>azo-)3-im))lithol»ul* 
phonic  acid  H80,<',oH,N,C,o"i'^< >.H)OH. 
I-onu  ric  with  tlu'  ])n'co<lin;,'  ;  prepared  from 
diazotiaed  napbthionic  acid  and  SchiiScr'a 
0-iuiphthot*6-BuIp1ionio  acid.  AqneoaB  solution 
clin  t  red  ;  not  pn  <  ipitutc<l  liy  tirifi^.  dissolves 
in  strong  sulphuric  acid  mXh.  a  violet  colour, 
beeoming  i«d  on  dihition. 

Litrrnfiif'    -II  T  7^^  f  I S7S  :  D.  R  V.  5411. 

Croeeine  Scarlet  3  BX  i  U> . )  ( K. ) ;  Cocclne  2  B 
(A.) ;  flwrM 000 (H.).  Isomeric  with  the  last ; 
pre)iered  from  dia/.otised  naphthionic  acid  and 
Bayer's  /3-naphthol-H-sulphonic  acid.  Hot  sola* 
tiak  (oonoentoated)  gives  a  crystalline  magnesium 
f*\t  on  adding  magnesinni  sul})hatc  and  allowing 
to  cool;  solution  in  strong  sulphuric  aeid  rinidish- 
Tiolei  becoming  vellow  i^h-nxl  un  dilution. 

LUeraiure.—y..  l\  2031  of  1881;  D.  R.  P. 
2(M02  ;  A.  P.  2iia;i7a 

Double  Scarlet  Extra  S  (A.)  (Ijow);  Double 
BrUUant  Scarlet  3  R  '  Hv  ^  Double  BriUlant 
Scarlet  S  (K.);  Brilliant  Ponceau  4  R  (By.); 
Bttriet  PR  (P.).  Isomeric  with  the  last;  pre- 
pannl  from  diazotiscd  i3-nftjiii1hvl:(pnne-6-8ul- 
pfaonic  acid  (Bronner's),  and  a-iuiphthol-4- 
solf^onic  acid 

H.SO, -r ,  JT, -X, •(', ,11       JI )  OH. 
A^ueoua  solution  gives  yellowish- brown  pre- 
dpitato  wrUi  dilate  aoida.  Dissolves  in  strong 
Hulphurir  arid  v.-ith  »  red  oolour,  boooming 
yeUowfX'  on  dilution. 

LUeraiMfe,-^E.  P.  3794  of  1882;  IX  B.  P. 
2251 T 

Azotucbsine  G  (By.};  i>-Sulphobcnzeneazo- 
daiydroxvnaphtliaIeDe-4-8alphome  acid 

HSO,C,H4-N,-C,oH,(OH),S03H. 

Prepared  from  diaaotised  sulphanilic  acid  and 
l:8-dihydroxynaphthaleae^-sulphonieadd.  So- 
lution in  water  is  bluigh-red,  and  in  .strong 
snlj^aric  acid  violet.  Analogous  colours  are 
Aloriiebstne  S  and  OH  Mttn  (C.). 

£,7<f  '  -E.  P.  18617  of  1889:  1).  H.  P. 
MU6;  i\  P.  203744;  A.  P.  466841,  4tjsl42. 

GnnDpHtn  TbIIow  (Lev.);  Diaulphonaphtha- 
leneazo-alic  vlie  arid 

(•,Jf,(.S(),H),-N,-C,H,(UH)-CO,lI. 
Prwiuceil  by  the  action  of  diazotiscd  ^-nuph- 


I  tiwlanune-6 : 8-disulphonic  acid  ou  salicylic  acid. 
I  SiMQtion  in  water  is  yellow,  and  inatfong  sulphurio 

'  aeid,  < irango-red. 

Lilcralurc—K  l\  12145  ol  1894;  1>.  B.  P* 
87483. 

Lanaeyl  Blue  BB  (C);  Disnlphobydroxy- 

naphthaleneazoa  mi  n  onn  phthol 

C|oH,(SO,H),(OH)N,-C,oHj(OH)NHr 
Prepared  from  diazotiscd  1  :  8-aminonaplttliol- 

3  :  6-diaiil|)honic  aeid  (H-ncid)  and  1 :  5-amino- 
naphthol  in  acetiu  aiid  i>u]ution  (the  azo-  group 
attacka  tlie  ortho-  position  xelativo  to  tho 

hydroxy-  CTOup).  Sohiiion  in  water  is<  red<lish 
or  bluish -violet,  and  in  stroni^  sulphuric  acid  blue. 

To  this  croup  helonrr  also  Lan&^l  Blitt  B  and 
Lanaeyl  Navy  Blue  B  and  3  B  (C). 

LUrralurf.-  K.  P.  24134  of  1896;  D.  R.  P. 

:  95190  :  F.  P.  2()<)S1S. 

Rosophenine  10  B  '<1.  Co.);  Rosophenlne 
Pink  (CI.  Co.) ;  Direct  Scarlet  B  (K.) ;  Sulpho- 
bonzenylaminotUooceeoIaio  -  a  •  iiaphthol-4  •  aul- 
'  phonic  acid  ^ 

C,H,/^  ,  CCgH4-N,<l,oH.OH 

I  1  I 

CH,  SO.H  SO,H 

j  Prepared  from  <liazoti«;e<i  dehydrothio-;)-tolui- 
I  dineaulphoniu  aeid  atid  a-naphthol-4-sulphoiuo 
I  acid.   Solution  in  water  is  crim80ii*Teda  and  in 

strong  sulphuric  acid  violet-red. 
'■      The  corre»iK>n<linL'  c  olour  from  diazotiscd 
;  primuline  ia  calK  l  Rosophenine  SG  (CI.  Co.); 

Thiazlne  Red  R  (B.)  (D.  R.  P.  48465;  P.  P. 

192628,  196988  ;  A.  P.  398990). 

Thiazlne  Red  G  (B.).    Prepared  from  diazo- 

ti8e<l  nrimulino  (sulphonio  acid)  and  ii-naphthol« 

0-sul phonic  acid.    Oran^-red  aqueons  solution 

gives  an  orangc-red  precipitate  with  hydroehloric 

acid,  and  becomes  rfark  with  sodium  hydroxide. 

Solution  in  strong  sulphurio  acid  is  ldood>xod, 

giving  an  orange  precipitate  on  dilution* 
i      Kefereooea  as  for  thiazine  red  H. 
,      Dtann  YdtoW  2  R  (M.).    Prepeml  by  the 

action  of  diazotiscnl  j)rimuline  (sulphonie  acid) 
I  on  l-j»-sulphophenyl-3*methyl-5*pyraaoloue^, 
'      Reactions   and  references  as  for  dianil 

yello  n 

Chrome  Fast  Yellow  0  (A.) ;  l>i-Und  tri-)- 
'  sulphodiphcnylphonotliiasinoaioaalicylic  acid 

i  c,h,n-nX\ 

C.U.CH-Ni  ,X,C,U,(OH)CO,H 
I  (d  i-  and  tri'sulphonio  acids). 

!  Produced  from  the  di-(or  tri-)aulnhonio  acids  of 
'  the  Iria/.inc  from  i  hrysol  line  and  brnzaldchydo 
I  by  diazutuiatiuu  and  combiiwliou  with  iialic^iic 
'  acid.  The  aqueous  solution  is  orange-yellow, 
I  and  the  aolutioa  in  atrong  salphurio  acid  ia  the 
same. 

Literature.— D.  R.  P.  79425  (compare  also 
D.  R.  P.  TG401  and  78000);  Noelting  and 
Wegclin,  Bcr.  IS'JI,  30,  2595. 

3.  Tbisit-phonio  Actos. 
New  Cocclne  (.A.)  (I>  v.):  Brilliant  Scarlet 
(C);  Croeeine  Scarlet  4  BX  K  );  Victoria 
Scarlet  4  R  (T.  M.) ;  Special  Ponceau  (P.) ;  Co- 
chineal Red  A  (B.) ;  Sulph0-o;naphthaleneazo< 
^-naphthoI-6  :  8-di.sulphonio  acid 

HSO,C,^.N,U,,H4(SO.H)30H. 
Prepared  by  the  action  of  diasotiaed  |>ftp!it]ii9^i^oogle 
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■cid  on  i8.iiaphthol-6 :  8-disuIphonic  acid  ((;- 
«aJt).  AquoouK  .solution  red,  not  precipit«te<l  by 
aoidd.  IMHsoives  ia  strong  sulphurio  acid  with 
a  red  colour,  becoming  yellu wish-fed  on  dilution. 

Litfrafvn.—i:.  p.  $16  of  1884;  D.  R.  F. 
36491;  A.  P.  314938. 

M  Red  D  (B.) ;  Azo  Add  Rublne  2  B  (D.) ; 
Fast  Red  EB  (B.) :  Clolh  Red  (T.  yi);  Bordeaux 
S  (A.)  (Lev,);  Amaranth  iM.)  (C.).  Isomeric 
with  the  preceding.  Prepared  from  diacotiwed 
naphthioniV  ncjil  iin<J  J{-salt. 

Literature.— i).  K.  P.  3229. 

ChromotropeSB  (M. ).— p-Sulphonaphthatenc 
a»odi!iv.lroxvnaphthalene-3:  (iwli^nlphonic  acid 

ii80,C,gH,N,C,oH,(80,H),(OH),. 
Pr«3pared  by  the  action  of  diaiotised  naphthionic 
acid  on  1  :  8-<Iihydrox>Taaphthalenc-3  :  G-disul- 
phonic  acid,  8r)lution  in  wat«  r  is  violet -nd,  and 
in  strong  sulphuric  acid  indigo  blue.  In 
addition  to  this  and  the  other  '  chromotrope  * 
colours  niontioru'<l  above,  the  marks  8,  SB,  SR, 
7B,  FB.and  F  1  B  iiho  appear  on  the  market,  but 
their  constitution  has  not  vet  been  published. 

Liternture.—K.  P.  9258  of  1890  ;  D.  R.  P. 
69096  ;  F.  P.  206439  ;  A.  P.  458283. 

4.  Tktrasulpuokic  Aciks. 

Ponceau  6  R  (M.)  (B.);  j?-Sulphonaphthaleno- 
axo*3*iiaphtholtriflulplioiuo  add 

HS03(',oH,N,r,,n,(SO,H),-OH. 
Prepared  by  the  action  of  diazotifle<l  naphthionic 
acid  on  /i-naphtbol-3  :  6 :  S-triau  I  phonic  acid. 
Solution  in  water  is  magenta-ied,  and  in  strong 
sulphurio  aoid  violet. 

Litmitvrf.  -'E.  P.  2M4  of  1882 ;  D.  li.  P. 
320:y< :  I   r  i:;t!ii  i    a  i\  208506. 

HeUopurpurine  4  BL  li5v.);  Disulphonaph- 
tha]eiieaao-a-iiaphthol«9 :  6^uIphonic  acid 

C,«H,(SO,H),N,-C,«H,(SO,H),-OH. 

PrepatfHj  from  dia7oti>td  i3-naphf  hylarainc- 
3  :  6-disulphonic  acid  and  a-naphtboi>3  :  6- 
disulphonio  acid.  Used  ezclueiTdy  in  the 
manufacture  of  lakcR. 

Xi<era<ttr£.— Forber-Zcit.  liK>4,  16,  95. 

HMiopnipiirint  7  BL  (Bv.)   Isomerio  with 

th«»   ] (receding.    Propnml   by   the   action  of 
(iiazutisi'd      tf-uapliiliylainine-l  :  6-diaulphonic 
acid  on  j9-naphthol-3  :  6<di8Ulphonio  aoid  (R- 
salt).    Uf-cd  only  for  lakea. 
Lilf  rnlnre  ah  ubo\  <.-. 

.1.  Pkvtasi  LPHoNic  Acids. 

Heiiopurpurme  GL  (By.);  Diaulphonaphtha- 
lenca7.o-i8-naphthol«3 ;  0 :  8-tiuulplu>nio  acid 

C,oH,fSO,H),N,C,oH3(SO,H),-OH. 
Propared   from   diazotised    /3  nnphthylamine- 
3 :  Sodisulphonio  acid  and  ^  uaplithor-3  :  6 :  8- 
trisulphi-iiic  acid. 

V-i'  luid  literature"  an  above. 

E.  Carboxylie  Adds  of  Hydroxyazo-  Compounds. ^ 
Alimlne  Tettow  GG  (M.);  Chrome  Yellow 

R(P.);  m-Nitr<»benzenoazo«ali(:ylic  acid 
NO.  Cjf  <  X  ,  •(  \,  1 1  ,(('n  J  ?  r  O  H. 
Prepared  from  diazotiticd  fn-nitroauiliue  and 
salicylic  acid.    Tho  commercisl  product  (the 
free  acid)  is  i  yellow  ]>a^tp,  in  oluble  in  water, 
and  giving  an  orange  solution  wnh  strong  sul- 

<  CartxMcjrUe  adds  oout^Uoing  aUo  aulphunic  acid 
frottiw  sn»  described  aoder  tbe  cofcetpondfnginlnlMnlc 
or  dfauipbonlc)  adds. 


pliuric  acid.  The  sodium  salt  u  put  on  thf 
market  m  the  diy  stote  as  AUluillt  YaOoii  G6W 

(M.). 

Literal  ure.-~E.  P.  17683  of  1887  j  1).  H.  K 
44170  ;  F.  P.  187821  ;  A.  P.  424019. 

AUzarlne  Yellow  R'  f^f  ^  ic,  R.)  (Tiv.) 
Terracotta  (G.);  Chrome  Orange  (P.)  j  Xantho- 
chromine.  l.somcric  with  the  hist.  Prepared 
from  diazotisod  p-nitroaniline  and  salicylic  acid. 
Conies  ou  tho  market  as  a  brown  paste  msolubk 
in  water  and  giving  an  orango-yellow  sohitioQ 
with  stroni:  snlj)huric  acirl.  This  consi^-is  of  tfi 
free  acid ;  the  sodium  salt  (soluble  in  water  with 
an  orange  colour)  is  called  Allwllie  TlOow  BW 
(M.). 

Literature. — >!»>lciola,  Chcm.  Soc.  Tranii.  i8iw, 
47,  66«;  Bull.  Mulliouse,  1892,  198;  J.  Soc 
Chem.  Ind.  1890.  9,  63 ;  1892.  11,  r.99  ;  .J.  QoO. 
Dyers,  1889,  5,  106  ;  E.  P.  1392U  of  18SS. 

Persian  Yellow  (G.);  o-Nitrotoluenrazo.ali. 
cylic  acid  N0,-1%H,  N,<;,H,(CO,H)  OH.  Pre- 
pared by  nitrating  p-tolueneazosalicylic  acid  (for- 
merly in  commerce  under  the  name  Flavazol) 
The  oommercial  product  ia  a  20  p.c.  pastes  «olnl.}. 
m  water  to  a  yellow  solution,  and  givmg  an 
ocange-yttUow  aolatioa  with  eferong  eolphnric 
aoid. 

LUeratwrt.—E.  P.  13920  of  1888;  I.  P. 
193190  ;  A.  P.  VU-2'M  ;  Ber.  1907,  40,  4207. 

Chrome  Fut  Yellow  GG  (A.) ;  o-Ani^Ioazo- 
salicylic  aoid  CfHj,  0-C,H,  N.-C'eH,(CO,H)  OH. 
Prepared  from  diazotisod  o-anii)idine  and  sali- 
cylic acid.  Iix  <K)mmefoe  as. a  bright-yellow 
jiaste  or  a  vfllow  powtler.  Solution  m  hot  irster 
IS  un  c-iii-h  yellow.  Mid  in  sttODg  aolphuiic  add 
yellowiah-brown- 

AfliMdtatliw  TtUow  6  G  (D.  H.) ;  AliariiM 
Yellow  5  G  (M  );  TartraehnunlM  GG  (L).; 
^>-pheuet  o  lea  zona  1  ic^'lic  acid 

t',H50C,H«-N,-C,H,(C0,H)0H. 
Prepared  from  diazotised  fi>phenetidine  and 
salicylic  acid.    Solution  in  water  is  ytllo\»ish- 
brown,  and  in  strong  sulphuric  acid  brown-red. 

DUmond  Flavlne  G  <B]r.);  p-H7dioiydi- 
phenylazofi»Hcylic  acid 

OH  C^H  ,  N,  C.H,(CO,H)  OH. 
Prepare<l  by  boiling  the  intermediate  product 
from  tetrazotis«'(l  henzifline  and  one  molecule  uf 
salicylic  acid.  In  commerce  as  a  yellowish' 
brown  pa^te  or  powder  whieh  dfasoWes  in  wit<* 
only  aft<T  the  adiliti»m  of  sodium  acetate. 
Solution  in  strong  sulphtiric  aoid  is  biood'ied. 

Literature.— P.  11663  of  1891 ;  D.  R  P. 
60373;  F.  P.  21  !7r<  i 

Diamond  YeUow  G  (By.);  m-Caxboxybeu- 
seneaimalioyUo  aoid 

CO,H-C,H.N,C^,(00,H)OH. 

Prepared  from  rliazotised  Tn-aminolx  iizuic  arid 
and  salicylic  acid.  A  groyish'^-elJow  paste 
solublo  in  water  (with  addition  of  aodium 
acetate  or  carlionato)  \\ith  a  yellow  colour. 
Gives  a  reddljh  yt  llow  .<i>Iutiun'  with  rtrong 
sulphuric  acid. 

Literature.— V.  8299  of  1889  ;  D.  R.  P. 
58271  ;  F.  P.  198521  (addition);  A.  P.  502368, 
502369. 

Diamond  YeUow  R  (By.).    Isomeric  with  the 
preceding.    Prepared  from  o-anunobcozoic  «cid 
and  salicylio  and.  A  hrown  paata  acdiiUle  ia 
>  Msta  Clweme  Onmie  R  deabis  (A.)  is  rnhMj, 

iUnitlcal  with  tbis.  .  i_j .  ..  .^  i.y  GooglC 


Azo-  c«Loriii.\<;  mattkrs. 


u^ter  {in  preaouce  ot  alkaliu),  with  a  yellow 
eoloiir.  Solaflon  in  strong  mlphmrio  aoid  is 

reddish-yollnw. 

Litemtvri  as  tor  the  prtHimling  colour. 

¥.  Unclassifled  MoDoazo-  Colouring  lUtters. 

Tartrazlne  (B.)  (I.)  (H.) ;  Hydrazine  YeUow 
(0.) ;  BenianBuopyimoloAeowboigrdisulphonic 
ftcid 

.N=C'-CO,H 
80,H-C,H<n/ 

Prepared  (I)  by  the  actinn  of  pkt:uylhydraz.ixie- 
ralphonic  acid  on  di  hydroxy tAiiaric  acid ;  or 
(2)  by  tbo  action  of  phenylhyrlrazincsulphonic 
&cid  ou  uxalacetic  euter,  coupling  the  product 
\iith  diAzotised  tolphAnilio  acid  »nd  hydrolysin^- 
S-  lution  in  water  or  strong  ralphario  acid  ia 

Literatvn   -  ]■].  \\  of   1885  ;    5093  of 

ISW;  7r,r>of  1S97;  1).  K.  P.  :M20J  ;  F.  p.  16ft9fl4 
.V.  r.  324ti30  ;  Ziegler  and  Lutht  r,  Bor.  1887 
20,  834 :   Anschutz.  Annalon,  1897.  294,  219 
1899,  306,  1  ;  Gnehm  and  Bomla.  Annalun.  1898 
299,  100  ;  BemthMjn,  Chew.  Z»  il.  1898,  22.  456 

Hydrazine  Yellow  SO  (0.)  ia  ]irobably  a 
nitrotartnzino  (D.  P.  109914). 

III.  Dlsazo-  C'ompoukds.' 

A  Primary  Disazo- Goftouiing  Ifatlin.' 
Leatlier  Brown  (O.).: 
NH,-C,H4N,-C,H,(NH,),N,C,H,NH,. 

Prepared  by  combining  2  mok.  of  p-tlkzoacet- 
anilide  with  1  mol.  of  rn- phony lencdia mine, 
and  heating  the  product  with  strong  hydro- 
thloric  acid.  Commercial  product  m  ihv  miotki- 
hydrochlorido  or  the  zinc  chlorido  double  salt. 
The  browu  aqueous  solution  becomes  yellower 
on  adding  hydrochloric  acid,  and  gives  a  broHU 
precipitate  \»ith  sodium  hydroxide.  The  sub* 
stance  gives  a  brown  solution  in  strong  tsulphurio 
acid,  whioh  beomaea  yeUowiah<orown  on 
dilntioii. 

Literature— P.  11218  of  1891 ;  D.  R.  P. 

67429;  A.  P.  102414. 
Terra  CottaF(C..l: 

P^N,-C,H,(^U,),iN,-C,oH,fciOjH. 

Prepared  by  combining  first  diuotiaed  naiAtthi- 

tniir  acid  and  secondly  diazotised  primulino 
With  m-phenylonodiamtne.  Solution  in  water 
19  brown,  giving  a  brown  precipitate  with  hydro- 
chloric Hciil.  Strong  sulphuric  acid  dissolves 
colour  to  a  reiMish- violet  solution,  giving  a 
brown  preoipitato  on  dilution. 

Literature.— E.  P.  1888  ol  1890;  F.  P. 
2U3439  i  A.  P.  440288. 

Cofton  Oniic*  R  (B.): 

P»-N,'C,(NH,),(S0,H),-N,C,H,S03H.« 
Prepared  by  combining:;  first  (lia7.«>tisc(l  iirhnulinc 
aou  seconoiy  diazotL^rnl  inutanihc  acid  vMtU 
Mt-pheayleneaianiinedi^^ul  phonie  acid.  The 
orange-red  aqufKtus  solution  gives  a  rcddinh 
precipitate  with  hydrochloric  acid.    Solution  in 

'  jCeoalfO  DISAZO-  ASV  Tetrazo-  OOLOCRIXO  XATTEK5. 

s  11  will  be  SBfiotent  to  give  the  ciMiiitcal  fonanlB  of 
wtSoiit  gMi«  thdr  aanBs  In 


•  Psreeidue  of  primattae  «r  dehydrottilotohildlae 
m  to  mdalmilo  acid.   .  ^.  . 

*  AeeamBff  to  Heomaim  (Die  AvtUalaAea  and  flue 
laMkatioo)  th<-  fnrmulA  ff>— 

p-.N,  C,H(2iU,)l80,U),  NH'X,  C,H4  80,11, 


strong  siUphuric  acid  in  bright  red,  precipitating 
ondiintion. 

Litrratur>'.    K.  P.  21753  of  1893;  D.  B.  P. 
76118;  P.  P.  231094;  A.  P.  524261. 

BmonIb  Bpowb  (A.)  (K.) : 

HSO,C,H.N,C,H,(OH),N,C,H,. 
Diazozylene  chloride  is  combined  with  resorcin 
yellow  (p.  368).     Aqueous  solution  gives  a 
Drown   precipitate   with  acids.    Dissolves  in 
fftroDg  sulphurio  acid  with  a  brown  colour. 

I^erahire.—'D.  R.  P.  18862 ;  A.  P.  269369. 

llMt  Brown  G  (T.  M.) ;  Acid  Brown  (D.}(P.}. 
(HS()3CeH,N,),C,„H,-0H(«). 
Prepared  by  the  action  of  diazotised  sulphanilic 
acid  (2  mols.)  on  «*naphthol  (1  mol.).  Aqueous 
solution  rod-brown :  violet  precipitate  with 
dilute  acid.  Strong  sulphuric  acid  solution 
▼iolet,  becoming  vellowish-brown  on  dilution. 

I. -i.  rn! ' rr     K  r  h n,  BoT.  1888»  21,  3241. 

Fast  Brown  (By.j : 

(HSO,C,oH,N,)AH,{OH),, 
Prepared  by  th<-  action  uf  diazotised  naphthionic 
acid  (2  mols.)  on  rosoroinol  (1  mol.).  BroMH 
aqueous  Boluraon  givea  a  readily  aolnble  pre. 
cipitato  \\ith  hydrorhlorto  ari  l,  and  bc(onu»9 
oherry  red  with  sodium  hydroxide.  i5olution  in 
strong  solpborio  acid  ia  currant-red. 

L-f'^^ntiiTr      "!>.  R.  P.  IHSfV„». 

PalaUne  Black  (B.) ;  Wool  BlaolL  4  B  and 
6B(A.): 

HSO,-C,H.-N/CjoH,(SO,H)(OH)(NH,)N,-C,oH, 
Prepared  by  the  action  of  diazotised  sulphanilio 
acid  (1  mol.)  on  1  :  8-aminonaphthol-4-suU 
phonic  !i(  id  in  acid  solution,  and  treating  the 
product  in  alkalino  solution  with  diaxotised 
a-naphthylamine  (1  moL)  in  alkaline  solution. 
Dark-blue  aqueous  solution  iK-comos  liluish-grc<Mi 
with  hydrochlono  aoid  and  pure  blue  with 
aodium  hydroxide.  Tbo  aolntioii  la  atrong 
sulphuric  a<<id  is  blue,  giving  a  dark*blna  pre- 
cipitate on  dilution. 

fOeraliire.— B.  P.  7713  off  1891 ;  B.  R.  P. 
91855;  r.  r  ■n?,•T^'l^  v.  P.  5900s h. 

NaphUiol  Blue  Black  (C);  Naphthol  Black 
12B(C.);  WoelBMe  Ontneoira.  (T.  M.); 
Naphthalene  Bliek  10  B  (P.);  Blue  BbMk  MB 
(K.) ;  Coomassie  Blue  Black  (Lev.) : 
N03C,H,-N,CioH,(SO,H),(OH)(NH,)-Nj-C,H5 
Prepannl  by  tho  action  of  diazotised  p-nitro- 
aniline  (1  mol.)  on  1  :  S-aminonaphthol-3  :  0- 
dixulphonic  acid  (H-aeid)  in  acid  solution,  and 
treating  the  product  in  alkaline  solution  witb 
diazotised  anilinf'.  The  dark-blue  aqueous 
solution  gives  a  blue  {nt>cipitate  with  hydro- 
chloric aod.  The  solution  in  strong  sulphurio 
acid  is  green,  giving  a  blue  j^ecipitate  on 
dilution. 

Literaturf.—  V..  P.  6972  of  ISOl  ;  D.  R.  P. 
65651  ;  J^.  P.  fourth  addition  to  201770 ;  A.  P. 
480326. 

Chrome  Patent  Green  NC  (K.) 
(NO,)«C.H,N,'Ci«Hi(SOtH),(NU,)OU 

Prepared  by  the  action  of  diazotised  aniline 
(1  moL)  and  diazotised  picraraic  acid  (1  mol.) 
on  1 : 8-amlnonftphthoI-4  ;  6-disulphonic  acid. 

Lihr„fnr,  .-~-D.  R.  P.  110711 J  F.  P.  281316. 

Blue  Black  N  fK.) 

(NO.  C.H.  N,),C,„H,tSO,H),(OH)-^'U^  ,^  Google 


376 


AZO-  O0IX)UBING  MATTBB& 


Preiiaml  hy  tlie  Mtion  of  HlMftfcliiwi  p-aiftto- 
aniline  (2  mols.)  OQ  1 :  8*aiiiiiionft|iilLtliol-4 : 6- 

ilSJmfffff  — T>,  R.  P.  108266;  F.  P.  27107U; 
A.  P.  i'>i:"i;:^'i, 

j^pnunino  Black  BR  (By.).  The  special 
base  used  in  tho  preparation  or  this  ooloaring 
matter  is  ;)-aniitiuph<'u\  1  cthor.  Two  raob  (or 
oae  of  this  aud  ouc  of  another  base)  are  diazo- 
tiaed  and  oombined  with  1 :  8>aniinonaphthoi- 
4:6-  or  3  :  6-disuIphonic  acid. 

LiUr(Uure.^F,  P.  402546;  A.  P.  958830. 

JTimii  T(ri]ow  R  (M.) : 

Prepared  by  combining  diaawtised  tn-amino- 
phonyltrimethylammonium  chloride  with  m- 
nitrobemzeneazoresorcinol.  Yellowish  •  brown 
aqueous  solution  gives  a  yellowish-brown  OTo- 
cipitate.  Solution  in  strong  sulphurio  acid  is 
magenta-red,  beconiint;  v«'llow  on  dilution 

AikUne  Fast  Searlat  4  BS,  8  BS.  12  fiS 
(C.  J.).  These  dyes  are  pn  parcd  by  the  aetion 
of  2  mol.-i.  of  a  (liftzo-  roiiipouml,  for  cxHinplf. 
t}iat  from  3-naphtliylamine  on  the  substance 
H«U,  Ci  oHjlOH  )  NH  -CO  NH •C,Hg(CH,)  SOaH 

I 

OH  CioHj(SU,H)  NH<  <)  NH 

Literaiure.—V.  P.  {ny,y>].)  J.  ]171K;  F.  P. 
412138;  A.P.  (app].)54  l^4^ 

Beitzo  Fast  Scarlet  GS.  4  BS  au<l  8  BS  (By  ). 
These  dyt-s  are  ol>tained  by  tiio  action  of  2  niols. 
of  ftdiaao-  compuund  on  the  urea  producid  by  the 
nctinn  of  carhonyl  chlori*I<'  on  2  nioN.  of  .0- 
amino-a-aaphthoi-3-sulphomc  acid  (J-ac-id):  i.e. 
HSO,«C,oH,(OH)NH<30NH-C„H,(aH)SO,H. 

Lif'raltir'.  K  1'  :5ni5  of  1900;  D.  R.  P. 
122004, 126133, 120801, 128195. 129464, 132511 ; 
F.  P.  297367 ;  A.  P.  663496,  662122,  676629, 
676632. 

B.  S«condary  Dlsazo-  Colouring  Hatters. 
Sudan  III  (A.)  (Ib-WFi) ;  Genslne  Red  (C.) ; 
€«0ll]M8eailtCR<a  J.);  FM  Fwwmhi  O  (K.). : 

''.".•N,C,,ir.-N,-0.JI,-0IIf8). 
Prepared  by  the  action  of  diazotised  aminoazo* 
benzene  on  /3-naphthol.  Insolnhle  in  water; 
dissolves  in  strong  sulphurir  arid  with  a  fiirecn 
colonr,  becoming  blue,  and  hnally  red  and  pre- 
oipitating  on  dilution. 

Xift^ro^urc— Nietcki,  Bar.  1880,  13,  1838; 
D.  R.  P.  164S3. 

FMMMHI  ft  R  (M.)  (K.) ;  BrfOllM  X  (B.) : 

r',ii,x,a,H,  ^Vf^oH,(SO,^),•OH. 

Prepared  by  the  action  of  diazotisod  aminoazo- 
benzene  on  ^.naphthoI'S  :  6  :  8-trisuIphonic  acid 
in  alkaline  solvition. 

Ltteraturc—E.  P.  2544  of  1882 ;  D.  R.  P. 
28038 ;  P.  P.  137100 ;  A  P  268007. 

Ooth  Red  G  (By.) :  Cloth  Red  R  (D.), 
C.Hj-N,  C,H«'N,  r,  „TI  /S'0,H)  OH. 
Prepared  by  the  action  of  diazutiMxl  aminoazo- 
benzene  on  a-naphtboI-4-6ulphonic  acid  in 
alkaline  K.lufion.  DiJisolves  in  ^tmnp  sulphuric 
acid  \*ilk  a  violet  colour,  giving  a  biuwuish-red 
precipitate  on  dilution. 

Li7erci<tire.-~£.  P.  2237  of  1883 ;  D.  R.  P. 
26012. 

GfOMUn  B  (Sch.).  The  dimilpboiiic  acid 
corresponding  with  the  preceding:  produced 
by  the  action  of  diHzotbed  aminoazobenzene 
OB  «.naphtbol4 : 8-difulphoiiio  aoid. 


LOmOw^'^'EL  P.  16776  and  10782  of  1886 ; 

D.  It   I'  10571  ;  A.  P.  333037. 

BrilUwt  CrooeiJie  H  (U)  (By.)  (M.) ;  BiilUaai 
CroMliie  0  (K.) :  BiUHuit  CkoetSMw  artn  Mae. 

(T.  M.);  Cotton  Scarlet  (R.):  IMMMII  BO  txtn 

(A.) ;  Croceine  3  B  (P.) : 

C,HjN,-C,H«-N,-C,„U,(S03H),-0H. 

Prepared  by  the  action  of  diazotised  aminoazo- 
benzene f-n  0-naphthol-6  :  8-disulphonic  acid. 
Dissolves  ui  strong  sulphuric  acid  with  a  reddiah- 
violetk  beoomiog  mvt  Uner  and  thm  fed  ondilu 
tion. 

Literaiurc^E.  P.  816  of  1884;  D.  R.  P. 
86491  ;  F.  P.  159998  ;  A.  P  IM  .i.iO 

Oil  Scarlet  (M.)  fW  h  Red  B.  Oil  soltjble. 
extra  cone.  (Rcmv.) :  Cerotine  Ponceau  3  B 
(C  J.);  Fat  Ponoeau  R  (K.).  (iSee  alio  fttt 
Am  Oarnet,  p.  363.) 

C,H,N,C,H.NgC|oH,OH. 

Prepared  from  dfaaotiaed  o-Mninoasotdlneiie 

and  3-naphthol.     Insoluble  in  wafer,  but  soluMo 
in  alcohol  or  benzene  with  a  ttliiish-red  colour. 
Strong  sulphniio  acid  ^vea  •  falna  aohitaoa, 
which  yields  a  red  proo{pit«te  on  dihitifwi. 
doth  Red  B  (By.)  (D.): 

C;H,N,C,H,-N,C,oHj(SO,H)OH. 
Prepared  by  the  Mfcion  of  diai^otlsed  o-amino* 
azotoluene  on  a-naphth  l  4-8ulphonic  acid. 
The  red  aqueous  solution  gives  a  red  precipitate 
with  hydrochloric  acid,  and  on  adding  sodium 
hydroJtido  to  the  solution  it  Womes  \  iolet. 
The  solution  in  strong  sulphuric  acid  is  bkckish- 
bluc. 

Literattin,—K  P.  5003  o£  1879;  D.  R.  P. 
16482. 

Ctoth  B«d  0  (O.) :  Cloth  Red  G  extra  ( By.) : 

C,ir,N,CJI«-N,C,oH,(SO3HrOH(01. 

Produced  by  the  action  of  diazotised  amino- 
acotolnene  on  /9-naphtliol.6.su]plionie  aoid 
(Schaffer's).  Dissr)lves  in  wafer  with  ii  re<l- 
brown  colour  giving  a  simiJarlv  coloured  pro* 
cipiute  on  addition  of  add.  IXiaoivM  witli  • 
blue  eolonr  in  strong  soIpllQric  acid,  gjivii^  a 
brownish-rod  precipitate  on  dilution* 

LHeraivte,—'B.^,  6003  of  1870;  D.  R.  P. 
16482. 

Cloth  Red  B  (O.)  (K.);  doth  Red  0  (M.); 
aofli  Red  BA  (A.) ;  Faat  Bwdwu  O  (M.) ; 
Fast  MiUing  Red  B  (U  V  ) ; 

C,H,-N,-C,H.-N,C,„H,(SOaH),OH(d). 
Prepared  by  the  action  of  diazoti^  aminoazo- 
toluene  on  /S-naphthol-3  :  6-disulphonic  acid  (R> 
salt).  Aqueous  solution  red,  becoming  browniah 
on  addition  of  hydrochloric  acid.  TMssolree  in 
strong  sulphuric  acid  with  a  blue  l  oluur,  gmng 
a  tffownish-rod  precipitate  on  dilution* 

Literature  as  under  preceding  eolow. 

Cloth  Red  3  0  extra  (Bv.) :  Cloth  Red  3  GA 
(A.) :  C,H,-NaC,H,-N,Ci,ii,tSOJttj-UH^  Pre- 
pared  by  the  action  of  diacotised  ammoaao' 
toluine  on  3-naphthylanuno-6-8idphonic  acid 
(Bronncr's  actd).  The  red  aqueous  solutioa 
gives  wHh  hydmehloric  acid  a  dail^  ieddisli> 
brown  preeii)ilate.  The  solution  in  strong 
sulphuric  acid  is  dark  greenish- blue,  and  gives 
a  brownish.rcd  precipitate  on  dihitioo. 

Bordeaux  BX  ( By.) : 

C,H,.N,-C,H,-N3  C,„H,(S03H)  OH. 
Prepared  by  the  action  of  diazotised  amino- 
aioxyloiiA    on  ^^iaplitlioi.6-sulphonic 
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(Sch^tler's).  Solution  in  water  is  brownibh-rt'd,  i  Prepared  from  diazotised  aminoazubenzene- 
and  gives  a  brownish-red  precipitate  with  hydro-  ,  disolphonic  acid  and  3-naphthol.  Solution  not 
chloric  aoi<l  or  sodium  hydroxide-.  Strong  precipitated  by  alkali ;  a  brown  florculpnt 
Aulphuriu  aoid  dissolves  colour  to  a  brown  ,  precipitate  by  dilute  acids.  Dissulvu^  in  btrong 
■olution,  which  gives » feddnh-btown  precipitate  ,  Bulphturio  aoid  with  a  green  colour,  becoming 
on  dilution 

LiUraluf t.  -K.  l\  5003  of  1S70;   1)   H.  P. 
16482. 

ArehURedA(B.l;  Union  Fast  Claret  (Lev.) : 
C.H,N,€,H,N,C,oH«(SO,H),OH(/3). 

Prepared  by  the  action  of  diai^tised  aminoazo- 
xylene  on  /3-naphtholdisulphonic  acid  (R-salt). 
Soiuble  in  water  with  a  Bordeaux-red  colour ; 
reddiih-brown  flocculent  precipitate  on  adding 
dilute  acid.  Solution  in  strong  sulphuric  arid 
darii:  blue,  giving  reddish-brown  precipitate  on 
dihitioa. 

IJt^nturc.—K  P.  5003  and  5021  of  1879  ; 
536 of  1880;  D.  K.  P.  22010;  A.  P.  210233,246221. 
Okoeiba  Searlet  3  B  (By.)  (C.  J.) ;  Poneeaa 

4  RB  (A.): 

HS03C,H,-N,-CJVN,-C,„H,(S03H)OH. 
i'iixluoed  by  the  action  of  diazotised  aminoaso- 
benzeneeulpionio   acid    on  /3-naphthol*9>eal- 
phonfe  and  (Buyer's).    Solution  not  precipi- 
tated by  alkali ;  a  red  precipitate  produced  by 
barinm   diloffide,  becoming  dark- violet  and 
crystalline    on    boil  in::.    Du^lves   in   strong  i 
sulohnric  acid  with  a  devp-blue  colour,  becoming  ! 
Tiolei  and  then  red  on  dilution. 

LiUrafvrf.—i:.  P.  1225  and  2030  of  1881. 
2411  of  8390  of  1884;  D.  R.  P.  18027 ; 

F.  P.  142024 :  A.  P.  256380. 

Ftot  Searlet  B  (K.): 

HSO,C,H,-N,C.H4N,C»oH,(SO,H)OH. 
Prepared  by  tbe  action  of  diazotised  amintmzo- 
benzenemonosulphonio   acid     on   ^-naphthol-  i 
6-salphoDic    aoid    (Schatier's).    Bed   solution  ^ 
in  water,  giving  brown  precipitate  with  hydro-  i 
chloric  acid  and  a  red-violet  eolonition  with  j 
sodiom  hydroxide.    Solation  in  strong  aul- 
phnrio  aeioHb  lilne,  atid  beooinei  ndondwiticm. 

Li!' r,il  ire.—D.  R.  P.  16482. 

Cloth  Scarlet  G  (K.):  ' 
HiiOj  C.H^      C,H«  N,  C,oU,  OH. 
Pmpared  hy  the  action  of  diaaotlwd  aminoazo- 


first  blue  and  finally  brown  and  psecipitating  on 

dilution. 

LU€rature.—E.  P.  6003  of  1879,  529  of  1R.«0  ; 
D.  R.  P.  16482,  16483  ;  A.  P.  224027.  221928  ; 
Nietzki,  Ber.  1880,  13,  800,  1836 ;  Miller,  ibid. 
542.  803.  980. 

Croceme  Scarlet  0  extra  (K.) : 

HSUs  t  Nj  C«U»(JiOaK;  ^J  CioH»(S()3H)  ()H. 
Prepared  by  the  aotitm  of  diazotised  aniino<i/.o- 
bcnzcncdisulphonic  acid  on  /3-naphthol-8  sui- 
phooic  acid.  The  yellowi.shred  aauoous 
aofaition  gives  a  violet  coloration  with  nydro- 
chloric  ftcid  or  sodium  hydroxide.  The  solution 
in  strung  mlphurio  acid  is  blue,  becoming 
yellowish- red  on  dilution. 

Fast  Ponoeau  2  B  (B.).- 
HSO,C,H4N,C,U,(SO,H)N,.C,oH4(SO,H),-OH 
Prepared  by  the  action  of  diaaotised  aminoazo* 
ben7rrirdi -idphonic  acid  on  /9-naphthol-3  :  6- 
disuiphoii;  acid  (R  tialt).  Dissolves  in  aixong 
rndpluiric  K  1  i  ^^ith  a  Una  odoor,  becoming 
orange-red  on  dilution. 

Literolure,— Miller,  Ber.  1880,  13,  542,  803 ; 
Nietzki,  ilnd.  980,  1838. 

Wool  Black  (A.)  (B.) : 
HS0,C,H4N,C,H4(S0.H)N,Ci.H,-NHC,H,. 
Prepared  by  tile  action  of  diaEOtleed  aminoaxo* 
ben/,enedisulj)honic  acid  on  p-t<»lyl-$-naphthyl- 
amine.'  Aqueous  solution  gives  a  violet 
precipitate  with  aelda.  Diseolvee  with  a  bhie 
colour  in  strong  ^Iphuric  ri  ii!.  iriving  a  brown 
precipitate  on  dilution,  and  decoiuposing  on 
boiling  with  the  formation  of  Aoid  Yellow  and 
tolu  n  aphthazine. 

Literature.— E.  P.  9764  of  1886;  D.  R.  P. 
38426 :  A.  P.  364746. 

Croceine  Scarlet  7  B  t  Poneeaa  6  BB  (A.) ; 
Croeeine  Searlet  8  B  (K.)  ( Hv.) : 

H80,-aH,-!^,C,H,-N,-C,„H,(S03H)OH(i8). 
Prepared  by  the  action  of  diazotised  aminoazo- 
toluenesulplionie  acid  on  /3-oaphthol-8-sulphonio 
acid  (Bayer's)  in  presence  erf  alkalL  Reeemblee 


b^nzenemonosulphonic  acid  on  /5-naphthol.  cnx. cine  scarlet  3  B  in  general  properties  ;  gives 
The  scarlet  solution  in  water  gives  a  brown  i  a,  crystalline  magnesium  salt  on  adding  magne- 
prrcipilata  with  sodium  hydroxide,  and  becomes  I        anlphate  to  hot  concentrated  aolntion  and 

yellower  on  atldition  of  hydrochloric  acid  when    allowing  to  cool.    Dissolves  with  a  blue  colour  in 


dilute,  but  in  concentrat^xi  solutiuus  a  light 
red  pcvoipitate  is  produced.  The  solution  in 
strong  suiphnilo  aoid  it  grera,  bftwfming  red  on 
dilution. 

Ltfenrfiin.— E.  P.  5008  of  1879;  D.  R.  P. 

16482 

Milling  Orange  (B.) : 
HSO,C,H4-N,-C,H4-N,CsH,{CO,U)-OH. 

Prepared  by  the  action  of  diazotised  aminoazo- 
benzensmonosulphonic  acid  on  Hulicyl'c  acid. 
Orange-red  solution  in  water,  giviug  greyish- 
yellow  precipitate  with  hydrooluoho  acid,  and 
a  dark-red  solution  and  precipitate  with  sodium 
hydroxide.  The  solution  in  strong  sulphuric 
acid  is  violet,  gxring  a  greiyiah^jellow  precipitate 
on  dilution. 

Biebrleh  Searlet;  Ponoeau 3  RB  (A.);  New 
Red  L  (K. '  :  Imperial  Searlet  (By.  i .  Ponceau  B 
(Ml:  Fast  Ponceau  B       ;  Double  Scarlet  (K.) : 


strong  sulphuric  aoid,  becoming  red  on  dilutioo. 
Literofwv  aa  for  crooeTne  scarlet  3  B;  and 

A.  P.  266376. 

OneUline  2  B  (By.)«  Prepared  by  the  action 
cf  diaosotised  aminoaaotolnenerolpnonie  acid 

on  a  naphthol-4-snlphonic  acid.  Dissnlves  with 
a  blue  colour  in  stroiig  sulphuric  acid,  becoming 
red  on  dilution. 

Literaturc^E.  P.  2887  and  4237  cf  18S3; 
D.  R.  P.  26012. 

Bordeanx  O  (By.>.  Prepared  by  the  action 
of  diazotised  aminoazotolucnemonnsulphonic 
acid  on  ^-aaphthol-6-siUphonic  acid  (Schatfec  a). 

Literature.— E.  P.  5009  of  1879. 

Bordeaux  BX  (Bv  )^ 
HSO,-C.H/N,-C,H,(S03ll)-N,-CioHj{SO,H)-OH 

>  Prepared  by  heating;  f^-iiaplithol  with  putMtt 

and  (Irv  calrium  chl'iriile  : 
NK,„K(:l 


(Frledlauder,  Ber.  1883,  10,  «>7d). 
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Prepared  by  the  action  of  ^amtised  aminouo*  component  being  /3-naphtliol>3 : 6-di8u]phonic 

xylenedisulphonic    acid    on    3-naphthoU6-8uI-    acul  (R-H^ilt).    The  lilue  black  aqueous  R<)!i:ti-.n 

phonic  acid  (ISchafier'n).    Red  aqueous  solution   becomes  reddoc  with  hydrochloric  acid.  Tbe^ 

giving  reddnb-brown  precipitate  vrith  hydro*  aohitioii  in  strong  sulphnrio  aeid  is  f^rren.  j 

chloric  a("i(l  and  bfcoininc  browner  with  Hcxiium  1  becoming  rfd  on  dilution. 

hydroxide.  Strong  sulphuric  acid  gives  a  dark-  l      Literaiuu.—E.  P.  24980  of  1899 ;  D.  E.  P. 

green  Kolntion  which  tarns  blae  and  finally  1 122487 :  A.  P.  (appl.)  1763  of  1900. 

pvcf<  a  brownish  ro<I  precipitate  on  dtlutioiL     '     Granite  Black  (A.) : 

LUcrattir€.—E,  F.  5003  of  1870.  '  0H  C,H,(NO  J,  N,  (',,,H  fSO,H)  N,  r,oH,  OH. 

BrlfMtirOlM  VwdOM  A  (C):  Picramic  acid  is  dkzotised  and  combine<l  with 

HS0,-C«H4Na'C,H,{0H)N,-C,„H,0H.  o-naphthylamine-6-(or  7)-8ulphuric  acid,  and 
Sulphanilic  aci<l  is  di  izotised  and  combined  with  the  product  in  diazotised  and  combined  with 
m-amino-p-cresul  and  the  product  is  diazotised  3-naphthol.  The  dark- violet  blue  aqueous 
Mid  oomDined  with  /i>nai^tlioL  The  violet  solution  gives  a  dark  greeniah-blue  precipitate 
aqnmus  sohitlon  bcromrs  rl  a  rot  rod  with  with  sodium  hydroxide,  and  a  dark  violet-bhie 
hydrochloric  acid,  and  blue-green  with  sodium  precipitate  with  hydrochloric  acid.  TheM^otkm 
hydroxide.  The  solntkm  in  strong  sulphurk:  in  strong  sulphuric  acid  is  blackish- \  inlet, 
acid  IK  prcpn,  jriving  a  brown-rtxi  precipitate  on  Literature. — E.  P.  21437  of  1896;  D.  R.  P. 
dilution.  Wool  is  dyed  in  claret-reci  shades  113241  ;  F.  P.  260056 ;  A  P.  683439. 
from  an  acid- bath  and  on  chroming  becomes       Diaminogen  Black  (C.) : 

blue-grcon.  '     XH,  CjoH.lSOjH)  N,  Cj.«.  N,  C^.H^(S0,H)•OH. 

Lltfrahir.-.-  K.  P.  13904  of  1909;  D.  K.  P.  Monoacetyf  l  :  4  naphthytenediamuie-7  solpho- 
S01377  ;  V.  V.  4<4536b  '  nio   arid    is   diazotised   and   combined  with 

Janus  Red  (M.) :  ,  a-naphthylamine,    the   intermediate  product 

N(CH,),a  C.H«  N,  C,H,(CH,)  N,  C,„H.  OH.    ,  ^»*Jfi*^,  «>»'>™d   wfth  T-andno^. 

T»         J    1-      ji     *i  •       2  i      u      u  •  '  naphthol-3-sulphonic   acid   (>-acid},    and  the 

Prepared   by    diazotteing    «.a«  nophenyltri-   ^^^^  .apoiSfiod.    When  diazotised  and  de- 
metVlammomum    rhl..r,dc.   ^■^nhmm^    with   ^eloped  on  Seflbw  a  fast  bU«>k  is  piodnoed. 
m-toluidme  diazotisug  the  product  and  oom-        £aeraiurc.-~F..  P.  15443  of  1893 ;  D.  R.  P. 
bining  with  ^-naphthol     The  red  aqneons  j,  ^  232299 ;  A.  P.  533463. 

s<)hition  gives  a  brown.sh-rod  precipitate;  with  ])||^ogen  BHW  BB  (C).  PftpMed  as  the 
hydrocUoric  acid  a  ^^:ij^2^l^S\^'Jf'^^  ,  precedmg,  hnt  the  end  compinMt  is*^^tfao|. 
with  so«um  hjrdi^e  S4mlphoSio  ackl  (Schiifier's).  ^ 

sulphuricaeidisgreen^andgiveflaiedpiecipitate       iSemfw*  as  above. 

on  dilution.      _  _  _  Diamino£:en  Blue  G '('.  .    Prepared  aa  above. 

end  compunent     lieing    iB-naphthol.3 :  «- 
NyaniaBlackB(A.):  „        ,  ^„    disulphonfc  add  (R^t). 

Prepared  by  the  action  oi  diazotised  p-amiuo-  Diazo  Indigo  Blue  is  an  analogous  f^odnct. 
benseneazo-a-naphthylamine  (only  one  amino-       Zambesi  Sky  Bine  4  B  (A.).   Prepared  from 

group  is  diazotised)'  on  7-amino-a-napht  hoi-  diazotised  monoacetyl-3 :  6-diarainocresyl  methy! 
3-Bulphouic  acid  (v-acid).  Solution  is  dark-  ;  ether  combineti  with  a-naphthylamine,'  the 
violet  and  gives  violet  precipitates  wit  h  hydro- I  iaterraediate  product  being  diazotised  and 
chloric  arid  and  sodium  hydrioxide.  The  combined  witli  ^  naphthol-6-sulphonic  acid 
solution  in  blioiig  sulphuric  acid  is  blue,  and  and  the  «  nd  {iro(iu(  i  saponified.  The  reddish- 
gives  a  violet  prceipitiite  on  dilution.  The  |  violet  acj^ueous  solution  beoomes  redder  with 
coloiirinr:  mattt-T  itself  produces  only  indifferent  hydrochloric  acid  and  bluer  with  sodium 
shades,  but  when  diazotised  and  developetl  on  the  hydroxide.  The  solution  in  strong  sulphuric 
fibre  fast  shades  are  obtained.  When  developed  i  ftck)  is  blue  and  luconu  s  violet-rod  on  dilution, 
with  //(  tolyh  nediamino,  a  brown-black  is  Lifftratuft, — E,  P.  2188  of  1901}  D,  R.  P. 
obtained,  and  witii  ;i  naphthol  a  navy-blue.  120172, 

LUeraiure.~K.  V.  L'TT  and  0630  of  1^1)2;        Victoria  Black  B  (By.) : 
D.  R.  P.  72394  ;  l\  P.  221378;  A.  P.  401410. ;     HSO,  f VJf,  N,  C,„H,  X,  C,„H4(S0,H l  OH. 
611688,  512167.  ^  'Prepared  by  the  action  of  diaxotised  p-sul- 

Ooomaasle  Wool  BlMkR  (Lev  ):  phobcnzeneMO^  naphthvlamMie  on  l:8^iihv. 

NH,-CeH,  N,  C,on,  N,  C,„llj(SO,H)  OH.  !  droxynaphthalenc-4-8uIphoni>  add.  The  <U'rk 
Prepared  by  the  netion  of  diazotised  ;>-acetvl.  '  reddish  •  violet  aqueous  solution  give»  with 
aminobenzeneazo-o-naphthylamine  on  /9-naph-  hydroehlorie  acid  a  BoffdeavX'red  precipitate, 
thol-6-aulphonic  acid  (.Schtiffer's),  and  hydrolys-  and  with  sodium  hydroxide  becomes  dark- 
ing  the   product.   The  dark* violet  solution  i  blue  violet.   The  solution  in  strong  sulpbork 


gives  a  precipitate  with hTdrochloric  acid.  The  [  ackl  is  moss-gieen,  changing  on  dihitkw  to 

solution  in  strong  sulphuric  acid  is  green,  be.   sea  tireen  and  then  to  Muish-red. 
coming  red  on  dilution.  Literature.— E.  P.  13665  of  1889 ;  D.  R.  P. 

Xitemltrre.— E.  P.  24980  of  1899 ;  D.  R  P.  >  61707,  62945 ;  P.  P.  200820  f  A.  P.  488202. 

122457  :  A.  P.  (appl.)  1764  of  1900.  |      Jet  Black  R  (By  ): 

Coomassfe  Woo!  Black  S  (l^cv.) :  '    (HSO,),C,Ha  N,  C,oH,  N,  CioH4  NH  C,H4. 

Ml,  C,ii4  Nj  CioH,  N,  Ci»li,(SOaHji  OU.  Prepared  by  the  action  of  diazotised  disulpbo- 
Ptepared  as  the  pi«oeding  dyestafT,  the  final  ,  benz.  luazo-a-naphthylamine     on  phenyl-a- 

•  Alltheft  ,thorl.ie»  >rive  the  a»K.ve  c  mstltutlonfor  naphthylamjne.  Ibe  bluish  -  violet  aqueous 
this  oilourinK  matter,  hut  it  i.«  «  •ufrally  miclerst^xMl  that  '  According  to  Duntrock  (Z?tt«ch.  Farbrn-Iotl.  1902 
i  h- TiziMiiiid  ruiiiiio-  i.-r><up  is  diasuUsed  ivcferahly  to  a  l, '224).  The  p«t'.-nt»  iiu<>t<'<J  uive  the  0- or  7<sii|plioaic 
naphtluUcnuid  atuiiiu-  group.  acid  as  lutermedilal«  couiptMicut.   „  j  .i^od  by  CiOQ^lc 
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soiutum  gives  a  bluish- bkck  precipitate  with 
hyditiehlorio  aoid.  and  a  aohible  ▼iolot  precipitate 
with  sodium  hydroxidi'.  Strong;  sulphuric  acid 
duBolves  the  culouriu^  matter  to  &  blue 
flolation,  which  gives  a  greonlah'bliie  pmipitato 
on  dilution. 

Likraturc.—E.  P.  14442  of  1888 ;  D.  R.  P. 
48984;  P.P.  103430;  A.P.4258W. 

Diamond  Black  F'  (By);  Chrome  Fast 
Black  B  (I.) ;  Chrome  Deep  Biaek  D,  extra  eone. 
(T.  H.) :  SaUehi  Blaek  D  (K.) : 
CO,HC,H,(OH)N,C,oH,-N,-C,  oHj(SO,H)OII. 
Aminosalicj'lio  acid  is  dinrotiscd  and  combined 
with  a-naphthykiuLQe,  and  the  product  diazo- 
tiaed  and  combined  with  a-naphthol-4-8ulpli<Muc- 
acid.  Bluish  violet,  solution  gives  violet  prc- 
oipitate  with  hydrochloric  acid,  and  becomes 
faJm  with  sodium  hydroxide.  Solution  in 
stronsr  sulphuric  acid  is  greenish,  giving  a  violet 
precipitiito  on  dilution.  Similar  dycstnflii  are 
Ba  Blaeks  J,  F.  NG,  B  and  R  ( I>ov. ). 

Literature,— E,  P.  8299  of  1899;  D.  K,  P. 
51604  ;  F.  P.  198521 ;  A.  P.  438438. 

Chrome  Blaek  I  (H.): 

80,H  SO,H 
Prepared  as  nbove.  except  that  the  starting 
material  is  the  sulphonic  acid  uf  aminosalicylic 
aeid.  The  red-violet  aqueous  solution  becomes 
t  rim  nn  Tviil:  hydrochloric  acid,  and  blue  with 
sodium  liydroxide.  The  solution  in  strong 
Bolphuric  aoid  ia  bliiiah«greeo,  beooming  violet 
on  dilution. 

Littrature.—E.  P.  2408  of  1899 ;  D.  R.  P. 
123115:  F.  P.  203923. 

M0roIB(A.): 

SO3H  SO5H 
j>-Aminodiphenylaminc-o-sulpbouic  acid  is  dia- 
lotised  ana  eombined  with  ••naphthyUimine, 
and  the  intermediate  product  is  dia/.otiscd  and 
combined  with  jS-naphthol-3  :  6-disulphouic  acid 
(It-salt).  Dark  violet-bhie  solution  in  water 
t:ives  a  blue  precipitate  with  hydrochloric  acid. 
The  solution  in  strong  sulphuric  acid  is  dark-blue 
violet,  giving  a  blue-violet  precipitate  on  dilution. 

LiUnituu.-T..  V.  24527  011897;  D.  R.  P. 
101274 ;  F.  P.  271009. 

Mafol  2  B  (A.).  PMpared  aa  the  preceding, 
cxcifpt  that  the  last  oomponent  is  a-naphthol<4« 
aolphoiuc  acid. 

Properties  and  literatnre  aa  above. 

Diamond  Green  (By.): 

C*H,(OHjN,C,H,-N,-C,gH4(fc50,H)(OH),. 

CO,H- 

Prepared  by  diazotiajog  aminosalicylic  acid 
and  combining  with  a-nsphthylaminc,  the 
intermediate  })rodu<;t  being  dia/.Dtised  and 
eombined  witk  1 : 8-dihydroxynaphthaleQe-4- 
snlphonio  aoid.  The  blackish'Violet  a^neoos 
SDhition  gives  a  dark  reddish- violet  precipitate 
with  hjcuoc^Uorio  acid,  and  becomes  dark  blue 
with  sodium  hydroxide.  The  solution  in  strong 
sulphuric  aci  1  l)lui-''h-green,  l»ei  nmtnc^  crconish- 
blue«  and  iiuaily  giving  a  blackish- violet  pre- 
cipitate  on  dilution. 

'  Tlir>  \c  \r\y  production  of  this  Important  coloarliig 
matter  ta  about  2.000^000  kilos. 


Literalure. — As  for  Diamond  Black  i" ;  antl 
D.  R.  P.  62003. 

Naphthylamlne  Black  D  (( '.)  ( K  1  •  Deep  Black 
D,  eonc.  (T.  M.}:  Naphthalene  Black  A  (P.); 
Coomania  Wool  Hack  D  (Lev.): 

(HSO,),C,„H,-N,C,oH,-N,-C.oH.-NH,. 
a  Naphthylaminr>-4  :  7-di.snlphonic  acid  is  diazo- 
liaed  ami  combined  with  a-naphthylamine, 
an«l  the  intermediate!  pru<luct  diazotined  and 
comhincd  with  a-naphthylamioe.  The  violet- 
black  aqueous  solution  gives  a  bUwk  precipitate 
with  hydrochloric  acid.  The  solution  in  strong 
Mulphuric  acid  U  bluish-black  and  on  dilution 
becomes  green,  and  finally  gives  a  black 
precipitate. 

LiUrature.—E.  P.  18425  of  1888;  D.  R.  P. 
50907  ;  F.  P.  170342  ;  A.  P.  412440. 

Naphtliylamine  Black  4  B  (n.)  is  a  mixture  of 
Naphtholblue  bkokand  the  preceding  colouring 
matter. 

Maphthyl  Blue  Black  N  (C).  Di.sulph..- 
naphthaleneazo-a-naphthylamino  ethyl  ether  is 
diazotised  and  combined  with  a-naphthylamine. 
The  dark -violet  aqueous  solution  turns  Miie 
and  gives  a  blackish-blue  precipitate  with  hydro- 
chloric acid,  and  Ijeoomea  blue  and  precipitates 
with  sodium  hydroxide.  The  solution  in  stronj; 
sulphurio  acid  is  dark  blue,  which  on  dilution 
b^mes  blue,  and  finafly  bhiisb-violet. 

Ltlrrat  rr.     Chnm.  Ind.  ISrH',,  I't.  548. 

Anthracite  BUek  B  (C);  Phenylena  BbMk 

(P.): 

(H80.y,C,.H,'N,-C,«H,-N,C,H,(NHC,Hj),. 

a-NaphthyLimine-3  :  6-(4  :  7-m  the  case  of  the 
latter  dye)  -disulphouc  acid  itt  diazoti^  and 
combined  with  a-naphthylamine,  and  the  product 
diazotised  and  combined  with  diphenyl-«i- 
phenylenediaminc.  The  dull- violet  aqueous 
solntaon  gives  a  violet  precipitate  with  hydro- 
cUoric  arid.  The  solution  in  strong  sulpnnric 
acid  is  black*  giving  a  greenish- black  pre- 
cipitate 00  dilution. 

LiUratnrc.  -E.  P.  4825  and  7977  of  1889; 
D.  R.  P.  i>2f>U),  01202;  F.  P.  19()7'J3,  197DU3  ; 
A.  P.  502912. 

'  Naphthol  Black  B(C.):  BrilUaatBta8kB(B.); 
Naphthol  Black  OPAS 

(HSO,),C,oH.-N,-C,oH.-N,-0,„H,(SO,HyOH. 
/3-Naphthyl8mine-6  :  8-disulphonic  acid  U  dia- 
zotised and  combined  with  a-naphthylamine» 
and  the  product  diazotised  and  combined  with 
fl.naphthol-3  :  C-diaulphonic  a- id  (R-salt).  The 
violet  aqueous  solution  gives  with  hydroohlorio 
acid  a  reddish- violet  and  with  sodium  hydroxide 
a  blue  precipitate.  The  solution  in  strong 
sulphuric  acid  is  green,  becoming  bluer^  on 
dilution,  and  then  giving  a  radish-violet 
precipitate. 

LiUrature.—E,  P.  9214  of  1886 ;  D.  R.  P. 
39029  ;  P.  P.  170842  ?  A.  P.  34S901. 

Naphthol  Black  2  B  (Lev.')  in  prc|)ared  as 
the  p»oedio£,  but  storting  with  a-naphthyi- 
amine-3 : 6-^Sulphonio  acid. 

Blue  Black  B  (B.) ;  Azo  Black  0  fM.)  : 
S0,lTC^,H«NvC„H,.N,-C.„H,(8U,H)-0H. 

j3-naphthylaminc-8 -sulphonic  acid  is  diazoti.sed 
and  combmed  with  a«naphthylamine,  and  the 
pro.lurt    dia70ti.sed    and    combined  with 
naphtholdiaulphonio  acid  (R-salt).  Aqueous 
solution  givea  a  bluish  Pf^ipitotej^ith  acidr^^ 
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Slf^""^'".^  h>-droxide.    Solution  in  strong  sul-   zotiaod  and  combined  with  aiuliDe.  the  pradnet 

«     •  ^'T-^^-S^'^^":,  »>?comiiig  UlM,  and  |  bc  in^  dinzotised  and  combinc.1  witii  a  mixture 

ftuSffi  R  m  ?  niii?  L^oT^  ^^ik         '        f.h.iHh-red  aquooiu  eolntbii  heiomwi  darker 

?M jtI  f  f-  T"  r  7-  ^^:\ P'TP?^?*  ^^'"^  vvith  sodium  hydroxide.  The  solution  in  strong 
action  of  dinzotiHod  disulphonaphthaleneazo-a- I  sulphorie  add  IB  Uue,  ohaoging  to  falnjsli-nd  on 
naphthylamme  on  ia-napttholdiwlphonic  acid  '  diMm.  «,  muma  raa  on 

(R-salt).  Aqueon«  solntkm  dark  violet,  becom- 
ing dark  bluo  with  acid  or  alkuli  ;  dissolves  in  i 
strong  sulnhuric  acid  with  a  dark-green  ootour,  < 
becoming  Una  <m  dihttion.  ] 
Liierature.—E.  P.  9214  of  1S85:  D,  R.  P.  • 
39029 ;  F.  P.170342  ;  A,  P.  345901. 


BteMdi  fitent  BbMk  BO  (K. ) 
(H80,),C,pH»N,C,H.'N,C„H4(S0aH),'0H. 


C.  Tetrazo-  Colouring  Httliis. 
AnUvaeene  YeUow  C  (C); 

g^^,H,-N,-C,H,(UO,H)  OH 
^C,H4NgC,H,(C0,H)0H. 
Prepared  from  tefcrasotiMd  thkmnilina  and 
salicylic  acid  (2  mols.).  The  h'ght  yellmvLsh- 
brown  aqueous  solution  gives  a  greenish- bro wo 
precipitate  with  hydrochloric  acid.  The  Mention 
in  strong  sulphuric  acid  is  dark  red  dish- violet, 
givinff  a  yellowiah-grejr  precipitate  on  dilutwn. 
MDUBf  R«dO(C.): 

^r.n„N,-c,„n,(SO,H)-OH 

,  ..  ,  ,   .  C,H,  NVC„H,(SO,H)-OH. 

solution  IS  turned  shghtly  blue  with  h\  .iroc  hJuric  Similarly  prepared  from  tetraaotiaad  thioaniline 
acid  and  pure  Una  with  sodium  hydroxide,   and  /9-naphtkol-6.tu]phonio  aoid  (Sehaller**). 


SO,H 


and 


Naphthylammcdisulphoiuc  acid  is  diazotiaed 

id  combined  with  o-naphthylamine-6-(or  7)- 
sulphonic  acid,  the  product  diazotised  and  oom-  i 
bine<I   with    i8*naphthol-3  :  6-diraIphonio  aokl  i 
(Br  salt).      The    dark    reddish- violet  aqueous 


The  orangf-  rrd  aqueous  solution  gives  a  brown 
precipitate  with  h^drooUorac  acid.   The  solution 
in  strong  sulpburw  aekl  is  reddiah*Tioleftk  giving 
a  bro^Ti  pt'  i[  if  nt'-  on  dilution* 
Cotton  Yellow  G  (B.): 

^^NH  C,HvN,  C,H,(00,H)  OH 
^^^NHC,H,-N,C,Hs(00,HVOH- 
p-AminoacetanUide  is  diazotised  and  combined 
with  salioyiic  acid,  the  product  hydrolysed  and 


8ohltion  in  strong  sulphuric  acid  is  dark 
greenfflh-blue,  becoming  dark  violet  on  dilution. 

Litcnitun.^E.  P.  2718  of  1892;  D.  R.  P. 
73901,  83672,  84460;  F.  P.  219224:  A.  P. 
47fl070.  64fl068,  546069. 

Biebrlch  Patent  Black  4  AN  (K.) : 
HSO,-C,oH,.N,-0,„H,(SO,H)N,C,,H,-NH,, 
Prepared  from  diazotised  naphthionio  acid  and 

.■imphthyUmine.   The  violet  aqueoua  wlutioil  wiUl  «.rbonyI  chlonds.  Tb. 

give.  .  b,ui.h.bUck  precipiljSi  wW.  :         mSISSo -^JS.  Lki'""£:S,.^» 

h  bluuh-green.  giving  .  bM^ldHlk  prai^ltt^  S    u"'*"  ''"^  "  """p-frf. 

References  as  above. 

Anthracene  Acid  Black  (C.) :  I 
OHaH,N,C»,H,N.C,^^(SO,H),OH  j 

CO.H  SO,H 
Aminosalicylic  acid  is  diazotised  and  combined 
with  a-naphthylamine-6-(or  TrHulpliouio  acid, 
and  the  product  diazotised  and  combined  with  I 
^•naphthol-3  :  6-disulphonic  acid  (R-aalt). 
mphthalene  Acid  Black  (By.) : 

HSO,-C,H,N,C.H,(SO,H)-N,.C,.H,NH,. 

Metanilic  acid  is  diazotised  and  combined  with 
the  same  acid  as  in  the  preceding,  and  the 
prodnot  diazotised  and  combined  with  o-naph- 

thylamino.    Aqueous  solution  is  violet,  becoming  -a--.  

blue  with  hydrochloric  acid,  and  redder  with  Prepared  by  the  action  of  tetrazotiscd  di-p- 
Boditun  hydroxide.  Solutkin  in  stron?  sulphuric  ammodiphenytearbamide  on  phenol  (2  moK). 
acid  is  blue,  ^  rr  Hi  intr  violet  on  dibit  ioi).  The  yellow  aqueous  solution   ^ives  a  bro\^^I 

SulphoQcyanines  are  prepared  from  diazo-  precipitate  with  hydrochloric  acid,  and  becomes 

-1  — tj  — i  I  recider  with  eodioni  hydroxide,  The  Miatioii 

in  strong  sulphuric  acid  is  orange^reda  givillig 
a  brown  precipitate  on  dilution. 
La«naun,—D.  R.  P.  6880*,  00151 
Mmon  Red  (N.  I.) 


46737,  47J^>?    A  P.  430030. 
Salmon  Red  (li): 

,^NH-C,H..N,  C,„U5(S0,H)-NHg 

Prepared  as  the  precedinjj,  but  naphthionic 
acid  is  used  instead  of  salicylic  acid.  The 
orange-yellow  aqueous  aolntion  gives  a  blniah- 
violet  ])r(tipif ate  with  hydrochloric  acid.  The 
solution  in  strong  sulphuric  acid  is  nuwenta* 
red,  giving  a  bluish-violet  precipitate  on  di&tion. 

Litrrainrr.-  E.  p.  14222  of  1889;  JX  R.  P. 
&m2 ;  A.  P.  430534. 

H«llsotaBiTeilow(N.I.): 

^NHC,H,X,rjr,OH 
~^NHU,H4-N,C,H,0ir. 


tised  metanilic  ackl,  which  is  combbied  with 

a-naphthylaniine,  the  produrt  bi  iriti  dia/.ofised 
and  combiiitxi  with  phenyl-  and  tolyl-a-naph- 
thyhimine-8-sulphonro  acid.  Dyestab  of  thia 
elaes  are  n'     I  loun  as  Coomassle  Mtfy  ~' 
2  RNX,  CNX,  G  and  3  R  (i^v.). 

BriniMil  CrocaKM  0  B  (C) :  _ 

(HSO  )  C  H,.N.^r  H  .N.  C,„H,(SO.HVOH.    p^p,^  ^  Vhe'^iame  totnao.  compound  as 
6.NaphthyJamine.6:8.dianlphonM  acid  is  dia-  the  preceding,  and  naphthiouo  acid  (2  nj^^^j 


^^NHC,H4N,'Ci,Hj(S0,H)NH,. 
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The  umiige-red  Aqueous  solution  gives  a  bluish- 
violet  precipitate  with  hydrochloric  Mid.  The 
solution  in  strong  sulphuric  acid  is  magenta  red, 
ginnj^  a  bltiiah-violet  precipitate  on  duution. 
Luertxiitre. — Aa  above. 
B«iizo  Fast  P!nk  2  BL  (By.) : 
^jQ^^,H,t8U,H)XjC,oH,fS03H)(OH)NH, 
^^,H,(SO,H)N,C,oU4^80,il)(UHj-iNHj. 

Prepared  from  totrazotised  di-p-aminodiphenyl- 
rarCamidedisulphonic  acid  and  7  -  amino  a - 
naphthol-3-8ulphoQic  acid  (7-acid ;  2  mols.). 
The  red  aqueous  solution  becomes  reddilh* 
violet  with  liydrochloric  acid  and  yellower 
with  sodium  hydroxide.  The  solution  in  strong 
adiAiarie  edd  is  blue,  gMng  ea  ttlmoet  Uack 

pnecipititc  on  dilution. 

Literature— D.  H.  P.  120388, 131513;  Zeitach. 
Farben.-Iad.  IMS,  1,  192;  Chem.  Zeik.  lOOt, 
20^485. 

Bismarck  Brown  (most  firms) ;  Manchester 
Bmm;  PhenjtaM  Brawi;  Vctmrtiie;  Lnttar 
Brown;  cinnamoii  Bbmib;  K^gHsli  Bmhii; 

Brown  A  (P.): 

(NH,),C,HvN,C,H.N,C,H,(NH,),. 

Prepued  by  adding  a  Holutiun  of  42-5  icilos.  of 
Bodiam  nitrite  and  127-5  kilos,  of  hydrochloric 
acid  to  a  solution  of  m-phenylenedlamiDe 
pepared  by  reducing  250  kilos,  of  m-dinitro> 
MueDe.  The  commercial  product  is  the 
hydrochloride.  The  aqueous  solution  gives  a 
brown  precipitate  with  sodium  hydroxide. 
The  solution  m  strong  sulphnriD  aeid  u  brown, 
becoming  red  on  dilution. 

Li(erature.~E.  P.  3307  of  18G3  ;  ZcitscL  f. 
Chem.  1867,  3,  287 ;  Ber.  1897,  30,  2111,  2203, 


Azo-  ABaHine  Bordeaux  W  (D.  H.) : 

C0,H-C,H,(0H)-N,C,H.N,C,,H,(S03H)0H. 

p-Aminoeoetanilide  is  diazotised  and  combined 
witli  nHoylio  acid,  the  pvodnol  hydrolysed 

and  diazotised  and  combined  with  o-naphthol- 
4-«ilphonic  acid.  The  aqueous  eolution  is  red, 
and  that  hi  strong  sulphiuio  add  b  blse. 

Literature.— E.  P.  1098  of  1889;  T.  P. 
iWilfi  ;  A,  P.  031089. 

Aw-  AUmiM  Biask  (D.  H.).  Ftepsfed  ae 
the  preceding,  exc  ept  thnt  the  end-component 
is  1  :  8-dihydroxynaphthalcne>3  :  6-di-(or  4- 
niono)  sulphonic  acid.  The  aqueous  solution  is 
violet,  nrn!  that  in  strong  sulphuric  acid  hlnc, 

LiUraiurc.—E.  P.  1033  of  1899;  F.  P. 
284775  ;  A.  P.  640010,  688721. 

Violet  Black  (B.): 

NH,C,,H,-N,-C,H,-N,C,oli,(S03H).OH. 

p-Aminoacetanilido  is  diazotised  and  cumbined 
with  1  mol.  of  a-nadithd-4«iilphonio  acid* 
The  acetyl-  group  Ls  then  removed  by  heating 
with  acid  or  alkali,  and  the  amino-  compuuiid  is 
diazoiissd  and  flonhiaBd  with  l  moL  of  a-naph- 
tfaylamine.  Aqueous  solution  bri.wnish-red, 
giving  violit  precipitate  with  mineral  acida 
and  reddLsh-violpt  coloration  with  acetic  aoid 
or  with  sodium  hydroxide;  blue  solution  in 
Strong  sulphuric  acid  giving  violet  precipitate  uu 
dOution. 

Literature.— D.  R.  P.  42814. 

Ingrain  BlaekC  (H.): 

;>-Aminoaeftantlidc  is  fliazotised  a  ml  combine*! 
with  a-naphth)'lauiiue-G<(ur  7)-buiphuutu  acid 


((jleve'«  acid),  the  product  saponified,  diazotised 
and  eombbied  with  1  mol.  of  7*amino-anaphthol* 

3-  8ul phonic  nri  !       ii  i  !) 

AeU  Alizarine  Blaek  SJ5  (M.);  Palatine 
 nMkF(B.)s 

H80,-C.H,(0H)(N,-C„H.-0H)t. 

Prepared  from  tetrazotisod  2  :  B-diaminophenol- 

4-  sulphonic  acid  and  /j-uapbthol  (2  mols.). 
Dark-blue  aqueous  fiolution  gives  a  red  pv^ 
cipitate  with  hydrochlorir  n  i  !  And  a  i^reenish- 
blue  precipitate  with  sodium  hydroxide.  The 
solution  in  strong  sulnhuric  aeid  is  violet,  giving 
a  re<l  precifjitate  on  ailution. 

LUtralure.—D.  R.  P.  147880. 

Manchester  Brown  EE  (C.) ;  Bismarek  Bmm 

R  (H.)  (W.)  (I.);  Bismnrck  Brown  2  R,  extn 
eono.  (T.  M.) ;  Vesuvine  B  (B) ;  Brown  N  (P.): 

(NH,),C,H,-N,-C,H,N,-C,H,(NH,),. 
Prepared  in  tho  wime  manner  as  Bismarck 
brown,  but  m-tolylene<liamino  is  used  instead 
of  m-phenylonediamine.  Tho  reddish- brown 
aqueous  solution  becomes  yellowish-brown  with 
hydrochloric  acid,  and  gives  a  light-hrown 
precipitate  with  stKlium  hydroxide.  Tho  solu- 
tion in  strong  sulphuric  acid  is  dark  brown, 
becoming  first  retl  ami  then  brown  on  dilution* 

Literature. — Griess,  Ber.  1878,  11,  627. 

Toloyltiia  Bmm  G  (O.)  (By.): 

HB0,-C^,<3Jp-C.Hg(NH^.. 

Prepared  by  the  aetion  of  teinusotised  tolylene- 

diammesulphonic  acid  (CITj :  XH, :  SO,H  :  NH, 
=1 : 2 : 4 :  6)  on  1  moL  of  m-phenylenedianunu. 
Sdlntion  in  water  is  brown,  and  m  strong  sul- 
phuric  acid  brouTush-red. 

LiUrature.~}L  P.  17640  of  1892;  D.  R.  P. 
65853  ;  A.  P.  616380. 

Toluylene  Yellow  (0.).  Prepared  from  the 
b&mo  tctrazo-  compound  as  the  preceding,  and 
2  mols.  of  6-nitro-ffi.phcnylenedianune  m  hy- 
drot'hloric  acid  solution.  The  yellowish-brown 
aqueouij  solution  gives  brown  precipitates  with 
hjdioohloric  acid  and  sodium  hydroxide. 
The  solution  in  strong  sulphuric  acid  is  brown. 

Literature.— E.  P.  J  SSI  of  1896;  D.  R.  P. 
869-U). 

Toluylene  Orange  RR  (C).).  Prepared  fmm 
the  8amo  tetrazo-  couiihuukI  lus  before,  and 
2  mols.  of  ^-najihthylamine.  The  yeilowish- 
re<l  aqueous  solution  givey  a  browni«h-red 
precipitate  with  hydruchlorio  acid,  and  a 
yellowiiih-red  precipitate  with  sodium  hydroxide. 
The  solution  m  strong  sulphorio  aeid  is  blnish- 
grey. 

Literature.— E.  P.  17546  of  1892 ;  ]>.  B.  P. 

70147  ;  A.  P  1M70.32. 
Diamine  Gold  (C): 

C,H»'0'C,H^-N,C,„H4(SO,H),X,C.HiOH. 
Prepared  from  tetrasotised  1 : 8-naphthyleue- 
diamino-3 : 7-disulphonic  acid  and  ph(>noi  (2 
mols.),  the  pro<luct  then  being  ethylateil.  'J'he 
yellow  aqueous  solution  q'ivcs  a  bruwniith- 
yellow  precipitate  with  hydrochloric  aeid  and 
a  yellow  precipitate  with  sodium  hytlroxido. 
The  solution  in  strong  sulphuric  acid  is  rcddiah« 
violet,  becoming  neen  and  then  yellow  on  dUution. 

Literature.— E.  P.  15346  of'  1890 ;  D.  B.  P. 
61171  ,  F.  V  Is2<)t;3;  A.  P.  472121. 
Naphthylene  Violet  {(\): 
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Prepared  from  the  prccediiis  tetrazo-  compound 

and  o-iiaphth  via  mine  (2  mof-!.).  Tlx'  Bordcaux- 
retl  aqueous  solution  iiiws  a  bluo  precipitate 
with  hydrociiloric  af  i(l,  nnd  a  red  precipitate 
\\  ith  sodium  hydroxide.  The  solution  in  strong 
iiulphuric  acid  is  blue,  and  gives  a  violet  pre- 
oipitato  on  dilution.  The  colouring  matter 
is  usually  diazotised  and  developed  cm  the  fibre 
or  treated  on  the  fibre  with  uitrouii  aci<i,  tliu 
latter  colour  beu^;  known  m  DtaoilDid  Cntdlt 
which  i.s  a  fast  >»roM-n  shade. 

Lili.raturt.—E.  P.  15346  of  ISiK) ;  !>.  R.  P. 
62075  ;  F.  P.  208526  ;  A.  P.  464560. 

Coomassie  Navy  Blue  (Lev.). 

(H803)2CioH«iOM)  N/C,oHs(S03U>\N,-CioHe  OH. 
Prepared    by    diazotising    1  : 4-iiapllthylene> 

diamine-2-.«ul[)lionic  acid  (only  one  amino- 
group  can  ha  diazoti^od),  combining  with  i9- 
naphthol-3  :  6-di8uli)honio  aoid,  diasotising  the 

product  (the  second  amino-  cjrnup  '  in  now  be 
diazotised),  and  eomhiniug  with  ^  uaphthoL 
Dark-bluo  aqueous  sohition  booomes  violet  with 
sodium  hydroxide.  Solution  in  strong  .sulphuric 
acid  in  blue -green,  bcconiinr;  ilark  blue  on 
dilution. 

LUerature.—E.  P.  294r.  of  1896;  D.  R.  P. 
102160;  F.  P.  266862;  A.  r.610194,  639748. 
Dtplwnyl  Fast  Black  '  {G.)-. 
™^',H.NjC,oH4(OH)(NH,)-80,H 

Prepared  from  totrazoti^Ltl  y^-dianiiaoditolyl- 
amme  and  1  mol.  of  T-animo  a  naphthol-3- 
sulphonic  acid  (7-acid)  and  1  luol.  of  m-tolylenp- 
iliamine.  The  violet-black  aqueous  solution 
gives  with  hydrochloric  acid  a  bluish-black 
precipitate,  and  with  sodium  hydroxide  a  black 
jirecipitate.  The  solution  in  strong  sulphuric 
acid  IS  dark  blue»  and  gives  a  black  praeipitate 
on  dilution. 

Literature.— E.  P.  16682  of  1896;  F.  P. 
25sr)21  ;  A.  P.  575904. 

Dianthine  (Claus  &  Co.);  St.  Denis  Red  ( i'.) ; 
Rosophenine  4  B  (CI.  Co.);  Rosanol  4-  B  (K.) : 
.  N<?^,N,€,oHg(SO,H)OH 
0  ' 

X  C,H,-N,  C,„H4(8U3U)  OH. 
Prepared  from  tctrazotiscd  diaminoazoxytoluene 
iind  a-naphthol- 1-sulphonic  acid  (2  mols.). 
The  Tc([  aqueous  solution  givca  rtii  precipitates 
with  hy«lrochloric  add  and  sodium  hydroxide. 
Till-  solution,  in  strnri'^  FililpKuric  acid  ia  red, 
and  a  red  |)rt'(  ipiliitf  oii  tiiluljon. 

LiUralurc.—E.  1'.  U315  of  l887,573dof  1890; 
1>.  R.  P.  44045  i  F.  f  .  184649 ;  Oompt.  rend. 
1901.  132,  986. 

Congo  Orange  G  (A.): 


eolutiou  in  rong  sulphuric  acid  is  blue,  becoitting 
reddish-violet  on  dilution.  nn<l  finally  giving  a 
brown  precipitati*.  'i'liu  corrt^iMJiiding  o<jlouring 
matter  from  tolidino  }>,  Congo  Change  R  (A  ). 

Lit€ratw9,'-E,  P.  17967  of  1889;  D.  &.  P. 
52328. 

Pynmidol  Bromi  M  (P.  L.): 


i 


;,H,N,CH,(OH),. 
Preparetl  from  tetrazo  tised  benzidine  and 
reeorcinol  (2  mola.).  The  oran^farowix  aqueooe 
aolntion  gives  a  brown  precipitate  wHh  n^rdro* 
chloric  acid,  and  becomes  Bordeaux-nd  with 
sodium  hydroxide.  The  solution  in  strong 
siUphnrio  add  i«  reddish-vicdet,  giving  a  brown 
precipitate  uii  dilution.  Cotton  dyed  red  uitU 
this  colouring  matter  is  convwted  into  a  deep 
brown  when  treated  witli  a  diaio*  ooinponnn 
on  th(  'iln  . 

Chtysamlne  G  (By.)  (A.) (Lev.)  (U.) ;  Azidioe 
YoltowG  (C.  J.): 

C«H«*N,C«H,(OHVGO,U 


•,H  4N,C,U3(OH)CX),H. 
Prepared  by  the  action  of  tetrasotised  benzidine 

on  <«nlir\lir  acid  (2  mols.)  in  alkalino  solution. 
Used  for  dyeing  cotton  goods  yellow  directly 
from  a  aoap>bath.  Aqueous  solution  orange, 
JM><'nmin^  retlder  on  addition  of  sodium  Kv- 
tlroxidu ;  iirango  flocculent  pm  ipitate,  with 
dilute  sulphuric  aeid.  Soluble  in  strong  mi- 
phuric  acid,  witha  magenta-rinl  colour,  becoming 
orange  and  precipitating  on  dilution.  The 
homologue  from  tctrazoditolyl  is  Chrysamine  R- 

LiU  rnture.—F..  P.  9162  and  9606  of  1884; 
D.  K,  P.  31658 ;  A.  P.  329038. 

Gmotine  YeUow  G  (A.)  (By.)  (O.): 


i. 


Prepared  from  tetraiotised  benzidine  and 
hydroxytoluio  acid  (OU  :  CH,  ;  CO,H  =  1 : 
2:6).  Yellow  aqneous  solntkm  give*  a 
brownish-yellow  jirecipitate  with  hydrochloric 
acid  and  becomes  ycUovvish-reil  with  sodium 
hydroxide.  Solntkm  in  strong  sulphvrie  acid 
is  reddish- violet,  pre<-ipltatini;  on  <lihition. 
The  corresponding  coloxiring  matter  from 
tolidine  ia  CstMQM  ToUow  R  (A.)  (Bv.)  (O.); 
Azidlne  Yellow  R  (C.J. ). 

Ltieraturc—E.  P.  7997  of  1888; 
394841. 

doth  Orange  (By.): 


A.  P. 


k 


5.H4N,'C,oH4(SO,H),NH,. 

Prepared  from  t<'( razot ised  benzidine"  and  1 
moL  of  ^•naphthylamiue-3  :  6-dii*ulphouiu  acid, 
and  1  mol.  of  phenol,  the  product  being  ethylated. 

The  orange  \(!Im\v  aijueous  solution  ;.:iv(-  a 
brown  ]m*ri|.it  ;itc  with  hydrochloric  hi  id.    'I  lni 

'  Oismint  Deep  Btack  (C.)  U  derived  from  p-dtiiiuinodi- 
\K  R  iiyiaralne ;  Pluta  BlMk  (By.)  also  bdonas  to  ttae  same 

t'laao. 

'  Ik'iuiiliiif  or  p-dijiminoiiiphenyliH  j  r  i  :ir« d  \>\  r-  lim  - 
ina  nltrobenzfue  witd  iiiic-di]«t  and  ilkali  tu  li\  'ir.i/w- 
heiizeue  and  cuavertitiH  V..\>  li>  ini  :iij8  o(  aoiil-  into 
iM-nzidliu:.  Ttw  iic>tuolut{Uf»  ui  beuzidlut-       priiari-U  ' 
In  a  •Imllar  nuHwer. 


J,H4N,-C,H,(0HV 

Prpparcfl  from  diazotisrd  Vi  nzidine  and  1  mol. 
each  of  salicylic  at  id  and  rt-duruinol.  Yellowish- 
browTi  solution  ui\es  brown  precipitate  with 
hydroehloric  aei<i.  and  becomes  red  with  sodium 
hyiixoxide.  {Solution  m  strong  sulphuric  acid 
is  reddi8h>vi<rieit,  giving  a  brown  precipitate  <m 
dilution. 

Ltiaature.—E.  P.  2213  oJ  18»6  an(i  6687  of 
18H7  ;  1).  R.  P.  44797. 
Cloth  Brovim  R  (By.): 

C,H,N,-C^H,(CO,H)OU 


J,H4-JN,"C„H4(SO,H  )OH. 


Google 
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PrepMod  from  tetouotiied  benzidine,  aud  1  moi. 
CMB  of  talkylio  «oid  and  a-naphthol*4-«ttIphoDie 
aci<L  Rf»l(lish-bruwn  jkiucou.s  solution  gives 
a  brown  precipiute  with  hjdrochlorio  Acitl. 
SohitioB  in  atrong  sulphorio  acid  ia  bluiah* 
xuAot,  giYing  »  reddiah-brown  pncipitate  on 
UiiuUoiu 

XtfendtlKfe — M  for  the  pcwwding. 

Oolh  Brown  6  (By.): 

C,HiN,-C,„H,(OH),. 

Pr«  |>aml  from  tcf  razot  i-icd  honzidino  and  1  niol. 
of  tialicylic  acid  and  1  mol.  of  2  :  7-dihydroxy- 
i^phfehmUnw  (the  latt«r  combined  in  mnk 
aretic  acid  solution).  The  brown  aqueous 
i»olution  gives  a  bruwn  prL-cipitutu  with  liydru- 
eUoric  Mid,  and  becomes  reddish-brown  with 
jKKliiim  hydroxide.  The  solution  in  strong 
s<iiliiburic  aeid  is  reddish- violet,  giving  a  brown 
precipitate  on  dilution. 

literature.— Ab  for  CloUl  BroWD  B. 

Benzo  Onuige  R  (By.): 

C«H«*N,<;,H«(00«H)-OH 
1 

C4H4N,<;i,H,(tiO,H)N  H,. 

Prepared  from  tetraaolised  beosidine  and  1  mol. 

'  :ich  of  salicylic  acid  and  naphthionic  m  i  1, 
The  orange -yeUow  aqueous  solution  becomes 
reddish-vrolet  with  hycnochlorio  aoid,  and  dves 
a  mldLsb-\t'llow  pircipitate  with  sodium 
hydroxide.  Solution  in  strong  sulphuric  acid 
i»  vtolei>blae,  giving  a  gre3rish>Tiolei  precipitate 
on  dilution. 

lAt'-rnture—E.  P.  2213  of  1880  ;  D.  R.  P. 
44797  •  A.  P.  447303. 

Diamine  Fast  Red  F  ((  .),  Dlanol  Fast 
Red  F  (Ler.)  Azldine  Fast  Red  F  (C.  J.}: 
Oxamlne  liMt  M  F  (B.);  WaphtliMBiin  Bad 
H(K.): 

C«H4N,-t'i^4tS0,HX0H)-NHj 

f'«H,X,C,Ha(CO,H)-OH. 
Preuared  from  totrazotised  benzidine  and  1  mul. 
of  f-ammo-a'naphthol-S-sulphonic  acid  (y-acid) 
combined  in  arid  Kulution,  and  1  mol.  of  salicylic 
acid.  K«d  aqueoua  solution  ffivea  a  faxown 
preci  pitate  with  hydrooUorio  aoiC  Tbe  aolntion 
in  stronir  sulphuric  aci<]  i.s  rcddi-h-blae,  and 
gives  a  bru^rn  preoipitato  un  dilution. 

LitmUnre,-^  P.  10609  of  1889;  D.  B.  P. 
678r.7     I'.  P.  201770. 

Cnunpsall  Direct  Fast  Red  R  (Lev.) : 
C,H4NjC,„H4(SO,H),OH 

C,H,X,C.H,(00,H)OH. 
Prt  (mred  from  tetrazotised  bunzidiiie  and  1  mul. 
each  of  ^•naphthol-3:6-dimilplionioaoid(B-saIt) 

and  salii  ylif  ;\ni\ 

Dlaraine  Brown  M  1 1.) ;  Chlorazol  Brown  M 
<  i      Renol  Brown  BIB,  eonc.  i  i   M. ) ;  Azldine 
Brown  M  (C.  J.);  Naphthamine  Brown  H  (K.); 
Crumpsall  Direct  Fast  Brown  B  (L«ev.): 
N/<'.H,(CO,H)  OH 

i 

C^kL^■S,■(\^H^(60,ll)(^Jii)■Sll,. 

Piepared  from  tetrazotiscx^l  benzidine  und  1  mol. 
each  of  salicylic  acid  and  7-amino-a-naphthol-3- 
sulphunio  acid  (^-acid);  the  latti-r  Ixjiug 
combined  in  alkaUno  eulutiuu.   The  reddish* 


bruwn  aqueous  solution  gives  a  brown  precipitate 
with  hydrooMorie  add  and  a  reddish'brown 

pri'cipitalo  with  sodium  hydroxide".  'I'hc  solu- 
tion in  strong  sulphuric  acid  is  viuiut,  changing 
to  brown  on  mhition. 

LU€raf>'n.    \^  ]\  V.  r.7S57 ;  F.  P.  SOmft 

Diphenyi  Brown  BN  {(}.): 
C,H4-Na-i',U3(CO,H)-OH 

(!,H,N,C\oH4(80,H)(OH)N(CH,)^ 
Pro})ared  from  totrazotisod  benzidine  and  1  moL 
t-acfi  of  salicylic  acid  and  7-diniet.hyIaraino-a- 
u»{)hthol-3-suiplionio  aeid.  [The  conesponding 
colouring  matter  from  the  mcmomethylamtno* 
compound  is  Diphenyi  Brown  RN  (G.).]  Tho 
dark-kwown  solution  gives  a  rod  precipitate  with 
hydroohlorio  aoid.  TThe  eoltrtiton  in  strong 
sulphuric  aclil  i<  bluish-violet,  giving  a  red 
precipitate  on  dilution.  When  tolidine  is 
used  instead  of  beosidine,  Diphenyi  Brown  S  GIf 
is  obtained. 

LiUnUur€.—E,  P.  2771  of  1896 ;  D.  R.  P. 
103149;  F.  P.  2We07;  A.  P.  067413. 

Diamine  Brown  B  (C): 

cU4N,C,„H,(S0,H)(0H)NHC,H,. 
Prepared  from  tetrazotised  benzidine  and  1  mol. 
uach  of  salicylic  acid  and  7-phcnylamino-a- 
naphthol-3-sul  phonic  acid.  The  dark*brown 
aqueous  solution  gives  a  fiorduaux-red  |«%- 
cipitate  with  hydrochloric  acid,  and  l)ecomc« 
!  rodder  with  sodium  hvdr oxide.  The  solution 
in  strong  sulphurio  aoid  is  violet,  giving  a  t)rown 
precipitate  on  dilution. 
Oxamlne  Maroon  (B  ): 

(!,H,N,C,,H,(SO,HKOH)-NH,. 

Prt'i)ared  by  cornbiniut;  totrazotised  benzidine 
with  1  mul.  uf  5-aiaiau-a-iiaphthol'3-8ulphonic 
acid  in  alkaline  solution,  and  adding  1  mol.  of 
.•salicylic  acid  to  the  product.  The  ruby-red 
acjueous  solution  does  not  change  with  acids  or 
alkalis.  The  solution  in  strong  sulphurio  acid 
is  dark  violet,  chntiuin^  to  winc-rrd  on  dilution. 

LiUrature.—E.  I'.  2370  uf  1893,  D.  K.  P. 
H2r)72;  F.  P.  2292(i;{. 

Oxamlne  Red  {B.).  Isomeric  with  the 
jircceding.  6-Aminu-a-nH])hthol-3-sulphonic  aciil 
is  used  inntead  of  the  5-amino-  acid.  The  rod 
aqut-ous  solutiun  is  nut  changed  by  hydroclilorio 
acid,  but  lH>conies  slightly  more  violet  with 
sodium  hydroxide.  The  sulutiou  in  strong 
sulphurio  aoid  is  biue»  oiiaugiug  to  wine-red  on 
dilution. 

Literal  un.    K  P.  2ti220U  of  1893  ;  D.  B.  P. 
93276;  F.  P.  227892  ;  A.  P.  656359. 
WoolBfldG  (B.): 

(\H«N,'C«H.(SO»H)OU 

I 

i'.H4N,C,„H,(803H)(UH)NH,. 
l*re|>are(.l  from  tetrazoti.-si'd  benzidiau  and  1  mul. 
each  of  pb»  uol-o-sulphonic  acid  an<l  T  ainino-a- 
na^hthul  3  ^^ulphouic  acid  (y-acid)  the  latter 
bemg  combined  in  acid  aoiution.  The  red 
aqueous  solution  give.q  a  brown  precipitate  with 
hydrochloric  acid,  and  becomes  dark  retl  with 
fiodium  hvdroxide.  Solution  in  strong  sulphurio 
acid  is  violet,  giving  a  bcuwn  precipitate  on 
dilution.  •        '  ,  j       i.y  Google 
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Lileratun.-~1}.  K.  P.  appl.  29649  of  1901 ; 
F.  P.  313533. 

Diamine  Searlet  B  (C.) ;  Dianil  Poneeaa  Q 

(M.)'; 

cU«N,Ci„H,(SO,H),OH. 

Tetrazutbod  bonzidino  is  combined  first  with  1 
mol.  of  /3-naphthyliiiniiu'-n  :  8-disuJ phonic  ucid, 
then  With  1  mui.  of  pheuol  aud  the  product  ia  , 
vthylftted.    The  red  aqueous  eolatioii  becomes  j 
brownish-r^'d    ^\it]i    hydroclilorip    acid.  The 
tiolution   iu   strong   sulphuric   acid  is  violet,  ; 
beooming  brown  on  dilution. 

Literature.— E.  P.  125tjO  of  1S89;  D.  R.  P.  ; 
54084;  F.  P.  200162;  A.  V.  420345.  i 

Fyiamlne  Orange  2  R  (H.)  : 


Pri'|)arcd  from  tolrazotised  benzidine  and  1  mol. 
each  of  ^-naphthylamine-3  :  (i-disul phonic  acid 
and  p-iutro-m-phonylenediamine.  The  yellow  | 
aqueouH  snlMtiMn  is  imt  changed  by  acids  or 
alkaliB.  The  &oIutiou  iu  Ktroiig  sulphuric  acid 
ia  bltie»  becoming  yellowish-red  on  dilution. 

Literature.-  E.  P.  6827  of  1899;  D.  R.  P. 
107731 ;  P.  P.  280914 ;  A.  P.  631611. 

FyraninA  Oiingi  8  0  (B»): 

(iH4-N,C,H(S0aH).(NH,),. 
Prepared  from  tetrazotised  benaidino  and  1  mol. 
each   of   m-phenylenediamme^ :  6'diaulphoaic  ; 
ftcid    and    p-nit'ro-m-phcnylenediamine.  The 
yellowish-red  aqueous  solution  is  not  changed 
by  acids  or  alkalis.   The  solution  in  atrong  i 
Bulphurio   acid   is   yellowish -ro<l,    becoming  ' 
bR>^ulish•yeUow  on  dilution. 

Lileraiurt.—E.  P.  18606  of  1898 ;  D.  li.  P. 
106349  ;  P.  P.  280914 ;  A.  P.  631  BIO. 

Congo  Red  (Ix?v.)  (A.)  (K..  ;  Con ?o  Red  R 
(U.)*  Coamos  Red  (B.) :  Cotton  Red  oone. 
(T.  If.);  Ootton  Red  G  (D;  Cotton  R«l  R 
(K): 

C,H4N,-Cj,H»(JS0,H)NH, 


1 


5,H.-N,<3„Hj(SO,H)-NH,. 

Pn  ])  (r*^*!  I)\  thf  action  of  tetrazotised  benzidine 
oii  naphtbiotuc  acid  (2  rools).    It  can  also  be 
obtained  by  oxkUaing  benz^eazonaphthionio 
acid  with  manganese  dioxide  in  sulphuric  acid  i 
solution  (E.  P.  6697  of  1895;  D.  P.  84893;  F.  P.  ' 
2^210).    The  red  aqueous  solution  becomes  blue 
on  addition  of  dilute  acids;  substance  dissolves  I 
in  strong  bulphurio  acid  vnth.  a  slaty  blue,  giving  I 
a  bluish  precipitate  on  dilution. 

Literature.~E.  P.  4415  of  1884;  D.  R.  P.  j 
28753;  Ber.  1886,  19.  1719.  I 

DllXO  Blaell  B  (By.).     Isomeric  with  the  : 
prtMioding.    Prepared  from  tetraaotiaed  bensi'  j 
uino   and    a-naphthylanune-S*8n1phonio    aold  | 
(L-acid;  2  moL*.).    The  violet  aqu.  ous  solution 
becomes  blue  wiUi  hydruchlonc  acid,  aud  gives 
a  blue  precipitate  with  sodium  hydroxide. 
The  solution  in  stroni;  <ul|»luirie  aci(l  h  blue, 
remaining  blue  on  Uilutiou.   The  colouring 
roatlier  is  generally  diazotifled  and  developed 
on  the  fibre. 


Congo  Rabine  (A.)  (Lev). ;  Aiidlne  Boideaox 

C4H4-JJ,Ci,H,(80,H)-liH, 

(!,H4-N,<;,  oH6(SO,H)-OH. 
Prepared  from  tetrazotised  bcnzidiito  and  1  run], 
each  of  o-naphthol- 8 -suJ phonic  acid  and  na^h- 
thionic  acid.  The  cherry-red  aqueous  eolntioo 
givea  a  blue  precipitate  u  ith  h\<irocldoric  acid 
and  a  violet-red  ono  with  aodium  hydroxide. 
Tlie  solution  in  Strong  sulphuric  aeid  is  Une, 
giving  a  blue  precipitate  on  dilution. 
Laerafure,—D.  R.  P.  62659. 

Congo  Corinth  G  (A.)  (Bv.);  Ootton Corfntt 6 
(B.) ;  Dianil  Bordeaux  G  (M.  ) : 

C,H4-N2  C,oHs(803ii)  UU 

(''.H.N,-CioH,(SO,H)-NH,. 
Prepared  from  tetrasotised  benzidine,  a-naph- 
thylamine-4-salphonio  add  and  a-naphthol-l- 
Rulphonic  acid.  Aqueous  solution  red ;  violet 
precipitate  with  hydrochlorto  acid  and  coloration 
with  acetio  acid.  Sdntion  in  strong  suipkniio 
acid  blue,  giving  violet  precipitate  on  dilution. 

Literature.— K  P.  16296  of  1885  ;  2213  and 
6687  of  1886;  D.  K.  P.  S9090;  P.  P.  10072^ 
103172  ;  A.  P.  344971,  368865. 

Brilliant  Congo  G  (A.)  (By.) : 

C,H,N,C,„H.(SO,H),NHg 

C«l f •( ' ,  ,H, f SO,H)  XTf  J. 

From  tetrazotised  benzidine,  /S-oaphthylamiae- 
3  :  6-disulphonio  aoid  and  /S-naphUiylaminO'O' 

sulphonio  acid  (Bronnfr's).  Aqueous  Siduti'  n 
gives  a  brownish-violet  precipitate  with  hydro- 
chloric acid.  Solution  in  strong  sulphorlo  acid 
bluf,  'jiving  violet  precipitate  on  dilution. 

Litcraturc.—E.  P.  6667  of  1887 ;  D.  R.  P. 
41095 ;  F.  P.  160722, 

HtUotlope  2  B  (A.)  (Bv.)  (L.): 

I 

C,H««N,'C„H,(S0,H),'OH. 

Prepared  from  tctrazoti^'cd  nzidine  and  I  mol. 
eacli  of  o-imphthol-4 : 8-disJulphouic  acid  and 
il-nai^thol- 8-suIphonio  acid.  Reddish- violet 
aqueous  solution  gives  a  bluii^h- violet  precijnt^'.te 
with  hydrochloric  acid,  and  becomes  redder 
with  aodium  hydroxide.  8olati<m  in  strong 
sulphuric  acid  is  blue,  l>ecoming  reddish  -  viol -  t 
on  dilution,  aud  finally  giving  a  violet  precipitate. 

I'Vemtarc-^B.  P.  1846  o!  1888;  B.  R.  P. 
45342. 

Trisulphone  Violet  B  (K.  S.);  Trisuiphone 
BbM  R  (K.  S.) :  Trisulphone  Blue  B  (K.  &): 


•  DlamlaeacifM  8  B  (O;  Uantl 

bdootfi  (o  the  same  gniup,  but  Is  Uuer. 


S  R(M.) 


Tlie  first -named  (for  which  the  formula  is  L:i\>"u) 
is  proparod  from  tetrazotised  l>cnzidine  and 
1  moL  each  of  «i*napkfeliol*3 :  6 : 8-trianlplionio 
acid  and  ^-imphthol.  The  second  and  hist 
colouring  matters  are  prepared  from  tetrazoti&od 
toUdine  Mid  dianisidine  respectively  instead  of 
benzidine.  The  .<M}lutions  in  \sal<'r  an-  viol,  t 
to  blue,  and  give  bluish- violet  to  blue  precipitate 
with  hydroonloiio  aoid.  With  sodium  h3ircGrozjde 
the  aqiieous  solutions  horomr  re<ldish-vioIet.  Tho 
solutions  in  strong  sulphuric  acid  arc  grecni^- 
him,  giviog  Tiolet  preopitotes  tni  dilut^^Qgi^ 
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Literaiure.—E.  P.  4708  of  1897;  F.  P. 
261270  ;  A  P.  r,^-vm. 

Chicago  Blue  4  R  (X) ;  Benzo  Biue  4  R  (By.) ; 
Columbia  Blue  R  (A.) ;  Benxo  Bed  Blue  R  (By.). 
'Vhe  first  two  and  the  last  two  rnsppctively  are 
probably  identical.  These  cuLmniig  matters 
are  produced  from  benzidine,  and  1  mol.  each  of 
aminonaphthol-sulphonic  acid  (1 :  S  :  4)  or  -di- 
snlphoaic  acid  (1:8:2:4)  and  a  naphlhol- 
sulphonic  acid.  Chicago  blue  4  B  trms  a 
violei>bIae  and  Colomoia  blue  K  a  pure  bluo 
•qaeona  solution.  Both  solutions  give  a  bluo 
precipitate  with  hydrochloric  acid.  With 
sodium  Jiydroxide  the  former  becomes  reddish- 
▼kilet,  and  the  hitt«r  blue.  The  solutions  in 
strong  .sul])huric  aciM  un-  comflowier  blue, 
girinff  precipitates  on  di  hit  ion. 

lumiM  Vtotet  If  ((  ) ;  Chlonzol  Vtolet  B 
(H.) ;  DIanol  Violet  N  f  Lw. ) ;  Azidine  VIoItt  DV 
(C  J.)»  Mapbthamine  Violet  N  (K.) : 

i^repared  by  the  action  of  tetraxotised  beazidine 
on  2  mols.  of  7o*minO'a-naphthoI>S>iu]pbonio 

.loid  (y-acid)  in  acid  solution.  Tho  reddish- 
violet  aqueous  solutiuu  gives  a  violet- black 
precipitate  with  hydioohlonc  acid.  The  folntion 
in  strong  sulphuric  arid  is  p^reoni-ih-bluo,  giving 
A  nxldisii- violet  precipitate  on  dilution. 

LiUrature.—±  P.  10609  of  1889 ;  D.  R  P. 
65648;  F.  P.  201770. 

Dfamine  Black  RO  (C);  Napbthamine  Black 
BVE  (K.).  Isomeric  with  the  preceding.  Tho 
cC'inbirmtion  is  cffoc  tod  in  nlkalnm  solution  where- 
by the  azo-  group  cnicrH  tho  2-  position  with 
reepeot  to  tin  b^'drozy-  group,  whereas  in  the 
prece^HntTcasotheazo-  group  enters  the  8-  po-ition 
(orthu  to  the  amino-  group).  The  viuJi  t-iihu  k 
aqueous  solution  gives  a  blue  precipitate  uitli 
hydrochloric  acid,  and  becomes  violet  with  sixliuni 
hytlroxide.  The  solution  in  strong  sulphuric 
arid  u  blue»  giving  a  reddish-bliie  preoi|»tate  on 
dilution. 

LUtrature. — As  above. 

■aphthamine  Black  RE  (K.): 

C,H«-N|-Ct,H«(SO,H)(OH)*NH, 

C,H4-N.C,,H,(S0,H)(0H)NH,. 

Prepared  from  tetiazoti.sed  benzidine  and  2 
moh.  of  1 :8>aminonai>hthol-0  sulphonic  acid. 
Lil€ratvre.^D.  R.  P.  uppL  K  112:^3. 

Benio  Violet  R  (By.): 

C.H4N,<!„H4(SO,H),-OH, 

Prepared  from  tetrazotiserl  benzidine  and  1  mol. 
each  of  a-naphthol-4-sulphonic  acid  and  a-naph- 
thol'3  :  6-disulphonio  acid.  The  reddish- violet 
Aqueous  solution  gives  a  soluble  violet  precipitate 
with  hydrochloric  acid,  and  becomes  red  with 
sodiam  hydroxide.  Tha  solutwu  in  etroug 
Milphuric  acid  is  riolet,  giving  a  violet  precipitate 
on  ililution- 

Maphthylaiiiliie  IMuo  BiMk  (K.): 
C,H«N,'C,«H«(80»H)(0H)NH, 

(:,U4N,Cj,H,(S0,H),(0H)NH,. 

Prepared  from  totimiotiaed  bnuidine  and  1  moL 
each    of    8-anuno-a'iiaplitbol-3 :  5*di«ulpbonio 

Vou  L— T. 


acid  (K-  acid),  and  7-amino-a<napbtbol-3«8ul- 

phonir  acid  (y-avvl). 

Lihruturc.^E.  P.  515  of  1894;  J).  R.  P. 
99 1  (U  ;  A.  P.  :>ij[m:L 

Diamine  Brown  V  (C): 

C,H4N»-CioH,(SO,H)(OH)iiH, 

(J,H,-N,C,H,(NH,),. 

Prepared  from  tetrazotised  benzidine  and  1  mol. 
each  of  7-amino-a  naphthol-3-sulphonic  acid 
(■yaoid)  and  m«phenylenediamine.  BrowU'red 

aqnwus  solution  gives  a  chocolat<;-brown  pre- 
cipitato  With  hydrochloric  acid,  and  purplish- 
brown  precipitate  with  sodium  hydroxide. 
Solution  in  strong  sulphuric  acid  is  bluish- 
violet,  giving  a  purplish- brown  precipitate  on 
dilution. 

Literalnre.—K.  P.  16699  of  1889 ;  I>.  B.  P. 
57857;  F.  P.  201770. 

Diamine  Black  BH  (C)  ■,  Dianol  Blue  BH 
(I^v.);  Dlazo  Black  BHN  (By.) ;  Renolamine 
Black  BH  (T.  M.);  Azldhie  Black  BHN(C.  J.);  In- 
grain Black  2  B(H.);  Napbthamine  Black  CB(K.): 
C.H4Hg-Ci»H4(80,H)(0H)NH, 

Cf4»4-N.-C„H,(SO,H),(OH)NH,. 

Prepared  from  tetrazoti-o^l  Itrnzidiiu-  and  I  mol. 
each  of  7-amino<a-uaphthol-3-8ulphouio  acid 
and  8«amino«a«naphtbol-8 ;  6-dieulphonio  acid 
(H-  acid).  The  reddiah-bluo  aqueous  solution 
)>ecomca  violet  with  k^drochlorio  acid  and 
reddish-violet  with  KKUum  hydroxide.  Tbe 
solution  in  stroriL,'  .su1|>hiiri('  acid  is  bluOi  giving 
a  violet  precipitate  ou  dilution. 

LHeraiure.—E.  P.  1742  of  1891 ;  D.  R.  P. 
08462  ;  F  V. 

Oxamine  Violet  (B.) :  Chlorazol  Violet  R  (U.) ; 
NapbttniBliM  Violet  BB  (K.) : 

C,H4*N.C„H4(80^K0H)NH« 

t;il«NvC,oH,(SO,H)(OH).NHr 

Prepared  from  tetrazotised  benzidine  and  G- 
aiuinn-a-naphtht)l-I{-.siili)lu)nic  acid  (2  mol-.), 
iho  fombiutttiou  in  ullccted  iii  aliialiiiu  huiuliou. 
The  reddish- violet  aqueous  solution  gi\os  a 
violet  precipitate  with  acids  or  alkidi-.  Thfj 
solution  in  strong  sulphuric  acid  La  blue,  givmg 
a  violet  precipitate  on  dilution. 

Literature. ^K.  P.  2614  of  1893;  D.  R.  P. 
75469 ;  F.  P.  227892  :  A.  P.  521090. 

Diamine  Blue  BB  ((      Bcnzo  Blue  BE  1  .\  ) 
(T>ev.) ;  Congo  Blue  2  BX  (A.) ;  Direct  Blue  V 
(P.) :  Azidine  Blue  2  B  (C.  J.) :  Chlorazol  Blue 
(H.);  Napbthamine  Blue  2  BX  (K.): 
C4H4-N,-C„Hg(SO,H),tOH}-JJH 


!,H4-N,-C,oH,(SO,H),(OH)  NH  . 

Prepared  by  combiuin;,;  tetrazotised  benzidiuu 
in  alkaline  solution  with  8-amiuO'a-naphthol- 
3  :  O^isulpbonio  aeid  (H-acid;  2  moLs.).  The 
reddish-bluo  aqueous  solution  is  unchann  d  \>v 
acids  or  alkalis.  The  solution  in  strong  sulphuric 
aeid  is  blue,  becoming  violet  on  dilution. 

Liitralurr.—E.  P.  13443  of  1800;  1742  of 
1891 ;  1>.  R.  P.  74593  j  k\  P.  210033 ;  A.  l\ 

mm, 

Napbthamine  Blues  2B.  3B  and  5B  (K.\ 
These  are  derived  form  tetrazotised  bcnziduie, 
tolidine»ete.,aiKl  8-ainino-a-naphthol-3 :  5*disul- 
phonic  acid  (K-acid).   The  blue  aqueous  solution 

2«  i^  jci  by  Google 


AZU.  UOLOUlUl^ijl  MArXKiUS. 


givoH  a  blue  prct  ipitiitf  with  hydrochloric  acid 
and  turns  reudiMh- violet  with  so<iiuni  hydroxide. 
The  aolotion  in  rtrong  Balphnrio  aoM  is  bluidi- 

Literature.— K.  P.  615  of  1894 ;  D.  R.  P. 
99164  ;  A.  P.  563385.  56338tt. 
Direct  Gray  R  (T  ): 

C.U4N,HJ4^,(OH),(CO,H)iiU,H 

('.H,  N,  C,„H,(OH),(CO»H)«0,H. 
Prepared  from  tetrasoti«cd  bcnsidiQe  aad 
1  :  7-dihydrnxy  -  A  -  oar!joxynaphthAleno-3-8ul- 
])honio  acid  (2  mols.).  The  violet  aqueous 
solution  gives  a  bluisb-grey  |«ecipitate  with 
hydrochlorio  aoid  and  becomew  dull  violet^rcil 
with  Hodium  hvtlroxide.  Thi-  Hulutiuii  in  strong 
etilpliuric  acid  is  blue,  giving  a  bluiah>grey 
prccipitate  on  dilution.  The  corrMponding 
colour  from  ti)liiliiu'  is  Direct  Gray  B. 

LiUralMre^—E,  P.  14263  of  1802  ;  D.  R.  P. 
75258;  F.  P.  220488;  A.  P.  493664. 

DIanol  Red  2  B  (Lev.)  s  Aiidliie  Pmpgilne 
10  fi  (C.  J.): 

C,H,a-N,-C,.H,(80,H)NHj 
I 

C.H3C1Nj-C',oHr(SO,H)NH,. 
Prepared  from  tetrazotined  dichlorobonzidiuo 
(NH,  :  Cl=4  :  3),  and  naphthionio  acid  (2  mols.)- 
The  red  aqucouti  solution  becomes  violet  \^ith 
hydrochlorio  acid.  The  solution  in  strong 
sulphuric  aoid  ia  blue,  «li«^nging  to  Tiolet  on 
dilution. 

£»#«wffif«.— E.  P.  25726  of  1896;  P.  P. 
285i:i' ;  A,  1'.  n(i:iT43. 

Dianol  BrUliAnt  Red  (Lev.) ;  Toluylene  Red 
(O.) ;  ChtonntliM  Itod  8  B  (I.) :  Acetopurpurlne 
(  A  Diphenyl  Red  8  B  (G.) ;  Altdlne  BfUUBBt 
Red  8  B  (C.  J.): 

O.HaCl  N,  l\,H^(«0,H)t-NH, 
I 

Prcj)ared  from  tetrazotiiH^d  tlichiurobenzidinc 
and  ^-naphthylamine•3  : 6-djMil|)hoiiio  acrid. 
The  blulsh-red  aqueous  solution  becomes 
slightly  darker  with  hydrochloric  acid.  The 
solution  in  strong  sulphuric  add  is  hlne,  beooming 
ted  on  dilution. 

Litfrnt'ir^.—E.  P.  26726  of  1890 ;  1>.  K.  P. 
9441 1 1.  jT  I  in  ;  [  P.  LXif)  1 3r, ;  A.  P.  626174. 

Anthracene  Red  ( I  . )  ( lu . ) : 

NO,-C,H,  ^'j  C,H,(CU,11)  0H 

rjr,N,C,„Hj(SO,H)OH. 
Prepared  l>y  combiulne  t<^trazotisod  nitro- 
benxidino  Hrst  with  1  mol.  of  salicvlic  acid  and 
then  with  1  mol.  of  a-napbthol-4-8ulph(>ni('  mid. 
(TUu  same  colour  is  not  produced  by  ixivc-rlmg 
the  order  of  oombination.)  The  red  aqueous 
sylution  gives  a  red  precipiinto  with  hj'clrocldoric 
acid.  The  solution  in  strong  sulphuric  acid  is 
oarminc-red,  giving  »  biownish>ied  preoipltatc 
on  dilution. 

Literature  ~  E.  P.  13475  of  1892  ;  D.  R.  P. 
72867  ;  F.  P.  223170 :  A.  P.  4935H3. 

Saliclne  Red  G  (K.)-  Prepared  fron)  trtra- 
KotiMwl  uitriibetizidine  and  1  mol.  each  of  saiic\iio 
acid  and  /i*naphthol,  the  iwoduct  being  sul- 
pbonated. 

L'tcrnture.-  E.  P.  M54  of  1895;  1).  R.  P. 
874SI 

Salicine  YeUow  G  (K.).   Prepaxed  from 


tetrazotised  n it ro benzidine  and  sali  v!i'  acid 
(2  mols.),  the  product  being  sulphonated.  The 
onxifcc  aqueous  solution  is  precipitated  witii 

hydrochloric  acid  and  hccdnies  reddish -brown 
with  sodium  hydroxide  The  solution  in  strong 
su  Iphuric  aoid  is  ora  i  ige  -  \  ello w,  and  gi  vcs  a  htown 
pret'ij  itnt'*  on  dilution. 

Lttcraiurt. — As  above,  and  Chem.  Ind.  1896^ 
19,  552. 

SolpllOlM  ArariM  (By.)  (A.)  (L.)  (Lev.): 

/C,Hj(80,H)N»<;,^,NH-C.H, 

SO,  I 

^C•,H,(SO,H)•N,•C„H,•NH•C',HJ. 
I*rej>arwl  from  tctrazotisotl  bf-nziflinosulphone- 
ilLsulphonic  acid  and  pheii\  1 -^-naphthylamine 
(2  moR).  The  blue  aqueous  sohition  gives  blue 
preci])itatf»s  with  hydroddoric  acid  and  BO«iiiim 
hydroxide.  The  solution  m  strong  sulphuric 
acid  is  violet^  giving  a  faladdsh^viokt  pteoipitate 
on  dilution. 

Literature.— v..  P.  1099  of  1884 ;  D.  R.  P. 
27964,  33088;  A.  P.  432989;  Bar.  1889,  22, 
2459. 

Pyramlne  Orange  R  (B.)  : 

80,H<?,H,  N,-C\H,(NH,),-NO, 

SO,Hi,H»N,C,H,(NH,),NO,. 

Prepared  from  tetrazotised  benzidinedisul phonic 
a(  id  and  O  iiitro  m-phenylenodiamine  (2  moU.). 
The  orange-red  aqueous  solution  gives  *  yeUow- 
ish-red  precipitate  with  hjdroehlorio  aeid 
or  Kodiiiin  hydroxide.  The  solution  in  strong 
sulphuric  acid  is  yellow,  giving  a  yeUowish*rea 
precipitate  op  dthition. 

Littratnre.—'Eu  V.  8r>04  of  1894  ;  D.  IL  P. 
80073 ;  F.  P.  238340 ;  A.  P.  646333. 

CutawtoTtUowCR): 

NH<(  1 

Prepare<l  from  tetrazotised  diaminocarbazolc 

and  sulirylic  acid  (2  niols.).  The  brownish- 
yellow  a4uut>us  solution  gives  a  brown  pre- 
cipitate with  hydrochloric  acid,  and  becomes 
iTfiTiL""  vcllow  with  sodium  hytlroxiilo.  'ITic 
.soiutiuii  in  strung  sulphuric  ttcid  is  viulct-blue, 
giving  a  brown  precipitate  on  dilution. 

Lite  rat  urr.~E.  P.  14478  and  U479  of  ISS8; 
i>.  R.  P.  4W38 ;  F.  P,  193212 ;  .\.  P.  401034. 

PynunUol  Brown  T  (P.  L.): 
aH,»N,<?.H^OH). 

C^-N,-C,H,(OH),. 

Prepared  from  tetrazotised  tolidine  and  re- 
sorcinol  (2  mols.).  The  reddish-brown  a(|UPoas 
solution  gives  a  brown  ]>rt>cipitate  wth  hydro-  i 
chloric  acid,  and  becomes  brownish-rotl  with 
sodium  hydroxide.  The  solution  in  strong 
sulphuric  acid  is  violet,  giving  a  blackish-brouTi 
precipitiit^?  on  dilution.  Wben  the  fibre  i^ 
treated  with  diazo«  solutions  a  deep  brown  ii 
obtained. 

Toluylene  Orange  G  (O.)  (Rv.)  (.\.);  KailtlM- 
sine  J  ;  Azidine  Orange  0  (( \  J.) : 

('.H,N,(',Hj((<),H)()H 

<'.H,-.N,  (■.H,(Xlf  A.-S(),II. 
PrepariM.!  from  tctra/MtisMi  tt>lidine  and  1  mol. 
each  of  hydroxytoluic  acid  (CH,  :  OH  :  CO,H 
asl :  2  : 3)  and  m'tolylenediaminesulphonio  acui 
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(CU, ;  NH,  :  NH,  :  8U,K  =  1  :  2  :  4  :  5).  Tlio  \ 
browniah  •  yellow  aqueous  solutioa  gives  a 
y*'IIo\vif<h-brown  pivripitAtr  with  hvdrCK-hloric  ' 
ac-ni,  mud  becomes  mlilibh-urango  with  issmliuni 
hytlroxide.  The  solutioa  in  strong  inl];^urio 
»cid  id  msLgoaltarnd,  giving  »  brown  pnoipitate 
on  dilution. 

LiUrature.~E.  P.  7fl07  of  1888 ;  D.  R.  P. 
47235;  A.  P.  390034 

Toluylene  Orange  R  (O.);  Kanihosine  R; 
AiUtw  Orange  R  (C.  J.): 

C,H,N,'C,H4(NH«),-80«H 

A,H,-N,-C,H,(NH,),-SO,IL 

Prepared  from  tctrazotised  tolidine  and  m  toly- 
k>ne<liarainesul phonic  acid  (2  moh. ).  The  omnpe 
aqueous  solution  gives  a  bluish-mi  i)recipitatc 
with  hydrochloric  acid.  The  eolntion  in  st  rong 
sulphuric  acid  is  brown,  giving  a  reddish  pire- 
cipitat«  on  dilution. 

A  TdiiinL— £.  P.  4482  of  1887;  D.  R.  P. 

4U1X)5. 

Benxopurporlne  B  (By.)  (A.) : 
0,H,*N.-C„Hg(80,H)'NH, 

d',ll,N,-C,oH,(SO,H)NH,. 

Prepttml  by  the  action  of  diazotised  tolidine 
on  0-naphthylamine-6-sulphonio  acid  (2  mob;.) 
in  presence  nf  nlkali.  Aqueous  solution,  orange- 
tchJ  ;    unchan;r»'l   by  sodinm   hydroxide;  a 
brow-ni«h-re<l  pn't  ipitatr  by  ililuto  .sulphuric acid. 
i>iMiolvo«  in  strong  sulphuric  acid  with  »  blue 
oolour,  fjivin;?  a  brown  prooipHate  on  dilution. 
!I<  !■  [  i  ti i  iv  a.s  for  the  lu-xt  colouring  matter, 
fieniopuipurlne  4  B  (By.  ){A.)  (Lev.)  (T.  M.) ; 
Ovtton  Red  4B  (B.)  (K.)  (O.);  CattnRiiBP 
r  :  Sultan  Red  4  B  H.);  DiamiiW  Mi  B 
(L.j;  Dianll  Red  4  B  (M  ): 

Prepared  by  the  action  of  diazotibed  tolidine 
on  Baphthmnio  aoid  (8  mols.).   About  twice 

tlif  tlu-oretical  amount  of  Jiaphthionie  acid  is 
\ised,  the  excess  being  regained  from  the  filtrate 
after  separating  the  colour.  'Hie  alternative 
method  of  preparation  b\  oxirlising  toluene- 
azonaphthiotiic  atid  {cp.  Congo  lied)  is  not 
used  technically.  Homologous  with  Congo  Red, 
and  isomeric  with  the  laj^t.  Aqnrmifl  sohition 
orange-rtMi,  giving  a  red  precipitate  Mith  exccaii 
of  sodium  hydroxide ;  blue  preeipitato  with 
hvflriK'hlnric  aci'l  r  dLxsolves  in  strong  mlphoiio 
*€id  uith  a  jmrc  t)|tjc  colour. 

l.t(r'ii,in  .-~K.  P.  3803  of  1885,  6«97  of  18«5  ; 
I).  R.  P  Hot)  15^  84808;  F.  P.  167870,  848210; 

Benxopurpurlne  6B  (Lev.)  (By.)  (A.).  Pre- 
parofl  as  above  from  tetrazoditolyl  and  Laurent  's 
a-uaphthylamino-5-8ulphonic  acid.  Colouring 
matter  very  similMr  m  noperties  to  tha  prB« 

ervlinjj.  References  as  anovf*.  Thi*  same  con- 
;«titution  is  assigned  to  Diazo  Brilliant  Black  B 
(By.),  which  gives  h]ms  or  hlaclu  wlum  djaio< 
tiaed  »r.i\  fl<  \ flf>]W'fl  on  the  fibre. 

Deitapuipurln@  6  B  (By.)  (A.)  (K.) ;  Diamioe 
MB  (A.)  (By.)(L.): 

CvH«-N,-CwH»(SO.H)lIH, 
<!;AN,<CA(80tH)NH«. 


I'riUMired  from  lutraxoditolyl  and  1  mol.  of 
cni<i<>  ^  uaphthylamine-S-sulphoiiio  acid  and 
1  inol.  of  tho  f)-.sulphonic  acid.  Owing  to  the 
5-acid  bt*iitg  a  mixturo  uf  i^merides  (tlio  2  :  7- 
and  2 :  64ieiida),  tho  colouring  matter  contains 
also  benzopurpurino  B  and  (h^ltapurpurine  7  B 
{see  below).  Aqutoua  solution  orange,  giving 
a  brown  coloration  with  acetic  aoid,  and  a 
brown  precipitate  with  hydrochloric  acid.  Red 
precipitate  with  sodium  hydroxide.  Solution 
in  strong  sulphuric  add  UtM^  giving  a  browa 
pceoipitate  on  dilution. 

lAtenaure,—E.  P.  1)846  of  1886;  D.  R.  P. 
42021;  Bcr.  1887,  20,  1430,  2910,  31 :y.ir,:\. 

Diamine  Bed  3  B  (d) ;  Deltapurpurlne  7  B 
(By.)  (A.).  Isomeric  wiUi  the  proce<ling.  Pre- 
pared from  diazoti.sod  tolidine  and  /3-uuphthyl- 
amine-7-sidphonio  acid.  The  oolouring  matter 
is  precipitated  from  its  aqneons  solvtion  by 
acetic  acid,  and  forms  an  insoluble  calcium 
salt.  Bod  precipitate  with  sodium  hydroxide. 
Solution  in  sfarong  sulphnrio  aeid  blue,  giving 
brown  precipitate  on  uiluticm. 

LiUratwre.^E.  P.  4846  and  12908  of  1880 ; 
D.  B.  P.  41201. 48074 ;  Ber.  1887»  20, 2910, 3100. 

BlOUant  Purpurine  R  (A.)  (B> .) : 

C^,-H,-Ci,H,(80,H)-NH,. 

Prepared  from  tetrazotisod  tolidine  and  1  niol. 
each  of  0-na)>hthylamine-3  :  6-disulphoiiio  acid 
and  naphthionio  a<nd.  The  red  aoneons  solution 
gives  a  black  precipitate?  with  hyflrochloric  acid, 
and  a  rud  ouu  with  mxlium  hydroxide.  The 
solution  in  strong  sulphuric  aoid  is  Utio,  giving 
a  blue-black  precipitate  on  dilution. 

Literature,— E.  P.  6t>H7  of  18»7  ;  1>.  R.  P. 
41096  ;  F.  P.  160722. 

AlO-B]ue^(By.)(.A.): 

U,H,-N.-Ui^.(80,H)0H 

i,H,N,C,oH,(SO,H)OH. 

Prepared  by  tho  action  of  diazotLscd  tolidine 
ou  a-uaphthol-4-8ulphonic  acid.  .Vqucoua  solu- 
tion of  colouring  matter  violet,  becoming  crimson 
on  addition  of  sodium  liydroxide  ;  restored  to 
violet  by  dilute  suluhiiric  acid.  Dissolves  in 
strong  sulphuric  acia  with,  a  pure  bine  oolotir, 
giving  violet  precipitate  on  dilution. 

LiUraturf.—K.  P.  9510  of  1885;  D.  R.  P. 
33341  ;  F.  r.  1 7! 133  ;  A.  P.  366078. 

Congo  CoriaUl  B  (By.)  (A.) ;  DteoU  Bordeaux 

B(M.): 

C,H,-N,-C„H,(SO,H)NH, 

(!;,Hg-N,-C,oH4(80,li)OH. 
From  diasotised  tolidine,  naphthionio  add,  and 
a-naphthol-4-sulphonic  acid.  Aqueous  solution 
magenta -red^  giving  violet  preeipitato  with 
nuneral  acids.  Blue  solution  in  strong  sulphtirio 
aoid  ;  violet  precipitate  on  dilution. 

Literature.— E,  P.  15296  of  1885 ;  2213  and 
6687  of  1886:  D.  R.  P.  30006;  A.  P.  368865. 

Congo  Red  4  R : 

C,H,N,it;»H.(OH), 

d,H,N,C,„H5(S0,H)-NH,. 
From  diazotiBed  tolidine,  rcsorcinol,  and  naph* 
thionio  acid.   Aqueous  solution  brownish-nxl. 
violet  preoipitate  with  mineral  adds,  broM^ 
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lircoipitate  vitk  aoetio  vM,  Sdutibn  in  ettnmg 
sulphuric  aeid  him,  giving  violel  imoipit»te  on 
dilaticm. 

lUenitun.—E.  P.  16296  of  1885 ;  2213  of 
1«86 ;  I).  R  P.  39096. 

BrilUuit  Congo  R  (A,)  (By.) :  AzMine  Scarlet 
B(C.  J.): 

C,H«N,-Ci,H4(S0,H),*NH, 

From  (liaiotimd  tolidine»  /El*iiaphthylafnme*3 :  6- 

«li->il|>honic  at'id  and  ^-naphthylatnini -G-sul- 
ijhonic  acitl  (BronntT's).  Aqueou.s  t^olution 
hrownwh-red,  giving  a  similarly  coloured  prc- 
cipitato  with  iiiiin'ral  acitbi.  Sulutioii  IxMoines 
hliu  r  with  acetic  acid.  Orange  prccipitHlf  with 
Kodium  hydruxidv.  Blue  solution  in  tjlrun^ 
Hnl]>hurii  acid,  giTing  dark'biown  prooipitatc 
on  dilution. 

Literatim.     K.F. (mi  of  1887;  D.R.P.41095. 

Azo-  Black  Blue  (O.) ;  Azo-  Navy  Blue  (O.) : 
C,H,N,-C.H,(OH  )(N  H  ,)N  H  ^V^H^ 

C'.H,NjC,oH3(SO,H)j(OH)NH:. 
Prepared  from  t^trazotised  toiidine  and  1  mol. 
eaon  of  m-h> drox^-diphcnylamine  and  S^amino- 
a-naphthol-3  :  6-dLsulphonic  ari<l  (ir-acid).  Solu- 
tion in  H'ator  is  brownish- violet  and  in  strong 
eulphurio  aetd  blue,  giving  a  bluiah- violet  pre- 
oipttatc  on  dilutiuti. 

LiUrulurc—E.  P.  10801  of  1891 ;  D.  R.  P. 
70201;  A.  P.  402416. 

Azo-  Mauve  (O.) : 

(',H,-N»-Oi„H,(SU,H),(OH)-NH, 

ijH.  N.'C,^.  NH,. 

I'rrparrd  from  t''f rar.ot i^td  tulidiiic  and  1  mol. 
each  uf  b-auuuo-a-naphUutl-3 ;  ti-di^uiphonic 
acid  (U-acid)  and  a-naphthylamine.  Violet 
aqueouH  solution  givr>  a  violet  precipitat<'  with 
hy<lrochloric  acid,  and  iH-comcH  rather  bluer  with 
dilute  acetic  acid.  Solution  in  strong  sulphuric 
acid  18  blue,  beroinin^'  violet  on  dilution. 
Literature. — As  above. 

AzMine  Wool  Blue  R  (C.  J.).— 

i?,H,-N,*C,.H4(80,HHOH)-NH^ 

Pre|>ared  from  u  trazulix  d  toliilinr  aiiil  1  mol. 
each  ul  8-nauhthul*8-iitdphunic  acid  and  8- 
an]ino-o-naphtQol»6*8ulphonic  acid.  The  oorre* 
t<|x»i  Ik  lour  from  dianiaidine  ia  AiMine 
Wool  Blue  B  (C.  J.). 

Literatwr^.^E.  P.  27609  of  1907 ;  D.  R.  P. 

Oxamine  Blue  3  R  iB.)  ^  Azidlne  Blue  3  RN 
(C.  J.) ;  NaphtlHUiitiie  Blm  3  BE  (K. ) : 
C,H,N,'C,,JI,(SO,H)OH 

t',H,N3Cj,U«(.S0,H)(0H)NH,. 

Prepared  from  tetFasotiscd  tolidino  and  1  mol. 

each  of  (3-,uiiino  a  nnphthol-3-8ul^honic  a<  id  and 
a-naphthol•i-^^lpi^uun3  aci<l.  Violet  atju<iuu.>> 
solution  is  pi  t  L  i}>it«ted  >vith  hydrochloric  acid 
or  Rodium  li\<lruxidc.  Solution  in  strong  sul- 
phuric acid  18  blue,  giving  a  viokt  preciiHtat<3 
on  dilution. 

iifcmf!/rf  ..-K.  P.  2014  of  1803;  D.  R.  P. 
03:270;  h\  P.  227892;  A.  P.  021096. 

ColiMMflmfl(A.);  0UaH0Biat2R(A.). 


Those  colovtnng  ntaiten  afa  produced  frtMo 

tetrazotihod  toiidine  and  1  nml.  each  of  8-amino- 
a-naphthol-5-8ul^ouic  acid  (S-acid)  and  a 
naphtholaulphonio  acid.  Oolnmbia  bine  G 
;ii\  »>s  a  blue  solution,  which  is  pn-*  ipitated  with 
hydrochloric  acid,  and  turned  rcdUiah-violet 
▼ith  sodiuni  h^droidde.  Its  soiution  in  Strang 
^rdjthnrio  .icid  w  groeniah-blue,  giving  a  reddi^- 
violet  precipitate  on  dilution.  Chicago  blue  2  K 
forms  a  violet-blue  solntion,  beooming  pure  Uue 
with  hyilrochloric  acid,  and  n^ddi>h-violet  with 
sodium  hydroxide.  lt«  solution  m  strong  aul. 
phuric  acid  is  cornflower  blue,  giving  a  Uue 
precijjitatr  on  dilution. 
Chicago  Blue  R(.\.): 

CtH,-N,^joH,(SO,H)(OH)NH, 

('',I!,Nj(',oH«(S03H)(OH)-NH.. 

Prepare<l  fn^m  totrazotisetl  toiidine  and  S-auiiao- 
a-naphth<>l-5-8ulphonic  acid  (2  mols,).  The 
violet-blue  solution  L'iv«  s  a  dark-violet  precipi. 
tato  with  hydrochluric  acid.  The  ttolution  in 
strong  sulphuric  acid  ia  cornflower  blue,  giving 
a  bluish- violet  prc-cipitate  on  ililution.  Th'^ 
conx^ipunding  colour  from  diaui^iidiuo  is  Chicago 
Blue  B  (A.). 

DianU  Blue  B  ^.M.): 

C\H,x\,-C,«H.(SO,H),(0H), 

i\H,.\,C,„K,(SO,H),(OH),. 
l*repared  from  totrazotiscd  toiidine  and  2  moU. 
of  1  :  S-dihyilroxx-naphthalcnc-S  :  G-disiilirfumic 
acid  (chromotroi>e  acid),  'llio  blue  aquoouii 
solution  is  not  changed  with  hydrochloric  acid 
or  Sodium  hydroxide.  The  .solution  in  rtrong 
sulpburio  acid  is  deep-blue,  liecoming  ttluiah- 
violet  on  dilution. 

'I  ll     I  rri  sjx>nding  colour  from  1>  a 
DIanil  Blue  R,  and  from  dianisidinc  Diaoll  Blue  G. 

DtamliwBlne  3  B  (C.) ;  Benzo  Blue  3  B  f  Bv. ) ; 
Congo  Blue  3  B  (A.)  Ha-w)  ;  Azidine  Biue  3  B 
(G.  J.) ;  Chlorazoi  Blue  3  B  (U.J;  NaphUuunine 
Blae  8  BX  (K.; : 

C,H.N,<;i«U»(80,H)«(0H)KH, 

Pn']>ared  from  tetraaotised  toiidine  and  g^amino- 

a-naphtho|.3  :  (i-disnlphonic  ncid  (H-acid; 
uiuls.).  The  violet  aqueous  solution  becomi) 
bluer  with  hydrochlono  aeid«  and  given  a  pre* 
cipitato  w  ith  exi  <'s^.  Tli<-  .--oliition  in  stronu 
sulphuric  acid  is  blue,  giving  a  violet  procipitate 
on  dilution. 

Littralurc.-  K.  V.  n44:?  of  1890;  1743  of 
IHWI  :  1).  II.  P.  74.'iy;i  ,  ]\  P.  210033. 

Diamine  Blue  BX  (C. ) ;  Benzo  Blue  BX  ( Bv.  \ ; 
Congo  Blue  BX  f  \. )  fl^-v  i-   Azidlne  Blut^BX 
(C.  J.);  Naphthamine  Biue  BXR  iK  ): 
C,H,N,C,„H3(S0,H),(0H)NH, 

I'feparod  fruin  Ictrazotised  tolidiiie  «ad  1  mol. 
each  of  «-nftphthol-4-8ul}ilionic!  acid  and  Jv. 
amino-ff-iinpihtn-.i  n  :  r»-«li>nlphoiiic  acid  (H- 
acid).  'J  he  bluush  viukt  iiqutuus  solution  givce 
a  violet  precipitate  with  hydrochloiic  acid,  and 
becomes  1)1  ui.-ih  rt.' d  v.  ith  sodium  fiA  ilroxidi-.  'J'hi 
solution  in  strong  t>ulpiiuiiu  acid  blue,  givia^  a 
Violet  pieoipitate  on  dilution.  ^       ^  ^  , 
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LiUrature.~-E.  P.  1742  ot  1891 ;  D.  R.  P. 
74583. 

Direct  Blue  R  (I.) : 


;»H,'N,<J„H,(SO,H)OH. 

Prepared  from  totrazotisc<l  tolidino  and  1  mol. 
each  of  1  :  7-dihydroxy-6-cnrboxynaphthalene- 
3-sulphonio  acid  and  «i-naphthol-4-sulphonjo 

acid.  Tho  violet  aqueous  solution  Ljives  a  violet 
T>reci]>itation  with  hytlrochlorie  acid,  and 
becomes  violet'Xed  witli  .scKlium  hydroxide.  Tlic 
Molution  in  stnmff  tulphurio  acid  is  })]u(^.  Tlu' 
correBpondiDg  oolonr  from  diaiu^idioo  in  Direct 
Bhw  B  (I.). 

rAferntfirr.-^i:.  V.  I  (2.-:i  of  1892;  D.  R.  P. 
lo'ZaS  ;  ¥.  r.  22<)li)S  ;  A.  P.  -m^m,  4935M. 

Indaxurlne  BM  (Bl.)-  Isomerio  wHh  the 
preceding.  A  different  n<tf>hthoic  acid,  viz.  : 
I  :  7'dihydroxy-2  •  carbo^ytiaphthalene  -  4  •  t>ul- 
frfioiiie  acid  is  uscil,  the  other  ocnuititneata  being 

tho  same.    Tho  violrt-l)Iue  aqnooiis  !»olution 
becomes  bluer  with  hydrtKilUoric  acid  and  red 
ith  sodium  hydroxide.    The  solution  in  strong 
Hulphuric  acid  is  hlup,  ^ivint*  a  violot  jmx  ipitate 
on  dilution.    Thi-  corrfsjunuliug  culour  from 
dianlsidine  is  Indazurine  G.  M.  (BL). 
Lit.  rat un.^ A.  P.  624070. 
Indazurine  IS  (BL): 

C,H«*M«'Cx«H»((X)tH)(0H),-80,H 


J,H,-N,-C,oH4(SO,H)(0 H )  -\  i  i  J. 
Pkvpared  as  tli<-  ])reccdiag,  except  that  7-amino- 

a  naphth<ji-3-suli>hi)iuc  acid  is  usod  instead  of 
a-imphthol' i-sulpUouic  acid.  The  violet-blue 
aqueous  solution  becomes  redder  \^  ith  acids  or 
alkalis,  llw  sohiVum  in  strong  sulphuric  acid 
13  bine,  ^'iviii;^  a  viulft  prccipitalo  Otl  dilution. 
Lit'  rature. — Ah  alii)\  «'. 

Diamine  YeUow  N  (('.): 

I jHj  O-C.Hj  N,  L;Ha(C:0,H)-OH 

l'jr.X,CH.-0-C,H,. 

Pkepaied  by  combioinff  tetraaotiaed  ethoxvbmi* 
cMine  first  wifh  aaUoylio  acid  (I  moL)  and  then 

u  ith  ph«'nol  (1  inoL)  and  ethylating  the  pmduct. 
The  yellow  aqueous  eolation  ^vee  a  grooniah 
precipitate  with  hydroehlorie  acid  and  a  reddish- 
yellow  with  sodium  hydroxiih-.  Tlio  solution  in 
Htxong  sulphuric  acid  is  violet,  giving  a  grecuisli- 
brown  precipitate  on  dilution. 

Littrnt^n.  I!  1',  lll'U  of  1887:  D.  R.  P. 
46134 ;  F.  l\  IbUOtiti,  lbU5ti7 ;  A.  P.  380007. 

DIhii1mBIm8R(C.): 

C.H,0'C,H,-Nt-CMH,(SO,H)-OH 

l;,H,N,C,„H5(S0,H)0H. 

F^pared  from  t<  trazotisc'd  ethoxy benzidine  and 
a-naphthoI-4-sulphonio  acid  (2  nioLs.).  'J'ho 
reddish-bluo  aqueous  solution  is  not  changed 
with  hydrochloric  acid,  but  becomes  reddish- 
violet  with  sodium  hydroxide.  The  solution  in 
strong  sulphuric  acid  is  dark  blue,  giving  a 
violet  precipitate  on  dilutum. 

LUeratnrf. — As  al>ove. 

Diamine  Blue  B  (C): 

C,H»-0-C,H,-X,(",JI»(S(),H),-OH 
Prepared  from  tctrazuUMxi  elhoxy  bcazidiiiu  and 


1  mol.  each  of  ^-uaphthol-3  :  7-di^ulphonic  acid 
and  ■•naphthoI-4-8u]phonlo  acid.  The  blue 
aqueous  sohitinn  s\\c-i  a  hluo  pm-ipilatf  \\\\h 
hydrochloric  acid,  and  becomes  reddish- bluu 
with  aodium  hydroxido>i  The  eolution  in  Btrong 
u]|>hiiric  acid  is  Uue»  giving  a  blue  pteeipitaie 
on  dilution. 

Literatttre. — As  above. 

Dtuilne  Blue  Black  E  (C.) : 

C.H ,  -NjC,  oH4(SO,H)(OH)NH,. 

Prcjian  d  as  the  preceding,  except  that  7-aiiiirio- 
a-naphlhol-3-sulphonic  acid  ii^  Ufkxi  ini^tfad  of 
o-naphthol-4-sulphonio  acid.  Tho  combination 
is  cfTcctril  ill  alkaline  Mjlution.  Tho  blackish" 
blue  aqutousi  solution  gives  a  blue  precipitate 
with  hydroi  liloric  acid,  and  is  not  changed  with 
-odiiMii  (lydroxi'lc.  Tho  solution  in  strong 
oulpliuric  acid  is  bhu-kLih-blue,  giving  a  blue 
precipitate  on  dilution. 

Liiervtm'-K  P.  10099  of  1889;  D.  B.  P. 
57857. 

DliniflMB(By.): 

CH,0-C.H,Na-CwH,{SO.H)NH, 

CH,0-i.H,N,-C„H,(SO,H)NH^ 

Prepared  from  tetrazoti«)d  tlianisidine  and  o- 
naphthylaniine-5-8ulphonio  acid  (Laurent's  aoid) 
(2  mols.).  The  brownish-red  aqueous  solution 
gives  a  blue  precipitate  with  hydrochloric  acid 
and  a  soluble  rod  one  with  sodium  hvdroxide. 
Tho  solution  in  strong  sulphuric  acid  is  blue, 
givii  i_  I.  1  lue  precipitate  on  (Idution. 

Beozopurpurine  10  B  (By.)   (Lev.)  (K.); 
Sultan  10  B  (11).    Isomerio  with  the  precedinjr. 
Pn  pansl  from  tct  raxotLseddianisidinc  and  2  mol-. 
I  of  naphthionio  acid.    The  carmine-red  aqueous 
I  solution  gives  a  blue  precipitate  with  hydro- 
I  chloric  acid  and  a  red  one  w  ith  sr>dium  hydroxide. 
Tho  solution  in  strong  sulphuric  acid  is  blue, 
giving  a  blue  precipitate  on  dilution. 

iTteraturc—E.  P.  14421  of  1SS5;  D.  B.  P. 
38802 ;  F.  P.  173042 ;  A.  P.  481054. 
A»-VtoM(By.): 

CH,0'C.H,N,-C„H,(SO,H)NH, 

(•H,0<',H,Ns-C,oHs(S03H)OH. 

Totra7X>ti8ed  dianisidino  (I  mol.)  is  (oinhiuod 
^\  ith  1  luol.  (if  -1  >  t>!it!iionic  acid,  and  liicu  with 
1  mi>i.  ot  a-iuiplii  hoi  (  ^ulphuiiiu  acid.  Aqueous 
solution  rcildish-violct,  giving  blue  precipitate 
with  mineral  acids  and  olui-li-vioiot  coloration 
with  acetic  acid.  Solution  turned  umgeuta 
by  stKlium  hydioxde.  Dissolves  vrith  a 
blue  colour  in  strong  sulphuric  aoid,  giving  a 
blue  precipitate  on  dilut  ion. 

Literature.— Vl  P.  I44i!  t  of  1885;  7283  of 
issr, ;  D.  B.  P.  40247  i  F.  P.  173042;  A.  P. 
447302. 

BenioazurlneO(By.)  \  r  r  (K.); 
Bengal  Bhie  G  ft).):  Oxamine  Blue  A  (B.); 
Azidine  Blue  BA  (C.  J.): 

CH,0-C,H,N,-Ci«H,(SO,H)OH 

CH,-0C',H,N,-CwU»('^O,HrOH. 

Prepared  by  the  action  of  tetrasottsed  dianisi- 

dine  on  a  iun)hthol-4-sulphouic-  a(  id.  Aqueous 
solution  hluiHh- violet,  becoming  red  on  addition 
of  sodium  hydroxide;  dark-violet  precipitate^ 


soo 
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with   (lilutrs  hydrochloric  aci<l.    Dissolve**  in 
Htr<-)ng  .Hiilphuric  aci<l  with  a  blm-  colour,  giving 
violf't  precipitate  on  <lihition.   Benzoazurlne  R 
is  a  iiiixturr  of  bonzoaxiirinc  G  and  azu  blue. 
Litcralnrr.  -  K.  V.  J4424  of  ISS.',;  D.  R.  P. 

38802;  r.  r  n:!(>42;  A.  p.  ar>7L>7:i. 

Beiizoazunne3G(By.)  (A.)  (L.)  (I^cv.)  (K.)- 
Isoraorio  with  the  above.  a-Naphthol-5-8ul- 
phonic  acid  (I^urcnt's  acid)  is  UHcd  instoad  of 
the  4-Rulphomc  acid.  Aqueous  solution  bluish- 
violet,  giving  bluish- violet  precipitate  with 
hydrochloric  acid  and  becoming  violet-red  with 
sodium  hydroxide.  Solution  in  strong  sulphuric 
acid  is  blue,  giving  violet  preoipitste  oa  dilution. 

Literature. — As  above. 

CUonzoI  Blue  R  and  3  6  (H.) : 

CH,-0-C«H,-N,-C,«H,a(SO,H)-OH 

CH,-0-(!;,H,-JS',-(.*ijH4t'H8U,H)0H. 

Prepsred  from  tetrajBotised  dUuiinidiiw  snd 

2  ninls.  of  i.hl()ro-a-naphthol-4-  or  f)-.Hiil)>honic 
acid.  The  violut  aqueoua  aolution  undcxjjoes 
liUle  GhaniD^  with  hydroeUorie  acid,  bat  iunu 

crimson  with  s(Mliiin>  h\ ilroxiilc  Th«»  Molution 
in  strong  sulphuric  acid  is  grccoiah-blue  (R)  or 
gnwn  (3  G). 

L-fn^if^irr-  K,  IV  l'jiis5of  1898. 
Diamine  Brilliant  Blue  G  <C.): 

cH.or.H,  N,  (•,„H3a(S03H),-oH 

CH,  0  ('.H,  N,  ( ;,oH,a(SO,H),-OH. 

Prepared  from  tctrazotiaed  dianisidine  and  2 
mob.  of  8*ehloro.a.naplithol*3 : 6.diaii]photKio 
acid.  Bluish  .  i>  I  t  aquMius  solution  gives  a 
soluble  violet  precipitate  with  hydrochloric  acid, 
and  beoomea  ehnry-red  with  •odiam  hydroxide. 
•Solution  in  strung  sulphuric  acid  ia  gmnish>1dtt«, 
turning  violet  on  dilution. 

LUeraiure.—K  P.  lf»0  of  1894 ;  D.  R.  P. 
79055.  82280;  F.  P.  236271;  A.  P.  682126, 

OiuiiliitBlniB(B.): 
CH,>0'C.H,*N,-C|,H,(80,H)0H 

CH.-0'<';,H,N,Ci«H«(SO,H)(OH)NH,. 

Ptopared  from  tetraBotiaod  diaaiaidine  and  1  mol. 

ciach  of  .')-ainiuu  a  n  i  ]  hth()l-3-sul))hotuc  arid  and 
a-naphthol>4-8uiphuiiic  acid.  Dark- blue  a^uc- 
ona  solntioii  tuma  reddidi-violet  with  sodium 
hvflroxide,  and  palo  violrt  with  hydroclilnric 
acid.  The  fiolution  in  strong  sulphuric  uciii  is 
bloish-greeiit  iieconiing  violet  on  dilution. 

Litcratnn.—K.  P.  2370  of         ;  D,  R.  P. 
82572  ;  F.  P.  221»2n.3  ;  A.  P.  ii^8:{44. 

Chicago  Blue  6  B  M  \  ) :  Benzo  Brilliant  Bine 
6  B  I  Hv.) ;  Diamine  Skv  Blue  FF  (C.) ;  Azldlne 
Sky  Blue  FF  (C. .).) ;  Chlorazol  Sky  Blue  FF  (H.) ; 
DtaBOl  BlUOlIlt  Blm  6  B  (Lev.) : 

CH,0-C,U,N,'CMH,(80,H)^0H)NHt 

CH,0(',U,N,C„H,(SO,H),(OH)NH,.  | 

Pirepared  from  tetraaotisod  dianisidine  and  2  . 
molf.  of  S-amino-o-naphthol-S  :  7-disuIjihonic  | 
a<Md  (S-acid).  Tin*  rombination  is  eff<'<*t<Hl  in  , 
alkaline  aolutiun.    Mluo  aqueous  Holution  ia  not  | 

chan:;r"d  ^vith  hydrochloric  acid,  but  hcromes 
bluit*li-\ iolct  with  sodium  hydroxidf.    Solution  | 

>  C()icaao  eiua  4  B  ^ukI  rW  and  Dlanol  Blue  RW  i 
'.)  ;ir>  iui\i<l  an>-dyeftlulltlromdlaolti(litte»  tl<aiii^. 


!  in  strong  sulphtiric  acid  is  bluish -preen,  becoming 
jnire  Ijlue  dilution. 

Diamine  Sky  Blue  (< '.  ^ :  Benzo  Skv  Blue  fHy.)  ; 
Congo  Sky  Biue  \.\.),  Dianol  Sky  Blue  (J^-v.  i; 
Renol  Pure  Blue  (T.  M  i:  Azldlne  Sky  Blue 
(('.  J.) :  Chlorazol  Blue  6  G  (H.) ;  NaphUuunhie 
I  Blue  7  B  (K.).    Isomeric  with  the  precodins. 
!  Two  mols.   of  8-amiQO-»>iiaphthol-3 :  B^dinu- 

Shonic  acid  (H-acid)  are  use*!  as  component**. 
Ilue  af^utous  sulutiou  iti  nut  chaugcd  \v  itn  hydro- 
chloric acid,  but  becomes  redder  with  sodium 
I  hydroxide.    Solution  in  strong  sulphuric  acid 
'  is  bluish-green,  becoming  pure  blue  on  dilution. 
I      Literature.— K  P.  1742  of  1891 ;  IX  R.  P. 
74593  ;  F.  P.  201770 ;  A.  P.  404136. 
Indazorine  B  (BL): 

CH,-0'C,H,-N,C„H4(S0,H),-OH 

j  CHt-0'<!;,H,N,C,»H4(S0,HK0H)^ 

I  Prepared  from  tetrasotiaed  dianiaidhio  and  1  moL 

raoh  uf  1  :  T-dihydroxynaphthak'iif  ^-sxdplionic 
j  acid    and   ;9-napbtbol-3 :  6-^liaulpbonic  acid. 
Blue  aqueona  aoration  toim»  Mner  with  hTcbo- 
chloric  acid  and  rt  l   Aith    sxliuni  h\droxidc, 
,  iSolution  in  strong  suiphurio  acid  is  blue,  giving 
I  a  reddiah-blno  preoi|ntato  on  dihrtkn. 
Literatim  I>.  p.  .-,21069. 

BriUlant  Azurine  5  G  ( Hy.) : 
CH,-0-C',H,N,-C|oH«(S03H)(OH). 

'  :H  ,  0  ('',H,.N,-C,,H,(.SC>3H  HUH),. 

Pn-ivir<xi  bv  combinmg  tctrazotiscd  di&nisidinc 
with  2  moU.  of  1 : 8-dih^n]ioxynaphtiialene-4- 

snlphonic  aci'l  ir  an  tic  ju  id  solution.  Aqm 
solution  is  bluit>h-vtulet ;  with  hydrochloric  acid 
fives  a  blue  precipitate^,  an<l  with  soditUB 
hydroxide  heronicH  red.  Solution  in  s-trrvni; 
sulphuriu  acid  in  greenish-blue,  giving  a  ilark 
reddish-blue  precipitate  on  dilution. 

Ltteratnre.-  E.  P.  13005  of  IHSfl;  I>.  R.  P. 
57166;  F.  P.  173042;  A-  P.  4172V4. 
IlltaiAwBB(BL): 

CH«O'G«H,-K«<3,«Ht(C0«HX80,HK0H), 

CH,0-t',H,N,-C',oH,(SO,H),-OH. 

Prcpan'd  from  t<-trazotised  dianisidine  and  1  mol, 
each  of  1  :  7-dihydroxy-2-carL(>xynaphthaIene- 
4-i»ulphunic  acid  and /3-uttphthul-3  :  6-di«ulphoaio 
acid  (R-salt).  Blue  aqueous  sohitioii  l)Ccom«^ 
slightly  bhu  r  with  hydrochloric  acid,  and  redder 
with  socUuui  hyiiroxidc.  Solution  in  strong 
sulphuric  acid  is  ^peeoiili-blue*  giving  a  blue 
precipitate  on  dilution. 

Litcratnre.—A.  P.  524070. 
Indarurine  5  0M(B1.): 
CU,-Q-C;«U,N,O|«U,(00tUK80|HK0H), 

CH,<0-il«H.-K,-C„H.(80,HM0H)inir 

Prt-pari-d  as  the  preco<ling,  except  that  8-amino- 
a-nAphthol*3 : 6-diaulphonio  acid  (U.aoid)  ia 
uued  inatead  of  R-aalt.   Hie  muro  bloe  aqueotui 
solution  is  not  changed  with  nvdrochli»ri<  a.  irl, 
but  beoomea  redder  with  sotUum  hj^druxide. 
The  aolution  in  strong  sulphuric  Mid  ia  Mniah* 
green,  becoming  bluish-\  iulet  on  dilution. 
LUeraiurt. — As  al>o\  e. 
Hmtan  T«I1»W  (U)  (A.)  (By.) : 
CH-Q.H«(80.H)-K.'C«H.(0O.HhOH 
tl 
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Prepared  from  tetrazotiiW>d  duuninofltilUnoUi- 
■nlphoDio  Mid*  and  salicylic  acid.  Aqueous 
solution  ochreouR,  giving  hl<irki<«h  precipitate 
with  mineral  ackk.  Solution  reUUened  l>y 
aodiom  kjdfoxida.  Beddiah'Violet  oolution  in 
strong  io^iiiiB  aoid,  giviog  Uaokiflh  praoipitatc 
ondimtioB. 

Xderaln— S.  P.  4387  of  1886;  D.  B.  P. 
38735  ;  A.  P.  360230. 
Ucnian  Purple  N  (L.)  (A.)  (By.): 

CH-C,H,(SO,H)N,CioH.-NH, 

II 

CHC,H,(SO,HVX3C,oH,-NH,. 
From    tetrazotised  (iiaininoHtilbenediBulphonic 
acid  and  /9-naphthylamlne.    Aqueous  solution 
rod,  giving  bluish  l)la(-k  precipitate  wit  li  mineral 
Acidfl,  and  violet-black  precipitate  with  acetic 
ac  id.   B«I  coloration  or  precipitate  with  sodium 
hydroxide.    Blue  solution  in  strong  sulphuric 
acid,  giving  bluiiih-black  precipitate  un  dilution. 
Kef  erences  as  in  preceding. 
HeHian  Purple  B  (L.)  (A.)  (Bv.): 
CH-C,H3(SO,H)-Nj-C,„H,(8()3H)NH, 
II 

rHr,ii,(so,H)X.r,oH,(Soji)NH,. 

Prepared  by  the  action  of  totrazostUbeneduiul- 
phonic  acid  (I  moL)  on  2  mols.  of  crude  /9-naph- 
thyliiiinne-S-sulphooio  acid  (u  ttu.^turi'  of  the 
2  :  6-  and  2  :  7>  aoida).  Aqueous  solution  red. 
giving  browni^h-Mfirk  precipitate  with  mineral 
acids.  R<'<Mish.vi  ill  t  3)rf<  i])itat('  with  HtKUuni 
hydroxide.  Violet  Hulution  in  strong  sulphuric 
ecid  giYiag  brown  precipitate  on  dilution. 

lU'feranoei  aa  in  preceduig,  and  D.  R.  P. 
40575. 

IlMriAB  Pnrple  D.  laomerio  with  the  pre. 

ceding.  Prt  parotl  from  the  above  tetrazo-diiiul* 
phonic  acid  and  Dahl's  /3-naphthylaniine-5- 
snlphonio  acid.  Aqueous  solution  orange,  giving 
brown  precipitate  with  niimT;il  micis.  and 
becoming  redder  with  sodium  hvdrozido. 
Violet  Mlution  in  strong  folldiutio  acid  becoitting 
blown  on  dilution. 

References  as  in  preoedhig. 

BlIIUlBt  Yaltow  (L.)  (AjlBy.): 
CH  C«H^60tH)N|-O.H«-OH 

CH'C,H,(S0,H)N,C,H40H. 
From  the  same  tetrazo-disnlphontc  acid  and 
phenoL  Aqueous  eoitttion  orange*  giring  violet 
precipitate  with  mineral  aoida.  Distolvee  with 
a  reddi^h-violot  in  strong  sulphnrio  add,  giving 
a  violet  ftfecipitate  on  (Ulution. 

Rdeienoee  aa  in  preceding. 

Chrysopbenine  (L.)  (A.)  (By.)  Chrysobarlne 
G  extn  eone.  (T.  M.;;  Phenine  Yellow  (P.); 
AiidliMTelto«OP(C.  J.): 

CH  C«H,(80,H)-N«*C,H«0H 

I! 

CHC,H,(S0,H)N,C,H4OC,H,. 

Prepared  by  etl^kting  the  preceding  colouring 
matter.    Aqueous  solution  orange,  giving  brown 

•  l>iamhuistUbeiM(Usiil|ilionlcaold 
CHsGH 

MT:;  xn.. 

it  T>r>  [  irrii  by  boiling  p-altrotolucne-o-sulphonic  acid 
with     i  ini  tordfoxMe  end  redodng  the  pcodect  with 

SlDO-«iU«t. 


precipitate  with  mineral  acids.  Dissolves  with 
a  leddish'Tiolet  colour  in  strong  sulphuric  acid, 

givint;  hhio  precipitate  oti  dihifion. 

Literature— K,  l\  39»4  of  1887;  D.  R.  P. 
42406:  Ber.  1804.  27.  33S7. 

Hessian  Violet  (U)  (A.)  (By.) : 

CHC.Hg(80ja)-N,'C„IL-NH, 

II 

CH>q.Hi(SO,H)-N«-0,«H,-OH. 

T'f*  pired  by  eombininfi;  1  mol.  of  tetrazotised 
diaminostilbenedisulphonic  acid  with  1  mol.  of 
a*naphthylamine,  and  then  with  1  moL  of  fi- 
naphtho).  Aqvieous  solution  reddish-violet.  In- 
coming bluer  with  acetic  acid,  and  giving  a  blue 
precipTtato  with  mineral  acids.  Solution  in 
strong  .sulphurir'  arid  blue,  giving  a  violet  pre- 
cipitate on  dilution. 

£demtefe.— B.  P.  4387  of  1886 ;  D.  R  P. 
387:^5.  50-7,';, 

Brilliant  Hessian  Purple  (L.)  (A.)  (By.) : 

CH-C,  H,(SO  jH )  •  N ,  •  ( ■ ,  „  H,  ( S  O  ,H )  •  NH  , 
II 

CHC,H,(SO,H)N,C,oHj(SO,H)NH^ 

Prepared  from  tetrazotised  diaminostilbenedi- 
sulphonic  acid,  and  2  mols.  of  ^-naphthylamine< 
6-8ulphonie  arid.  Purple  red  a(| neons  solution 
gives  bluish- black  precipitate  with  h^droohlorio 
acid  and  oamiine*red  precipitate  with  eodinm 
hydroxide.  Solution  in  strong  sulphuric  acid 
blue,  giving  a  bluish-black  precipitate  on 
dilution. 

References  ae  for  Hesaian  Yellow. 
BtObeiM  Gotooilng  Mitten. 

The  colourinir  matters  which  have  hitherto 
been  clossiiied  under  this  head  are  produced  by 
alkaline  condensation  and  oxidation  of  p-nhro- 
toluenesidphonic  acid  unth-r  various  (  <>nditions. 
Xhey  liave  generally  been  considered  to  bo 
nitroao.  or  azozy-  stilbene  derivatives  but  the 
recent  researches  of  A.  0.  Green  and  his  colla- 
borators have  shown  that  all  the  colouring 
matters  of  this  group  moat  be  regarded  as  azo- 
dyes  (Chem.  Soc.  Trans.  1004.  Sn.  1421.  14r?2  : 
J.  Soc  Dvers,  1907.  23,  162).  The  first  action 
of  alkali  hydroxide  on  ]»«nitrotoluenesnlphonio 
acif!  1  m!^  to  the  formation  of  a  dinif rosostilbene- 
disulpbouio  acid,  one  molecule  of  which  is  oxi- 
dieed  at  the  expense  of  a  second  molecule,  and  the 
remaining  two  nitrogen  atoms  of  two  molecidcs 
combine  to  form  an  azo-  group  in  a  distilbcno 
molecule: 

CHC^H4(80,H}-NO 

CH'C,H,(SO,H)NO 
CHC.H^SOiH)N-^-.-.N'C,H,(SO,H)CH 

I  N 

CH-C,H,(SO,H)NO,  NO,C,Hj(SO»H)-CH, 

The  equation  represents  the  formation  of  the 
greeneat  vpIIow  of  the  series  (.ntilbenp  yellow 
8G  :  see  beli>w).  The  redder  yellows  and  omngcs 
may  be  regarded  as  formed  therefrom  by  the 

retluction  of  tlie  two  nitro-  proups,  first  tO  an 
azoxy-  and  liuullv  to  an  uxo-  j^roup. 

Sun  Yellow  (<:.);    Afghan  Yellow  (H.); 

Ciircumlne  S  (L.l  ;  Naphthamine  Yellow  'KM: 
Direct  Yellow  J  (P.),  Aiidine  Fast  Yellow  G 
(C.  J.) ;  DIlMt  YeUow  RT  (CI.  Co.).  Prepared 
by  heatini;  p-nitrotoluenesul phonic  acid  with 
aqueous  sodium  hydroxide.    Direct  {;eUow  J^XaOO 
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which  was  analystnl  by  Green  (Lc).  is  considered 
to  have  the  cdnstitutinn  : 

CHC.H»iSO,H)N»  NC«H,(SOaH)-Cfi 

<i  n 

CHC^H,(SO,H}N— NC.H|(80^)CH. 

O 

(the  ooloaring  matter  being,  of  coane,  tlie 

godtiim  pnlt). 

Aqucoua  solution  is  brownijih-yeUow.  ISolu- 
tion  In  strong  sulphtirio  acid  la  Tiotet^  becoming 
yellow  on  (Jilution. 

lAteraturc.—E.  P.  4387  of  1886  ;  D.  R.  P. 
38735;  F.  P.  175630;  A.  P.  360M3;  BulL 
Mnlbouse.         99.  Ber.  1886,  19.  3234. 

Ni^hthamine  Yellow  G  (K.) ;  Direct  Tellow 
R  (By.) ;  Renol  TeDow  B  (T.  M.).  Prepared  as 
nl)OV(\  hilt  the  fompcrntnre  of  the  reaction 
is  OO'-H^'.  Keddifeh-yellow  aqueous  solution 
gives  brown  precipitate  with  exeese  of  hydro- 
chloric a-  id  and  a  yellow  prf^ripitat^-  with 
sodium  hydroxi'Jf.  Solution  in  strong  .sulphuric 
acid  is  cherrj  ml,  ]>ecoming  vellow  on  dilution,  i 

LiUratuTc.—F..  V.  23672  of  1802 ;  D.  R.  P.  I 
79241  ;  F.  P.  22Hf;:{5  ;  Ber.  1893,  2fl.  2233  ;  \ 
1895.  28.  22Si. 

Mikado  Yellow  (L.) ;  Milkado  Gold  Yellow  2  G.  ! 
4  G.  6  G,  8  G  fL.) :  Naphtbamine  Yellow  2  G.  3  ' 
O  (L.).  PrcpariMl  l.y  treating  the  pro<iuct8  of 
condensation  <>{  p-nitrotoluenesulphonir;  luid 
and  sodium  liydroxide  with  oxidising'  i^gt  ut^. 
Yellow  aqiio" 'US solution  pivesa  brnwnisli.ycllow 
precipitate  with  hydrot'hloric  arid,  and  yellow 
solution  or  precipitate  with  sodium  hydroxide. 
Solutioii  in  strong  mlphurlc  acid  ii  orange  to 
led,  becoming  yellow  on  dilution. 

JMcraturc.^Y..  P.  23672  of  1892  ;  D.  K.  P. 
42466:  V.  \\  i.'J<  8.35;  Her.  1S9.3,  26.  2284; 
1897,  30.  2618,  3097  ;  1898,  31.  '^M.  1078. 

Stilbene  Yellow  G,  4  G,  6  G.  8  Q  (CI.  Co.). 
The  conj^titution  of  the  last  brand  has  already 
been  given.  The  colouring  matters  are  alkaline 
condensation  products  of  dinitrodibeuzyldisul- 
phonio  acid,  and  dinitrostilbcnedisulphonic  acid. 
Solution  in  strong  sidphuric  acid  is  orange  to 
yellowish-red*  becoming  yellow  on  dilution. 

LUrrature.—V..  P.  .^a.,!.  21553.  21399,  of 
1897  i  3393  of  1898 ;  D.  li.  P.  113613,  113514  ; 
F.  P.  272384,  273018,  273037 ;  Ber.  1897,  30, 
3097  s  1898.  31,  107S. 

Diphenyleltronine  G  (G.).  Prepared  by  con- 
densing dinitrodlb«izyldiattlphonio  acid  with 
aniline  in  jm-  -'-nee  of  sodium  hydroxide  or  by 
condensing  similarly  dinitroetilbeiwdisulphoDio 
acid.  Tellow  aqaeow  etrintion  gi  ▼es  a  Iwwwuidi* 
yellow  precipitat«  with  hydrochloric  acid,  and 
an  orange-yellow  one  with  aodtum  hydroxide. 
Solution  in  strong  salphurio  acid  10  orange,  giving 
a  brownish -vellow  precipitate  on  dilution. 

LiltTnturc—'R.  P.  18990,  21399,  21553  of 
1897  ;  D.  R.  P.  101700.  113514 ;  F.  P.  269400, 1 
273018  ;  A.  P.  613911. 

Diphenyl  Fast  Yellow  Prepared  by 

condensing  dinitrodibenryldisulphonio  acid  or 
ilinitrostUoenedisulplionic  acid  with  primulinc 
or  dehydrothin.p-toluidinciiulphonic  acid  in 
prescnoe  of  sodium  hydroxide.  Yellow  aqueous 
siilulioo  giv 's  n  hrownish-orango  yellow  precipi- 
tate with  hydro*  Idoric  acid,  and  an  orange-  I 
wellow  ono  with  sodium  hyrlroxido.     Solution  I 

>.ronc:  sulphuric  acid  in  re<l,  giving  a  brownish-  | 
V  precipitate  on  dilution. 


Lilrrature.~E.  P.  18990,  21399,  21553  ol 
1897  ;  D.  R.  P.  100613.  113614;  F.  P.  20946U 

27301 S  ^ 
Mikado  Brown  B.  3  GO.  M  (L.).  i'repared 
by  the  action  of  alkalis  on  p-nitrotolaeneea]*| 
phonic  acid  in  presence  of  oxidjsablc  substances. 
Brown  aqueous  solution  gives  a  brown  pre-j 
cipitate  with  hydrochloric  acid-  Solution  in: 
strong  sulphuric  acid  h  violet-black,  giving  a 
brown  precipitate  on  dilution. 

Literature,— E.  P.  2664  of  1888;  D.  R  ?.• 
46262,  48628  ;  A.  P.  3951 15.  396627. 

Mikado  Orange  G  to  4  R  (L.) ;  Naphtbamine 
Orange  2  R  (K.) ;  Direct  Orange  G  (O.).  Pre. 
pared  by  the  same  reaction  as  the  precedinjr. 
and  by  the  action  of  alkaline  reducing  agents 
on  direct  yellow.  I )ran;.'e  yellow  aqueous  solu- 
tion f;ive8  a  dark-brown  precipitate  with  hydro 
chkmo  acid,  and  an  orange  one  with  sodium 
hyilroxidc.  Sn]uti"n  in  ■strong  sulphuric  acid 
is  violet  to  blue,  giving  a  brown  prec^itate  00 
dilution. 

Hlltado  Orange  3  RO  (L. )  has  the  constitut  ion : 

CH  CA(SO,H)-N :  li  q,H,(80,H)  CH 

II  II 
CH  C,H,(Sn  IT  X:N-C,H,(SO,H)  CH. 

Brands  4  RO  and  5  RO  are  redder  shades. 

Likraiure.—K.  V.  2664  of  ;  D.  R.  P 

46252,  4sr)2S.  46<t29 ;    F.  P.   1S!»()97  ;    A.  V. 

3951 15»  396627;  Ber.  1883,  26i  2233 ;  1886^28, 

22  s  1 . 

Polychromlne  R  (G.) ;  Fast  Oottoil  BiowB  R 

(G.);  Direct  Brown  R  (G.).  Prepared  by 
boiling  equal  molecules  of  p-nitrotoluonesul- 
phonic  acid  and  p-phenylenediamioe  with 
sodium  hydroxide.  Orange  -  brown  aque^^ti^ 
solution  gives  a  blue-black  precipitate  witb 
hydrochloric  arid.  Solution  in  strong  sulphuric 
acid  is  reddish- violet,  giving  »  bhiiab-  black 
precipitate  on  dilution. 

Literature— K.  P.  15671  of  ISOO;  D.  R.  P. 
69290  ;  F.  P.  20S626  ;  A.  P.  465952. 

Diphenyl  Orange  RR  (G.) ;  Azidine  Orange  D 

2  R  (C  .1.).  Prep.ire<l  by  condensinL:  2  mo\s,  of 
p-nitrotolueQcsulpbouic  acid  with  2  mols.  of 
p-phenylenedianune  in  preeenoe  of  conceti^ted 
a(}ueou.s  sodium  hydroxide.  Orange  yellow 
a(|^ueous  solution  gives  a  bluish- black  precipitate 
with  hydrochloric  acid,  axul  an  orange  one  with 
sodium  hydroxide.  Solution  in  strr)ng  sulphuric 
acid  is  red,  giving  a  bluish>black  precipitate  on 
dihition. 

Lkeratvrc.—F..  P.  6651  of  1899;  D.  R.  P. 
appL  G  13069 ;  F.  P.  286620 ;  A.  P.  636066. 
ChieigO  Onnn  RR  (G.).    Prepared  by  con* 

dcnsing  p  nitrotoluenesulphonic  acid  with  benzi- 
dine in  presence  of  sodium  hydroxide.  Orange- 
yeOow  aqueous  solution  gives  a  blown  precipi- 
tafc  with  hydrochloric  acid,  and  an  orange- bro\*  n 
one  with  sodium  hydroxide.  Solution  in  strong 
sulphuric  acid  is  violet,  giving  a  brown  pre- 
cipitate on  dilution. 

Literttture.—E.  P.  788  of  1893 ;  D.  R.  P. 
76326;  F.  P.  227271. 

Amfca  Yellow  (C).  Prepared  by  conden-irz 
p-nif  rntohienesulphonie  acid  with  }>-aniino- 
nhenol  in  presence  of  boiling  aqueOQS  sodium 
nydroxido.  MrownLsli-yellow  aqucou«?  solution 
gives  a  brownish- black  precipitate  with  hjilro- 
chloric  acid.  Solution  in  strong  sulphuric  scid 
is  violet,  giving  a  dark-brown  procipi|ate  on 
dilution.  ^  j  .^.^  i.yXjOOgle 


AZO-  COLOURINP.  MATTERS. 


393 


lih  ratvrc.'-F.  V 
_  Dlphenyl  Chrysoine  G  (G.).  Prepared  by 
ethylating  tho  prer  oding.  Golden-yeljow  aque- 
ous solulidii  fjives  a  blackbh  brown  precipitate 
with  hydrochloric  acid,  and  an  orango  uiic  with 
sodium  li\(iri)xide.  Solution  in  strong  sulphuric 
acid  is  violet  -  red,  giving  a  blaokub''brown 
precipitate  on  dilution. 

Literature  — E.  P.  final  of  189!);  D.  R.  P. 
(app].  G.)  130G9  ;  ¥.  V.  28fiG20  ;  A.  P.  6360(>5. 

Dipheny!  Chrysoine  RH  (ti.).  I'rtj pared  by 
diazotising  the  condensation  product  of  diui- 
trodil>onzyMiKuIphonic  arid  (uid  niiUine  in 
aUcalino  solution,  combining  the  diazo-  com- 
pound with  phenol  and  ethylating  the  pcodnct. 
Kcdtlish  -  oran£;e  aqueous  solution  gives  a 
bLackiijb- brown  precipitate  Mith  hydrochloric 
tcid,  and  a  reddish  -  brown  one  with  aodinm 
hydroxide.  Sohition  in  stron?  sulphnric  arid 
is  pure  blue,  giving  a  brovi  nish-black  precipitate 
on  dilution. 

Literature.— E.  P.  6651  of  1899 ;  D.  R.  P. 
117729  ;  F.  P.  286620  ;  A.  P.  644462. 

Diphenyl  Fast  Brown  6  (G.).  Prepared  as 
tho  preceding,  but  the  diazo-  compound  is  com- 
bined with  7-pheny]amine-a-naphthol-3-8ul- 
phonic  acid.  Tho  dark  yellowish-brown  aquc- 
ooa  solution  gives  a  blackish-brown  precipitate 
with  hydrochloric  acid,  and  a  dark-orown  one 
witli  f<odiura  hydroxiclo.  Solution  in  strong 
sulphuric  acid  is  dark  blue,  giving  a  blackish - 
brown  precipitate  On  dilution. 

I'(  fi.'i  '■;]'  <  -  .:i  n  ii'ii  :-\  <-. 

Diphenyl  Catechine  G  {Q.).  Prepared  as 
above,  but  the  diazo>  compotind  is  combined 

uith  7  -  flitnctliyluiuino  -  a  -  naphthol-3-.sulphoiuc 
acid.  Yellowish- brown  aqueoua  solution  given 
a  dark-brown  precipitate  with  hydzochloric  aoid, 
;in(l  a  brown  one  with  sodium  hydroxide. 
:Solation  in  strong  sulphuric  acid  is  blackish 
viokt-blne,  giving  a  b]aekiih*bn»wn  precipitate 
on  dilution. 

Keierences  as  above. 

CofOqiliailM  (d  Co.).    Prepared  by  con- 

d<  n?in<|  p-nitrotoluenesulphonic  arid  with  di - 
hydrotnio-p-toluidinesulphonic  acid  in  presence 
of  very  dihite  aqueous  sodium  hjp^iroxide. 
Yellow  aqueous  solution  givo.?  a  brown  prrcipi- 
tite  with  hydrochloric  acid.  The  solution  in 
strong  sulphuric  acid  is  red,  giving  a  twowiuBh- 
Tdlow  precipitate  on  dilution. 

Literature.— K.  P.  12922  of  1896 ;  D.  R.  P. 
00676  $  F.  P.  S64766. 

Chlorophenfne  Orange  RR  and  RO  (CL  Co.) 
are  reduction  products  of  the  preceding. 

IV.  TbUASO-  COLOUXtIKO  Hatosbs.* 

These  colotu^,  as  tiwir  name  impliea!,  ccmtain 
three  azo-  groups, 
lanos  Brown  B(M.): 

Prepared  by  combining  diazotised  m-amiuo- 
phenyltrimethylammonium  chloride  with  a- 
naphthylamino.  diazotising  the  product  and 
combining  with  clu-ysuidine.  Aqueous  solution 
is  brown,  giving  a  soluble  brown  precipitate  with 
hydrochloric  ncid  or  sodium  liydroxidc.  Solu- 
tion in  strong  sulphuric  acid  dark  green,  bo- 
coming  brown  on  dilution. 

J»(erafKf«.— S.  P.  9m  of  1896;  D.  R.  P. 
0S630. 

I  Chrome  patent  seven  A  (K.)t  wtdoh  bdoncs  to 
tUs  Mri«s,  to  no  longer  In  commeroe. 


\  Janus  Brown  R  (M.)  is  prepared  from  diazo. 
tis>ed  ;)-aniinobonzyldiethylamine  and  a-naph- 
thylamine,  tho  pimlnet  neing  dtaeotised  and 

combined  with  chrysoidine,  rcsorcinnl.  or 
phenylenodiamine.    Reactions  are  similar  to 
those  given  by  tho  preceding  colour. 

Literature.— E.  r.  1997G  of  1890;  D,  B.  P, 
99127  ;  F.  P.  256166 ;  A.  P.  610346. 

Melogent  Blue  BH  (K.  S.) ;  Dbunloe  Bete 

Blaek(a): 

Tetrazotised  benzidine  is  combined  with  1  mol* 
of  p-xy!idine,  tho  product  diazotised  and  com- 
bined with  2  muls.  of  8-amino-a-naphthol*3  :  6- 
disolphonic  acid  (H-acid).  The  violefe-bhie 
aqTicou«»  solution  p^'ivm  a  violet  precipitate  with 
hythoclilorio  acid,  and  becomes  violet  with 
sodium  hydroxide.  The  solution  in  strong 
sulphuric  iicid  is  blue,  giving  a  Unish-vlolet 
precipitate  on  dilution. 

Literature.— E.  P.  28B10  of  1886$  P.  P. 
2G210«>  ;  A.  P.  nniOlG. 

Direct  Black  V  and  RR  (P.)  are  aualoguus 
colours  derived  from  benzidiM^  S-amino-a- 
naphtholsulphonio  acid,  a  primary  amine,  and  a 
m -diamine. 

Bono  Gray  (By.): 

^CoH.-N.-C.oHaSOgH)  OH 
C,  jH,-N,-C,Hj(CO,H)«OH. 
The  colouring  nuitter  from  tetrazotised  benzidine 
and  1  mol.  each  of  salicylic  acid  and  a-naphthyl- 
amine  is  diazotised  and  combinoil  with  a-naph- 
thol-4-sulphonic  acid.  Thu  Bordeaux- brown 
aqueous  solution  gives  a  black  precipitate  with 
hydrochloric  acid.  The  solution  in  strong  sul- 
phuric acid  is  blue,  giving  a  black  precipitate  on 
dilution. 

Literature.— E.  P.  13236  of  1890;  D.  R.  P. 
57331  ;  F.  P.  187365. 
Bcozo  OUve  (By.)  : 

N  ^'.oH,-N3-C„H3(803H|,(OH)-NH, 
'\C,jH,N,C,H,(CO,H)OH. 
Prepared  as  the  preceding,  except  that  8  amino- 
a-naphthol-3 : 6-aisulphonic  acid  (H-acid)  is 
used  as  the  end  component.  Tho  dark  moss- 
green  aqueous  solution  gives  a  blackish-grey 
precipitate  with  hydrf  ehlorio  acid,  and  becomes 
dark  brown  with  sodium  hydroxide.  Solution 
in  strong  sulphuric  acid  is  violet,  giving  a 
greenish-black  precipitate  on  dilution. 

LtteroAtre.— £.  P.  3439  of  1891 ;  D.  R.  P. 
66480;  P.P.  187866. 

Congo  Fftst  Blue  R  (A.) . 

«^C,„H,-N,C.oH,(SO,H),OH 
*^C,4H„N,C,oH4(SO,H),OH. 
Tolidine  is  tetrasotiied  and  combined  with 
1  mol.  of  a-naphthylamino,  the  product  diazo- 
tised  and  combined  with  2  moi^i.  of  a-naphthol- 
3 :  8-disulphonio  add  (c-acid).  The  bine  aqne* 
ous  solution  is  precipitated  with  acids  or  alkiili^. 
The  solution  in  strong  sulphuric  acid  is  blue« 
giving  a  blue  precipitate  on  dihttkm. 

Litcraiun.-^K  P.  6032  <d  1890 ;  D.  R.  P. 
00921. 

Benio  Btuk  Blu  R  (By.) : 

^,oH,-N.C,„H5(SO,H)-OH 

Tolidine  is  tetrazotised  and  combined  with 
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1  mol,  of  a-nAphthylamino  nml  tho  intonnodiate 
product  diaz()t»e<l  and  combined  with  2  inols. 
of  a-naphthoI-4-8uIphonk;  acid.  Bluish-violet 
aqueous  (wilutiun  gives  a  violet  prwipitatc  with 
hydrochlorio  acid.  Solution  iu  »troug  sulphuric 
arid  in  bloe,  giving  a  bluish-violet  precipitate  on 
dilution. 

LitertUure—K.  P.  16484  of  1887;   F.  P. 

1873(1."  :   ,\,  r\  I  liH'.HO. 

Benzo  Indigo  Blue  (HyJ : 

^'C,oH,-N,-C,,H,(80,IiHOH)3 
•^C„H„-N,C,oH  .(SO,H)(OH),. 
The  same  interniediAt«  tctrazo-  compound  as 
above  i«ooiubinedwitli  2  molt,  of  l:8-duiydronr- 
naphtlwl«iie-4-BQlphoiuc  aoid  (B>acid).  The 
violet  a(jnt'i>u8  8olution  gives  ;i  Ijluinli- violet  pre- 
otpitate  with  h^roolilorio  acid,  and  becomes 
reddinh'Violet  with  aodiiitn  hydroxide.  Scdstion 
in  strong  Hulphuric  add  is  LTtenish  bloe,  giving 
a  violet- blue  precipitate  on  dilution. 

LOertUure.—E.  P.  3397  of  1890;  D.  R.  P. 
67912:  r  IV  'V)(i--n    A.  P.  501118. 

Congo  Fast  Blue  B  (A.): 
«  ^,oii.  X,  C,oH«(SO,H),-OH 
*^C,.H„0,N,CaH,(SO,H),OH. 
Dmnifidino  is  tftra7oti<ecl  and  combine*'  -^^ith 
1  mol.  of  a-naphthvtamine  and  tho  intermediate 
product  diazottsed  and  combined  with  8  raok. 
of   a-nt\phthol-3  :  8  flisnlpliunio   arid  (♦-acid). 
Blue  aqueouH  solution  gives  a  blue  precipitate 
with  acids  or  alludia.   Solution  in  strong  eal- 
]>)nii-i('  acid  i^;  cornflower  blue,  giving  a  bine 
jnecipitHte  oil  dilution. 

Literature.— E.  P.  <1932  of  1890;  D.  R.  P.57444. 

Columbia  Black  FB  ^ir  I  FF  extra  (A.): 
AxldliM  Black  FF  (C.  J.) ;  Titan  Blacks  (H.) : 
«  ^C,H,-N,  C,„Il,(SOaH)-NH, 
*^C',„H,(SO,H)(C)H).N,-0,H,(NH,),. 

/)-Atninoaitfani!i  !(  i  dia/.utlHed  and  combined 
with  7-amino-a  najihthol-3-sulphonic  acid  (7- 
acid),  the  product  sAponifiod  witn  aodium  hydro* 
xide.  the  rp"^tdtiii'_'  diariunn  rnmpmind  tetrazo- 
tiscd  and  combined  tirst  with  1  mul.  of  a-naph- 
thylamine-0-  (or  7)-8ulphonic  acid  (Cleve's  acids) 
and  then  « itli  1  mol.  of  m-phenylenediamiae. 
The  aqueous  solution  is  violet-black,  and  is 
precipitated  by  acids  or  alkalis.  Solution  in 
strong  sulphuric  acid  ia  bloe,  gtviag  apiecipitatc 
on  dilution. 

Literature.— E.  P.  12804.  of  1900;D.  R.  P. 
l.-^H'^r,   irnnsT  :  A.  1'.  <i7'»221. 

Direct  Black  BMP  (P.)  has  the  same  or  a  very 
similar  ooostittttion,  and  dycstulfs  bclon^inj:!  to 
thf  HHine  ehss  arc  Carbon  Blacks  AW,  CW. 
CDW,  Naphthamine  Direct  Blacks  Ff ,  B,  FG 
and  CS  ( K  )  a  nd  Dlanol  Bbwks  FF  and  FB  (Lev.). 

Titan  Black  J  fH  ): 
^-1,114  ^^  t  ,„H^(SO,H)•NH, 

"*^C,oH4(80,H)(()H)N,(',H,(NH,).. 

|»>Aminoacet«nilide  is  diazotiscd  an<l  comhint  d  | 
with  <J-amino-a-naphthol-:{-sulphonie  acid  (pl- 
acid),  the  prtKluct  jiaixjnitied,  t<'trarotis«tl,  and 
combined  with  1  mol.  c>ach  of  a  naphthylamine- 
G  (or  7)-Mulphoiiic  aoid  (Cleve'a  aeide)  and  m- 
phe  riy  lened  ia  m  i  ne. 

Oiqrdiamlne  Black  N  (C.) : 
W^'.H.  N  '  ,  n  '<0,H)(OH)  NH, 

Ptepared  like  Columbia  black  FB,  except  that 


7-aminn  a  naphthol-3-suli)h>.nie  acid  (7-acid)  ia 
used  uu^teml  of  (jlevo'a  acid.  Bl iic-black  aqueoua 
.solution  gives  a  Maok-violct  precipitate  with 
hydrochloric  aci<l,  and  a  nHl-violet  «»no  with 
s<Hlium  hy<lroxide.  Solution  iu  strung  sulphuric 
aciil  i.s  };reonish-bluo,  giving  a  vtolet-mack  pre- 
cipitate on  dilution. 

Literature^-^A.  P.  526763. 
iNdlphenyi  Black  (G.): 

*^\„H,(.su,H)(()H,-X,-0,H,(NH,),. 

Prepared  as  Columbia  black  FB,  except  that 
resoroinol  ia  used  instead  of  Clevc  s  acid-  V  iole-i- 
black  aquwius  '^"lutii  n  gives  a  lilaek  ]>reei|»!tat« 
with  acidd  ur  aiiiaiLs.  {Solution  in  slnntK  aul> 
phuric  acid  is  blackish'hlue,  giving  a  olaek 
procipitatii  on  dilution. 

Liieraturf.—E.  P.  20278  of  1897;    F.  P. 
270161 :  A.  1'.  6I.')4»7. 
Direct  Black  V  (K.  8.): 

J.  ^;,oH,(SO,H),(OH)  N,  C.eH.  NH, 

•^•,,H,  N,  C,oH,(S03H)(OH)  NH,. 

7-Araino-a-naphthol-3  :  6-dij'ulphonic  acid  (2  R- 
aeid)  (Jiazotisi'd  an<l  (•i)mbinc<l  with  1  nud.  t>f 
o-naphthylamine  in  acid  solution.  Tho  mono- 
Lizo-  <lyt-.stu(l  is  then  dissolved  by  adding  sodium 
hydroxide  and  tetrnzntivsl  benzidine  added,  the 
cuiubination  Ijeiag  etiecttti  in  pre»euce  of  siMlium 
carlK>nate.  To  this  intermediate  prothi^  t  is  thon 
added  1  mol.  of  T-aininn-a-naphthol-S-Nulphoiuc 
acid  (7-acid).  Violet- black  aqueous  soluti<m 
gives  a  blue<blaek  fwocipitatu  with  hydrocliKtric 
acitl,  and  liccomos  ret h I ish- violet  with  wkUuih 
livdi-oxidc.  SolutitJU  in  strong  sulphuric  acid  is 
blue,  giving  a  bluo>bIack  precipitate  on  dilution. 

Literal nrr.^E.  P.  l.'52f)4  ..f  \m) ;  D.  R.  P. 
109101  ;  F.  P.  256950;  A.  P.  <jOi033, 

IHitel  iBdoiit  Blii  R  (K.  &): 

^",„H,(SO,H),(()H)N,(\,H.-NH, 
*^\,H,-N,-C,„H3(S(  ),H),(nH\H. 
Prepare<l  as  the  prectiduig,  exix-pt  \  tml  f»-amino- 
a-naphthol-3 :  U-disulphonio  acid  (H-aoid)  ia 
U8C<1  as  the  end-com{vinent.  Blue-black  aque- 
ous  solution  gives  a  <lark-bluo  precipitate  \%ith 
hydrochloric  acid,  and  beiomea  violet  with 
sodium  hydroxide.  Solution  in  strong  sidphuric 
acid  is  blue,  giving  a  dBirk-bluc  precipitate  on 
dilution. 

References  as  above. 
Diamine  Bronxe  G  (C): 
N  ^,.H,(80,H),(0H)  N.-C,H,(NH,), 
«--('.,H,N,<\H,(CO,H)OH. 
'I'lu-  dy<'>tulT  from  tetraiot iscd  benzidine  and 
I  mvL  each  of  salicylic  actd  mid  8-amiuo-a- 
naphthol  3  :  (i  disidphonic  acid  (H-acid)  is  diaao> 
tisetl  and  combined  with  1  mol.  of  fn-phenylent>- 
diamine.    The  chocolate- bconn  aqu(*ous  solu- 
tion gives  a  piu-ple-brownpreoipitate  with  hythro- 
I  c  hloric  acid,  and  beormies  yellmvrr  "w-ith  s.idiiini 
hydroxide.    Solution  in  strong  sulphuric  acid 
is  bluiah'Violet,  giving  a  blaek  precipitate  oq 
dilution. 

Literature.— K.  i*.  «i;i72  of  1891  ;  D.  R  P. 
75762  ;  F.  P,  201770. 

Trisulphone  Browns  B.  G  and  2  G  (K.  S.). 

These  are  constitutc<l  siuiilarly  to  the  preceding, 
except  that  a  non -specified  diamine  ii  used  and 
7-amiuo-a-naphthol-3  :  0-di»ul}»honie  aci<l  (2  R- 
acid)  is  employctl  instead  ol   U-aci4>  (Thij,^ 
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fliatniuf's  luseil  nrc  pro1)al)ly  bonzidinc,  tolidino, 
anil  diuiiisiiliue.)  Mark  B  i^ivcd  a  bruwn  solu- 
tion in  water,  which  yields  a  blackish-bvown 
prrcipitntxj  with  liydrni  hltiric  acid,  and  bwouios 
ml  wjth  Botiium  hvdroxido.  Tho  itulution  in 
stcons  salpliiirio  acnd  is  blui«h- violet,  giving  a 
dark-brown  precipitate  on  dihitiun. 

Literature,  ~E.  P.  r>74«)  of  mn ;  D.  K.  P. 
114638  ;  F.  P.  275733  ;  A.  P.  608084. 

Chlonzol  Deep  Brown  B  (H.) : 

Benzidine  is  telmotised  rad  eonbined  with 

1  mol.  each  of  salioylio  acid  and  7-amino  a  na})h- 
thol-3 :  d-disulphcmio  «cid  (2  R^id),  the  pro- 
duct being  diuotfaed  and  oomUned  witb  m* 

tolylenediaiiiiiv . 

Columbia  Black  R  (A.): 

jT  ^„H,(S0,H),(OH)  N,-C^,(NH,), 

Tolidinc  is  t«^trazotised  and  condiinoil  with  1  inol. 
each  of  7-amino-«-naphthol-3 : 6-di8ulphoaio 
acid  (2  R'Acid)  and  m-tolylonediamine,  and  tbo 
jiriMluct  i.s  diii/.utistHl  aixd  combined  with  ?«• 
tolyleuediamine.  Bruwii-black  amieoiu  solu- 
tion gives  a  Uaok  precipitate  with  nydxoeUoric 
acid,  and  bccomeM  f  rm  ii  with  sotlium  hy- 
droxide;. Solution  in  flruag  eiuljphurio  acid  ia  pure 
blue,  giving  a  violet-Uack  precipitate  On  dilutbn. 

LOeralare^E.  14886  of  1889;  D.  B.  P. 
108215. 

Columbim  Blaek  B  (A.) ;  TMu  Black  M  (H.). 

Prepared  as  the  precedinp,  except  timt  diani- 
&idino  is  used  insteatl  of  ht  nzidine.  Tho  violet- 
Maok  aqueous  solution  ^\\ch  n  dark  llocculent 
pn-cipitate  with  h yilrochlKric  rii  id.  and  becotiu  s 
rc-ddish- violet  with  yodiuui  hydro Jinle.  Solution 
in  strong  sulphuric  acid  is  blue-blaok,  giving  a 
violet-black  precipitatf  on  dilution. 

Literature.  ^K.  P.  Usyf)  of  1893 ;  D.  K.  P. 
111744. 

Columbia  Blacks  2  BX  and  2  BW  (A.)  belong 

to  the  Hanie  clast». 

BamoBlaekBliM  a(By.) : 

jf  ^C,oH,-N,  (\„H,(SO,H)  OH 
»^^,H,(SO,H),N,-C,oH,(SO,H)OH. 
Benzidinedisulphonic  acid  is  tetrazotised  and 
combined  with  1  mol.  of  a-naphthylaraino,  the 
product  diazoti.^Ml  and  combino<l  with  2  mols. 
of  a-naphthul-4-tiulphonic  acid.  The  blue-black 
aquetnj.M  i^olution  gives  a  black-blue  precipitate 
vith  hydrochloric  acid,  and  becomes  blue  with 
sodium  hydroxide.  The  solution  in  strong 
ralphuric  acid  is  Uackuh-gteen,  giving  n  blackish- 
blue  precipitate  on  dilution. 

Literature.— E.  P.  Ift484  of  1887. 

Ben  ZD  Black  Blue  6  G  (By.).  As  the  pro- 
ceding,  except  that  1 :  S-dihydroxynaphthalene- 
4-8ulpnonic  acid  is  used  instead  of  a-naphthol- 
4-!>ulphonic  acid.  The  blackish-blue  aqueous 
solution  gives  a  dark  greenish-blue  precipitate 
with  hydrochloric  acid.  The  solution  in  strong 
sulphuric  acid  is  black-green,  giving  a  dark 
greenish-blue  precipitate  on  dilution. 

Colombia  Ontn  (A. ) ;  Direct  Green  CO  (L. ) : 
N«-C|«H,*N»<3«Hg(C0tH)0H 

(l,oH,(S03H)(OH)-NH, 


Benzidine  is  tetrazotised  ami  combined  with 

1  mol.  of  salicylio  acid,  and  the  iutermcdiate 
product  18  oommned  in  allEaUne  solntkm  with 
th»*  ]iriHliii  i  (if  till-  nrl  ion  of  iliazotineil  sul- 
phanilic  acid  on  8-amiuu-a-uaphthol-5-sulphonie 
acid  (fiHAoid)  in  aoid  solution.  The  green 
aqueous  solution  gives  a  green  precipitate  with 
hydrochloric  acid,  and  becomes  greenish- black 
with  sodium  hjdrozidB.  The  solntioa  in  strong 
sulphuric  acid  is  bIae>violet,  giving  a  gieen  pro- 
cipitatu  on  dilution. 

Diamine  Green  B  (C);  DIanol  Green  B 

iLov.);  Renol  Green  B  (T.  M.);  DilWt  OlMIl 
\H  (P.) ;  Azidine  Green  2  B  (C.  J.) : 
N,-C„Hg-N,-C,H4-0H 

t!„H,lSO,H),COH)-NH, 

Prepared  in  a  similar  tnannrr  as  the  preceding, 
Tetrazotised  benzidine  is  combined  with  I  mol. 
of  phenol  and  the  product  is  combined  with  the 
azo-  colour  from  diazoti,"ie<l  p-nitroaniline  and 
8-amino-a-uaphthol-3  :  6-disulphoniu  ncid  (H- 
acid).  DuU-green  aqueous  solution  gives  a 
hhiish-hlark  ])rrripitatc  with  hydrocliloric  at-id, 
and  becomes  yellower  with  sodium  hy<lroxide. 
Solution  in  strong  sulphuric  acid  is  violet,  giving 
a  black  precipitate  on  dihition. 

LiUrature.—K.  P.  15725  of  1891  ;  1).  R.  P. 
663S1  ;  F.  P.  201770;  A.  V.  ■  i  ;5!H». 

Diamine  Green  G  (C);  Chlorazol  Green  G 
(H.);  Dlanol  Green  G  (Iav.);  Azidine  Green 

2  G  (C.  J.). — Prepared  as  the  prt'c<  din>,%  except 
that  salicylic  acid  is  used  in>itfad  of  phenol. 

Reactions  and  lil^ruturi'  as  above. 

Dlphenyl  Green  G  (G.).  Preparwl  like 
diamine  green  B  (above),  except  that  o-chloro- 
p-nitroamline  is  used  instead  of  jp-nitroaniline. 
Tho  reactions  are  also  similar  to  those  given  by 
this  colour. 

Literature.— A.  P.  710693. 

Dlphenyl  Green  3  G  (G.).  Prenared  like 
diamine  green  G,  o-chloro-jj-nitroanuine  bemg 
used  instead  of  ji-nitroaniUne.  The  green 
aqueous  solution  gives  a  green  precipitate  with 
hydrochloric  acicC  and  oecomes  didler  with 
sodium  hydroxide.  Solution  in  strong  sulphurio 
acid  is  rc'ddish-violet,  giving  a  green  pcecipitato 
on  dilution. 

Reference  as  the  preeedinff. 

Chloramine  Green  B  (K.  S.).  Benzidine  is 
tetrasotiaed  and  combined  with  1  mol.  of  either 
phenol  or  salicylic  acid,  and  the  product  com* 
bined  in  alkaline  solution  wlih  the  azo-  colour 
from  diatotised  diohloroaoiline  and  8-amino-a« 
naphthol.3 ;  6«djmlphonio  acid  (H-acid)  (com- 
bined in  Hcid  ."olution).  The  gncn  atjut-ous 
solution  gives  a  violet- black  precipitate  with 
hydroohlorio  acid,  and  beoomee  Diaok-groen 
with  sodium  hydroxide.  Solution  in  strong 
sulphuric  acid  is  violet,  giving  a  violet- black 
precipitate  on  dilution. 

LiUraturc.-Vl  P.  8503  of  1899;  D.  R.  P. 
112820 ;  F.  P.  287971  ;  A.  P.  627679. 

Chlonmiiw  Blna  HW  (K.  S.) : 

C„H,Na'CiA(80,H)(0H)NH, 

('7,„H,(S0,H),(0H)NH, 

Ng-C,H,a,.  .  J  .....y  Google 
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Prepared  as  the  preoeding,  ezcopt  that  8-amino- 
«-naphthol>S-Balphonio  aoid  (S>Bcid)  ia  luod 

in9tr:i.(l  fif  vlii  i.iil     -aliovlio  acicL 
Chloramine  Blue  3  G  (K.  S.): 

N,C„H,N,C,oH,(S03U),(OH)NH, 
I  ;,,Ht(SOsH).(OH)  NUt 

Tetrasoiised  benudino  is  combined  with  I  mol. 
of  8-amino  o-naphthnl-3  :  O-disiil phonic  acid  (H- 
acid)  aud  theu  with  1  moL  of  U-acid  to  which 
has  beoa  added  1  niol.  of  diaiotued  diohloio- 
aniline  in  acid  sohition. 

llcfercncen  for  the  la«t  two  ooloors  a«  for 
chloraniiiie  pjcfMi  B. 

Diamine  Black  HW  (C.) ;  Ingrain  BUusk  G 
(H.)i  Naphthamine  Blaek  H  (K.): 

N,C,,H,N;-C,oH«(S03H)(OH)NH, 


;j,H,(SO,H),(OH)JJH, 

i,rjT,NO,. 

Prppareil  like  diamine  grocn  B  (above),  except 
that  7-amiuo-a-naphth9l-3-8u]phonic  acid  (7- 
aeid)  ia  uaed  inslead  of  phenol.  Blackish-blue 
nqtifotis  solution  gives  a  blue  precipitati>  \\i\h 
hydrochlorio  acid.  Solution  in  strong  giilpliuric 
aoid  is  blue,  i^iving  a  blue  precipitate  on  dilutirin. 

Littratuf  .    E.  V.  of  1801  :  B.  R.  P. 

66351,  70399  ;  F.  V.  201770  ;  A.  P.  514599. 

DiMiD  Blaek  R(M.): 

N,-C„H.N,<3,H,(NH.). 

([\oH,(S(),H),(OH), 

Tctrazotised  ijcnzidino  ia  combined  with  1  mol. 
of  m-phenylonediaaune  and  then  with  1  mol.  of 
1:8-  dihydroJH'naphthalonc-S  :  0  -  disiilphonic 
aoid  (chromotropo  acid),  to  which  lias  lieeo  added 
1  tnol.  of  d^xotited  naphthionic  aoid.  The 
rcildish-violct  aquf^mis  solution  gives  a  precipi- 
tate with  hydrochloric  acid,  s\n<\  betunies  blue 
Mith  sodium  hydroxide.  Solution  ia  strong 
fiulohuric  iicid  is  dark  blue,  giving  a  xeddiah- 
violK  pi>oi])itate  ou  dilution. 
L  !     '         U.  R.  r.  89285. 

Congo  Brown  G  (A.);  Mapbtliamlne  Brown 

4G(K.): 

N,C,,H,N,CH,(CO,H)OH 


i 


3.H,(0H). 

Tho  dyestufi  from  tel  razotised  1i<'nzidin(\ 
aalioylio  acid  aud  re«orciuol  ia  treated  uith 
diaxotiaed  vdphanilio  acid  or  the  intennediate 
jtrtnluct  from  t<'tra/ot  i>r<l  Ix  ir/idine  and  1  mol. 
of  aalioylio  acid  is  combined  with  1  moL  of 
reaofoinol  to  whioh  1  moL  of  diazotised  solphaa- 
ilic  acid  lias  been  added.  Tho  rrd  aqiieous 
Bolutioa  gives  a  brown  precipitate  \\ith  hydro- 
ehloric  aoid.  Solution  in  strons;  sulphnrio  aoid 
\?,  rt  dtli-^h- violet,  giving  a  reddish- Drown  pre- 
cipitato  on  dilution. 

£f'feraf«r«.>-E.  P.  10668  of  1888 1  R.  P. 
4632^'.  t'  -  M  ;  f    !'  'a":331;  A.  P.  399581. 

Congo  Brown  R  (A.) : 


Ni-CuH.Nj-C^HjCCO^jOH 
<!l.H.(OH)t 

Prepared  as  the  preeeding,  except  tbat  a>iiaph> 

thylamine-5-sulpbonic  acid  (Laurent's  acid)  L<t 
used  instead  of  sulphanUic  acid.    Reactiun.H  and 
refcn-nces  as  the  precedjng« 
Azo  Corinth  (O.): 

NiC,4H„N,-C»H,(SO,H)(OH)NH, 


Tetrazotiaed  tolidino  is  combined  with  1  m<>L 
of  3'aminophenol-6-8iiiphonio  aoid  (acid  111.} 
and  1  moL  or  nsioreinol,  and  the  oolonrinf  matter 

80  oljtained  i:j  trfated  with  1  mnl.  of  dinzuti^^-'l 
naphthionic  acid.  Reddiah*brown  ai^ueouB  aolu  • 
tion  gives  a  reddiah.farown  precipitate  with 
hydri.)<  ld(»ric  acid,  and  is  turned  blui-jh-nM^l  with 
sodium  hydroxide.  Solution  in  strong  suluhurio 
aeid  ia  blniah-violet,  giving  a  reddtidi'Dtown 
precipitate  ou  dilution. 

Literature.--^.  P.  13402  of  lii93 ;  D.  R.  P. 
71182;  A.  P.  516381. 

V.  TeTRAKISAZO-  COLUUHING  MATTBaS. 

These  contain  four  azo-  groups. 
Bton Brown  G  (By.): 

^N,C,H,(NH,),N3C,H,S0,H 

•  *^N' , •< \ H,( NH , K  N ,  f \ H , -^OiH. 

Premred  by  the  action  of  dia£otii«c<d  sui(>Uanilic 
acid  (2  mole.)  on  Bismarck  brou-n  (1  moL). 
Reddish-browi  aqueous  snl  iii-n  oives  a  bronu 
precipitate  \v\\h  acids  aad  alkalis.  Solution  iu 
strong  sulphuric  acid  is  violet^browtt,  giving  a 
brown  precipitate  on  dilution. 

Litrmtnrf.~¥..  P.  16493  of  1887 ;  D.  R.  P. 
1(5HU  I      \   F.  384315. 

Benao  Brown  B  (B>  .) : 

^  „  ^N.  t'JLi  NH,),  N  ,  U,oH,  i>U,H 

•  *"^N,  (J.liji Ml , N ,  C,oH,  SO,H. 

I'ruparod  as  the  preceding,  except  that  iiapk> 
thionic  acid  is  used  instead  of  sulphanilio  acid. 
Reactions  and  references  as  above, 
Toluylene  Brown  R  (0.)  (Bv.);  Aridtnt 
Bio«nT2R(('- 

waO  -GM  ^^•«  <'«H,(XH,),-N,  C,on.  SO,H 

Prepared  by  treating  the  colour  from  t«<tnso- 

tised  2  :  r)-tuI>Iene<lianiine-}-suIiihoiiie  n(  id  and 
2  mola.  of  m-phenyknediamino  with  2  mola.  oi 
diaaotised  naphthionio  aoid.  Brown  aqneons 
solution  gives  a  brouTi  ])recipi(ate  with  liydto- 
ohlorio  acid.  Solution  in  strong  sulphuric  acid 
is  dttU  ndduh'Violet. 

Litemlure.—E,  P.  11000  of  18S9;  D.  R.  P. 
58657  ;  A.  P.  465116. 

HfloiiD  Brown  BB  (L.) : 

^N,-C,H^OH),N,'C,H.SO.H 
^»»"»^N,CJI,(OH),-N,C,H,SO,H. 

Prepared  by  tlie  actiun  of  letrazotised  benzidine 
on  2  mols.  of  the  monoa/.u-  <lyeHtuff  from  diazu- 
tised  sulphanilio  acid  and  remorcinoL  Aqueooj 
solution  is  brown,  giving  u  l>rown  precipitate 
with  hydroohlorio  acid,  aud  booomiug  /ed 
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•odium  hydroxide.  SolatioQ  in  ttrong  sulphiirio 
ac  id  is  violet-bkek,  giving  *  brown  praoipitete 
ou  ddutioa. 

fltalllll  Brown  MM  (L.).  Prepared  as  the 
preceding,  toUdme  being  need  insteMl  ol  bean- 
iline. 

Reactions  as  above. 

Mdwng  Yellow  G  (D.  H  ): 

L,H«NjC,H,(CO,H)OH. 

T»  tra/.(»t  i  '■'!  Iionzidine  (2  mols.)  is  combiiu  il 
Vi  kili  iialu  \  Ik:  acid  (2  mols.)  aad  the  iutcrmediate 
product  is  combined  with  aihydrozydi|ihenyI me- 
thane (1  tnul.).  Yellowish-broMTi  aqupons  mjIu- 
tion  givco  a  lirouii  precipitate  with  Uydrocliloric 
acid,  and  becomes  reddish-brown  with  sodium 
liydroxide.  Solution  in  stron*;  sulphuric  acid 
is  violet,  giving  a  l>ro\vii  ])reci{)itate  on  dilution. 

Literature.— E.  \\  brAl  of  ls*t3;  D.  R.  P. 
80816 ;  F.  P.  228593  ;  A.  P.  519523. 

Mekong  YeQow  B  (D.  H.).  Prepared  as  the 
}»recediQg,  bot  tolidine  is  need  ineteed  of  benzi- 
dine. 

Reactions  and  literatuio  as  above^ 
GiitaBIUk(FeteBna};  DtaaU  Bliflk  (M.) : 

Bonzidineeiilphionie  acid  is  tetrazotued  and  com- 

binofi  %vith  2  mols.  of  7-aniino-a-nnphthn|-3- 
8ulphouic  a^id  (7-acid)  in  alkaline  solution,  and 
the  product  is  t«trazotis^>d  and  combined  with 
2  inf>l.s.  of  »t-phi'n\  Icaediamino.  Black  aqtioons 
solutiun  in  prrciiiitfited  with  hydrochloric  acid 
or  sodium  hydroxide.  Solution  in  strong 
5;iilphuric  acid  is  dark-blae*  giving  a  blaek  pre- 

r  i |>it!i((.'  on  dilution. 

Litcruture.—E.  P.  13743  of  1896;  p.  p. 
257245  ;  A.  P.  'Ts-'^n, 

Anthracene  Acid  Brown  B  (0.) : 
llOj-C,H2(CO  jH)(Off  )N  2-CioHt*W8\ 

N03C«H,(COiH)(OH)NaCioH,N2/^^ 

Nit«x)aminosaIicylic  acid  is  diacotiaed  and  com- 
bined with  a-naphthylamine.  Two  mols.  of  this 
are  diazotised  and  combined  with  1  mol.  of  m- 
phenylenodiamine.  Brown  aqueous  aolution 
zh-c^  n  violet  precipitate  with  hydrochloric  acid. 
•Solution  in  strong  sulphuric  acid  is  greyish- violet, 
giving  a  brown- violet  precipitate  on  dilution. 

Literahtn,'-^^  P.  2446  of  1806 ;  D.  R.  P. 
H2»r>r..  J.  C. 

AZO-  ACID  YELLOW,  -ALIZARIN 
YELLOW,  -BLACK  BASE  0,  -BORDEAUX, 
-CHHOiMiNE,  -COCCiN£,  -COCHINEAL, 
-CORALLINE,  -EOBHIB,  -JLAVIMI,  -FUGH- 
SINES  {V.  Azn.  coTorniNO  Mattibs). 

AZOERYTHRXN  t.  Archil. 

AZOFLAVDf  V.  Azo-  GOLooBnro  katrbs. 

AZOGEN  RED  v.  A 70^  roLoimiifa  mattebs. 

AZOORENADINES    . .    Azo-  colovrino 

MATTEKS. 

AZOIMIDES,  AROMATIO  v.  Diamo  com- 

TOWDS. 

AZOUTMIN.    A   snbitaoee   assumed  by 
Kane  to  exist  in  litmus  (Annalen,  39.  25) 
AZOMETHAME  v.  Diazo  compoukos. 
AZOOBSDLLDI «.  Amo-  oolovbino  ManBBS. 


ASEOPHBRYLBIIB  «.  Azinxb. 

AZOPHOR  BLACK.  BLU9i-RBD,'R08E9. 

Aj50-  ooloukiku  matters. 

AZOPHOSraOMBS    «.    Azo>  ooloubimo 

MATTERS. 

AZO- REDS.  AZORUBINES  v.  Azu-  colouri.n^ 

MATTERS. 

AZOTE.  A  name  pivcn  to  nitrogen  by 
LavoLsicr,  and  hence  commonly  used  in  Frencn 
literature  to  designate  that  element. 

AZOTINE.    An  explosive  made  in  Austria- 

Hungary  (J.  .Sue.  Chem.  Ind.  4,  366). 

AZOTOL       Av.     I  .ii,<u  KiN(;  MATTERS. 

AZOTOMETER.  A  iLnn  appli.-d  by  W.  Knop 
to  an  a jmaratus designed  tu  iiieabure  the  nitrogen 
evolved  oy  the  aotion  of  aodium  hypochlorite  or 
hyi>o))romite  on  ammoniiiia  eaita  and  certain 
urganic  substances. 

AZO-  TURKBT  RBD  «.  Abo-  coloubibo 

M  VTTVH>< 

AZO-ViOLET  I.  Azo-  culolrino  MArrKus. 
AZOXIHB    OOLOURING    HATTBB8  e. 

OXAZrXE  COLOURINO  MATTERtj. 

AZOXYBENZENE  C.^H.oN.O.  A  product 
of  the  partial  reduction  of  nitrobenzene  with 
alcoholic  potash  (Zinin,  J.  pr.  Chem.  36,  93  ; 
Schmidt  and  Schultz,  Annalen,  207,  325;  Ber. 
12,484);  or  with  ^oditim  amalgam  containing 
p.0.  of  aodium  (AlexejelT,  J.  I8d4»  526; 
Molteohanowsky,  Ber.  15,  1575). 

Preparation. — Azoxybenzene  is  best  prepared 
by  dissolving  1  part  of  sodium  io  25  parte 
methyl  akohol,  adding  3  parte  of  nitroDenxrae 
and  heating  for  o  or  ti  hours  on  a  water-bath  in 
a  flask  provided  with  a  reversed  coodeoser.  The 
methyl  aloohol  is  then  distilled  oi!  and  the  residue 
treated  with  water,  whicli  dissolves  the  sodium 
formate  formed  in  the  roactiou,  and  leaves  the 
azoxybenxene  as  a  yellow  oil;  this  soon  solidi> 
lies,  and  is  obtuned  pure  by  one  crystallisation 
irom  alcohol  (Klinger,  Ber.  15,  866;  Molt 
Mfaanowsky,  I.e.  and  Ber.  16,  81 ;  Klinger, 
Ber.  16,  941,  f  1  -fnole). 

Azoxjbeuzeue  is  also  prepared  by  the 
reduetioii  of  nitrobenseiie  with  atsenioaB  oside 
and  caustic  soda  (Loesner,  Eng.  Pat.  15r}5, 
J.  Soc.  Chem.  Ind.  1895,  31) ;  by  the  reduction 
of  nitrobenzene  with  alkali  sulphides  in  alkali 
hydroxide,  the  products  bein^;  mainly  azoxy- 
benzene  »ud  azobenzeue,  in  piuportions  varying 
with  the  amount  of  solphide  and  the  tune  of 
reduction  (Farb.  vorm.  Meister,  Lucius,  and 
Bruning,  D.  R.  P.  216246,  J.  S,,e.  Chem.  Ind. 
1909,  1310);  by  boiling  nitrobenzene  with 
60  p.c.  aqtjeniis  sodi':Mi  f  y  Iroxide  and  iron 
pyrites,  or  uthur  heas  \  -  j]platJe«,  90  p.o.  of  the 
jinxlui  t  being  azoxyb*  1 1  /  1 ,  •  (Farlienfab.  vorm. 
Fried  llay.  r  C...  I).  H.  V.  2ihU>r,S.  rheio.  80c. 
A  bat.  IIhJu,  L  272)  ;  l>y  heating  uitiubenzeno 
with  charcoal  and  alUaii  (Farucnfab.  vorm. 
Fried.  I?ay.  ,  .S:  Co.,  D.  K.  P.  21080(5 ;  Chem. 
/entr.  J<»0'j.  U.  163);  and  by  the  eiectrolytie 
reduction  of  nitrobenzene  in  the  presence  of 
alkali  ( Farli.  vorm.  Meister,  Lucius,  and  Bruning, 
1).  11.  P.  127727  ;  Chem.  Zentr.  1902,  i.  446, 
and  Farb.  vorm.  Weiler-ter-Mecr,  D.  R.  P. 
138496  :  Chem.  Zentr.  1903»  i.  372). 

Azoxybenzene  or  ite  homologuee  can  be 
obtained  by  heating  nitrobenzene  or  the  corre- 
sponding nitro-  compound  with  an  equal  weight 
of  zinc- dust  and  of  an  aqueous  solution  of  cal-> 
eiom  chloride  boiling  at  130"  r  aqueous  solutions.  , 


AZOXYBSNZENE. 


of  oihor  salts  may  be  employed,  and  the  reaction 
ensues  at  the  boiling-point  of  theaqneouji  ioln> 
tion(tf.  Dechcnd,  I).  R.  P.  43230. 

Properties. — Azoxybcnzeno  crystallifies  in 
pale  yellow  rhombic  needles,  melts  at  36°,  and 
is  tolnble  in  alcohol  or  ether,  insoluble  In  water. 
When  heated  with  non-volatile  .sub-itanecs,  such 
M  iron  fiUogm  it  deoompf)He8  iuto  aniline  and 
asobenzenei.  Weik  reducing  agents,  such  as 
sodium  amalgam  in  alcoholic  solution.  r< invert  it 
into  hydracobenzene  (Alexejefi,  J.  1867,  503); 
but  more  powcffol  ai^rate,  raoh  as  cino  ohlorido 
in  acid  ■olution,  reduce  it  chiefly  to  aniline,  a 
small  quantity  of  hydraxobeuzene  and  ba^s 
deriTed  from  ik  by  mokoidar  ebanges  being 
also  formed  (Solunidt  and  Schultz).  Azoxy- 
bensene  yields  two  isomeric  nitroazoxvbenzenes 
when  heated  with  ooncentraled  nitric  acid 
(Linin,  Annalon,  114,  217),  and  when  heated  with 
concentrated  Bulphurio  acid  to  a  moderate 
temperatnre  is  oonTerted  into  the  isomerio 
hydroxyazobensMie  (Wallsoh  and  Kiepeoheoer, 
Ber.  14,  2617). 

In  addition  to  asozybenaene  other  azoxy- 
compounds  have  been  prepared  by  reducing  the 
corresponding  nitro-  derivatives  either  with 
sodium  ama^am  in  methyl  alcohol  solution  or 
with  zinc-du.Ht  and  soda  (rf.  Limpricht,  Ber.  18, 
1405;  Klinser  and  Pit«chkc,  Ber.  18.  2553; 
Janovaky  ana  Bdmami,  Bar.  22, 4 1 ;  v.  Dechend, 
Ix*).  The  azoxy-  romponnds  derived  from 
metanitraniline,  the  nitrotoluidines  melting  at 
78"  and  lO""",  and  the  nitroxylidine  melting  at 
123^  yitdd,  when  dinzotLso<l  and  combined  with 
phuucjlH,  amines  or  their  sulphonic  acids,  a  class 
of  yellow,  orange  or  red  azo-  dyes,  which  can  be 
employo<l  for  cotton  and  wool  (Poinier  and 
KoscnstielU,  D.  H.  P.  44045,  44554). 

AZOXY-  COLOURING  MATTERS.  The  .]yo» 
former^  daasificd  ondec  tiais  heading*  of  which 


'  sun  yellow  '  is  {>eriuipe  the  best  known*  have 

been  shown  to  be  azo-  dyes  (f.V*)* 

AZO- YELLOWS  t?.  Azo-  colourino  mattkks. 
AZULIN.    Blue  colouring  matter,  contained 

1  in  certain  essential  oils  ;  e.g»  oliamomile.  mille- 
folium, and  wormwood. 

AZULIN  or  AZURU  «.  AuBIH. 
AZURE  V.  PicMKVT. 

\      AZURIN  C,,H„NtO,.   Obtained  by  hMting 

I  salicylic     aldeliyde     with  o-tolylenediaminc. 

■  Coioarleas  tables,  giving  blue  fluorescent  solu- 

I  tioos  (Ladenbei^,  Bar.  11,  696). 

AZURITE  V.  L.\7.t  Lrri:  and  C-orPEii. 
AZURITB  or  Chessylito.   ll\'drated  basic 
copper  carbonate,  2GnCO,-Cu(OH)„  fKiniag 
niouoclLnie   crystals  of  an   azure- I>hio  colour. 

.  ITinely  crystallised  specimens  have  been  fouiid 
in  abnndanee  in  an  old  copper  mine  at  Cbeeary, 
near  Lyon  in  the  srnith  nf  France,  and  on  this 
aocount  the  mineral  is  often  known  as  chessylite 
(Broolte  and  Miller,  18S2);  the  name  aaui  ito 
(F.  8*  Beudant,  IS24)  refers  to  the  rharactt  rixt  ic 
colour.  8p.sr.  3-8;  hardu^  3^-4.  It  occurs 
as  an  alteration  pcodnot  of  oopper-pyritea  aad 
other  siil]ihide  ores  of  copper  in  the  upper 
oxidised  zones  of  mineral  vcms ;  and  it  ia  itaeli 
often  altered  to  malachite,  the  green  carbonate 
(CuCO,-Ou(OH),).  Fine  crystals  are  found  at 
Broken  Uill  in  New  South  Walea  and  at  Bii»bee 
in  Arizona ;  at  the  latter  place  it  occurs,  to- 
gethor  with  malurhite,  in  sufficient  abundan<"e 
to  be  niine<l  as  an  ore  of  copper.  It  was  also 
formerly  mined  at  iiurra>Baira,  in  Sooth 
Australia.  F-'mni  Arizona  come  pretty 
Hpecimens,  with  uzurito  and  malaehito  bandeii 
together,  which  are  polished  for  use  in  che<iip 
jewellerj'.  Powdere<l  azurite  was  formerly 
used  as  a  pigment  under  the  name  '  mountain 
blue,*  bnt  tlUS  il  now  rsphu)ed  by  an  artificial 
product.  Lk  J.  S. 
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BABBIT'S  METAL.  An  alloy  of  2.')  parts  ^-Enk  Mannrltv  ffVirroa),  from  Malabar  and 
tint  2  parts  antimony,  and  0*5  part  copper,  used  i  Coromandel ;  is  used  iu  diarrhoea  and  dysentery, 
as  an  anti*attrition  metel  (v.  kttvaumr).         \  and  the  fresh  palp  is  sometimes  employed  as  a 

BABLAH  or  NEB-NEB.  Commercial  names  laxative, 
lorfruitoofseveralspeciesof  acacia;  used  in  the  I  BAGASSE,  BE6ASS,  or  MfiGASS.  Terms 
Esst,  in  oombination  with  alumina  and  iron  I  applied  to  the  refuse  sugar-cane  after  enishiug. 
mordant<>,  to  produce  various  shade**  of  drab  and  BAKING  POWDERS  are  any  powders  usotl 
fawn  colour  in  calico-printing.  East  Indian  as  substitutes  for  yeast.  The  bread  or  cake 
bablah  is  largely  obteined  from  Aeaeia  arabiea  •  is  rendered  spongy  by  the  carbon  dioxide 
(NN'illd.)  (.1.  indira  (Benth.));  Senegal  and  t:ei)erate<l  in  (he  doviu-h  :  this  is  efT«Tted  by  the 
Egyptian  bablah  largely  from  Acacia  arabtca  action  of  an  acid,  such  slh  tartaric  acid,  on  stxiium 
(A.  nilolka  (Delil.)).  ^e  aqueous  extracts  I  bicarbonate,  and  some  farinaceous  subslaiioe  is 
c»>ntain  a  red  colouring  matter  tfi^'fther  with  added  to  act  as  dduent.  To  permit  the  u.>*e  of 
considerable  quantities  of  gallic  and  tannic  acids,    discoloured  flour,  alum  was  Iroqucntly  employed, 

BAPTISIN  r-  ( ii.rcosiDKs.  j  this  renders  the  bread  white,  but  at  the  same 

BABUL  BARK.  The  bark  from  Anirt'(i,irn-  time  indij^'estif)le.  In  1899  such  nrticlen  as 
bica  (WUld.)  which  occurs  in  India,  Arabia,  and  baking  powtler  were  included  in  the  8ale  of 
tropical  Africa:  its  Indian  vernacular  name  is  I  Food  aivi  Drugs  Acts,  and  thcfeforB  the  u^ 
*  babul.'        '     in  India  as  a  tannin;^  material,    of  alum  or  any  injurious  matter  was  prohibit<-d. 

BABUL  GUM.  An  inferitir  kind  of  gum  All  articles  are  jM-rfectly  dried  before  muung, 
arable  from  >lc(icM  aruiira  (W  illd.).  Known  also  |  paa.'^ed  through  a  tine  sieve,  and  kept  in  aii^ 
as  '  I'l  iij a!  '.'uin  '  or  '  (Jund  liuhul.'  tight  j)acka;:es  in  a  dry  place.    'In  fverv  poun«! 

BACTERIA,  CHEMICAL  ACTION  OF.  f.  of  flour,  1  teaHpoonful  of  baking  puu dens  added 
FLii.MhM.KM  N.  for  bread,  and Stoaspoonfnls for  odua.  OsDeral 

BASL  FBUIT.   The  dried  hslf.ripe  fruit  of  .  prapsratiom  tret 

i-  yu.^  jd  by  Google 
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(1)  G  ozH.  tartaric  acid,  2  OZ8.  aodium  bi- 
carbonate, and  1-5  ozm.  of  farina. 

(2)  16  om,  i^diuui  bicarbonate,  14  ozs. 
tartaric  acid,  and  6  ozh.  magnesium  carbonate, 
and  12  oz<«.  farina  (Workshop  Receipts,  1900). 

(3 J  2^  lbs.  cream  of  tartar,  2^  lo».  aodium 
bicarbonate,  1  lb.  acid  calcium  phosphate,  an(i 
4  lb<>.  cornflour  (Pharm.  Formule,  1908,  p.  322). 

(4)  3  lbs.  acid  potassiam  tulpbate,  1  lb. 
Milium  bicarbonate,  and  1  lb.  cf  oomflour 
(P)iariii.  Fomialc  X908,  p.  322). 

(a)  5  Off*,  tarlarie  acid,  15  ow.  eream  of 
tartar,  20  ota.  sodium  (arbonutr.  ami  in  ozb. 
rice  flour  (Workahop  Ilcceipta,  11K)*J,  p.  <.K)). 

(6)  20  partfl  aoid  toditun  phofiphate,  20  jiarts 
;ui«l  calcium  phos[)hafe,  25  part.s  sodium 
bicarbonate,  ana  35  parts  starch  (UiscoXf  1907* 
102). 

Crampton",-!  jKnixI  r  :  '2  parts  cream  ui  tartar, 
1  part  sodium  bicarbonate,  and  1  part  com 
sfeareh. 

RutnforrV.^  fMic^tr  :  (aj  i  rfix  l  7  ozh.  .^odiuin 
bicarbonate,  14|  oxs.  sodium  phosphate,  and 
3|o««.  ttaroh. 

H'^'i'il  potcder :  'i"  ,-,7-.  cream  of  tartar, 
28  o'iii.  Mxlium  bicarbonate,  1  07..  ammonium 
carbonate,  and  16  OSS.  oofnflonr. 

OoodalVs  parixi'  r  is  a  mixture  of  2  parf  s  rice 
Hour  with  1  ])art  tartaric  acid  anil  1  part 
bicarbonate  of  soda. 

Cr>  ryi'  j'ni>\If  r  :  35  ll>e.  tartaric  acid,  5fl  lbs. 
of  auiliuni  c^irbonate,  ami  1  cvvl.  uf  potato  Hour. 

Horgjord't  powder  isonsists  of  2  packets :  ( 1 ) 
acid  calcium  and  magnrf<ium  pbospnates,  made 
up  with  a  certain  quantity  of  flour  ;  (2)  bicarbo- 
nate of  soda  with  a  little  potRH-niuin  cldorido. 

Borii  lck*a  po>rd*  r  is  an  artiflcial  fermentation 
{lowdcr  rompoundtHi  with  coarse  maizo. 

Self-raiding  flour  toay  be  prepared  by  misii^ 
8  ozd.  80<lium  bicarbonate,  and  18  OSS*  efcaitt  01 
tartar  wUh  I  cut.  of  Hour. 

Milk  in  the  tiolid  fonn,  con<-ontrated  in  a 
vacuum  at  60®-430*,  was  used  by  Hooker,  to 
replace  inert  farinaceous  matter.  It  is  claimed 
to  have  a  better  nutriment  value  and  increased 
leavening  power :  20  parts  tartaric  acid, 
54  parts  milk  powder,  and  1  part  moisture. 
The  soda  is  a<ltle<l  before  the  milk  is  complet«  ly 
dry,  then  the  whole  dried  and  ground  finely  in 
a  mortar  (J.  Soc.  Chem.  Ind.  27,  190b).  t?ream 
of  tartar  in  Hohdjlo  in  hot  water,  but  only  sliglitly 
so  in  oold,  whilst  tartaric  aoid  dissolves  readily. 
Therefore  a  powder  containing  of  tartar 

evuIvcH  carbon  dioxide  much  more  slowly  than 
one  compounded  with  tartaric  acid.  This  is 
advantageous,  as  a  dough  oontaining  it  can  be 
krpt  for  some  time  before  baking,  alwj  it  does  not 
<Urken  the  bread ;  on  the  other  hand,  it  forms 
RoehiAe  salt  iriiieb  has  a  very  slight  saline 
taste  The  In'.st  powders  are  made  from  a 
mixture  uf  tartaric  acid  and  cream  of  tartar. 
Good  BOfaBtitntes  for  tartaric  aoid  are  acid 
ammonium  phosphate,  and  acid  potas^-^ium 
sulphate,  acid  potassium  and  calcium  phosphates, 
but  thay  have  a  tendency  to  darken  the  bread. 

Ammonium  nnrK.»n  \1e  is  used  in  verj'  li^dit 
pastries  but  it  requinvi  expert  handling,  and 
so  is  very  rarely  ptesent  in  the  made-up  pre- 
para*  i-  'Ti--'. 

BAKUIlf.  Russian  mtneriil  machine  oils ; 
isoomnMnded  for  lubricating  heavy  machinery 
on  aooouDi  of  their  high  viscosity  and  great 


[toNscr  of  roistit)^'  cold  (Seifcnseid,  Zeit.  31, 
3i)i; :  .12.  -MS ;  J.  Soc.  Chem.  Ind.  3,  181). 

BAKUOL.  A  name  given  by  Mcndeleeff  to 
an  illuminating  oil,  prepared  from  the  crude 
oils  of  Baku  by  mixing  ordinary  kerosene  of 
sp.gr.  0-82  to  0-83  and  flashing- point  20^  to 
30  ,  with  the  6o-oalle<l  intermediate  oil,  which 
has  a  Bpt.gr.  of  O'fM  to  0<88  at  16%  and  is  not  in< 
flammabM  at  100".  The  mixture  has  a  sp.gr.  of 
0*84  to  0*86,  and  flashes  at  temperatures  vai\  ing 
from  GQP  to  70%  Erom  100  parts  crude  naphtha 
20  to  80  psrte  of  heroeene  and  10  to  20  fiaiM  of 
intermediate  oil  can  1>(>  ttbtained. 

The  following  table  gives  the  sp.gr.,  flashing* 
point,  and  luminifscoiis  value  of  four  bakuols 
examined  by  Ilimow : — 


t 


Speci- 
men of 
oil 


Ho. 
1 
2 

8 
4 


8p.  nr. 
at 

17-5 


Flashing  n^^At^ 
point  at  tC»nd»« 

700min.{ 


I  Coosumption  per 
liour  In  ftosslan  lbs. 


O'SSao 
0-8StO  1 
O-MW 
0-8S10  I 


slo 

S7*6 

as'S 

40*5 


7'40 
9>84 

s*so 


1  Foe  the 
lamp 

Per 
caodJe 
power 

0-0088 

COOSO 

o-osss 

0-0060 

0-09S3 

0-0084 

0*0675 

0*0081 

Literaiure. — Mcndeleeff,  Zeitschr.  Technikf 
1880,  No.  109  ;  Chem.  Zeit  1883,231  ;  Ilimow, 
ibid.  10,  1469;  J.  Son.  Chem.  Ind.  2,  238;  5, 
661;  6,  135  (r.  PETuoi.KtTM,  Rt  ssiAK). 

BAKURIN.  A  lubri<flt:n"  f)il,  pre|Mired  by 
mixing  lUO  parts  ol  crude  iiaku  oil  with  25  parts 
of  castor  oil  and  60  to  70  parts  of  sulphuric  acid 
of  fiH^B.  After  standiii;^  the  mixture  is  stirred 
two  or  three  times  witli  water,  the  water 
run    off,   and   the  oil    treated   with   Soda  or 

poU  sh  (  MiUler,  D.  B.  P.  36141,  IMagL  poly.  J. 

260,  240). 

BALANCE.  A  generic  term,  designating  a 
varietj-  of  niaohinea  tor  ascertaining  the  weight  of 
a  body  in  terms  of  the  weight,  at  the  time  and 
place,  of  a  standard  mags  (^ram,  ounce,  pound* 
Ac),  and  thus  determining  its  mass.  By  means 
of  a  baUnoe  and  a  aet  of  *  weights,'  we  ascertain 
that  a  botly  has  P  times  the  weight  of  the  unit 
moce  of  the  set,  and  conclude  that  its  mass  is 
P  ttmeii  the  mafM  of  this  pi«oe  likewise,  whatever 
the  chemical  nature  of  the  IkhIv  may  1)e.  In 
justification  of  this  inference  we  might  refer  to 
Newton's  pendnlum  experiments,  or  to  the  often 
prove<l  chemical  axiom  that  the  weiglit  of  any 
ixidy  or  act  of  bodies  is  independent  of  the 
state  of  oombination  of  its  etemente.  But  horn 
tlie  stanilpoint  of  the  chemi-t  it  is  .sufficient  to 
know  that,  supposing  even  each  element  had  its 
own  fsotor  for  converting '  weight  *  into  mass,  it 
would  still  follow  that  tho  u eight  of  a  l>o<ly. 
hoMcver  complex,  is  equal  to  the  sum  of  thu 
weights  of  what  hi  any  sense  we  may  esU  its 
'components.'  and  that  the  ratio  of  the  ueiyht 
W,  of  a  Ixxly  of  fixad  elementary  composition  to 
the  weight  W,  of  another  body  of  «ven  a  different 
tixed  coinposifiou  is  as  coi>^1aiit.  although 
pcrhapH  not  equal  to  the  ratio  ol  thu  raasseis 
M, :  Iff.  Of  all  bsJanoM  the  equal -armed  lever 
balance,  tiff  en  calUnl  '  thi  lodinuo  '  par  tXtd* 
Unce,  h  by  far  the  moat  iiuiiurtaut. 

The  balance  exists  in  a  variety  of  forms. 
I  all  of  which  seek  to  realise  the  same  ideal  ^ 
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rnaohiiip.  An  absolutely  ripid  Itcani,  bo  bub« 
pended  that  whilst  it  can  rotate  freely  aboat  a 
oerUin  aads  (wfaioh  goes  menu  it  somewhere 

ftbOTe  its  centre  of  gravity,  and  of  Avluch  overy 
point  holds  a  £b^ed  position  in  reference  to  the 
stand)  it  is  not  capable  of  any  other  motion. 

Frurn  t^vo  point'',  a  and  5,  which  lie  in  the  same 
plane  as  the  axis  of  rotation— one  near  the  left, 
the  other  near  the  right  end  of  the  beam— the 

Sans  are  snfipcndcd  f  v  iTMans  uf  absolutely 
exiblo  linear  strings,  a  and  b  are  equidiiitant 
from  the  axis  of  rotatkm.  80  far  all  balances 
nre  alike.  In  now  pa9<>ing  to  the  actual  instrti- 
inent,  we  ahull  conliue  ourselvea  in  (ho  main  to 
the  class  of  balanros  known  as  precision  balances. 

Of  the  difficulties  involved  in  the  conJrtruc- 
tion  of  such  balances,  ihat  of  pru<lucing  a  suffi- 
CiMitly  light  and  yet  practically  inflexible  beam 
seorns  to  luive  rented  most  heavily  on  the  minds 
of  tlic  earJitjr  makers ;  but  lljero  can  he  no 
doubt  th*t  many  of  their  efforts  in  this  direction, 
which  opcn^ionally  re«ultetl  in  what  A\e  should 
now  will  fantuitical  beam-forms  (liulluw  ellip- 
•oids,  monstrous  skeleton-forms,  &c.),  must  be 
traced  back  to  their  inability  to  reach  a  sufficient 
degree  of  precision  in  the  geometric  adju^^tmcnt 
of  the  three  pivots,  and  to  their  charging  against 
the  flexibility  of  the  Ijeam  what  was  really  o\«ing 
to  those  defects  in  the  adjustment.  As  these 
difliculties  were  overconu'.  beams  assumed  less 
fantastic  forms.  Sacrt*  of  Brussels,  we  believe, 
never  uses  any  but  plain  rod-shaped  beams  (only 
perforated  in  the  middle  to  insert  the  bearing 
of  the  central  knife).  Most  balance  makers, 
however,  prefer  the  form  of  a  largely  perforated 
rhomhu.s  or  i<o.-c(tles  trianple  (cut  nut,  virtually, 
of  a  plate  of  metalk  and  thus  attain  all  that  is 
neednil  wtthoot  omnding  the  eye  hy  unduly 
stretehintr  the  middle  sectinn,  and  without  usinc 
anything  more  intrinsically  rigid  than  hammered 
brass  or  some  kind  of  fatonjEe.  'In  reference  to 
I  i>!;ii  uv  ehcmical  balancer^  (for  charges  up  to 
any  lOU  grams),  it  would  be  no  great  exag- 
geration to  My  that  any  reaaonably  made  beam 
IS  suflicicntly  rigid  ;  only  in  the  case  of  balances 
intended  for  very  high  charges,  such  as  6-10 
kilogrammes,  is  it  at  all  worth  while  to  employ 
refinedly  designed  beam-forms,  or  to  look  out  for 
a  material  of  exceptionally  hinh  rigidity.  For 
theee  partionlar  balances  hard  steel  would  be 
the  hi  >t  material ;  but,  unfortunatelv,  steel 
beams  are  apt  Ui  become  magnetic.  With  small 
aasay-balances  intended  for  ohnrpes  up  to,  say, 
grums,  on  the  ntlier  baud,  tlie  question  of 
rigidity  is  practically  out  ui  etiurt,  and  the  use 
of  an  exceptionally  light  material— such  as 
ahi minium,  or,  better,  that  alloy  nf  ^fi  parts  of 
alummium  and  6  of  silver  (which  .Sartoiius  of 
Gottingon  uses  for  small  balancfs  generally)  is 
indicated.'  In  all  balatu  >  s  the  axis  of  rotation 
is  rtulijied  lu  a  straight  knilu-edgc  ground  to  a 
prism  of  hard  material,  which  is  Brnily  fixed  to 
the  beam,  travcrf^intr  if  (  n^s^w  if^e  and  rc-Jtiii^j  nn 
a  hanl  beann^'.  lu  ordinary  Uduuee.-i  the  ujid(lle 
knife  i>i  simply  driven  through  the  beam,  and 
oidy  its  two  ends  arc  supporte<l  in  cylindrical, 
or,  what  is  better,  roof-shaped  bearings,  which 
form  secures  to  the  edge  a  sufficient  fixity  of 
position,  forward  and  back  sliding  being  pre- 
vented by  cutting  off  the  ends  of  the  knife 

*  for  a  fuller  <it»ca<«^i<in  of  this  subject,  e.  tbe 
wxlter's  tfemolr  (Bib. «,  Hi), 


obliquely,  so  that  the  edge  terminatef:  in  tvru 
points,  and  closing  the  burins  at  each  end  by 
a  eteel  fdate,  so  that  the  knife  has  lust  room  be. 

tween  without  jamnn'ng.  In  Fuspetided  balance; 
the  central  bearing  is  fixed  at  the  lower  end  of  * 
light  framework,  terminating  above  in.  a  hinged- 
on  rin;x  for  suspending  the  instrument  from  a 
Oxed  liook  or  the  thumb  of  the  operator. 

In  all  precision  balances  the  central  bearing 
is  attached  to  a  fixed  pillar,  and  is  plane  ;  in  the 
best  balances  the  bc^iriug  is  made  of  one  piece, 
and  the  centml  knife-edge  rests  upon  it  in  its 
Rntire  length,  A  plane  bearing  necesj?anly  in- 
volves an  arrestment  so  constructed  Xlmt,  U^d«.-s 
doing  its  primary  duty,  it  assigns  to  each  point 
of  the  central  knife-edge  a  fixed  position  on  il-^ 
bearing.  In  former  times  hard  steel  was  u&ui 
ezdoflively  for  both  knivea  and  bearings  ;  sub- 
sequently agate  bearinps  came  to  be  oombimd 
with  steel  knives  liubinson  of  Lontlon  was 
the  first  to  make  both  knives  and  bearings  of 
agate.  The  agate  knife  adds  noihincr  to  the  pr»>- 
cision  of  a  newly-mado  balance,  but  it  alwiiyfl 
remains  clean,  while  a  steel  knife,  in  a  chemical 
laboratory  more  especially,  is  apt  to  ru-t.  Steel 
knife-edges  are  generally  ground  an  angle  of 
GO*  (or  }to*  for  very  heavy  chargcal  In  agate 
knives,  as  made  by  Oertling,  only  the  body  of 
the  agate  prism  is  groui  d  to  00*,  white  the  e«lge 
is  formed  by  t^vo  narrow  facets,  incline<l  to  each 
other  at  &  far  more  obtuse  angle.  Such  an 
obtuse  edge  stands  many  years*  constent  ose 
without  wearing  out.  American  makers  have 
introduced  the  artificially  made  osmium-iridium, 
which  is  need  for  the  tipping  of  stylograph  pens, 
as  a  material  for  l)oth  knives  and  bearings. 

,  For  the  realisation  of  the  two  point-pivots  x 
and  B,  a  great  many  combinattons  have  been 
invented.  A  now  obsolete  construction  of 
Weber's  (Bib.  2)  adapts  itself  very  closely  to  our 
ideal  ooneeption.  He  provides  the  beam  at  its 
two  ends  with  knife-edge.s  turned  ^■idt'\ui\6  and 
suspends  the  pans  by  means  of  threads  of  unspun 
silk  whidi  are  fixed  somewhere  in  tbe  back  of  the 
beam  and  hang  over  the  edge.  The  axia  of 
rotation  is  realised  similarly,  lu  urdioary 
balances,  as  s  rule, «  vertieal  sht  is  out  into  emA 
end  of  the  Ix'am,  and  this  is  traversed  by  a  short 
prismatic  knife,  the  edge  of  which  is  a  circular 
arc  of  small  radius  which  stands  perpendioolar  to 
the  line  ah.  From  each  such  knife  the  pan  is 
Kuspcndod  by  muau<>  of  ati  >i  or  2-shapcu  steel 
hook.  This  construction,  if  well  eincuted,  may 
afford  hij^h  prt  cision,  but  the  su^ixindpr  hook 
is  apt  to  rub  uguinst  the  sides  of  tbe  slit  in  the 
beam.  Hence,  wherever  the  hook-and-eye 
arrangement  is  adopted  for  precision  balances, 
it  is  modified  in  this  sense,  that  the  knife-edge 
forms  a  circle  of  relatively  large  radius  which  lies 
entirely  uutsido  the  body  of  the  beam.  This 
system,  cumparod  with  those  consid(  red  iu  the 
sequel,  offers  the  advantage  of  ea.-y  adjust  meot. 
It  n.sed  to  hr-  very  ]>opular  w  ith  l>ulanc  e  uiaken<, 
and  many  excellent  lu^iltuiuonts  have  been  OTO- 
duced  with  it  especially  by  DeleuU  of  Paris,  Tor 
small  assay- balance.^  it  is  indeed  probably  as 
good  as  any  other  that  could  be  named  ;  for 
balances  intended  f<>r  higher  charut-n  it  does  not 
possess  sufficient  durability,  although,  as  the 
writer  is  able  to  say  from  his  ovm  experience,  if 
well  made,  it  Iast«  better  than  is  generally  sup> 
poaed.   In  modern  balances  it  is  rarely  seen; 
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are  ausj>orKlc<l  fnim  I 

milnr  fo  t)if>  r><>ntml 


in  these,  a.s  a  riil<  ,  ihe  _ 

long  straight  ki»ift!-o<lce8,  Rimilar  to  the  central 
one,  by  meaii-s  of  broa<l  bearings  u  hirh,  of  course, 
moat  be  arranged  so  that  they  neither  twist  nor 
slide.  A  ver^  efficient  and  easily  made  arrange- 
ment is  to  give  the  hearing  the  form  of  a  roof 
cut  and  of  one  sidi;  of  a  prismatic  block  of  steel 
or  agate,  and  to  tix  it  to  the  upper  end  of  a 
stiimp-shaped  or  ^-shaped  holder  whioh  ter« 
minates  Ix  low  in  an  eye,  from  which  the  pan 
in  HUHpenileti  by  a  suitable  book.  The  eye  ataiidi< 
At  right  angles  to  the  knife-edge;  its  working 
pt>int,  when  the  instrument  is  in  use,  lies  verti- 
cally below  the  centre  of  the  respective  end-edoe, 
~     ia  the  Mine  as  if  tbe  wbole  of  Ui« 


and  the  effect 
load  were  concentrated  in  that  one  centre-point, 
altbough  the  pmsure  of  the  bearing  on  tbe  knife 
is  equally  diatriboted  over  tbe  whole  of  ita  wank- 
ing length.  This  hook-and-ryo  arraniicment  is 
abaolutely  indispenitable  if  the  pans  arc  suspcndi-d 
by  stiff  fltirmm,  became,  if  these  were  rigidly 
connecte<l  with  their  bearinpy.  thi'  virfunl  |«)ii)t 
of  application  of  the  load  would  shift  forwards 
and  Daekwardu  on  tbe  edge,  and  the  kMt  want 
of  parallelism  between  it  and  the  axis  of  rotation 
would  cause  the  balance  to  give  inconstant 
readinfi. 

These  roof-8hape<l  bearings  were  formerly 
ujMxl  almost  exclushelv  by  (ierman  makers, 
alUioagb  an  undrabtsdly  superior  system  hatl 
been  introduced  Huccessfnlly  by  Robinson  of 
Lfondon   many  years  ago.    In  it  the  pans 
are  suspended   by  plang  bearings  which  a 
suitable  extension  of  the  nm-Mtmrnt  keeps  in 
their    right    po-sitions.      Hobinsou's  balances 
were  jortly  famous  in  Gre-at  Britain — a  few 
of   them  are  !«till  working  to  this  day — yet, 
after  Robinijon's  ileath.  Oertling  was  almost  the 
only  balanoe  maker  w  ho  followed  him  in  this 
r<>ypect.    The  general  plea  against  the  system 
was  that  tlat  cnd-lx'arings  were  liable  to  twist  ; 
and  aomet  aftor  having  adopted  Robinson's  plan, 
'  improved  '  tipon  it  by  cutting  out  a  central 
portion  of  each  end-knife,  so  that  it  worked  only 
with  its  two  cnda  ;  pniving  thereby  that  they 
did  not  understand  their  business,  because  a 
reoi/y  plane  bearing,  as  a  matter  of  fact,  doi's 
nof  twist  on  a  really  straight  knife-edge,  i  vcii  if 
the   pan   oscillates  atnmgly.   The  principal 
advantage  of  the  Robinson  system  ia  that  it 
enableti  cme  to  do  what  the  rot)f-8hapetl  Ixaring 
prohibits,  namelv,  to  satisfy  himself  that  the 
knives  and  besrmga  are  geometrically  perfect. 
But  here,  a.s  in  all  analo^'cud  ca.s«"s.  w  e  must  not 
forget  that  the  excellence  of  an  instrument — 
supposing  it  to  be  based  on  a  roMonable  system— 
depends  Jar  more  on  the  skill  of  the  maker  than 
on  the  theoretical  perfection  of  the  design. 

From  the  bare  realisation  of  the  ideal 
machine,  we  now  jmss  to  the  accessories  which 
a  balance  needs  in  order  to  become  a  convenient 
instramsnt,  and  w«  will  oonaider  these  in  the 

Older  of  their  imjxirf  ance. 

Tke  arrtstmenl  is  a  mechanical  contrivance 
to  enable  the  beam  to  be  arrested  at  any  point  of 
lis  angular  motion,  and  to  bring  it  to  permanent 
iMt  in  its  '  normal  '  position,  in  which  the  plane 
of  three  axes  stands  horizontal.  If  the  three 
pivots  are  self-adjusting,  there  is,  strictly  s|H^ak- 
ing,  no  need  of  an  arrestment ;  still  for  the  rapid 

oneatioa  of  pieeiie  weighiiigs  it   " 

indispensable. 
Vol.  L— r. 


If  the  central  bearing  forms  part  of  a  sus- 

pen<le<l  frame,  an  arrestment  is  easily  devise<l  in 
the  ways  illustraletl  by  Figs.  1  and  2.  Fig.  1 
explains  itself ;  in  Fig.  2 
the  balance  is  hinged 
on  to  the  bent-down 
end  of  a  flat  bar  which 
slides  up  and  down 
in  guides  6xed  to  the 
pillar  between  tuo  beds 
of  rollers  2x2  in  the 
guides  on  the  front  side 
of  the  bar,  ami  one 
which  is  pressed  against 
its  back  by  a  spring. 
At  its  lower  end  the 
bar  has  a  small  wheel 
which  rests  on  the 
shorter  end  of  the 
hinged  lever  by  means 
of  whioh  the  balanoe  is  v...  i 

rais<'<l  or  lowere<l.  .\ 

small  vertical  adjusting  screw  below  the  shorter 
end  of  the  lever  defines  the  lowest  position  of  the 
bar  at  which  the  pans  jest  touch  the  table 
without  slackening 


the  ehftina.^  In 

either  case  it  is  an 
improvement  to 
suspend  a  heavy 
blo<*k  of  metal  at 
the  lower  end  of  the 
frame,  to  compel  it 
to  hang  ])lumb,  ami 
to  hinder  it  from 
oscillating.  The 
sjx?cific  advantag'' 
of  «UJ*i>ende'i  Iml  ■ 
ances  is  that  the- 
nee«l  no  horir.onta 
table  or  levelling 
screws  at  the  boaid 
on  w  hich  they  may 
be  erecte*!.  But 
pUlaT'balances  are 
venient.  In  the 
plane  bearings  to 


Fio.  2. 

on  the  whole  more  con- 
case  of  these  (supposing 
bo  absent)  a  good  system 


Fio.  S. 

is  to  fix  the  central  bearing  to  the  top  of 
a  rod  which  slides  up  and  down  within  the 
pillar— properly  guided  to  prevent  shaking  and 
rotatory  ni<>liun  and,  with  its  low-r  crsd.  n'sts 
on  an  eccentric  concealed  in  tbe  sole  and  go  vunicd 
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by  a  lever*  or  disc  -sliAped  handle.  The  eccentric 
muni  be  80  adjutted  tliat  when  it  is  at  one  of  its 

exirprne  positions,  the  pans  jn.'tt  touch  the  boanl 
and  no  more,  wLilo,  when  it  is  in  its  other  extreme 
position,  the  beam  is  at  its  maximum  angle  of 
free  plft>'.  In  the  pxcellent  Tarirwaagni  of 
Mt'>-ars.  iicckcr's  Sun.^,  Kottordam,  this  system  of 
arrestment  is  realised  to  |K;rfection. 

The  systoiii  nt-t-ds  only  V>o  slightly  modifier)  to 
adapt  itself  to  the  ou::c  ui  a  })lane  central  bearing, 
but  wo  prefer  to  at  once  pass  to  the  case  of  three 
jTlaiio  Ijcarmgs,  and  in  doing  so  cannot  do  better 
than  describe  a  balance  (for  charges  up  to  6 
kdoe.)  which  Mr.  Oertling  nrnde  for  us  some  years 
•go.  As  shown  by  Fi>.'.  3,  the  instrument  rests 
on  three  pillars  standing  on  a  hollow  square 
block  of  iron  which  conccaL'*  tho  eccentric. 
Firmly  fixed  to  the  top  ends  of  the  pilhurs  '»  a 
substantial  brass  frame  Tvbidi  terarinates  at  its 
two  ends  in  V-eb  ijif  l  supports  for  the  end- 
bearings.  These  latter  are  agate  plates  cemented 
eaob  to  the  honzontal  hmt  of  a  Kmd  of  stirrup, 
the  bar  terminating  on  each  side  in  n  r\  !iii.lri  al 
sfceel  pin  which,  M-hen  the  balance  is  at  rest,  lies 
m  the  eonesponding  V  of  the  frame.  The 
central  pillar  conceals  a  nioval)le  bIch  1  rod,  pro- 
vided at  its  lower  end  mih  a  wheel  which  rests 
on  the  eooenbrie.  Its  upper  end  carries  a  sub* 
stantial  brass  block  which  divicle:^  into  two  short 
piers  above,  whilst  it  expands  below  into  a 
horicontal  plate,  pierced  by  a  ciroular  perforation 
near  each  end.  These  perforations  fit  exactly 
around  two  cylindrical  steel  pins»  r,  r,  fixed  to  the 
top  plate  of  the  piltan,  so  that  the  rod,  when 
moving  up  or  down,  rnn not  turn  or  shake  in  the 
slightest  dei^ree.  'i  iie  .space  betw^n  the  two 
piere  is  brio^^  over  by  the  central  bearing,  a 

Elane  nfrato  plate  fixed  to  a  prismatic  piece  of 
rem,  which  is  dovetailed  into  the  tops  ol  the 
piers,  so  that,  while  perfect  ly  steady  when  in  its 
place,  it  can  u  ithout  much  effort  be  slid  out  or  in 
(Fig.  4).  It  h  iiu>ertod  while  the  beam  in  being 
iwla  in  its  intended  position  and  passes  through 
a  large  perforation  in  the  hvam  into  which  the 
middle  knife  project*.  The  beam  termiuatcis  at 
its  left  end  in  one,  at  its  richt  end  in  two, horizon- 
tal st<?el  pins  whose  shoidacrs  are  continuous  but 
rapiiily  expanding  surfaccjj  of  rotation,  and  these 
pins  fit.  the  single  one  into  a  notch,  the  couple 
into  n  fork,  forming  part  of  the  fixed  arrestment 
frame.  In  the  arrested  balance  each  bearing 
is  almost  in  contact  with  its  knife ;  if  the 
eccentric  bo  now  turned,  the  central  bearing 
ri.'-es  and  lifts  the  whole,  beams  and  end-bearings, 
to  a  greater  or  less  heij:lil,  ami  ultimately,  into 
that  maximum  height  at  which  the  eccentric 
stands  still  without  being  hM  in  its  position. 
If  the  eccentric  bo  now  turned  the  other  wav, 
both  the  beam  and  the  end-bearings  fall  back, 
nitimatcly,  into  their  prescribed  positions  of 
rest,  even  if  tlu-v  should  have  twisted,  which, 
however,  they  never  do  in  the  instrument 
nnder  description.  For  a  balanoe  intended  for 
quick  work,  aiul  more  es]XK;ially  for  one  used 
occasionally  for  the  weighing  oat  of  predeter- 
mined quantities  of  solids  or  uqaids«  this  system 
of  arrestment  i.s  the  best  that  wo  know  of,  be- 
cansr'  it  enables  the  instrument  to  bo  handled 
pn  tty  muchlikeanordinarypairof  scales;  only, 
to  he  jiMf  to  do  so  to  the  best  advantage,  and 
without  spoiling  the  terminal  pivots,  the  pans 
must  be  mispen^sd  by  flexible  slrart'IinLked  obaina 


who<)e  length  is  so  adjusted  that  the  pans  ju$t 
touch  the  table  when  the  bakaee  is  fully  anested. 

Stirrup-s>hape<:l  pan  f uspcnders  (as  reprt^fmtM 
in  the  figure)  are  more  convenient  than  c-L4iiii.s 
in  many  respert.-^,  I)iit,  for  the  purpose  under 
con.sideration,  they  do  not  work  with  plane  end- 
bearing^.  The  nit<;het-w  heel  visible  in  the  figure 
was  intended  to  enable  the  eccentric  to  Im? 
am>f5(e<l  at  intennediate  fX).'^itions  (in  tiirinj:  with 
garnetii  and  similar  opvrationi^)  but  wai;  fi.<uti<J 
not  to  work  satisfactorily;  it  is  simpler  and 
better  to  have  a  block  of  woo*!  ho  adjusted  that 
when  put  under  the  handle  jt  just  raises  the 
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beam  BofBoientlj  to  enable  one  to  see  whieh  side 

goes  down. 

Instead  of  fixing  the  azrestment  frame  to  the 
pillar  and  making  the  oenteal  bearincf  move  Me, 

we  may  *  '  f  nr  <  do  the  rever.-^'.  itt  1  th'ni  latter 
system,  indeed,  is  generally  preferred  for  pre- 
etsion  balanees  of  a  higher  order. 

Tlie  kindne.'i.s  of  Mej^ars.  C.  Slaudingcr's 
Nachfolgcr,  of  Giessen,  Germany,  enables  us  to 
give  a  detailed  description  and  drawing  of  the 
kind  of  movable  frame  arrestment  which  they 
\  are  in  the  liabit  of  applying  to  their  best  instru- 
ments. 

As  shown  b}'  Fig.  5  (I.  to  TV.)  the  pillar  is 
hollow  and  accommodates  a  round  bronce  rod  y. 
This  rod  itaelf,  however.  «w^^*l?^^y<ee^le 
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rotJn<l  rod  l  of  nickelled  steoL  Tho  bronz-^  rod 
F,  at  its  io\i'erend»  is  guided  by  perforated  blocJu, 
e,  e.  Fig.  I.,  wliild  at  Ha  upper  end  it  terminates 


to  ^ 

tUUMO 


m.  flec*loatliroii«hi!lUar  and  tnUdle knife; 
IV.  HtoilicMal  proJecUon. 

Tho,  & 

in  *  Ihinner  cylinder  surrounded  by  a  gently 
acting  spiral  spring  n.  The  head  of  the  pUlar  is 
perforated  and  guides  the  attenuated  end  of  f  in 
its  up-and-dowTi  motion.  The  inner  (eteel)  rod, 
if  guided  nmilarly  within  the  bronze  rod  r 
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fttul  has  a  spring  i'.  Fig.  II.,  about  its  lower 
end  to  assist  its  natural  teodenoy  to  sink.  The 
two  rods  F  md  i<  eaary  two  indefmideat  Afmt- 
mcnt-Hnrs ;  L  the  bar  T,  for  the  ead*beafiQgs»  V 
the  bar  T|  fur  the  beam. 

A  square  pillar  k  (Figs.  TIL  aad  IV.),  which 
rifles  from  a  pmloiiKafiiin  of  the  hfR<l  of  tho  .stand 
pillar  B,  by  passing  through  perforations  in  tho 
two  iMun  T,  and  t„  prwrents  any  motion  of 
these  about  thn  axis  of  their  rods.  Aa  shoM-n  by 
Fig.  IV.,  an  adjusting  scrow^  passing  through  the 
bar,  and  a  flat  spring  (  on  one  aida  of  tibs  square 
perfomtinn  of  the  bw  (t^  or  Tg),ciifDnMi  steadi- 
ncsa  of  motion. 

Tha  vprffi^t  pioa  9  9  (L),  which  are  tipped 
with  sharp  agate  cones,  arrest  the  end-bearings 
by  rising  int(3  correspontling  conical  hollows  in 
tho  latter.   (Fi^.  6.  though  taken  from  an 

Oertling  balance,  will  give 
an  idea  of  the  way  in  which 
these  pins  work.)  The  two 
slanting  lines  O  O  (Fig.  I.) 
are  meant  to  inmcate 
two  supports,  which  pass 
through  .slots  in  the  pillar  s 
and  tho  bronze  rod  r,  and 
are  fixed  to  the  inner  rod  l. 
to  lend  additional  rigidity  and  steadiness  of 
motiou  to  the  end -bearings  arrestment. 

The  arrestment  of  the  beam  is  effect^<l  by  two 
adjustable  piers  z  rising  from  the  bar  T|  of  the 
bronze  rod.  The  tops  of  these  piers  carry  roof- 
shaped  agate  bearings,  in  which  the  arrest<ed 
beam  lies  with  its  lower  (bevelled)  edge.  This 
would  be  sufficient  to  keep  the  beam  from  turn- 
ing. To  hinder  it  from  moving  ) )r ogress iv el y. 
th^re  is  a  horizontal  frame  x.  (Figs.  ILL  and  IV.} 
nnited  with  bar  t,  by  two  IHtle  pillars  o,  o,  and 
carrying  two  agate  bearings,  a  roof-shajxHl  one 
at  the  hinder  end  and  a  plane  one  at  the  front  end 
of  the  middle  (agate)  raife.  The  roof -shaped 
bearing  receives  that  end  of  the  middle  knife 
as  the  roof-shaped  bearing  of  an  ordinary 
balance  would  (so  that  by  H,  and  tiie  two  beam- 
supports,  throe  jM Mills  of  the  arrested  beam  are 
hxod  in  prescribed  positions) ;  the  plane  bearing 
in  front  only  supports  the  kiUfe  as  it  rises  up  to 
it  on  arresting.  Thi"=i  plane  hearing  is  adjtj.'5tal)le 
by  means  of  a  screw,  so  that  tho  arrested  central 
knife-edge  can  be  made  rigorously  parallel  to 
tho  fixed  oential  bearing  of  tha  working  in- 
strument. 

There  we  three  eooentrios,  id]  attaehed  to 

the  same  axis  an  1  govemfni  by  the  same  handle 
(Fig.  IL),  one,  x,  for  tho  bronze  rod  f,  a  second, 
8,  tat  the  inner  steel  rod  L»  and  a  third,  c,  for 
a  pan -arrestment,  whose  mode  of  acting  will 
rtradily  be  seen  by  a  glance  at  Fig.  I.  When  the 
handle  stands  so  that  line  p  (Fig.  I.)  is  vertical, 
tho  beam  is  nTTcstod  ;  after  this  point  Ims  been 
passed,  the  U>am- sup  ports  remain  at  tho  same 
altitude*  but,  on  turning  tho  handle  further, 
bar  T,  is  raised  to  lift  the  t<  rininal  bearings  as 
soon  as  line  q  stands  vertical.  'JTio  last  third  of 
the  motion  of  the  handle  tirresta  the  pans. 

The  principal  feature  in  Messrs.  Staudinger's 
Nachfolgcr's  arre&tuieat  obviously  is  the  rela- 
tive independence  of  the  beam -arrestment  and 
of  the  end -bearings  arrestment.  In  most 
other  movable  frame  systems  there  is  only  one 
frame  for  both,  and  thing.s  are  arranged  w>,^  . 
that  the  middle  edge  is  held  fast  after4hc 
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bearings  have  been  lifted  by  a  hair's  breadth, 
and  that  the  upwanl  motion  conies  to  an  end  as 
soon  as  the  middle  knife  ia  ju«t  visible  abovo  its 
bearing.  A  retinement  upon  thin  construct  ion  't» 
to  merely  effect  the  three  oontActs,  and  then,  b\' 
me.ans  of  a  i*)m-<  iai  eccentric,  to  let  the  iniddlf 
bearing  drop  through  a  distance  of  0*1  or  0*2  mm. 

Whilst  all  the  Heveral  points  of  a  rigid  though 
niovalilc  arrc^tnx  nt-bnr  ni<ive  up  and  down  in 
vertical  straight  lines^  the  cnd-cdgea  of  the  vibra- 
ting beam  deeeribe  cirnsiliir  area.  Hence  when- 
(■\  I  r  the  l»ar  i.s  rai.xed  a^innt  the  xhintiin]  beam, 
the  end-bearings  (eiMf  to  slide  over  their  knives 
and  to  apoil  them.  To  preolude  the  possibility 
t>f  this,  Brfkcr  k  S<m.>i,  in  llidr  Pntst  hnlances, 
make  the  bar  lor  the  end  bearings  arrutitment  of 
two  halves  which  are  hinged  on  to  the  pillar  in 
or  very  near  the  axis  of  rotation.  Sartorius 
adopted  this  sy  stem  and  brought  it  into  a  slightly 
diffncnt  form,  rpgardine  which  m  o  refer  to  Jlibl. 
4,  where  it  is  ithjstrated  by  a  drawing. 

In  a  balance  which  has  only  plane  bearings, 
no  kind  of  arrestment*  of  OOtllse,  will  give  satis- 
faction, unless  its  several  parts,  and  also  the 
pdlar  and  the  sole,  an-  sufficiently  substaiitial  tu 
ensure  absolute  constancy  of  configuration  and 
nbsoluto  steadiness  of  motion  even  after  long- 
continued  use.  The  ol«l  mahliTJi  usud  to  pay  great 
attention  to  this  important  point,  but  it  is  sadly 
neglected  by  the  majority  of  their  pment  sue- 
ce8*«ors. 

In  a  Imlance  of  which  the  end-pivots  are  adf* 
adjustirt!/,  the  movable  arrestment  frame 
assumes  a  very  simple  turni.  All  that  ia  nLctled 
it  a  small  fnine  bearing  V-shaped  notehes  for 
arresting  the  middle  knife  in  a  prescribed 
position,  and  fixed  to  a  hori£uiitAl  bar  with  two 
piojeoting  puuH  in  order,  at  the  same  time,  to 
support- the  beam  in  a  horizontal  position.  As 
theee  pins  have  no  other  function,  the  bar  may 
be  very  light,  and  the  whole  system  need  not 
have  that  absolute  steadiness  of  motion  which 
is  indispensablo  in  the  case  of  i>lane  end- 
bearings. 

Tht  nttdie  and  Male  servo  to  define  the 
angular  position  of  the  beam.    Tn  all  modem 

precision  balances  the  ne<  (Ile  ]H)iiit,>i  (lownwards, 
and  is  meant  to  embody  a  straight  line  passing 
through  the  axis  of  rotation  ana  standing  per- 
pendicular on  the  line  eonnecfins/  the  two  point 
pivots  A  and  B.  llie  scales  is  attached  to  the 
pillar ;  its  sero,  if  the  stand  is  properly  leve]Ie<l, 
lies  vertically  l>elow  the  axl  T  rotation.  To 
enable  the  stand  to  be  levciie^i,  there  must  be 
either  a  plumb  line  or  two  spirit  levels  fixed  to 
the  pilhiT,  and  so  a<l justed  that  when  they  |M)int 
to  their  zeros,  the  line  connecting  the  zen>  of 
the  scale  with  its  projection  on  the  middle 
( iltfc  is  vertiral.  The  scale  should  iMJSopracln- 
ntod  that  the  needle-line,  if  produced,  would 
cut,  not  the  circle  described  by  the  needle's 
reference  point,  btit  the  horizontal  tangent  to 
this  circle,  int<^»  pieces  of  equal  length  (v.  infra). 
In  most  |>raetio«l  cases,  however,  this  comes  to 
the  ^rxmr-  ft"  HAving  '  into  yiifcf*?:  of  e(jual  angular 
value.'  In  balances  provide*!  with  a  ttxe<i  arrest- 
ment frame  the  <r:\\v  should  l>e  made  to  move  up 
and  dowTi  with  the  'x'sm,  po  that  itf  position  in 
reference  to  the  needle  remains  ecmstant.  In 
most  balances  the  end-point  of  the  needle  is 
just  clear  of  the  upper  circular  edpo  of  the  scale, 
but  it  is  better  to  make  it^  lowest  (iortiun  almost 


linear,  and  let  this  project  over  the  scale  and 
almost  touch  it.  > 

Thi  rirhr.    Snuill  weights  are  difficult  to 
handle  and  easily  lost.    To  avoid  this  incxMD* 
venience,  Betrelius  conceived  the  happy  idea  of 
(livitlini.'  the  ri;;ht  side  of  the  heani,  or  ratlier  th^ 
horizontal  lever  arm  corresponding  to  it»  into  ten 
equal  parts,  and  substituting  one  rider  weighing 
ten  centigrams  for  all  the  centigram  and  milli- 
gram pieces  of  the  set  of  weights.   Obiriously  the 
rider,  when  suspended  at  the  first,  second,  ftc. 
mark  from  the  centre,  act.s  like  1,  2,  A'c.  centi- 
grams placed  in  the  pan,  and  it  is  equally  obvious 
that  every  tenth  of  a  division  on  the  be*m 
BpiTiih  To  (-ri'-'  Tnilligram  of  aiMiTiMi,al  weiL.'!it^ 
This  ;>y^tctu  was  universally  aiiu|>t«iL  and  is  hiill 
in  use^  only  with  this  qualification,  that  we  now 
apply  it  to  the  counting  of  the  milligrams  by 
means  of  a  rider  weighing  ten  milligrams.  The 
reason  for  the  change  is  obvious.    In  most 
balances  the  iK)Int?  0  and  10  of  the  rider-scale 
arc  inaccetibiblu.     Becker  &  Sonii  avt»d  thiM 
inconvenience  by  dividing  the  arm  into  twelve 
joirts,  and  supniying  a  rider  weighing  twelve 
uiilligranis.    Other  makers,  fur  in*it*ne«',  Messrs. 
Verbeek  &  Peckboldt,  of  Dresden,  make  the  top 
Imr  of  their  beams  exactly  horizontal,  ami. 
iM-sides  keeping  it  clear  of  impe<liment.s,  make  it 
project  beyond  the  terminal  edges.    One  of  the 
aih  antnvres  of  this  svstcm  is  tluit.  in  the  eas*'  of 
a  fcJitirt  beam,  it  enables  u.s  tu  ilouble  the  di-grws 
of  the  rider  scale,  by  dividing  each  arm  into  only 
five  (integer)  parts,  numlx-rinj^  thi'«o  from  the 
li'ft^  knife  onwards  and  using  a  rider  weighing 
five  milliBTsms.    Only,  if  we  do  so,  the  rider 
suspendetl  at  the  zero  must  be  counted  part  and 
parcel  of  the  instrument.    Bungo  provides  a 
special  rider-bar  so  contrived  that  the  path  of 
the  rider  lies  in  the  plane  of  the  three  axes.  This* 
thtorciirnUyt  is  the  most  perfect  arrangement. 

A  rider  arrangement,  to  be  complete,  must  be 
supplemented  by  a  meobanical  oontrivaooe  es- 
abling  one  to  shift  the  rider  vdiile  the  balance 
case  I.S  closed,  And  to  do  so  with  greater  rapidity, 
case,  and  certainty  than  would  be  afiorded  by  a 
forceps,  supposing  the  ease  to  be  open.  Riwr- 
L'\Mde.■^  fultilliiin  this  latter  condition  are  scarce: 
even  with  the  best  the  rider  flrops  down  occasioo' 
ally,  and  has  to  be  searched  for. 

To  a  void  this  source  I  >f  annoyance  TIempel  do^j 
away  with  the  rider  and  substitutes  for  it  a  vaitc 
with  a  limb  graduated  into  milligrams  (v.  infra). 

Thf  ijran'ti/  hrii  a  hmall  hutton  or  disc  of 
metal  so  attached  to  a  wire  8t«nding  vertically 
on  the  top  of  the  beam  exactly  above  the  axis  oi 
rotation  that  it  can  he  screwed  u;^  i^i  !  drw-n 
along  the  whole  range  of  the  wire,  it  enabks 
one  to  raise  or  lower  the  centie  of  gravity  of  the 
beam,  and  thus  to  estaldish  any  deainfaie  degiee 
of  sensibility. 

A  bob  thus  constTUOte<l  meets  all  the  require* 
mcnts  of  the  balanre  maker,  but  for  the  chemUt 
who  uses  the  iMiiance  it  is  desirable  t^  have  sii 
arrangement  which  enables  him  at  a  inoment's 
notice  to  establi'sh  nny  prwh^termini^l  dej^ree  ct 
sen.sibility.  Such  an  arrangemeiu  u>w»  mventfd 
by  the  writer  some  ye«ni  ago  ( Hil'l.  8  and  .'il.  It 
consists  (.)f  a  f-mall  hob  fixe<l  by  mere  friction 
to  the  npjKT  end  of  the  needle,  wluch  at  th*i 
pari-  has  the  form  of  a  triangular  prism,  and 
'  IS  provide<i  with  a  irraduatlim.  vhc  mcxir 
I  of  staudardisiog  the  scale  is  ejipiaiiieU  bdouwle 
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Some  atmngtmenl  for  tntMishin'j  perfect 
•  UtiUhrium  in  the  unltmctetl  instoumeni  is  re- 
quiifid.  A  small  bob  screwing  slung  a  horizunt-nl 
whw  fixed  to  some  convenient  part  of  the  beam 
an^wiTH  Ix-st.  I^ens  convenient  is  a  '  vane,' 
meaning  a  little  movable  horizontal  lever  at- 
tached to  th«  lowest  point  of  the  wire,  which 
carries  x]w  nrtlinarj'  gravity-bDl»,  or  t<>  the 
up{>or  part  uf  the  neecUe.  To  undentand  the 
working;  of  the  vane— and  at  the  sane  time  that 
of  HfrnfMps  iin t  ntiot)  ftl)<)v«'  n-ft  md  t<>  sul>- 
Mtitut^  for  the  vane  an  equivalent  r^id  line 
(Fig.  7).   If  the  vane-Une  ataada  hi  the  poiitwn 
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00->t.«.,  if  it  is  pandld  to  the  middle  knife — it 

afldg  no  weight  to  i-ithcr  side,  if  turned  thrtni<.'h 
90^  into  position  O  (10).  it  virtually  addii,  let 
ns  aay,  10  miUtfframa  to  the  charge  of  the  right 
pan.  Diviflr  the  line  0  (10)  into  t<  n  equal  piirts, 
erect  an  orrlinate  in  each  point,  and  you  find  the 
pointe  0«  1,2,  3,  Ac,  of  the  oironiar  path  of  the 
•  tul-p<^»int  of  the  vane,  to  which  the  vdric-lino 
must  point,  if  the  virtual  addition  to  the  right 
panistobeequaltoO,  l,2....10milligraro8.  A 
glance  at  the  figure  shows  onr  wrak  fh>int  in  fhp 
vane  oontrivance.  There  xa,  liuwever,  no  need 
of  oar  dividing  the  circular  limb  exactly  in  the 
MH}-  of  our  figure.  Wo  may,  for  instance,  pfaco 
the  zero  at  the  —7 and  the  ten  at  the  -f  7  of  our 
figure,  divide  the  interval  between  the  projeo- 
tions  on  line  (10)  (iT))  of  +7  and  -7  into  ton 
equal  parts,  and  so  arljust  the  maas  of  the  vano 
and  ite  distribiitiiMi  that,  by  turning  it  from  the 
new  zero  fat  7)  to  the  new  *  10  '  (at  +7),  we 
virtually  add  10  miiligraim  to  the  right  charge. 
The  degreee,  corresponding  each  to  1  milligram, 
th'  Ti  (  rrnrTM-  so  nivirly  t-cjuiil  to  one  flnofhcr  that 
the  dubdivuiion  of  each  into  ten  parts  of  equal 
angolar  vahie  ia  peimiariUe. 

Tbb  TnoRY  OF  THB  Balanck. 

For  a  first  approximation  imagine  a  balance 

\\'h'j-h  ideally  jKrfeet.  and  assume  it  to  Ik> 
I  h,a-e<i  wiiii  1'  grams  from  the  left  and  with 
1'  u'raniH  from  the  right  point  pivot.  The 
I'alance,  when  free  to  vibrate,  ran  remain  Bt  rest 
a,  ouly  its  normal  position,  and  il  brought  out 
of  it  will  vibrate  aboot  it  as  a  p-ndulum,  iKvause 
the  two  charg*"'  are  cqtii\ n I'-nf  ^tJitically  to 
one  heavy  particle  vseiiiUiug  'li',  tfituattxl  in 
the  oentrd  laiife<edge.   Now,  put  a  small  over* 


weight  A  on,  say,  the  right  |»an  ;  the  position  of 
^K>tentiel  re-t  will  shift,  and  thj5  beam,  to  reach 
It,  must  turn  (downwards  on  the  right  side) 
through  a  certain  angle  a,  which  depends  only 
on  A  and  on  the  wei;:ht  \V  of  the  empty  beam, 
which  latter  we  may  assuuie  to  be  concentrated 
in  itfl  centre  of  gravity  c,  the  force  2P  being 
obviously  out  of  consideration.  But  the  t\so 
weigbta,  a  at  6  and  W  at  c,  are  equivalent  to  a 
point  weighing  W+A  and  lying  on  the  straight 
line  vh  at  n  point  {  not  far  from  c.  The  new 
p(i«iition  of  lest  ia  gained  as  soon  as  c'  lies  vorti> 
cally  bi^w  the  aatis  of  rotation,  or,  to  put  it 
in  other  words,  the  right  .-i<lc  of  (lie  Ix-am  ^'(jcs 
down  until  the  ievcrago  of  A  is  so  far  r<xlucod 
and  that  of  W  has  so  rar  increased,  that  the  two 
momfnin  /^Inficn  are  eciual  to  each  other. 

Imagine  now  the  axis  of  rotation  were  sfaiftod 
vertioaJly  upwards  through  a  small  height  A,  but 
remained  p.irallel  to  itself.  Tho  imaginary  point 
weighing  2P  now,  as  .^oon  as  the  beam  tunxs, 
hat  a  lover  and  helps  tho  weight  W ;  the  beam 
will  turn  through  a  less  angle  a  to  gain  li-i  now 
position  of  rest,  and,  8Up|>osing  2P  t(»  increase, 
a  becomes  leas  as  2P  increases. 

Imagine  now  the  axis  of  rotation  to  be 
Hhifto<l  dowTiwariU  towanh  the  centre  of  gravity. 
I'he  heavy  point  weighing  2P  grams  now  helps 
A,  and  the  angle  Mhich  separates  tho  two 
positions  of  rest  will  become  greater  than  the 
original  angle  ;  the  great*?r  2P  tho  greater  will 
be  the  ivctunl  antde  b".  But  the  two  weights,  W 
concentrate<i  in  ( ,  and  21'  concentrated  in  the 
centre  of  the  line  oA,  taken  jointly,  are  equJ. 
v.dent  to  onp  point  c'  weighing  \V-t-2P  grams, 
and  :?ituate<l  on  the  fitraight  line  connecting  tho 
tvso  points;  and  supposing  2P  to  inoroase 
gradually  from  nil  onwards,  c',  in  tho  second 
case,  will  rise  and  rise,  an<l  at  a  certain  value  of 
2P  fall  into  the  axis  of  rotation.  The  balance 
then  has  no  delinite  ixisition  of  rest;  and  if  o' 
rises  still  higher,  tho  halance  upsets.  However 
small  an  overweight  A  may  bt*  put  on  either  side, 
the  beam  would  have  to  ttim  upside  down  to 
reach  its  one  (theoretical i  jxisition  of  stable 
equilibrium. 

The  balance  malier  of  ooniae  takes  oars  so 
to  adjust  his  instmment  that  even  if  the  sensi- 
hility  \s  at  the  highest  value  which  the  halaneo 
is  meant  to  afiord,  and  tho  two-side<i  charge 
2P  at  its  maximum  likewise,  the  centre  of 
trravity  of  the  whole  system  Ilea  on  the  safe  aide 
of  tho  axis  of  rotation. 

Assuming  this  condition  to  be  folfiUed,  the 
balance  to  he  exactly  equal  armed  and  to  he 
charged  with  a  pan  weighing  grams  and  a 
load  of  p  grama  on  each  side,  the  angle  a  of 
deviatioD  is  governed  by  the  equation 

A/" 


(1) 


W«  +  2(i>o  -t-  p)h,  ' 

where  I  stands  for  the  arm-length,  m  for  the 
dL>tance  of  the  centre  of  aravity  (rf  the  empty 
brain  from  the  axis  of  lotJUion.  and  h  for  the 
disUiuce  of  tho  axis  uf  rotation  trom  tho  piano 
of  the  two  end  wiges,  the  axis  lieing  aasumed  to 
li*  >i'>nn  the  plane.  In  the  opposite  case  A  must 
be  Ui-isumed  to  be  negative,  or  the  sign 
before  th<^  second  term  in  the  denominator  Ik? 
replacrfl  by  a  tninu.t  sign.  But  (qa  is  the  ratio 
of  the  absolute  length  of  scale  (measured  tan- 
gentialljv  r.  mpta)  corresponding  to  angle  a  to 
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the  distance  I  uf  t  he  taugent«Mio  from  the  axis 
of  zotetion.   Hencu  we  mto 

where,  supposing  I  to  be  mearared  in  tMigmtra] 
scale  degrees,  n  may  be  read  as  mtaniiiL'  the 
number  of  degrees  tbrongh  which  the  umllo 
luiiu  in  oonBeqnenoe  of  the  additkm  of  A.  The 
product  condenaed  into  *  fi '  m  will  call  the 
sensibility.' 
Tho  reciprocal  of  £^  t*.c  the  number 

*B^,  IB  the  we^ht-valne  of  1  degree  of  tiM  Male 

the  puttouW  A  vhioh  tnakes  »«•]. 

With  a  precision  lialanoe  the  tnilligraiii  ia  a 
convenient  unit  for  A. 

¥of  a  faalanee  provided  with  the  vtiter'a 

auxiliary  bob,  cq.  (2)  may  cofiTenieatly  bo 

brought  into  the  form 


n 


n. 


where  6  is  the  weight  of  the  bob  and  .Vo+y  the 
distance  of  its  centre  of  gravity  from  tlic  axis  of 
rotation  yo,  being  that  distance  whivU  pruvaiLs 
when  tho  bob  is  at  its  highest  (7.ero)  position. 
In  a  well-mado  balance  the  influonce  of  P  on  E 
is  small ;  we  may  therefore  a88ume  tho  P  of  the 
equation  to  be  home  average  value,  and,  con- 
tractinij  oonstant«|.  My,  the  weight-value  of  one 
degree  is 

E->-A  +  By     .  (3) 

where  A  and  B  are  constants  ;  A  obviously  boing 
that  value  which  E  '  assumes  when  v=0.  —  B 
ia  eaaily  determined  by  one  trial  at  y  =  to  its 
maximum,  and  tho  scale  thus  standanlijied. 

The  theory  of  the  rider  might  be  allowed  to 
take  care  of  itself  if  it  w  ere  a  general  practice 
to  place  tho  ridrr'.s  jiath  fxactly  into  the  plane 
of  tho  three  axes.  But  such  is  not  the  case  ; 
this  path,  as  a  rule,  lies  above  tlio  plane,  and 
each  mark  at  its  own  altitude  H.  IaiI  ns  there- 
fore a,s8ume  tliat,  after  the  balance  had  bee-u 
eharge<l  with  V  on  each  side,  a  rider  weighing 
p  had  been  suspended  at  a  pohit  of  tlit<  beam 
oorresponding  to  the  fraction  kl  of  the  artn- 
length  (at  the  lOky^  mark  counting  from  the 
centre).  If  tho  beam  stand  horizontal,  and  a 
weight  kp  bo  placed  in  the  opposite  pan,  tho 
beam  will  remain  in  equilibrium,  because  we 
have  l{pk)=p{kl)  whatevo-  H  may  bo ;  the  rider 
where  it  ia  and  the  charge  kp  (virtnaily)  in  the 
h'ft  knife-edge  are  conjointly  ecjuivalcnt  to  a 
fixed  point  weif^hiug  ikp-f  P»  and  situated  on  the 
atraight  line  jotmng  the  left  edge  and  the  point 
(lOk)  where  the  rider  is.  And  xhi^  ((niivalenoc 
holds  for  the  slanting  beam  as  weil»  and  is  inde- 
pendent of  P.  But  the  aensibtUty  of  the  beam 
with  the  rider  on  i.s  evidently  greater  than  it 
was  with  the  rider  off.  Statically  speaking, 
the  weight  of  the  beam  and  tiie  two  charges  P 
and  P  are  equivalent  to  a  fixed  |K3int  Cn  weigh- 
ing W'asVV-t-2P,  and  situated  vertically  below 
the  azia  of  rotation  at  a  distance  8s,  and  this 
particle,  conjointly  with  tho  ono  emlwdied  in 
the  rider,  is  equivalent  to  a  point  weighing 
W-t"2P-fp,  and  situated  on  the  straight  line 
hot  worn  ( \,  and  tli<'  point  when*  the  rider  nits. 
Kclerri^^o^a  sytsteni  of  rectangular  co-ordinates 


Y-axis  pAKse.s  through  thu  same  oentre,  we  hare 
for  the  pueitioa  o(  the  resultant  point  the 

equations 

a:(W'  +p)  =  lkp;  and  »/( W'^+  p)  =  \\\  -  pH 

'iw'*„-«h}    •  • 


pa.s»e9  through  the  centre  of  the 
central  edge  And  is  paiallel  to  AB^  and  whoae 


o-i>H, 

We  see  that  if  H  !);•  constant^ — i.e.  if  the  rider- 
jHith  be  j)araUel  to  the  plane  u£  the  throe  axes — 
tga  is  proportional  to  the  overweight  kp  virtu 
ally  added  to  the  charge  of  tho  right  pan  ;  but 
it  is  as  Weil  to  notice  that  the  tga  of  our  equatkm 
is  different  fnnn  tho  {tga)^  which  is  brought 
about  if,  instead  of  hanging  the  rider  on  the 
(lOib)"'  mark,  wo  actually  put  ilrp  units  into  the 
right  pan.  Obvioady 

(/5ra)o  =  (kp).^,-  and  less  than  tga   .  (5) 

With  a  rider  weighing  only  10  milligrams,  and, 
say,  a  hectogram  baumoe^  the  term  ptl  in  tite 

driiiiiiitnator  cornea  to  very  little,  but  with  a 
rider  of  ton  times  the  weight  it  (aa  a  rule)  can 
no  longer  be  ncgleoted;  such  a  rider  cannot 
r  rill'  i.tly  bo  used  trnlesji  H  is  constant  an'! 
the  rider  must  always  hang  at  the  balance  (at 
ita  xero,  over,  say,  the  central  knife  when  it  is 
not  used  as  a  weight),  or  else  the  sensibility 
has  one  value  with  tiio  heavy  rider  on  and 
another  with  the  rider  off.  Another  requisite  Ls 
tint  notehe>  cut  into  the  beam  be  substitutt-d 
for  mcro  mark^i,  aud  that  the  rider  have  a  sharp 
edge  to  give  sufficient  constancy  of  poaitiaa  to 
ita  point  of  application. 

From  what  we  have  said  so  far,  it  wooki 
appear  that  in  a  balance  provided  with  a  gtarity* 
boo  we  can  give  the  sensibility  any  value  we 
may  fancy.  And  so  we  can,  but  it  does  not 
follow  that  M'o  can  command  any  desired  degier 
of  precision.  Bec^in^"  the  three  edges  and 
bearings  are  not  wiiul  they  ought  to  be,  aud. 
as  a  httle  refleetion  aiiowa,  the  effect  of  their 
defectii  is  the  same  as  if,  say,  the  length  of  the 
right  arm,  iimtead  of  being  at  the  constant 
value  {,  oscillated  inegulariy  U  iw  cen  7— x  and 
l-^K,  where  \  is  a  very  wmall  length,  which 
iucreasos  when  W  and  1*  iucreaj<o,  but  is  inde- 
pendent of  /•  And  this  again  is  the  same  a* 
if  A  were  nil,  but  the  charge  uf,  say,  the  right 
side,  instead  of  being  at  a  constant  value  P, 
varied  irregularly  from  P— «  to  P-f  *.  In  > 
given  balance  chareed  with  a  given  P  at  each 
side  f  is  constant,  but  the  corresponding  an^k 
of  deviation  jS  varies  when  the  sensibility  \ark-s. 
Within  this  andie  fi  the  balance  is,  so  to  ^ay,  iu 
a  Hate  of  indifferent  equilibrium.  By  going  » 
little  more  deeply  into  tho  matter,  we  easily 
satii^y  ourselves  that,  even  allowing  for  the  fact 
that  we  cannot  auhatitnte  a  longer  for  a  ahorter 
l>eani  without  increaMing  the  beani-WLij^ht.  «  wil' 
increase  when  I  becomes  loss.  In  a  hahuict 
j  meant  to  afford  a  certain  decree  of  nreciaioD, 
we  cannot  allow  the  arm-Iengtn  to  fall  below  a 
certain  (very  unontain)  value 

A  glance  at  eq.  (2)  would  show,  if  it  wof 
not  clear  w  ithout  it.  that,  if  the  three  a\(  s  lie  in 
exactly  the  same  plane— »>.  if  A=0— the  »ensi 
bility  becomes  mdependent  of  the  eliargf. 
which  is  a  great  eon\ iniencc.  Kut  /<  oliv  iou?!} 
cannot  be  equal  to  ml  at  all  ehar^;es ;  hence  in 
the  case  of  me  beat  inateumenta  it  is  regulat^Ml 
so  tlmt  it  haa  a  small  negative  value  wii^  odIt 
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the  fNms  we  sui^i)otKlt-(l,  and,  by  tiie  unavoidftbla 
deflection  of  the  beam,  bi-comcii  nil  at  soiiio 
suitably  selected  medium  charge,  so  that,  from 
this  charge  upwards,  it  has  BmaU  posittve  ralves. 
That  f^uch  a  desree  of  precision  cannut  bo 
attained  by  puie^  ooustructive  methods  goes 
wHhoQt  aaying ;  mdeed,  any  preobioo  balMioe 
r«qiiiro>)  to  be  *  adjusted'  before  it  is  fit  to  bo 
used.  For  this  puzpoee  the  value  of  the  h  corre- 
sponding to  the  medinm  chame  and  tiw  ntio 
Of  the  Mtiial  anii*leiigths  Ptr  must  be  deter- 

miOMl  and  the  eitOM  h  end  L—l  eoneoted. 

For  the  (linxt  ^comrtric  inoHsurt'ineiil  of  7i 
special  ap])aratus  have  beca  constructed,  which, 
UK  their  present  tom,  we  bdieye,  affbrd  a  mfR* 
cicnt  degree  nf  prccij^ion  ;  but  the  final  test 
always  is  (or  at  least  was  until  lately)  at  a  suit> 
able  position  of  the  hoh,  to  determine  the  weight- 
value  E~'  of  one  (lo>;roe  of  doviation  for  a  series 
of  charges,  say,  50,  100  grams,  &c.,  Uf 

to  the  mazmram  charge  whkh  tiie  balanee  is 
intended  to  meAsiire ;  and  to  at  least  virtualhj 
calculate  the  corresponding  values  h  by  means 
of  oq.  (2).  Whether  h  is  pc^ivo  or  negative, 
is  of  course  seen  fmm  the  values  K~'  without 
calculation.  Suijpo^iug  now  A  has  a  greater 
value  than  can  oe  tolerated,  one  of  the  Idiives 
roust  bo  loAAcred  or  raiseil  until  at  a  certain 
medium  charge  tho  three  edge^  are  as  exactly 
as  possible  in  one  pUne.  Most  mechanioians 
provide  adjust  ir;::  sr-nnvs  for  thLs  piirpo«?e  which 
enable  one  to  uork  m  a  ayHti^uistic  mauaer. 
Some,  however  (for  instance,  Becker  &  Sons, 
following  tho  example  of  Dolcuil),  ])refpr  to  fix 
all  the  knives  definitely  and  to  alter  the  form 
of  (he  Ix'im  itself  by  means  of  the  hammer.  If 
tno  central  tdgo  has  to  be  l()\\ered,  the  lower 
bar  of  the  bcaui  its  struck  (on  both  sides) ;  if  it 
is  to  bo  raised,  the  upper  l>ar  is  struck,  until  the 
correction  is  presumably  almost  hut  not  f]\i\tf^ 
completely  enccted.  The  values  E^'  are  tiiea 
again  determined,  and  if  they  arc  not  naffi- 
ciently  near  one  another,  the  hammering  is 
renewed  until  the  adjustment  is  perfect.  In  a 
similar  manner  (or  by  means  of  adjusting 
screws)  the  two  arms  are  made  equal  to  each 
other.  The  test  hero  is  very  simple.  The 
balance,  after  having  been  brought  to  the 
h^hest  dc»;roe  of  sensibibty  which  it  will  stand 
at  the  h^met  charge  P,  is  charged  with  exactly 
P  grams  on  each  t^itle.  Tho  lon^jer  arm  goes 
down,  and  by  determining  the  small  over- 
weiffht  whioh  mmt  be  added  to  the  other  side  to 
cstaoli.sh  equilibrium,  we  can  easily  determine  tho 
ratio  I'  :l"  numerically.  All  these  adjustments 
are  effseted  bjf  the  mechanician,  and  when  once 
effectnl  are  final.  Some  mechaniciaius — for  in- 
stance, the  Beckers — fix  even  tho  centre  of 
grsTity,  but  this  is  a  mislslMi.  A  bahnee,  to  be 
coTiiplfto,  must  have  a  movable  *  bob  '  to  enable 
tho  operator  to  give  the  sensibility  that  value 
which  suits  him  best.  What  ds^iee  of  sensi- 
bility should  we  choose  ?  Answer  :  In  general, 
the  lowest  degree  which  suffices  for  tho  purpose 
in  hand.  Su  pposing,  fur  tnstanee,  we  can  n^ect 
the  half-milJigram.  it  of  no  use  to  Mcrew  up  the 
bob  any  higher  than  necessary  fur  rendering 
the  anipe  of  deviation  corresponding  to  0*5  mil- 
ligram conveniently  visible  and  no  more,  because 
the  less  the  sensibility,  tho  greater  the  ran^e  of 
weights  determinable  bj  the  insthod  (rf  vibia* 


tion,  the  greater,  as  is  easily  shown  from  eq.  (2), 
the  relative  independence  of  tho  sensibility  from 
the  charge,  and  Jast»  not  least,  the  less  the  time 
of  vibration.  The  time  of  vibration  can  of 
course  not  be  alIo\v(-<I  to  fall  below  a  certain 
'  minimum,  or  else  the  centres  of  gravity  oi  the 
I  charges  will  not  be  able  to  follow  the  oseinations 
of  the  hean»  with  sufficient  promptitufle.  But 
this  clause,  with  larger  balances  wrought  at  high 
precision,  usually  takes  eare  of  itself.  Tho 
exact  relation  in  a  balance  betueen  the  time  of 
vibration  t  (in  seconds)  and  the  sensibility  E  is 
given  by  equation : 

<'  =  ^j{HV-f  2P  ;  E     .        .  (G) 

where  R  is  the  length  of  the  mathematical 
pendulum  beating  seconds  at  the  place  of  otraer- 
vation,  P  the  total  charge  on  one  pide,  and  k 
a  numerical  factor,  i\V7'  being  tho  momeiUum 
inertia  of  the  empty  beam.  With  the  customary 
perforated  rhombus  or  triangle,  k  is  very  nearly 
equal  to  1.  From  the  equation  we  clearly  see  that 
with  a  *  bob '  of  sufficient  range  wc  can  chooso 
our  own  time  of  vibration  or  our  own  sensibility, 
but  v^'o  cannot  choose  botli,  in  a  ready- maao 
balance.  It  stands  differently  with  a  balance  to 
be  constructed.  To  avoid  indcfinitensse,  let  us 
assume  that  wo  wished  to  design  a  balanee  for 
weighing  quantities  up  to  100  grams  with  a 
toleration  of  0*1  mgr.  Let  us  assume  also  that 
wo  had  made  up  our  minds  reganling  the  mate* 
rial  and  the  eeucral  form  for  thv*  Ix'am,  and  that 
we  had  defined  the  latter  so  that  the  relation 
between  anii*length  /,  and  weight  W,  were  in 
aoootdanes  with  an  equation  of  the  form 

W^C  +  Bi  .  .  .  (7) 
where  W  includes  tho  empty  pans,  U  designates 
the  conjoint  weight  of  all  that  which  is  inde- 
pendent of  I ;  and  B  !«tand8  for  the  weight  of  the 
rest  if  the  arm-length  1^1.  Our  equation  now 
assumes  this  form 

■+2i>  +  w}E  .       .  (8) 

where  p  stands  for  the  charge  in  e^ch  pan. 
This  equation  affords  some  guidance  in  iho 
selection  of  L  Assuming  for  £  a  value  whioh 
renders  the  decimilligram  just  viBible,  and 
taking  p=0,  we  substituto  for  t  the  smalle.-t 
admissihle  value  and  solve  our  equation  in 
resard  to  I.  Of  course  cannot  be  allowed  to  fall 
below  that  minimum  l^  ('■  ■•'";"■'/)  at  %\hich  tho 
inherent  error  would  rise  to  anything  like  0*1  mgr. 
Where  does  this  limit  -value  lie  T  8taudinger 
used  to  ilraw  tho  line  at  200,  Oertling  at  ISCI 
millimcties.  and  similar  values  were  adopted  by 
Other  makers,  until  Bunge,  some  twenty-flve 
years  ago,  showetl  in  the  most  direct  manner 
possible  that  a  sufficient  degree  of  constancy 
can  be  attained  with  an  srm-migth  of  as  little  ss 
fiO  millimetres.  Thanks  to  the  general  excellenco 
of  Bunge's  work  his  short  beams  soon  became 
very  popular  wtt^  chemists,  and  the  fact  that 
almost  all  other  German  makers  have  since  como 
to  adopt  the  Bunge  by.nt^jm  ^howii  that  the 
additional  perfection  in  thu  pivots  which  the 
short  beam  undoubtedly  demands  is  not  ko 
difficult  to  realiM-  its  an  c»utsid(>r  might  bo  in- 
clined to  think.  A ><« inning  tki.H  dijficulttj  to  be 
overcorrtr,  it  cannot  be  denied  that  tho  short  in 
opposition  to  the  long  beam  does  offer  certain 
adTSntSfss.  Ist.  It  is  relatively  light,  and  hon^^ 
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the  working  of  the  aireKtment  is  a  lo^s  cfTnrt. 
2nd.  It  iH         liable  to  irregularities  thruugh 
Oii^iided  elevation  of  temperature.  Perhaps 
ue  may  adrl  tliat.  3nl,  it  is  eiisit  r  in  its  caso  than 
in  that  uf  the  long  beam  tu  make  a  Hmooth- 
>\orking  arrestment,  and  on  this  aecsount  chiefly 
it  I'linlm-s  onv  to  weiY'h  more  quickly.    4th,  and 
kast  in  uur  upiuion,  it  vibrates  more  quickly. 
Not  that  we  value  this  last  advantage  at  nothing. 
The  MTiter's  auxiliary'  bob  indeed  was  invented 
with  the  verj'  object  of  rcmetlying  the  corre- 
aponding  defect  in  the  older  form  o7  the  instru- 
ment, l>eing  originally  intended  to  be  used  thus. 
In  the  outset,  place  tne  bob  far  down,  say  to  the 
mark  where  1*  of  deviation  corresponcb  to  2 
mgn.  or  eome  other  value  Mcunng  great  rapidity 
<  of  vibration,  and  eHtablnh  equilinrram  an  far  ns 
lluiM  {H)ssil)l('.    Thru  raisf  tin-  holt  to  tho  fM.irl. 
at  which  I'^O-i  mgr.,  allow  to  vibrate,  shift  the 
riiW  eotrenpondingly,  and  verify  your  result. 
The  writiT,  however,  noon  eurne  t<i  find  thi« 
method  less  convenient  than  he  had  expected, 
and  adopted  another  very  obvioue  exnedient. 
It  is  easy  in  any  beam  to  hrint,'  down  tne  time 
of  vibration  to  ihe  least  value  one  could  reason- 
ably widi  for  by  sore  wins  down  the  bob  to  the 
corresponding    place.    Tnis,    of    coun^c,  may 
reader  the  docimilligram  invisible  to  the  naked 
eye.   But  why  not  help  the  eye  by  optical 
means  ?    An  ordinary  lens  magnifying  fix  times 
linearly  affords  more  than  there  is  an^'  occasion 
for;  only  it  magnifies  the  parallaotio  error  as 
well,  and  the  effort  to  avoid  this  error  strains  the 
eye  very  unpleasantly.    This  experience  led  the 
MTiter  to  the  following  combination,  which  he 
found  to  jjive  p-rfect  .«tatigfaetion.    A  narrow 
ivory  scale  divided  into  ilegrees  of  about  O'l  mm. 
is  fixed  nlantingly  to  the  neetUe  prettv  far  down, 
yet  f  rtr  f^nonph  Up  for  not  obscuring  tVie  onlinary 
scah  niiJch  doee  duty  as  usual ;  on  the  other 
hand,  a  compound  microaeope  of  feeble  power, 
v  hich  pas-iies  through  the  central  fixeil  jxirtion  of 
the  front  pane  uf  the  case,  is  fixed  blaatingly  to 
the  piUar.    The  microscope  has  one  vertical 
♦  wire  '  in  its  focus  which  acta  as  a  needle.  As 
the  microscope  inverts  its  images,  the  apparent 
motion  of  the  wire  in  reference  to  the  scale 
(which  one  easily  persuades  himself  is  fixed)  is 
the  same  in  sense  as  the  real  motion  of  the 
nee<Ue  in  reference  to  the  ordinary  .scale,  so 
that  mistakes  in  regard  to  the  +  and  —  are 
avoided.   The  ordinary  scale  is  graduated  after 
the  miero-neale  so  that  each  of  its  decrees  is 
equal  in  angular  value  to  10"  of  the  latter. 
The  writer  some  five  years  Bfp  caused  ISt. 
Oertliny  to  apply  tliis  arranj.'enu'nt  to  t\Aii  of 
his  balances,  and  he  has  found  it  to  work  very 
satfarfactorily.   Althoupfh  it  waa  originally  in* 
tended  chiefly  for  sjKcial  occasions— the  adjust- 
ing of  weights,  &c. — it  is  used  even  for  our  ever>'- 
dsy  work,  as  it  was  found  that  the  mierosco|x> 
puts  a  less  strain  on  the  eye  than  the  naked-i  \  c 
reading  of  tho  ordinarv  scale.    The  micro- 
sco]rie  arrangement  descnbed  sdds  about  31,  to 
the  cost  of  the  b.ilance.    A  rheayvT  arranijement 
is  the  foUowing.    A  micro-scale,  divided  con- 
veniently into  fifth" millimetres,  is  fixed  dantin^ly 
to  the  pillar,  the  needle  at  the  oorrespondmg 

a  ! 

p4rt  is  shaped  thus,  ^    |  and  a  hair  by  means 

b  i 


of  capillary  ixrft  rations  is  stretched  out  between 
a  and  &  ;  the  hair  is  parallel  to  the  face  of  the 
scale,  and  only  some  0*2  to  0*6  mm.  removed 
from  it.  A  short  terrestrial  telescope,  fixed  in 
tho  central  (tixeri)  part  wf  the  frout-jmne  of  the 
case,  serves  for  the  readings.  The  object  glasA 
serves  only  to  produce  an  image  of  the  scale  and 
hair  within  the  tube,  which  the  eye-piece  (a 
compound  mieroicope)  magnifies  as  far  as  neces- 
sary. As  the  telcscone  need  not  be  perfectly 
8tea<ly,  it  can  be  fixed  at  a  relatively  low  cost. 
We  have  u  i  1  tliis  arrangement  in  connection 
with  onv.  of  our  balances  for  over  two  years*  and 
found  it  to  be  almost  as  good  as  the  one  filtt 
described. 

On  the  Skttiko  vr  akd  Tbstiko  of  a 

Phkcikton-  Balanck. 

A  real  precision  balance,  to  be  able  to  do 
justice  to  itsdf,  must  stand  on  a  very  steady- 
support,  in  a  room  where  it  is  not  exposed  to 
one-sidod  changes  of  temperature.  Tho  light 
should  fell  in  from  the  back  of  the  observer. 
The  best  support,  of  course,  is  a  pillar  f  )f  masonry, 
standing  duectlv  on  the  earth.  JMext  after  it 
(in  a  sttbstantiaUy  built  building)  comes  a  shdf 
fixwl  to  the  wall  by  strong  brackets.  A  good 
heavy  table,  however,  sumccs  in  practice.  In 
a  huge  city  the  street  traffic  becomes  very  in- 
convenient in  weiji^hing.  Its  effect  car.  b> 
minimised  bv  putting  small  pieces  of  tiuck. 
vulcanbed-rubber  plat4>  between  the  legs  of  the 
rase  and  the  lal>le.  In  the  examinatlrm  of  a 
newly  set-up  balance  \tu  naturally  begin  by 
seeing  that  the  arrestment,  the  rideV'Shifting 
apparatus,  ^rr.,  are  in  gootl  onler.  we  then  level 
the  easi>.  and  next  leave  the  balance  to  itself 
for  some  four  hours  at  least,  to  enable  it  to 
ac(|\iire  the  tem]XTaturf  of  the  room.  After 
the*se  preluninanc'ii  wc  proceed  t«  the  foUowing 
determinations. 

JhiennimUion  of  the  inherent  error  «. — For 
thiii  purpose  we  charge  the  balance  equally 
on  both  sides  with  the  highest  weight  which  it 
is  intended  to  measure  (a  hectotrrani  balanct',for 
instance,  with  a  hundred -gram  piece  on  each 
side),  and  after  having  entablished  approximate 
equilibrium  at  the  highest  degree  of  sensibility 
which  tho  balance  will  stand  at  this  charge  with* 
out  giving  obviously  inconstant  readings,  deter- 
mine the  exact  position  of  rest,  first  with  the 
two  hectograms  in  the  centres  of  their  pans, 
and  then,  in  a  series  of  successive  experiments, 
with  one  or  other  of  the  hectograms  placed 
at  some  point  of  the  edge  of  its  pan  so  as  to 
give  any  non -parallelism  in  the  axes  or  any 
other  diiefcct  iu  the  terminal  pivots  a  good 
chance  of  infiuencing  the  result,  taking  care  to 
inter]Kilate  oeta.-.ionail\  an  ex)K-rinu'nt  \Aith  the 
I  t  vto  weights  centrally  placed  in  order  to  sco  if 
I  t  he  balance  still  gives  tne  same  readings  as  it  did 
at  (irst.  If  it  diK'S  not,  this  is  prol>abl\  owin;;  to 
external  causes,  such  as  unequal  heating  of  the 
two  arms.  To  be  able  to  translate  degrees  of 
deviation  into  flrff»  nnees  of  wt  i;:ht,  we  imis!  at 
some  KtMge  moke  two  succe^ive  detcrmmations 
of  the  iHniitkm  of  rest,  one  with  P*  in  the  left 
and  P"  in  the  right  ymx  (I"  and  P"  stand  for  the 
two  hectogram- jNeous)  and  another  with,  say, 
one  millifT*m  added  to  P".  For  the  precise 
,  detenu inatii>n  of  a  position  of  rest,  v.c  cause  the 
'  baloucc  to  vibrato  moderat«^-,  and  (neglectmg 
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the  first  reading  as  boiug  in  gr-iuTal  liable  to 
ineguJarities),  zeoofd  3,  5.  7  .  .  .  tnooewivo 
turning-points  of  the  ni-odk-,  apjtlying  a  4-  to 
scale-poiate  lying  to  the  left,  and  a  —  to  scale* 
points  l3rillg  to  the  right  of  the  aero  (or  vice 
ttrsd) :  Rii  o(ld  nnml-'T  in  any  in  onlt-r  to 
correct  for  thu  rrlHrumg  eflfect  of  the  re«i»tanr<) 
of  the  air,  &c.  ;  those  influences,  in  other  words, 
through  which  the  ncfdle,  supposing  it  to  start 
from  —4*,  at  the  cud  of  a  double  vibration,  does 
not  (orne  l)aik  to  exactly  — 4',  but  perhaps  to 
—  3-7°.  The  algebraic  sum  of  any  two  succes- 
sive readings  gives  the  point  a  of  the  scale  at 
\\  hich  the  newllo  woulil  como  to  n!«t,  in  half- 
drijnest  and  there  is  no  reason  why  the  half> 
degree  should  not  be  adopted  as  a  oonyenient 
unit  for  the  piurpow  in  hand*  Snppcwnig  (be 
readings  to  be 

0|         a,         a,         04  as 

(Example)  +3-7    -2-7    +3  5    -2-4  +3-5 
we  have  for  o  the  values  :  Oi+Oj^ -|- 1  0  ;  a,  +  aj 
;  =  +0-8;  «,+e«==+Mi  a4+aft= +  1-1— Mean 

The  mean  value  of  the  four  results  is  put 

down  as  the  value  of  a.  Su))p<)sing  o,  through 
the  addition  of  A  milligrams  to  the  right 
etuuge  to  inovease  hy  a  demi-degrees,  then 

E  =     —  2  *  E  *  in  the  sense  of  our  equation 

(2)  )  is  the  sensibility  in  demi-dcgrees ;  and  its 

reciprocal  E  ~  2E  '  *  "  °'  equation  (2)  j 
the  weight-value  of  the  demi-degree  in  nuili- 
grams.  Supposing  the  values  for  a  obtained 
witli  abnormal  jxisitions  of  the  charges  (o  be 


a 


a,,  &.C.,  inutead  of  the  mean  value  n 


2»  "»» 


0* 


rorceepondtng  to  the  centrally  placed  eharges, 

then  (a„  a,)K  ^  "  i\,  (oo— OjlK  '  —  fj,  &c.,  give 
each  a  value  fur  tht;  tncon*tanry  of  the  balance 
in  milligrams  (or  rather  fractions  of  a  milli- 
gram, it  is  to  be  ho]x*<l).  According  to  a  rule 
deduced  from  the  law  of  frequency  01  error,  the 
computation 

^=v«ra— if^+^«+"'+  •  •  • 

where  all  the  r's  must  bo  taken  ns  positive, 
gives  the  '  probable '  weight-value  of  the  devia- 
tion of  any  one  a  firora      meaning  that  value  of 


I'  '   which,  in  a  vrr>/  Inrtjc   ntiinhir  of 


Uetemuuations,  is  as  often  excetHlcd  as  not 
reached.  Bnt  in  practice  the  number  of  deter- 
minations  made  is  never  sufl'ieiently  trn-it  t't 
hTva%  out  anything  like  a  cIohc  appruximutujii 
to  the  law,  and  it  suffices  to  take  r  as  being  equal 
to  0-845  times  the  imiTi  :\\\  the  values  v,  and 
adopt  it  as  sufficiently  iwar  to  the  theoretical '  c' 
The  probability  that^  in  a  given  ease,  (a«— a)E-> 
txtud* 

'  2r        3f         4r  Br 
is  0-18      0<M      O-OO?  0<I007 

respcef  i\  ely. 

In  these  determinations,  if  the  balance  lacks 
a  mierosoopio  reading  arrangement,  it  is  as  well 
to  read  from  a  distance  with  a  ti'lescopo,  to  a\ did 
the  parallactic  error  which  we  have  no  right  to 
chai|{e  against  the  balance. 

Iktermination  of  h.-  All  that  is  ni  (  essary  is 
to  determine  the  weight  value  of  one  degree  in 
the  sense  of  equation  (2)  for»  say,  i»i»100,  76* 


50,  25,  0  grams,  and  to  calculate  the  corre- 
sponding values  h.  In  a  good  balance  A  is  so 
small  that  (.-u])|K)sint;  otir  nde  re<;an!ing  the 
adjustment  of  the  lK»b  to  be  fulluued)  the  sensi- 
bility remains  almost  constant  from  p=Q  to 

100  gramf!.  Heneo.  praetieally,  it  suffices 
to  adjust  the  bob  so  that  at  a  convenient  average 
charge  (where  *  average*  refers  to  the  most 
frequently  occurring  values  of  p)  one  demi- 
degree  corresjxinds  to  say  ^  or  ^  of  a  milligram 
earoeffy,  and  then  to  see  what  it  ia  at  other 
charges.  If  there  is  no  sufficient  constancy  we 
enter  the  values  E  '  found  on  a  system  of  rect- 
angular co-ortlinates  in  function  of  the  charges 
p,  and  draw  the  nearest  curve  to  the  points. 
This  curve  (if  h  were  absolutely  constant)  would 
be  a  siraij;ht  line.  In  any  case  it  iifi[ilics  tin* 
data  for  a  table  of  values  for  E-'.  Ihis  table, 
however,  must  not  be  relied  on  in  tiandard 
weif^liinu's.  heeause  the  \alue  h  is  suhjeet  to 
changes,  for  this  reason  amongst  others,  that  the 
agate  of  the  Imives  has  a  different  coefficient 
of  expansion  from  the  metal  of  the  heam. 

The  arm^lengths. — For  the  determination  of 
the  ratio  of  the  arm-lengths,  the  orthodox 
method  (for  a  hectnprnm  balance)  is  to  a<ljust  two 
hectogram-pieces  to  exact  equality,  and,  after 
having  established  equilibrium,  to  put  one  into 
the  leit  anfl  the  other  into  the  right  pan,  &c. 
But  in  practice  the  following  method  is  better. 
Take  any  two  fairly  well  adjusted  hectograms 
and  viewinj^  them,  one  as  a  .^ffni'tard  rejiresenting 
100,000,  the  other  as  an  vl)jui  weighing  x  milli- 
I  grams,  go  through  the  ordinary  operation  of 
'  weighing  once  Avith  the  objeet  in  the  left  pan  an<l 
the  Ktaudard  in  the  right,  and  once  the  other  way. 

Supposing  (using  8  as  a  symbol  for  100,000 
milligrams)  we  find 

ad'  =(S  +  8,)/"     .       ...  I 
aiT'  =  (S  +  S.Jl'     .       .       ,  .II 
(whore  any  8  may  be  negative),  w©  have  bv  divi- 
sion of  I  by  II,'  and  subsequent  multipkcation 

with  I" :  l\ 

14-*' 

whence,  as  a  sufficient  ai^nozimation. 


No  maker  who  has  a  name  to  lose  would 
care  to  sedoid  out  a  precision  balance  in  which 

1        is  more  than  ±0-OOOOS  at  the  outside. 


although  fur  any  scientilic  purjxiso  a  consitlerably 
greater  ern>r  eon  Id  be  tolerate«l.  The  corrc- 
8i)onding  wljustment  indeed,  while  of  the  first 
imt)ortance  in  commercial  balances,  in  precision 
balsnoes  is  in  a  sense  irrelevant. 

UVKQUAI.-ABlfKD  LkVSB  BaLANCBS. 

(!1  Tfx  ,>fi<I'/tird  or  Rnwan  hnlanrr.  \\\  it 
only  the  shttrter  arm  (of  the  length  /)  bcar.s  a 
pan ;  the  longer  arm,  by  notches  cut  into  its 
back,  is  divide*!  into  jiarts  of  e<iual  length,  I 
being  the  unit.  The  working  jMnnts  or  linen  tif 
the  notches  shouki  lie  in  the  plane  ot  th<  t\\«> 
(  dial's,  beiii'4  so  many  hearings  for  the  knife-etlgo 
forming  part  of  a  .-sliding  weight  adjustetl  to  P 
units.  The  unloaded  balance  is  in  »J^^^»«»'^'!^J?  Google 
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of  test  whf'ii  the  beam  ntaiKb?  liori/."iital.  To 
wei^h  a  body,  it  is  placed  in  the  pan  and  the 
sliding  weiffht  Hhifted  forwards  from  nutch  to 
notch  until  (wht-n  the  weight  hanga  at  the 
distance  nl  from  the  axis  of  rotation)  the  beam 
is  again  at  rest  in  ita  horizontal  pontioil*  We 
thea  have  for  the  weight  sought 
ar/=M/P  or  x=«P. 

As  folly  explained  above,  the  principle  of  the 
8tcelyard  is  discounted  in  the  modem  precixiun 
balance  for  the  determioation  of  sm^  differ- 
cooes  of  weight.  In  theory  there  is  no  objection 
to  its  extension  to  the  determination  of  woighta 
generally,  but  the  technical  difficulties  to  be 
overoome  are  great.  On  an  equal-armed 
Italance,  whose  beam  is  divided  into  100  equal 
parts  (from  end  to  end),  ail  weights  from  0-0001 
to  100  grams  might  be  determined  with  three 
riders  weighing  half  of  (I'K),  I,  and  O-Ol)  gram 
respectively,  but  the  realisation  of  101  exact 
is  no  small  matter.  Where  lelatiTely 
.precision  is  aimed  nt,  it  is  better  to  provide 
on^y  a  small  number  of  notches  (say  10)  and 
have  a  set  of  riders,  weighing  say  10,  1,  0-1, 
0-01  grams  respectively.  The  sp'citic  lu'iavit^' 
balances  of  Westphal  of  Ceilc,  are  made  on  thi8 
prineiple.  It  etmea  us  taat  the  iteelyard 
]>rin(  i]i1e  might  bc  discounted  for  the 
subdivision  of  weights,  thus : 

Imagine  a  preeiaion  bsJanoe  whoee  two  arms 
roeanure  \0I  and  112  units.  ID  grams  placed 
in  the  pan  of  the  longer  arm  are  balanced  by 
10+1  grams  placed  in  that  of  the  shorter  $  hence 
a  1  -gram  piece  may  be  adjusted  after  two  eonot 
10-gram  jjieces,  &c. 

The  tangent  balance  has  only  one  short  arm. 
from  which  the  pan  is  suspended  ;  its  centre  of 
(rravity  lies  low,  so  that  the  motnentutn  stoitcum 
Ws  of  th*-  b<-am  assumes  a  high  value^  and  oven 
a  considerable  weight  jilaced  in  the  pan  produces 
only  a  moderate  angle  ol  deviation.  The  needle 
movei  along  a  droular  limb  divided  so  that 
the  readings  are  proportional  to  the  tangents  of 
the  respective  angles  of  deviation,  and  give  the 
oorre.siK>n4ii|g  wdghta  diraetly.  The  eqnation 
taa'Ws 

Ab^j —  (see  eqaation  (1),  abore)  holds  theo- 

retically  for  any  valoe  A,  bnt  the  angular 

deviation  corresponding  to  1  L'rani  of  additional 
charge  becomea  leas  and  less  as  the  charge  in- 
eroases.  The  tangent  balance,  though  us^'ful  for 
the  rough  weighing  of  letters,  parcels,  &0.,  ianot 
available  fur  exact  gravimetric  work. 

CoMI'OUKD  LXVBR  BaLANCKS. 

In  all  these,  practical  convenience  and  rapid 
working  are  gained  at  the  expense  of  precision.  In 

b  the  Robtrml  balance 
the  pans  are  above 
the  system  of  levers 
(^hich  as  n  rule  is 
concealed  in  a  box), 
so  that  there  is  room 

for    bodies    of  even 
large  dimensions.  Our 
diagram.  Fig.  8,  is  in- 
J  '''-  tend*  d  to  exjilain  onl}' 

Iho  princtple  of  the  machine,  which  in  practice 
assumes  an  endless  variety  of  forms. 

The  beam  consi>tK  of  two  parallel  vertical 
|Miraiieiugrauja  of  which  uuly  the  front  one  is 


represented  in  our  figure.  F  and  /  (  uid  f'  a,n<i 
f  in  the  other  parallelogram)  an-  tixed  pivot-* 
A,  B,  a  and  h  (a',  b',  a',  6',  behind )  are  movable 
joints.  On  each  side  a  horizontal  bridge  con- 
nects a  point  i>  on  the  vortical  side  Aa  (and  a 
simUar  point  on  ii&)  with  a  eorresponding  point 
1)'  on  the  back  parallelogram  (so  that,  for  in- 
stanoo,  Aa,  a'u',  dd'  form  one  piece)  and. 
from  the  centres  of  these  bridgea,  vertical  rodt 
arc  arisinL'  uhich  supp.rt  the  pans.  Suppopinc 
each  pan  to  Ix:  charge*!  w  ith  I*  pounds,  the  centre 
of  gravity  of  either  of  these  two  eqoal  charges 
may  lie  in  any  of  a  great  many  positions  about 
the  respective  jmu,  yet  the  st^atical  effect  is  the 
same  as  if  it  were  concentrated,  one  in  the  centre 
of  the  one  bridge,  and  the  other  in  the  centre  of 
the  other ;  the  two  charges  m  ill  balance  each 
other,  because,  if  the  centre  of  gravity  of  one 
flesccnds  bv  h  mm.  that  of  the  other  rises  bv 
h  mm.,  so  that  the  work  PA  is  the  same  on  hoik 
sides.  An  over-weight  added  to  one  of  the 
charges  will  bring  down  that  side.  The  bars 
AB  and  a'b'  are  relatively  heavy  beans,  the 
lower  bars  ab  and  a'b'  ore  light.  Hence  it 
depends  chiefly  on  the  distribution  of  the  mass 
in  the  beamr  ab  and  a'b'  whether  the  balaaee 
(if  nearly  equally  charged)  has  a  definite  posi- 
tion of  rest :  but  even  if  it  has,  it  will  never 
vibrate  like  an  ordinary  balance^  on  aooonnt  of 
the  L^reat  friction  in  the  numerous  pivot>.  If  it 
could  only  be  cured  of  this  defect,  the  Kobcrval 
wonld  be  the  ideal  balance  for  the  ooonter  or 
ordinary  weighings  in  the  laboratory.  This 
problem  has  been  to  some  extent  solved  in  the 
tonrion  balance  of  Springer,  in  whieh  the  axes 
are  realised  in  stretchctl  out  horizontal  bands 
of  elastic  steel,  which  act,  so  to  say,  as  knivcai 
and  bearings  hi  one. 

Tlie  '  torsion  balance '  is  made  '  in  a  great 
variety  of  forms,  but  the  principle  of  construction 
is  the  same  m  all.  The  following  deteriptkm  is 


Fio.  0. 

based  opon  the  examination  of  what  was  sold  as 
a  liiuh  class  pair  of  counter-scales  for  loads  up 
to  20  U>s.  As  shown  by  Fig.  0,  the  balance  con- 
sista  of  two  parallel  beams  united  into  a  flexible 
paralli  loL'ram  by  means  of  thn-^-  verliral  frame-, 
the  bond  ut  union  in  the  case  of  each  frame  con- 
sisting of  two  horiaontal  banda  of  elastic  tieel, 

•  ity  the  Turwlini  Balenessnd  BcsleCoagsay,  W  Beede 
aUeet,  Kew  Yurk. 

u  yi u^  jd  by  Google 
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whioh  briflgu  over  certain  gapa  of  the  frames,  , 

the  mi'ltlle  |X)rtiuu  of  each  band  being  firmly 
uniu-<i  with  the  respective  boam  end  at  its  lower  : 
side  by  meana  of  a  Bcrewed-oil  Uook  of  metal.  I 
In  this  instnnnciit  the  bcama  mcamire  21K)  mm. 
from  end  pivot  lu  end  pivot,  the  st-eel  band^s  are  . 
5-6  mm.  broad  and  0*49  mm.  thick  ;  the  length 
of  the  workinjr  part  of  a  band  is  68  mm.,  29  on 
each  side  of  the  beam.    The  middle  band  lied 
below  the  plane  of  the  two  end  bands  by  About 
2  mm.    The  central  frame,  which  does  service  as 
a  pUlar,  is  iixcfl  to  the  solo  of  the  instrument, 
the  end  frames  are  fixed  only  to  their  respective 
beftm  endA.  Jhg.  10,  which  ia  drawn  to  aoale, 


Fia.  10. 


represents  one  of  the  end  frames.  The  two  steel 
bands  of  each  frame,  though  independent  of  each 
other  in  th<  ir  action,  are  really  parts  of  one 
continuous  band  which  is  wound  tightly  round 
tho  edge  of  the  frame,  the  ends  meeting  in 
B  or  b',  where  they  are,  we  presume,  riveted  on. 
To  give  them  the  requisite  degree  of  high  tension, 
the  frame,  of  which  part  of  tho  rignt  side  it 
movable,  is  stretched  laterally  (by  means  of  jx'p.s 
fixed  to  the  two  aides  of  a  vice  and  RlipiK-d 
through  the  two  boles  of  the  frttme)  and  the  gap 
whieh  is  tluis  jiruduced  l>et  .u  en  the  two  halves 
of  tho  right  side  of  tho  frame  is  mode  permanent 
by  mcARS  of  melal  phtM  werlp^t^  into  it.  The 
central  frame  is  somewhat  ditlerently  shaped 
from  the  lateral  ones;  the  upper  nng,  r,  is 
omitted,  to  enaUe  the  upper  beam  to  pass  freely 
through  between  tho  legs  of  a  stotd  fixed  to  the 
lower  Mid  ternunatins  into  a  vertical  peg  which 
•erves  m  »  needle  snd  eanies  a  globular  gravity 
bob.  Tho  bob,  which  in  the  caf-e  of  the  !>alance 
under  consideration  weighs  458  grams,  t.^'.  more 
than  A  pound,  can  be  raised  or  lowered  to  enable 
the  sensibility  of  the  instmmont  to  be  varied. 
The  system  o(  beams  is  inclosed  vvithiti  a  case 
of  pkte>ghuM ;  the  top  plate  supports  an  arch 
maae  of  a  metal  tube  from  which  an  ivory  sciil<> 
gnulualed  on  both  sides  is  suspei)<U'<l  vertically 
M>  tliftt  its  lower  edge  runs  through  a  notch  in 
the  upper  sharpcne*!  r-.n]  <jf  the  nenlle  to  etiftUe 
the  vibrations  to  be  i'  i  I  troin  either  f>ide. 

To  exidftin  the  ^^  jI^mil;  <>f  the  instrument, 
let  us  for  n  moment  substitute  for  tho  stcol  bands 
so  many  linear  w  ires,  which,  though  unbcudable, 
offer  no  resistance  to  torsional  disSgoremont. 
Tho  tunion  bAUnoe  thus  modified  is  in  theory 


identical  with  the  ideally  ])erfoct  *  liubcrval/ 
md,  if  the  centres  of  gravity  of  tho  beams 
aru  in  their  axes  of  rotation,  the  parallelogram 
will  be  in  a  state  of  indiflicmit  equilibrium  At 
any  shape  which  it  may  assume.  To  give  it  a 
dehnite  position  of  rest,  we  must  either  shift  (let 
us  say  one  of)  the  ceatns  of  gravity  vertically 
douTi wards,  or  else  we  mu?t  endow  oor  ideal 
wirea  wiiii  torsional  elasticity,  which,  of  course, 
brings  us  back  to  tho  actual  instrument.  But 
the  torsional  elasticity  of  the  steel  bands  is  very 
considerably  more  than  we  want ;  its  effect  on 
tho  sensibility  is  the  same  as  if  (supposing  tho 
upper  beam  is  suspended  at  its  centre  of  gravity) 
that  of  the  lower  lay  at  a  very  considerablei  depth 
below  its  axis  of  rotation.  To  give  the  balance 
a  sufhcient  decree  of  sensibility,  we  must  raise 
the  centro  of  gravity  of  say,  the  lower  beam, 
until  the  stability  of  llie  jtosition  of  rest  is  re<inced 
to  A  sufficiently  amaU  value.  In  tho  actual  in* 
stniment  this  is  elfeeted  hy  meant  of  the  heavy 
gravity  bob  aliove  referrecfto. 

The  principal  advantage  claimed  for  tho 
tonion«nuAnoe,  in  cduttadittinotion  to  the 
Rot>crval  balance,  is  its  freedom  from  friction  ; 
and  this  advantage  it  undoubtedly  possesses,  but 
it  is  compensated  for  to  a  large  extent  by  the 
unavoidable  viiXK>aity  in  the  elastic  bands.  Tho 
instrumttnt  desoribed  above,  whea  cquaUy 
eharged  on  both  sidea,  and  with  the  bob  sufif* 
ciently  far  down,  vibrates  like  u  jtrecision  balance 
uf  a  high  order  ;  the  position  of  rest  as  caloulatod 
from  a  series  of  couples  of  suooeedye  doviAtione 
of  the  needle,  is  remarkably  constant  up  to  at 
least  a  charge  of  6  kilos,  on  each  side  ;  but  once, 
when  we  determined  the  sensibility  at  first  with 
no  chari^'c,  then  at  a  chnrpc  of  2  kilo3.,  and  lastly 
for  a  charges  of  5  kdos.,  and  then  rodeleruiaiod 
tho  st'tisibiiity  of  the  unloaded  instrument,  wo 
found  that  it  was  out  of  eimililirium  to  the  extent 
of  more  than  a  <.li-(  igraiu.  We  alau  found  that 
the  reading  of  the  balance  is  not  quite  indepen- 
dent of  the  position  <.if  the  loads  on  the  pans. 

Theordtnarudertmal  baiame, lis  used  tor  weigh- 
ing heavy  loads,  is  a  combtnation  of  levers  as 
sb'oA\Ti  in  Fi;.;.  11.  a,b,c,d,t,f,g,h,BnaiX  joints 
or  pivots ;  a  ^   x,  x 

and   h.    rest  ^  R  f  f 

on  the  fixe<l 
framoworkof 
tho  mAohine 
and  conse- 
quently in-  ^ 

directly  on  ^   , , 

tho  ground, 

c  rests  on  the  lever  a&.   In  the  aettial  mAchine 

cd  supports  the  bridge  which  accommodates 
the  load,  while  a  pAU  suspended  at  /  rcccivoa 
the  weights.  The  pan  is  so  Adjusted  that  it 
counterpoises  tho  bridge.  Sojiposo  tho  load 
amountfl  to  F  units  and  il^  centre  of  gravity 
lies  vertioally  above  % ;  a  portion  Pe  presses  on 
tiie  knife-etl^e  at  c  and  the  rest  P.,  =  P— Pc  puU^ 
at  i  and  with  the  same  force  at  ^.  >iow  Pc  pull> 
mg  at  e  is  cqnivalent  to  a  lees  force      pulling  At 

'»,  ami  1,1*., .  ah  —  P,  .  nr,  whence  bPc    P«="?-  But 

lPc  pulling  at  h  f)r  c  is  equivalent  to  a  greater 
force  ,Pc  pulling  at  g  and  gPc. 0^— ii^c* <A» 

henoe,P.^^^a\=^^-^.lc 

.  kj  i^  .o  l  y  Google 
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Iht  (liiix  usionB  are  soaujiustcu  that  gi^^ 

whence      -  ^  ^  1 ;  hence  the  joint  effeet  of 

Pfi  and  Pd  at  g  is  the  Hame  hh  if  thrv  both,  i.e. 
P,  were  sus()onded  at  7  :  nnt]  if.  fiT  iiir»tanco,  gh 
is  1^  nf  hf,  ^5  P  unit«  in  the  j)an  will  Imlance 
the  P  units  lying  on  the  bridge.  In  many 
balances  of  this  kiml  thr  lorr^  arm  hf  in  divide*! 
»<j  that  lesser  ueighUi  can  Ije  determined 
mntm  of  a  rider. 

SLASTicrrY  Balances. 

Tmajrinr  an  clastic  solid  Ihk^v — hejtm,  wiro. 
yjiral,  &c. — to  \h3  held  fast  in  om  or  more 
fixed  points,  and  suppose  some  one  other  point 
n  to  l>i>  used  an  a  pivot  for  thf  s'lisprnston 
uf  u  luad  of  P  unitM.  Point  a  will  sink  until, 
at  a  certain  depth  h,  the  strain  develojied  by 
the  deformation  of  the  working  Iwidv  lialnnces 
that  weight  P.  An  long  as  the  working  htxiy  i>> 
not  stretched  beyond  its  limit  of  perfect  elas- 
ticit\.  the  length  h,  if  not  pmportionnl  to,  is  at 
Jcast  a  lixcd  function  of  P ;  hence  the  path  of 
a  can  l>e  graduated,  at  leaet  erepirioatly*  fto  that 
each  point  of  the  scale  com'sponds  to  a  fixed 
numlxir  of  uiuts  of  weight.  This  is  the  general 
principle  of  the  multitude  of  spring  balances, 
iSometimes  a  n-lntivi-U  stronir  sininy  i»  used  to 
effect  only  a  ^mall  di,-.placeuiciit  uf  «  even  with 
the  highest  charge,  but  this  dispbtoement  i» 
then  multiplied  by  a  system  of  levers,  so  that 
the  least  difference  of  weight  which  the  balance 
is  meant  to  show  beronu».«»  visible.  In  a  vesy 
neat  kind  of  spring-bal&nce,  which  has  become 
popular,  the  displacemwt  of  a  is.  by  means  of 
levers  and  a  toothcil  whe^l,  translated  mto  the 
circular  motion  of  a  needle  which  moves  along  a 
divided  circular  limb  like  the  hands  of  a  clock 
on  their  dial. 

JoUy  constructed  a  ^ttim-^wciaion  spring- 
bahmce  for  sp  gr.  determinations  thuR : — a  long 
spiral  of  M  in-  in  susiK'ndctl  vertically  in  front 
of  a  vertical  millimetre-scale,  etched  on  a  atrip 
of  plate  glass  ivhieh  in  silvered  behind,  so  as  to 
avoid  the  error  of  imntllax.  Prom  the  lower  end 
of  the  spiral  a  light  pan  ia  auapended ;  the  index 
is  close  above  ilie  pan  at  a  convenient  point. 
Thf  iiistni iiieiil  has  iic\it  come  into  t."ni  i  il 
use,  because  any  second-claas  precision  balance 
beats  it  in  every  sense.  A  similar  remark 
applies  to  an  iii^ftii^Mis  little  irHtrument  invent<'il 
by  Ritchie  for  the  determination  of  minute 
weights, 

Rifrhic*-!  hnltuir'  cuPr'i.sts  of  a  verv  ]i|L'ht 
beam  whose  axis  oi  rotation  passes  through  its 
centre  of  gravity,  and  which  is  firmly  united 
with  a  thin  horizontal  wire  which  lies  in  the 
axis  of  rotation.  The  hind  end  of  the  wire  is 
ahsolntely  fixed  to  the  stand :  the  front  end 
forms  the  continnation  of  the  aNi.-,  of  a  cirrnlar 
pin  revulvable  within  a  circular  bearing.  A 
needle  fixe<l  radially  to  the  pin  point«  to  a 
divided  circular  limit.  '■The  empty  l.nlance  i,«  so 
arranged,  bciorr  nse-'^bat  the  In  am  wiien  hori- 
contalis  at  n  >\.  To  determine  a  small  weigh < 
(x  mgr.).  it  is  placed  in,  my,  the  ripht  ]>an.  and 
the  wire  turnetl  from  the  right  to  the  left  by 
turning'  the  pin  until  sfter  the  ncodlo  hail  passed 
thrcmtih  a  degrees  (where  a  may  \)C  more  than 
.'JtitJ'*) :  the  beam  is  again  at  re«t  when  horizontal. 
Wo  then  have  «asconst.  «.  The  constant  must 


bo  determinwl  by  experiments  with  known 
weights.  Snrtorius  of  Clottingcn  n.sed  t  >  ir  j  ' 
the  Kitchie  arrangement  to  his  preci.-^ion  hrtl  ince^ 
for  the  determination  of  differences  of  weight 
from  10  mgrs.  downwards  (Bih\.  '1],  l>ut  he  has 
long  since  given  up  the  notion  :  at  any  rate  it  is 
no  longer  to  l)e  seen  in  his  price  list.  A  Ritchit^ 
bnlanee  niicht  |h  rhaj»s  do  well  for  the  adjusting 
of  hujall  weight^-,  l>nt  a  .mail  precision  stoelyard 
woidd  work  infinitely  better. 

Sartoriiis'  ronibination,  if  ])rovi<leil  with  a 
relatively  btruog  wire,  inigh*  uiake  a  handy 
instrument  for  the  rapid  (approximate)  deter* 
muu'tioti  of  weights  without  tho  uae  of  any 
Ktanilard  mass        than  I  ^Tani. 

The  Hydko.-,tati(  Balam  k 

IS  a  hyilromcter  provitlcd  uith  a  relatively  large 
body  and  a  narrow  neck,  and  so  adjusted  tJiat  it 
weighs  considerably  les.^  than  its  dwn  vnhmie  of 
water.     Tho  top  end  of  the  neck  bears  a  hori- 
zontal table,  which  servoF  as  a  pan,  or,  what  is 
better,  is  provideil  with  a  horizontal  system  of 
cross-bars,  from  whose  ends  a  pan  i»  hUiriJcadud 
by  means  of  wires  or  chains,  below  the  shelf 
supjwrting  the  vessel  contuininL;  the  float in^ 
I  hydrometer.    A  certain  weight  P,  placetl  m  the 
I  pan,  brings  down  the  hydrometer  flo  far  that  the 
surface  of  the  wat^  r  touches  a  certain  mark  on 
I  tho  stem.    If  an  uakuown  weight  x  requirea  to 
be  supplemented  by  standard  weights  equal  to  p 
units,  to  produce  the  same  effect,  z+p  —  P,  or 
x  =  P— p.    Even  for  P  —  let  us  say  2  kilos.,  the 
I  neck  nee^l  not   be  thicker  than  an  ordinaiy 
knitting  needle,  so  that  thf  milligram,  as  a  differ- 
ence of  weight,  becomes  perceptible.  Wherever 
a  precision  balance  has  to  be  extemporised 
this  instrument  ia  useful ;  but  it  has  no  other 
raiston  iTStre.    Indeed  of  all  the  multitude 
of  machines  which  the  science  of  mechanics 
j  places  St  our  dispoeai  for  the  measurement  of 
'  weights,  the  equal-armed  lever-pendulum  is  the 
onlv  one  which,  so  far.  ha.-  woikcd  .sAtisfactOrily 
fur  prccidc  gravimetric  determinations. 
I      A  balancf  ha»fd  on  dynnmiral  prinrtpUt  has 
bi-cn  pro)H)>e<1      Ii:,a;.Mne  a  pen<lulnin  }irovi<U(l 
,  with  a  shittabie  bob  above  the  fulcrum,  and 
'  carrying  a  pan  attached  to  the  bottom  end  of  the 
roil  li\  a  liook-and-eye.     In  a  ^ivt-n  instrninent 
.  the  time  of  vibration  is  a  function  of  the  distance 
I  of  the  bob  from  the  fulcrum,  and  of  the  weight » 
of  the  obje<  t  in  the  ]ian.  and  consequently  the 
weight  X  is  a  function  of  the  other  variablea.' 
I      Bibliography.— {I)  Lennhard    Bidtti  Fint 
'  De\ elopinent  of  the  Tluory  of  the  Balance; 
Trans,  of  the  Petersburg  Academy. 

(2)  Wilhelm   fF«6er:    Balance:  Gottingen 
iielehrte  Anzeiyen  for  1837,  2S7.  Description 
and  Drawing  in  Carl's  Keportorium  fiir  physi- 
!  kalische  Teohnik.  I.  18. 

Ll'nctnhcrz  :  Report  on  Metrological 
'  Instruments  in  Bericht  ulx'r  die  w issensehaf t- 
lichen  .Apparat^*  auf  der  Londoner  AuRStcllung  is 
IS7(i;  lir«un>(  liw ri/.  IHSI,  \'acuum  Balances, 
223-232.  HaJancr  lU-ams.  2.12-237.  The 
I'lvots:  Mo<les  of  Fixing  the  Knives,  237-240; 
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(7)  Dittmar;  same  JuumaJ,  year  1882,  C3; 
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BALANOPHONE  WAX  v.  Waxes. 

BALATA  ia  the  product  obtained  by  coagu- 
Uting  the  Ifttex  of  Ifimu^ops  glcbosa,  Oaertn.. 
a  large  forest  tree,  helonj/inir  to  the  natural  or<l<  r 
S»pot«cc»,  which  k  a  aativo  of  British,  Dutcti, 
and  Fnmoh  Guianft,  Veneznda,  Trinidad, 
.Tarnaica,  anil  i)robably  Brazil  north  of  tlu* 
Amazon.  la  Britinh  Uuiana  and  iho  Woat 
Indies  the  tree  ia  knovn  m  the  *  bullet*  or 

'bully  '  tree. 

In  physical  proj)ertitis  and  chemical  compoei- 
tkm,  Mittft  resembled  true  guttaperohs,  for 
which  it  is  the  Ix^st  nnturnl  «iiT»stitute,  and  it  is 
of  interest  in  this  connection  that  the  tree 
yielding  it  belon)D>8  to  the  same  order  as  the  trees 
{Palnqnhirn  .spp. )  which  furnish  ytitta|)ercha. 

I'he  balata  trees  are  tapped  by  making  a 
aeries  of  ineisioiis  in  the  bark,  so  arranfed  tnafc 
the  latex  can  run  dowTi  to  the  Iwise  of  the  trunk, 
where  it  is  collected  in  a  calabahh.  The  latex 
i.s  aft^^mwds  poured  into  shallow  wooden  vessels, 
which  are  UHually  t^reaffed  or  nibbo<l  with  soap 
io  prevent  the  halata  from  adhering  to  them, 
and  allowed  to  stand  exposed  (o  the  air  until  it 


hao  coagulate<l  spontaucoualy  ;  a  sboet  of  lialuta 
is  thus  formed,  which,  when  sufllicienfly  hard,  is 
removeil  from  the  vessel  and  hung  up  to  dry. 
The  coagulation  of  the  latex  may  also  be  Ijruugiit 
about  by  boiling,  in  which  case  the  balata  is 
obtained  in  the  form  of  '  block.'  Formerly  it 
was  the  custom  to  fell  the  trees  and  then  to  cut 
rings  in  the  bark  in  order  to  obtain  the  latex, 
but  this  practice,  which  involves  the  destruction 
of  the  trcH)8,  is  now  prevented  as  far  as  [wssible. 

The  latex  of  balata  trees  usually  flows  freely, 
and,  in  favourable  ciroumstanoes,  the  yield  from 
a  tree  15-20  inches  in  diameter,  tapped  to  a 
liei^^ht  of  8  feet,  is  ahuiii  3  pints,  lepWMonting 
from  1 1  to  2  lb.  of  dry  halata. 

Oomniercial  bahita  may  be  either  grey, 
pinkish  or  hrowti.  When  ininjer?<e<i  in  hot 
water  it  behaves  like  guttapercha,  becoming 
soft  and  plastic,  and,  on  oooling.  it  i^wly 
barih-ns  attain  witli  n1  hi-eoming  brittle. 

Balata  is  also  similar  to  guttapercha  i^q.v.)  in 
oheniieal  composition,  consisting  essentnJly  of 
a  hydrocarbon  {gutUi),  of  empirical  formula 
CioHiti  associated  with  resins ;  the  commercial 
produot  also  ineludss  varying  amounts  of 
insoluble  matter  (dirt)  an(i  moisture.  Balata 
contains  a  much  higher  proportion  of  resins 
than  good  guttapercha,  and  is  theref<ne'  inferior 
in  !|U;ility  to  the  latter;  when  compared  with 
guttaporuha  containing  a  similar  amount  of 
resin,  it  is  found  to  be  a  little  softer  and  more 
flexible. 

The  con4x>.sitiun  of  balata  is  shown  by  tlie 
following  t3rpical  analyses : — 
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Specially  prepared  sheet  < 
Block  balata  ' 
Commercial  specimens ' ' 
Balata*  .  . 


Bonroe. 

Moisture  * 
percent. 

l«r 
cent. 

Heain 
per 
cent. 

J»rt»t«id 
per 
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Dirt 
per 
1  oeat. 

Anh 
iK!r 
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Britidi  Guiana 

1-9 

49-7 

440 

3-8 

nil 

0-6 

Venezuela 

1-8 

45-7 

442 

3-0 

5-3 

fi-2«: 

Mosth'  British  Guiana 

13-8 

41-5 

34-8 

9-9 

Dutch  Quiana 

6*8 

43*6 

36-9 

14-3 

I'he  gutta  of  balata  is  very  tenacious  and  of 
excellent  quality ;  it  is  insoluble  in  alcohol, 
acetone,  ether,  or  cold  petroleum  spirit,  but  is 
readily  dissolved  by  chlorofortn.  carl>on  clisul 
phidc,  or  boiliog  petroleum  spirit.  The  resins 
present  are  similar  to  those  of  guttapercha,  and 
consist  of  (1)  a  white  crystalline  resin  {aV'ttnc) 
soluble  in  hot  but  insolublo  in  cold  alcohol ; 
and  (2)  an  amorphous  yeUow  reain  ifhumk) 
soluble  in  cold  akuhol.  An  ( xaniination  of  the 
total  resin  of  balata  by  Ubach  showed  that  it 
consisted  of  about  2  parts  of  albane  to  3  parts  of 

fluavile. 

Balata  is  utilised  oommercially  as  a  substitute 
for  guttapercha.    Its  chief  applications  are  for 

the  manufacture  of  heltinji,  in  which  the  balata 
is  interposed  lietween  layers  of  canvas ;  for 
insulating  purposes ;  and  for  the  manufacture 
of  the  ctfvers  of  golf  balls,  after  the  removal 
of  the  greater  part  of  the  resin  by  solvents.  It  is 
also  employed  to  a  oonriderable  extant  for  mixhig 
with  ruhl '  r,  and  for  numerous  minor  purposes. 
The  Inilk  of  the  commercial  supplies  of 
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balata  arc  ohtaine<l  from  British  and  Tlutcb 
Guiana  and  Venezuela.  H.  B. 

BALUBTITB  «.  Exfloshtw. 
HALLOO*  or  FUXDLB 

VAKNliiU. 

BALL  SODA  «.  Soda  WAKtrFAonm*,  art 

SimI in  til . 

BALM  OF  COPAIBA  v.  OLXO-Bssuis. 
BALM  OF  6ILBAD*  Jf<eea  or  Opobotiam 

(f.  <>'  r  -  RKSIN8). 

BALSAMS.     The  exudations  of  plants, 
whether  spontaneous  or  promoted  by  incisions 

made  in  their  stems  or  roots,  consist  chiefly  of 
resin,  gum,  volatile  oil,  and  certam  aromatic 
acids,  or  mixtures  of  these.    The  resiiis  are 
characterised    by    insolubility   in    water  and 
solubility  m  alcohol,  the  gutm    by  solubility 
in   water  and    insolubility    in    alcohol,  and 
both   by  not  lieinp  volatile   without  dccom- 
,  position.    Volaiik  uiLi   amy   be  disliUod  un- 
changed, and  are  solventnS  of  resinK.    'J'hey  are 
i  not  ootained  by  the  method  of  exudation  except 
when  they  hold  large  quantities  of  resin  in  solu- 
tion, giving  rise  to  the  important  class  of  ofen- 
rr-iin» — such,    for   instance,    as   the  tto-cnllrrl 
I  Canada  balsam.    Cum  arabic  i.s  &  tauuiiar  in- 
t  atsnoe  of  a  gum  obtained  direct  from  the  plant ^i,. 
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mastic  ia  an  instance  of  a  rosin.  The  class  of 
gum-TMim  may  be  represented  by  myrrh. 

Now,  amonp^  these  minti  and  ofeo^mmR 
there  ia  a  group  the  memlx  i  of  w  liich  are  rnarketl 
by  poesessing  a  peculiar  irafraut  odour  ai)J 
agreeable  pungent  taste,  vrhioh  ia  due  to  the 
presence  of  free  or  combinwl  cinnaniic  or  Ik-h- 
«oie  acid.  Theee  are  the  baUanUt  and  it  is 
couTeiuent  to  oomnder  them  aa  a  «dam  by  them* 
selves.  The  word  'balsam,'  it  is  truf.  has  some- 
times been  used  in  a  wider  sense — indeed^  itwaa 
originally  employed  for  an  oleo-resin  reecm- 

the  «o-caIlc"l  f'lnada  balsam  ;  bnt  it  is 
more  convenient  to  restrict  the  term  to  reaioa  or 
olefl^reaina  which  oontafn  einnamio  or  bensoio 
.1'  i'!.  The  balsams  havo  long  been  familiar  to 
Mnters  on  materia  medica,  some  of  tliem  being 
known  to  Pliny,  and  even  earlier  to  the  Qreek 
physicians.  They  are  favourite  constitnents  of 
the  incense  used  in  the  Greek  and  Koman 
chniohM,  and  while  they  cannot  be  laid  to  have 
nn  important  therapeutic  value,  they  are  reputed 
mild  tonics  and  Btimulaota  and  are  a  common 
flavouring  agent  in  expectonuit  medieines.  The 
follo'vin'^  tire  the  niorp  important:-- 

Benzoin.  6'tim  Benjamin  ;  Henzdiiium. 
{Benzoin,  Fr.  ;  Bcnzoi'harz,  Ger. )  'i  lie  benzoin 
of  Java  and  Sumatra  is  derived  from  the  thick- 
stemmed  trees  of  Slyrax  Benz.im  (Dryander,  Thii. 
TnuU>.  17S7,  303;  Bent),  a.  'I'nm.  169),  while 
the  more  highly  prized  Siam  In-nroin  is  probal)ly 
ol)tninf.>d,  accoraing  to  Hovie,  from  the  Sft/rax 
FinUiysmiana  (Wallli.  XEa  source  of  Siam 
l)cn7oIn  is,  however,  still  uncertain  (Holmes, 
rharm.  J.  [3]  14, 364).  Tlie  tirst  European  wTiter 
to  mention  oenzoln  is  Batuta,  who  travelled  in  the 
Ea«t  early  in  the  fourteenth  century,  and  from 
tlint  time  to  the  present  day  the  drug  has  beer 
an  established  article  of  materia  memca.  It  ia 
largely  used  for  incense  and  in  the  pieparation 
of  fumigating  pastilles,  and  enters  into  the 
well-known  Friar's  Balsam  or  com|X)und  tincture 
of  benzoin,  a  favourite  dreedog  for  wounds. 

The  juice  endea  from  the  treea  aa  the  nsult 
of  incisions,  and  it  i.s  allowed  to  Imrden  before 
it  is  removed.  During  the  first  three  years 
of  the  life  of  a  tree  the  mdaam  diies  in  the  form 
of  kara.  Thin  i.s  called  hrnd  benzolii,  im'I  is 
the  most  iiighiy  reputed.  A  less  esteemed 
variety  is  obtained  doHng  the  following  seven  or 
eight  years,  which  is  browner  in  colour  and  is 
ouled  btUy  benzoin.  La«tly,  the  trees  are  split, 
and  the  oonunoner  /oof  bensobi  is  leraped  off 
(<^.  Fliick.  a.  Ifanb.  405). 

Benzoin  consists  essentially  of  a  mixture  of 
iMtna  together  with  nneombmed  henaoie  and 
sometimes  cinnamic  acids.  The  resins  are 
entirely  soluble  in  solution  of  potash  and  ia 
aleohol,  but  by  their  behaviour  toward  other 
Folvrnts  they  havo  been  distinguished  as  a-rtain, 
$-rcinn,  &c.  (Uavcrdorben,  Poeg.  Ann.  8, 
.'J97;  Kopp,  Compt.  rend.  1!>,  1269;  Van  der 
\*!iet,  Annaleii.  34,  177).  The  yield  of  benzoic 
acid  varies  from  12  to  20  p.c,  being  on  an 
average  about  14  p.c.  Tw  o  methods  are  a<Iopted 
for  its  extraction.  By  the  first  tlie  benzoin  is 
mixed  with  sand  and  heated  in  a  suitable  vessel, 
over  which  is  plaoed  a  paper  or  other  receiver 
to  lollect  the  vapours  of  benzoic  acid,  which 
couduuse  ia  beautiful  tufts  of  acicular  crystals. 
The  second  methml  consists  in  boiling  the 
iiensoln  with  milk  of  lime,  filteringp  and  after 


concentration  of  the  calciuru  Ix-nzoate  s^olution 
thus  obtained*  preoipitating  the  bensoio  acicl 
by  hydroohiorio  acid.  LQdy  (Areh.  liiarm. 
231,  43)  ha.H  nhowii  that  tix-a-.  and  ->-  rf  sins 
of  the  earlier  invostigatont  are  mixtures  of  tbe 
partially  bydrol^'sed  oinnamatea  of  the  I  earn 
qlcohols  present,  the  o-resin  Ix'ing  the  luast  au-l 
the  y-  the  most  hydrotysed.  Ho  also  finda  that 
benzoin  from  Sama^  eontains  henaoie  add, 
cinnameiUf  traces  of  h  nz  dd'ht/dt  an<l  hfnz-7u, 
1  p.0.  of  vanHlin,  I  p.o.  ol  vhcnylpropyl  cinaa- 
fiMie,  2-S  p.e.  of  efmem^  chmtmeOe,  and  * 

mixture  of  a  little  henzorrsinol  cinnamatr  with 

I  much  re«i%olannol  cinnamaU,  this  mixture 
forming  the  main  oonatitaent  of  the  balsam. 

'  III  addition,  woody  impurities  occur  to  the 
extent  of  14-17  p.c.,  also  free  cinnamic  actd,  but 
to  a  less  extent  than  free  bensoio  aeid.  By 
hydrolysis  of  the  mixture  of  bcnzore^inol  and 
rcsinotannol  cinnamates  the  two  alcohols  are 
obtained*  benzoresinol  CieH,«0^  consisting  of 
\\hite  crystals,  and  rcsinaUumol  C|gHs«0«, 
a  brown  amorphous  powder. 

Siamese  benzoin  also  examined  by  Lfidy 
(Arch.  Pharm.  '2?V  I'll)  differs  from  Snm.itra 
benzoin  by  cuntjunini;  no  cinnamic  acid  either 
free  or  combined,  the  main  constituent  being  a 
mixture  of  a  little  benzorcsinol  bc-nzoate  with 
much  naresinotanrwl  btnzodU:.  The  alcohols 
obtained  by  the  hydrolysis  of  the  resin  are 
present  in  the  proportion  of  about  1:11.  The 

.  bonzoresinol  is  identical  with  that  obtained  from 
SumatM  benzoin   and  cryatalUses  in  white 

^  prisms;  m.]..  272".  Siarc/tinofnvnol  CjjH,,0, 
is  a  brown  powder  very  simiiar  lo  rcsinotannol 
obtained  from  benzoin  of  Sumatra. 

Benzoin,  with  the  exception  of  woody  frag- 
ments always  present  in  the  cake  variety,  should 
dissolve  in  five  times  its  weight  of  alcohol,  and 
this  solution  should  give  with  water  a  milky 
emulsion  having  an  add  reaction.  When 
benzoin  is  boiled  ynXh  milk  of  lime,  the  hot 
filtrate  should  not  give  off  the  odour  of  oil  of 
bitter  almonds  on  the  addition  of  a  solntion 
of  potassium  {xrmanganatc.    This  latter  test 

I  guards  f^aiast  the  addition  of  cinnamic  acid  (r/. 

I  U.S.  and^Ger.  Pharm.). 

Peru.  BaUamum  Pcnniinum,  (Bowsie  tfe 
r&ou.  Ft.  i  Ftnibaltam,  Ger.) 

A  dark  molasMS^like  liquid  obtainod  in  the 
Stale  of  Salvador  in  Central  America  from  trt^'O-^ 
of  MyroxyjUm  Ftmita  ^Klotzsch).  Description, 
V.  BentL  a.  Trim.  88.  Balsam  or  Fam  was  pro- 
bably introduced  into  Europe  soon  after  the 
Spanish  conquest  of  Guatemala  in  1624  (Fliick.  a. 
Hanh.  206).  The  bark  b  bruised  and  socvbhed 
late  in  the  aittnrnn.  and  the  exudation  excited 
by  this  means  is  coliccte<i  (Fiiick.  a.  Uanb.  207 ; 
Dorat,  Amer.  J.  Phann.  [3]  8,  802 ;  Embury, 
Pharm.  J.  pi  5,  241,  315). 

Balsam  of  Peru  sinks  in  water,  in  which  it 
is  insoluble.  It  has  a  sp.  gr.  of  1-135  to  IdfiO. 
Tt  is  soluble  in  absolute  alcohol,  chloroform, 
aoetone,  ond  glacial  acetic  acid.  Examined  by 
Kraut  (Aiinalen,  152,  129)  and  Kachler  (Ber. 
2,  512),  the  chief  coa^titueid  of  Peru  balsam  was 
supposed  to  be  cinnatntm,  benzyl  oinnamate 
C,H  J  CH  :  CH  <'00C ,H  ^  KacUer's  aaalTsii  of 
Peru  balsam  is: — cinnamic  acid  46  pc. 
benzyl  alcohol  20  p.c,  resin  32  p.c.  C/.  Attfield 
(J.  1863,  557);  Dclafoiitaine  (Z.  1809,  156) 
finds  in  addition  to  bensyl  oinnAmate,  cinMasiyl 
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cinnamrde  or  ttyroHn,    Trog  (Arch.  Pharm. 

232,  70)  by  t>uitable  tnatriK-nt  hah  ilividetl  Puru 
b&Iaam  into  two  constituents^  an  oil  and  a  resin. 
The  liipid  portioa  known  u  diuuunein  to  the 
cariier  investigators  consists  of  In-nzyl  l>eiizoato 
with  a  80) ail  quantity  of  benzyl  cinnaniate; 
cimuunio  aoid  and  vanillin  are  found  to  b« 
prisc-iit  in  very  ftiiall  prufKirtion.s.  Thi*  rrsin 
when  hyilrolysed  yields  cinnamio  acid  and  a 
snoAll  proportion  of  lieozoio  aeid  and  jteruntino- 
tannol,  a  resin  alcohol  of  the  formula  Cj^Hj^Oj 
The  balsam  has  also  been  examined  by  Thorns 
(Arch.  Fharm.  8S7,  271). 

Balsam  of  Pmi  has  been  much  arhiltf  rnf rd. 
Alcohol,  tixed  oils,  oopaiba,  Canada  turpentine, 
«olophoi^,  fte.,  have  Men  Qaed  for  this  purpose. 
To  ascertain  its  purity  many  methods  have 
been  devised.  The  snccitio  gravity  is  impor- 
tant ;  "ttiis  at  once  indicates  alcohol  if  present. 
.\lcohol  may  also  be  washed  out  by  water  and 
the  reduction  in  volume  noted.  The  U.S. 
Pharm.  directs  10  drops  of  the  balsam  to  be 
triturated  with  20  drops  of  sulphuric  acid,  when 
a  tough  homo^neous  oheny-red  mixture  should 
result.  If  this  be  w^hed  After  a  few  minutes 
with  cold  water  it  should  bo  converted  into  a 
reainous  ma^,  which  is  brittle  when  cold.  This 
test  indicates  the  absence  of  fixed  oils  and  oleo- 
ff-'sins.  (For  other  modes  of  tp^tf  in^r.  t'.  Hirschsohn 
(I'harm.  ZeiU  10,  81);  iniickiger  (i'hariu.  J.  [3] 
i  2,  45) ;  Schlickum  (Arch.  Pharm.  (3]  20,  498) ; 
AlacKwan  (Pharm.  J.  [3J  15,2:i0)  ;  Andrt'-e  (^\rch. 
Pharni.  [3]  22,  661);  Denner  (J. Pharm.  Chim. 
[5]  18»  259).  Testing  of  balsams,  resins,  and 
gniD^resins:  Pharm.  J.  [3]  17,  547.) 

A  White  Peru  BaUam  is  sometimes  pre- 
pared in  Salvador  by  expression  from  the  ^it 
of  the  MvToxylon  Pertira.  It  is  a  golden  yellow 
tH: mi-fluid  granular  crystalline  mass  containing 
a  crystalline  resin,  myroxocarpin  C.^Hj^O,, 
together  with  styroUne,  styraan,  and  cinnamic 
actd  (Stenhouse.  Anntden,  77,  306;  Pereira, 
Annalen,  77,  309;  Scharling,  Annalen,  97,  70; 
Uarriaon  a.  Malsch,  J.  1875,  866).  (For  more 
recent  investkatioov,  Oennann  (Aieh.  Pharm. 
234,  641 )  ;  BUtz  (Chem.  Zeit.  26,  436) ;  Thorns  a. 
BUta  (Chem.  Zeotr.  1904,  il  1047) ;  Hellstrom 
(Az«h.  Pharm.  243,  218).  For  other  yarieties 
of  P^ru  balsam,  v.  Fltick.  a.  Hanb.  210.) 

Storax.  Liquid  Storax  i  Bahamwn  Htyracis. 
{Styrax  Liquide,  Fr. ;  FtUstiger  iStorov,  Ger.) 

Storax  balsam  i~  dfTivrvl  frnm  Iree.s  of 
LiquidanUmr  orienialis  (Miller),  wliich  are 
natiTea  of  Aria  Hinor  («/.  Bentl.  a.  Trim.  107). 
This  liquid  storax  is  nearly  related  to  another 
harder  resin — the  oxudatiou  of  the  Htyrax 
officinalt  (linn.).  Both  have  been  known 
since  the  later  Greek  period,  but  the  latter  is 
now  no  longer  an  article  of  commerce.  To 
obtain  the  Ktorax  the  outer  bark  of  the  tree  is 
mover],  and  the  inner  bark  is  collected  and 
boiled  m  water.  The  balsam  melts  and  riscii 
to  the  suriaoe  Mid  is  skimmed  off. 

Liquid  ptomx  is  heavier  than  water,  about 
the  consistence  of  honey,  and  of  a  greyish-brown 
c<^Olir.  It  always  contains  a  little  water,  which 
imparts  to  it  a  greyish  opacitx'.  "UTien  this  is 
removed,  by  long  standing  or  by  lieat,  th«  resin 
becomes  quite  transparent.  Dried  in  this  wa^  it 
is  iMDlubb'  in  alcohol,  ether,  carbon  disulphide, 
and  volatUc  oils ;  but  not  in  light  petroleum. 
3%e  odour  of  ■t<nax  is  agreeably  bauamio  and 


the  taste  aromatie  and  pmigent.  Examined 
with  a  micro.scopii  crvf^taL-*  may  be  detected 
which  have  been  identified,  the  leathery  spicular 
crvHtals  as  stjracin,  and  the  rectangular  tables 
and  Khort  pri.sins  a.s  ciiinamic  acid. 

Btorax  contains  10  p.c.  to  20  p.o.  of  water,  13 
p.0.  to  18p.o.  of  wnody  and  inorganic  im]mritieH, 
leaving  51)  p.c  to  72  jkc.  of  matter  solu})lc  in 
alcohol,  which  consists  chie%  of  styrolene, 
metastyrolene,  cinnamio  aoid,  styracin,  and  a 
large  proportion  >f  n  in  (Fluck.  a.  Hnnb.  27."). 

Stiffolene  or  pheuviethylene  C,Hs-CH:Clls 
obtained  as  a  oidonffess  molnle  liquid  by  distill- 
ing storax  with  water  (Bonastre,  J.  Pharm.  Chini. 
U),  88;  Simon,  Annalen,  31,  267).  The  solid 
ix)iymeridbctf  styrolene,  incfasfyrab^  is  abosaid 
to  exist  in  storax.  Cinnnmir  acid  to  the  ext<»nt 
of  6  p.o.  to  12  p.c  is  obtained  bv  boiling  the 
balsam  "with  sodium  earbonate  soration,  which 
extract*?  it  as  a  sodium  salt  from  which  the  free 
acid  is  liberated  by  mineral  acids. 

Stynein  or  einnam^  etmiamafs 

C«Hg-CH :  GH<X)0C;H, 

was  originally  discovered  in  storax  by  Bonastre. 
It  may  be  obtained,  after  removal  of  the  st^TO- 
leno  and  cirmamic  acid  by  treatment  of  the 
residue  with  ether,  alcohol,  or  light  petroleum 
in  the  form  of  a  liquid,  which  with  difficulty 
assumes  a  solid  crystalline  form,  the  crystan 
melting  at  44'  (Simon,  Annalen,  31.  273;  Toel, 
Annalen,  70,  1 ;  Miller,  Annalen,  188,  200). 
Styracin  is  readily  converted  by  alkali  into 
styrone  or  einnamyl  alcohol  and  cinnamate. 
Benml  alcohol  has  been  detected  as  a  constituent 
of  storax  by  Lanbenheiner  (Annalen,  164,  289). 
A  good  bibliograj  liv  a  ill  l)o  found  in  W.  von 
Miller's  memoir  ou  the  (jhemioal  Compounds 
contained  m  Liquid  Storms  (Annalen,  188,  184), 
in  which  the  author  describes  as  ji  st  i(,  in 
addition  to  the  constituents  already  mentioned, 
pkenylpropyl  Hmumate,  Ohyl  etniMNUfe,  ethyl 
mniUin,  large  quantiticv^  of  two  alcoholic  com- 
pounds, «•  and  fi-etoremn,  and  their  cinnamio 
esters,  a  §odium  compound  of  sforemn  and  a  renn. 
According  to  v.  Itallie  (Chem.  Zentr.  1001,  ii. 
856),  a  good  specimen  of  storax  contains  about 
2*4  p.e.  of  subrtanoes  iniKilul^e  in  ether,  23 '1  p.c. 
of  free  cinnamic  acid,  14  p.o.  of  wat^^r,  22-5  p.o. 
'A  aromatic  esters,  2  p.c.  of  styrone  and  vauiUin. 
and  36  p.c.  of  rosin.  The  total  proportion  of 
cinnamic  acid  is  nbnut  43  p.c.  ;  tJio  combined 
acid  occurring  parliy  iu  tlio  re.-^in  and  partly  in 
the  aromatic  esters. 

Storax  is  sometimes  adulterated  with  turpen- 
tine. To  detect  this  Hagor  diswlvuii  iho  balsam 
in  a  little  warm  alcohol,  and  shakes  this  solution 
with  light  petroleum.  The  light  petroleum  on 
evaporation  leaves  a  residue  in  which  the  terc- 
binthinous  odour  is  concentrated,  and  may  be 
readily  detecttHl.  Further,  the  residue  so  ob- 
taiue<l,  in  the  case  of  genuine  storax,  ia  colourless 
with  a  bluish  oj>aIej>cence,  and  represents  45-65 
p.c.  of  tlie  original  balsam  ;  but  if  turpentine  be 
presi-nt.  the  percentage  is  larger,  and  the  residue 
has  a  yellowish  colour  (Ph.  Centh.  16,  163). 

Clo.sely  allied  to  liquid  storax  are  the  exuda- 
tions from  the  Styrax  oJjicinaU  (Linn.),  Liquid- 
ambar  styraciflua  (Linn.),  a  native  of  North 
America,  the  balsam  of  which  was  examined 
by  FlQckigir  and  Y.  Miller  (Arch.  Pharm. 


li]  80,  648  a.  648).    It  is 


obtaine<l  in  tho^^ 
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form  of  a  sticky  groy  m&m  containing  white 
crystalline  portions  mixed  with  fragmpnt.*?  of 
wood  and  bark.  Its  composition  docs  not 
differ  essentially  from  that  of  AfllAtic  Storax 
{v.  ItaJlic).  Liquidambar  formosana  (Hanco); 
and  Allm^ia  acctUa  (Norouha)  (c/.  fliick.  a. 
liaiili.  276;  TBohicoh  a.  V.  lUUie,  Axch.  Ffaann. 
239,  r,  n). 

Tolu.  BaUomum  tolulunum.  (Baume  de 
lol«.  1  1  :   Tolubalsam,  (lOr.) 

Monardes,  in  his  book  published  in  1574, 
describing  the  pro<luct8  of  the  West  Indies,  is 
the  firnt  to  mention  balsam  of  tolu.  Soon  after- 
wards it  was  introduced  into  England.  Tolu  is 
the  j)ro<luct  of  the  trees  of  Mtfroxylon  Toluifera 
(H.  B.  a.  K.),  natives  of  Venezuela  and  New 
(tranada,  ami  probably  also  of  Ecuador  and 
Brazil.  (For  botanical  characters,  v.  Bentl.  a. 
Trim.  84.)  V-shaped  incisions  arc  made,  and  the 
ooucretod  juice  from  time  to  time  collected.  This 
draining  of  the  trees  goes  on  for  eight  months  of 
the  M-ar  (Weir,  Joum.  R.  Hort.  Soc,  Mhv.  ISG4). 

Balsam  of  tolu  m  a  viscid  reeiu,  w  hich  on 
exposure  hardens  to  a  vitreooi  nuuM.  It  haa 
an  at^rtHablc  odciur  sii;^'gestive  of  vanilla,  and 
has  a  decided  aromatic  taste.  Crystals  of 
oinnamio  acid  may  be  seen  in  tolu  when  thin 
layers  are  examined.  It  is  soluble  in  alrohol, 
glacial  acetic  acid,  acetone  and  chloroform,  also 
m  caustic  potash.  In  benzene  it  ts  insoluMe,  and 
nearly  ><>  in  carbon  disulphide,  volatile  oils,  and 
ether.  Balsam  of  tolu  consist«i  for  the  most 
part  of  an  amorphous  resin  similar  to  that  left 
by  carbon  <lisul}>hi(lc  in  the  case  of  Peru  balsam. 
This  resin  on  hydrolysis  yields  (oluresinotannol 
r|,U,^Ug,  a  lo\ver  nomologue  of  peruresino- 
triTun  I,  a  dark  limwn  powder  decomposing  at 
lUO"  without  meitiug.  It  gives  colour  reactions 
with  ferric  chloride  and  |x>tassium  dichromate, 
and  precipitate'!^  Miih  lead  acetate  and  gelatin 
(Oberliinder,  Arch.  I'harm.  232, 659).  Treatment 
with  water  extracts  from  balsam  of  tolu  cin- 
namic  acid  (Carlo.'j.  J.  Pbarm.  Chiin.  I'f,  1  and 
according  to  Buj>sie  (Ber.  9,  830)  it  cuutams  a,\M} 
bemoic  acid,  and  both  bemyl  benxoate  and  cinna- 
mate.  Distilled  with  water,  small  quantities  of 
a  peculiar  hydrocarbon  pass  over  w  hich  has  been 
eaUed  ktUne.  The  yield,  according  to  Dcville,  is  2 
p.c.  (Ann.  C'hiin.  Phys.  [3]  3,  ir>2).  Tolcne  has 
the  formula  t'loliij.  Ita  ^p.  gr.  at  10°  is 
0-858  (Kopp),  and  it  boils  at  170",  according  to 
Deville  and  Scharliug,  or  at  164'*-10O*'  (Kopp). 
Deville  found  tolene  to  have  a  vapour  density 
of  5-I.  This  hytlrocarbon  does  not  appear  to 
have  been  further  studied  or  to  be  known  in 
any  other  chemical  relation. 

Turpentine  present  as  an  adulteration  in 
tolu  may  Ik?  detected  by  treatment  with  carbon 
disulphide,  which  has  scarcely  any  solvent  action 
on  the  L'«  riuine  balsam  ;  or  by  sulphuric  acid, 
which  imuarts  to  tolu  a  cherry«red  colour, 
whereas  wnen  turpentine  is  present  the  mixture 
turns  black.  A  s|K.'cinien  of  spurious  tolu 
examined  by  Naylor  was  completely  soluble  in 
carbon  disulphide  fPharm.  J.  [3]  8. 6^).  To  test 
for  add«'<l  cuji .pluuiy,  the  sani|'lc  is  aL'ilad  il  with 
4  to  5  times  its  weight  of  light  petroleum  and 
the  filtrate  shaken  with  its  own  volame  of  copper 
ai  '  tati-  siilutinn  fl  :  lfM>0)  when  no  preen  colour 
should  be  seen  m  the  petroleum  layer  (Hirsch- 
sohn,  Chora.  Zentr.  1805,  iL  694). 

XuthorrhOM  Btbwii.  A  number  of  b«l< 


aamie  fwdna  are  obtained  from  the  xanthovriiOBai 

or  gras^:  tree??  of  Australia.  Seven  species  of 
these,  the  arborea,  aiLsiralin,  Hostile,  medim, 
minor,  bracteaia,  and  Pumilio  were  described  as 
early  as  1810  by  Brown  (Prodromus  Novt 
HoIlandi«i).  The  tirst  two  are  arborescent  tree*, 
the  third  and  fourth  have  short  stems,  and  the 
last  three  aro  stemless.  Hirschsohn  (Pharm 
Zeit.  81)  distinguishes  three  xanthorrbuf^ 
balsamic  exudates  ;  but  of  these  only  two  are 
important,  the  yellow  or  nrnroid  hnUnm  and  the 
rtd  bulmni  (Pcreira,  Mat.  iled.  3rd  e\l.  1U99). 

Acarotd  Bulmm',  Acaroid  Rejtin,  ResitM 
Acaroide^,  Henin  of  Botany  Bay.  This  lwils.im 
was  first  mentioned  by  Governor  Phillips  iv. 
1789  (Voyage  to  Botany  Bay).  It  exudes  spon- 
taneously from  the  Xanthorrhosn  Hn.'itilr  and. 
according  to  some  ^Titers,  from  the  A',  arhorca^ 
It  has  a  yellow  colour  resembling  gamboge, 
but  sometimes  has  a  deep  red  tint,  and  when 
heated  evolves  a  balsamic  odour.  It  is  u^mxI 
in  tlie  ))rt'paration  of  sealing-wax  and  lacquers 
aud  ^apauner  8  gold-size.  Among  those  who 
have  mTestigatea  aonok)  balsam  are  Licbsien- 
stein  (Crell's  Ann.  2.  212);  Sohratb-r  (Tromms- 
dorff's  Ann.  5,  96) ;  I^ugier  (Ann.  Chim.  Phya. 
76, 265) ;  Widmann  (Bttohner*s  Repert.  SS.  198)  • 
ami  Sti'nhoii.so  (f '.  S.  Mem.  3,  10 ;  Annab-n. .")".  K4). 
Its  chief  constituents  are  r«nn,  a  trace  of  xjolo' 
tile  oil,  and  einnamif  ,  benzoic,  and  pam-ronm/wr ic 
acida,K\so  para-hj/'Iroxybenzoldehytlemi^  l  i  >  I-  ihly 
vanillin  (Bamhei;gcr,  Monatsh.  14,  liXi).  i'bie 
reein  constats  of  seatiiheretinelttmtiol  C^jH^^o,^, 
chiefly  in  form  of  para- ran marate  (Htl  1«  bratni. 
(Arch.  Pharm,  234,  698).  (For  properties  of 
xanthorrhoaa  reshi  ofl,  «ee  Schimmei  and  Co. 
(C'hem.  Zentr.  1898,  i.  258):  Haensel  ffli.  in, 
Zeit,  1908,  i.  1837).)  By  distilling  aoaroid 
balsam,  Stcnhottw  obtaineSl  a  light  neutral  oil 
containing;  ht  nzene  and  cinnamenr,  and  by  treat- 
ment With  nitric  acid  the  same  observer  findi* 
a(  aroid  balsam  to  give  ao  laige  a  jrMid  of  pterie 
acid  that  he  recommends  it  as  a  convenient 
source  of  that  compound.  As  much  as  13  p.c. 
of  parahffdroxi^emmc  acid  is  formed  wtton 
acaroid  balsam  is  fu>*ed  with  potash.  Amrmiz^t 
the  other  products  of  this  reaction,  are  re^inr  i - 
nd,  pyromtecM,  and  h  douhte  compound  t.j 
para-hydroxybemoic  nnd  protocatechuic  find^ 
Ci4H^.07,2U|0,  which  has  been  likewise  pb- 
tained  from  Miuolb  (Hlimwets  and  Baith*  J. 
186<i.  r..30). 

Jitd  Balsam  of  Xunlfujrrhwu.  Black-toy 
Oum.  A  red  balsamic  reKin  n-semhling  dmgtm'a 
blood.  When  heated  it  evolves  a  hal«amic 
odour.  This  resin  does  not  contain  ciunamic 
or  benzoic  acid,  it  contains  a  small  quantity  of 
para-hydto3cyf)tmaldfhyd^.  and  consists  mainly 
of  erifthrorfsirwtannol  Ci^H^oUiot  chiefly  as  ptira- 
couiii  ir  III    P.ii t. iher^^t  r,  Hildebrand).      A*  & 

BAMBARA  FAX  v,  Baa»A  oils. 

BAliBOO.  The  adi  of  the  shoots  of  thoM 
jrrassfs  i  Batii}>iMi  tirundinaceji  (WilM).  Oigan- 
tochloa  veriiciUata  (Munro),  &&)  ooatains  Uvm 
90  to  40  |».e.  of  potash  (K  jO).  and  constitutes  a 

t:oo<1  source  of  )>otasli.  The  tibres  of  the  shoot^ 
supply  an  excellent  paper- making  material, 
and  have  been  used  for  this  purpose  by  the 
('hinfso  from  time  immemorial  {H;>niani#. 
Chom.  ^'ews,  46»  158;  46,  51 ;  Nature  18,  50). 
BAmOOI  FAT  or  BAMBUK  BOTTBR  v. 
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BANANA.  The  frnit  of  Musa  aapienlium, 
a  plant  growing  freely  in  tropica]  oountries. 
Wheo  ripe  the  palp  is  rich  in  suoroae  aod  invert 
sugar,  but  in  the  unripe  condition  contains  much 
st^arch,  and  is  oxtensively  used  for  iho  prt'imra- 
tiou  of  hanam  fluur  io  the  Indian  Aroiupela^, 
Bi«dl,  tin  wort  ocMuit  of  Africa,  and  the  PiMmo 
lalandii. 

Ana,^^9ek  by  Leu-^chor  (Zeitsoh.  ufiFentl. 
Chma.  1902,  8/125)  of  (I)  grem  htuks,  (2)  ripe 
husks,  (3)  vriri|M  fruit  i  [  ulp  i,  (4)  ripe  fruit  (pulp), 
and  (5)  banana>tneal,  are  as  follows  : — 

(1)  (2)  (3)  (4)  (6) 

Water       .     .  70-0  70-0  70-5  671  ISO 

Crude  protein  .  2-0  2-9  3-9  5-0  70 

Crude  fat  .     .  4-5  4  i  01  0*2  0-3 

Oode  fibre  9-9  8-6  0<4  0*3     5  0> 

N-free  extract  .  8-3  104  —  —  70-0 

Starch       ,     .  —  —  191  — 

Dextrin     .      .  —  —  2»)  lO 

Tannin      .     .  ^  «^  2*2  0*1 

Sucrose  —  —  —  16*8 

lawtsugur   .  —  —  —  9-7 

Ash  .        .     .  5-3  3-9  I  I  0-9  18 

Only  the  quite peea fruit,  containing  mere  teaces 
of  sugar,  can  be  nted  for  prepanu;^'  the  meal. 

Rip<'  hanauas  contain  invtriait  (Mirraii, 
Chem.  Zeit.  1894,  17, 1283).  American  analyses 
show  nrooh  lew  protein  in  ripe  bananas  thui  is 
given  in  Leuacher'-  t'L>_urp,«,  the  aviTaye  being 
only  1*3  p.c.  (Bulletin  28,  U.S.  Dept.  of 
Agrioiiltme,  1899).  H.  I, 

BAPTISTN  '   f  iT.rcusiDKs. 

BARBALOiN  v.  Glucosidss. 

BABB ATIO  AOID.  Barbatie  aoid  ('„U,oO; 
waa  first  isolated  from  the  lirhen  Uf>7ira  hnrhnta 
^  Steohouse  and  Urovos  (Chem.  Soc.  Trans.  1880, 
in,  405)  hi  which  it  ooeon  in  conjiniotion  with 
ir^nir  ncid.  Zopf  (Annnlon.  1807,  207.  I'Tl) 
found  barbatio  acid  in  the  Usnea  tongit^iim,  in 
ihe  Eleetera  ochroletiea  {ibid.  1899,  306.  282), 
and  in  the  Utmea  dnJttfpoga  {ibid.  1902,  321.  :J0) ; 
Hesite  (J.  pr.  Chem.  1898  ii.  57,  232)  describes 
it«  preMooa  in  the  CTimea  kmgiuimot  Usnea 
barbata,  and  Uanea  crrafina.  (/.*■•} 
originally  considered  that  barbatiu  acid  ha<l  the 
composition  Cmfi^fit,  and  deMribed  potasaium 
barium  and  copper  salts  and  an  fthyl  r  ter 
m.p.  132,  which  apparently  eatablisiied  this 
formula,  but  in  a  later  paper  (J.  pr.  Chem.  1903, 
ii.  B8,  1)  he  confirms  Stenhoufe  and  f! roves' 
formula,  C,»H  .qO;.  'J'he  mxinnn  mlt  ('},H,,0,- 
N*f2HtO  crystallises  in  straight ->;idLHl  lea^etM 
(compare  also  Zopf,  1902,  789).  The  action  of 
noetic  auhytlrido  on  barbatic  acid  h-adn  to  the 
formation  of  what  is  probably  the  Uctone  of 
acetyibarbatic  acid  ;  this  melts  at  250**  and  on 
recrvstallisation  from  acetic  anhydride  yields 
acetyl  barbatic  ocirf  C„H„(C,H,0)6^.  m.p.  172". 
The  hydrolysis  of  barbatic  acid  with  aqueous 
alkalis  j-ields  betorcincl  and  rhitoninic  acid. 
Barbatic  acid  crystallises  in  colourless  needles, 
111.0. \W  (Hcflw,  J.  pr.  Chem.  1906  [2],  73,  1 13). 

A.  G.  P. 

BARBERBY  ROOT.  Th.«  rout  of  Ikrhcris 
tmlgari*,  a  wild  shrub  common  to  Europe  and 
AMa.  The  active  principle  which  it  oontains  w 
the  alkaloid  hrrhirmr  (  ,  .NO^nH  O.  which 
may  be  prepared  by  boiling  the  root  with  water 
oontainmi;  a  sli^^  emeM  of  lead  aoetale,  filter* 

■  luciuaing 
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ing,  and  evaporating  the  filtrate  to  crystallisa- 
tion.   Berbcrine   crystallises    in    fine  vellow 

KisniB,  very  soluble  in  hot  water  and  alcohol, 
it  insoluble  in  ether.  It  begins  to  sublime  at 
200**.  The  salts  of  berborine  are  sparingly 
wiuble.  The  hydrochloride  and  j^oepoata  are 
used  medicmally. 

BerlK>rino  is  hIwj  found  in  the  root,  Mood,  or 
bark  of  the  followiiu  plants :  Btrbtris  ari^^ta^ 

(Linn.),  Ilydra^ti-i  canadensis  (Linn.).  Co-<r{nium 
fentMratum  (Colebr.),  Jateorhiza  Columba 
(Miers.),  Xylopia  polycar^  (Oliver),  Podo* 
phyllum  pflkitutn  (Linn.),  Xnnthorijim  apiifoliaf 
Coptis  Teeta  (WalL),  Soddalia  acukaia,  Evodia 
mdiafdUa, 

The  root,  root-bark,  and  especinlly  their  con- 
centrated liquid  extracts,  are  used  to  a  small 
extent  for  dyeing  silk  aiid  leather  yellow.  It 

is  thr  inly  natural  baaic  colouring  matter  at 
present  employed.  Wool  and  silk  are  dyed  in 
»  neatral  bath,  or  with  a  slight  addition  of  wAvan 
to  the  dyebath.  It  eivf^s  somewhat  cle&r  ypllnv- 
shades,  not  remarkable,  however,  for  any  special 
quality  either  of  fastness  or  purity  of  ookrar. 

X(i<«ra<«re.— Buchner,  Annalcn,  24,  228; 
Fleitmann,  ibid.  50,  l(iO;  Baedeker,  ibid.  66, 
384  ;  69,  40;  D^'son  Perrins,  ibid.  Suppl.  2, 
171,  and  83,  276;  Stenhouse,  ibid.  95,  108. 
Re)K*rt.  chim.  appl.  4,  459  ;  Repert.  chim.  pure, 
.3.  105:  4,  367 ;  5,  423;  "      --  --- 

122,  250;  Suppl.  1863.  2. 
med.  1826,  2,  314;  Chom. 
Bull.  Soc.  Chim.  1863,  423 


Annalen,  115,  132  j 
191  ;    Journ.  chim. 
8oc.  Trans,  15,  339. 
;  C^em.  Soc.  Abstr. 


1885,675;  1886,  633,  1041;  1887,  174,  383, 
605,  1057  ;  Chem.  Soc.  Trans,  1889,  63  ;  Arch. 
Pharm.  [3]  26,  329 ;  26,  164 ;  Amer.  J,  Sci. 
r2]  33,  43  ;  Annalen,  24,  228  :  Annalen,  Suppl. 
2,  ly?  ;  Perkin  and  Hummel,  Chem.  Soc.  Trans. 
67,  415;  Pel  kin,  ilnd.  71,  1 196). 

BARBITURIC  ACID  v.  .Maloxyl  f  aktiamidk. 

BARILLA  or  BARILLOR.  (Fr.  Bar  ilk.) 
Commercial  name  of  an  impure  Kxiu  obtained 
from  the  ashes  of  the  Scuaola  Soda  (Linn.), 
formerly  grown  specially  in  Spain,  Sicily, 
Sardinia,  the  Canary  Islands,  and  the  Levant. 
The  seed  was  sown  at  the  end  of  the  year,  and  the 
plants  were  ready  for  cutting  in  September  of  the 
following  }  ear  ;  thoy  were  usually  burnt  during 
October.  A  hole  capable  of  holding  one  or  two 
tons  of  soda  was  dog  in  the  ground  and  covered 
over  with  an  iron  j^ratin^  ;  the  dried  plants, 
mixed  with  canes,  were  hoajped  on  this  and  set 
on  fire.  The  heat  was  snffleient  to  melt  the  ai^, 
which  ran  down  and  co]lccte<l  in  the  ho]*-.  Moro 
material  was  supplied  to  the  fire  till  the  hole  was 
full  of  fused  sooa ;  it  was  then  covered  with 
earth  and  left  to  cool,  after  which  the  porous 
mass  was  broken  out  and  was  ready  for  shipment. 
Oontahied  about  20  |i.o.  alkali,  together  with 

chlorides  an  !  .sulphates  of  sofliiim,  rnlrtnm  nnd 
aluminium  and  very  little  sulphur.  Formerly 
muoh  used  lor  making  soda  soap ;  little,  If  h% 
all,  used  now. 

Kelp  is  sometimes  called  British  Barilla. 

BABIUH.   Symbol.  Ba.   At.  wt.  137*37. 

The  name  *  bnntte  '  (from  Bapvs,  heavy)  was 
given  to  the  earth  contained  m  hoavy-spar 
{terra  ponderosa)  by  Guyton  de  Morveau  in 
J 770.  Had  was  afterwanU  altered  to  'barjia  *  by 
Lavoisier ;  the  name  itself,  tbcrefon>,  is  indica« 
tive  of  tlie  geeftt  density  of  its  ^ora|i^i^i||(|8(^ 
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Barium  oooura  prineiiMlly  u  tiie  enlpluite, 

barylts  or  hemnf-spar  l5aS0^,  and  is  frenerally 
iouioii  aaaociAted  with  metailio  ana  containing 
salpliiir.  Bfenlafait  (AniL  Ghin.  Hi  vs.  [5]  15, 
530)  has  sho\\-n  that  all  primnry  rocks  contain 
I>aritim  in  suffioieat  quantity  to  be  eaolj 
deteeted.  Barium  alio  oocun  In  natttro  as 
untheTite  BaCO„  harutoceleMtk  (BnSrCa^SO,, 
baryUxakUe  (BaOk)GO„  aUUmiU  (BaCa)CO,. 
and  in  oartafn  rarieties  m  tlie  orea  of  nani^aee ; 
also  in  certain  ?ilicatcs,  as  hrticstrrilc  H4(SrBa) 
AJJ8igOi.,3H,0,  harmotome  H,(K,Ba)Al^;uO„- 
4HtO,  and  hyalopham  or  bar^'fdtpar  K^Ba- 
2AljSig0.4,  and  frequpntly  in  mineral  waters. 
Barium  is  also  frequently  found  in  calcium  and 
strontinm  minends,  replacing  a  portion  of  tbosa 
elements  with  which  it  is  isoraorphoiis. 

It  is  never  found  native.  Its  uxide,  baryta 
BaO*  ^ras  first  recognised  as  a  peculiar  ewth 
distinct  from  liiiir  by  Schoele  in  1774. 

iVejxwtUio/i.— Davy  (Phil.  Tr&m.  1808,  354) 
ehwttoljrwd  a  moist  paste  of  a  barium  salt, 
using  a  cathode  of  mercury.  Ho  thereby 
obtained  a  poor  amalgam  which  on  distillation 
yielded  a  silver -white  solid  that  he  beUmd  to  be 
metallic  barium,  but  which  in  reality  was  only 
a  rich  amalgam  as  shown  hy  Donath  (Ber. 
12,  746). 

Bunsen  (Pogg.  .Ajin.  91,  619)  slightly  modified 
Davy's  process,  heating  the  amalgam  in  a 
charcoal  ooatiias  current  of  hydrogen,  obtaining 
a  tumefied  mass  which  wn,'^  probably  a  mixture 
of  hydride  and  carbide.  Guiilz  hab  ali>u  bhou-n 
that  Kern's  method  (Chem.  News*  31,  243}  of 
heating  the  iodide  with  sodium  yielda  a  sub- 
iodide  which  decomposes  water. 

Clarke  (Ann.  Phil.  17,  419)  exposed  baryta 
to  the  action  of  the  o^'%drogen  blow-pipe 
flame  on  charcoal  and  obtained  metallic-looking 
globules  probably  of  barium  carbide. 

Matthiessen  (Annalen,  93,  277)  electrolysed 
the  fused  chloride  and  obtained  metallic- 
looking  gblMiIea  wliMdi  WM»  pcobably  mib- 
ohlohoe. 

Haqnemie  (Bnll.  800.  ohim.  (3)  7,  368} 
heated  the  ainaltrain  in  tvruo,  Init  owing  to 
deorepitatioa  of  the  subataace  and  rapture  of 
the  tnbe  ha  waa  rniaUe  to  obtain  satisfactory 
results. 

Guniz  (BulL  Hoc  chim.  [3]  29,  483),  by 
study  itijg  the  same  process,  was  finaJIy  able  to 

distil  on  all  the  raercur}-  without  decrepitation 
or  biustwg  of  the  tube.  After  many  experi- 
ments, he  finally  adopted  the  following  method : 

An  amalgam  containing  3  p.c.  of  barium  was 
prepared  accordine  to  Davv's  original  process, 
ana  5  to  6  Idloe  of  it  were  distilled  in  an  atmo- 
sphcrr  rf  hydrogen  under  rcducc<l  pn»s.sure  to 
such  a  pomt  as  to  obtain  an  amnigam  having  a 
olose  grain  and  not  readily  oxidisable,  contaimng 
about  10  p.c.  barium.  Alxjut  half  a  kilo,  of 
it  wtu;  then  j>laced  in  an  iron  boat  contained  in  a 
large  porcelain  tube.  Over  the  boat  was  placed 
a  nickel  .s])iral  to  prevent  spurting  and  loss. 
The  tubf  wiiH  then  heated  very  slowly  by  an 
electric  current  circuit  so  as  to  arrive  at  a  dull 
red  heat  in  alxiut  four  honrs,  a  vacuum  ix  itig 
maintained  in  the  tube.  The  amalgam  alowly 
loses  mercurv  without  change  of  form,  and  [ 
towards  900*^  it  guddi-nly  licjuetif  ,  \\h*-u  tlir 
ourreut  is  turned  utf  to  avoid  ebuiiiuuu  auU  , 
low.  The  amalgam  so  obtained,  containing  I 


abont  60  p.o.  barium,  has  a  coarsely  facets 

crystalline  etructun-,  and  quickly  oxidises  in 
air*  Tor  the  last  operation  it  is  placed  in  a 
nickel  boat  contained  in  a  porcelain  tube  lined 
with  nickel  foil.  The  latter  is  necessary  as 
when  the  barium  distils  towards  the  end  of  the 
operation  its  oocrodve  action  on  the  ghu» 
cfiiiM  s  rupture.  The  tube  is  main!  iIim  J  at 
900^*  for  two  or  three  hours  under  dimiaished 
pressnre,  keeping  the  ends  of  the  tnbe  snitably 
cooled  ;  then  at  950®  for  one  hour  during  which 
time  thvre  is  a  considerable  loss  of  bariom. 
Ilw  liarivm  so  oUained  is  kept  in  an  atmosi^Mre 
of  dry  carbon  dioxide.  A  naniple  obtainc^l  \<\ 
diafeilUng  half  the  barium  had  the  oompoeitiou 
Ba  98-S6v  Hg  0-83.  Fe  0-40.  In  repeatedezperi- 
ments  Guntz  failed  to  obtain  barium  much 

Enrer  than  98  p.c.  He,  however,  found  in  his 
kter  experimentA  that  by  prepara^on  of  the 
hvdridr  a  much  purer  metal  could  be  obtained 
(Compt.  rend.  141,  1240).  The  method  is  a 
niotlifleation  of  the  earUer  experiment.  After 
the  preparation  of  the  metal  in  the  above  way 
pure  dry  hydrogen  is  allowed  to  enter  the 
tube,  maintainea  at  900^  It  is  then  heated 
to  1200**,  just  below  the  fusion  point  of  the 
hydride  ;  by  this  means  every  trace  of  mercury 
can  be  removed.  The  hydride  contained  in  a 
nickel  boat  is  then  placed  in  the  nickel  line  1 
tube,  heated  in  a  vacuum  at  1200®,  whereby 
the  hydride  is  completely  decomposed  and  the 
volatilised  barium  is  condensed  on  a  poli^hoil 
steel  tuiic  cooled  by  circulating  wat4.r  plaet^i 
ini^ido  \\'here  the  vapours  are  being  liberated. 
The  metal  so  obtained  assayed  98*6  ^o.  barmm 
and  was  free  from  hydrogen. 

A  very  convenient  laboratory  method  for 
preparing  small  quantities  of  barium,  aLo  due 
to  Guntz,  is  to  heat  barium  oxide  with  one  tenth 
its  weight  of  metailio  aluminium  at  1200°  in  a 
vacuum.  The  metal  condenses  in  the  cooler 
part  of  the  tube  and  aawys  as  much  as  98-8  p.c. 
barium. 

The  preparation  of  the  metal  by  electrolysis 
of  the  fnsea  oxide  or  chloride  docs  not  appear  to 
bo  attcndtnl  with  .nurre^s  ;  sub-^alts  are  formed, 
and  the  current  passes  without  further  action 
(Z.  Electrooh.  9,  291.) 

Proptriicf. — Barium  when  abstiluttjly  pure 
is  a  silver  white  metal  with  a  dmsity  of  3'7& 
It  is  slightly  liarder  than  lead.  It  melts  at 
about  S.'V)'*  and  commence^^  to  volatilise  at  950*. 
Barium  oxidises  rapidly  in  air  \vddifka  princi- 
pally the  monoxide;  tite  powidter  eiMMy  talnw 
fire  spontaneously.  Guntz  states  that  molten 
barium  attacked  all  the  metak  he  tried,  iron 
and  nickd  being  the  most  resistant.  Barinm 
decompose!*  water  ami  alcohol  in  the  cold,  viekl* 
ing  in  tho  latter  case  barium  cthoxide. 

Oxides  of  barium.  Three  oxides  of  barinm 
air  known — barium  .suboxide  Ra/>.  l)arium 
oxiile  or  baryta  iiaU,  and  barium  peroxide  BaU^ 

Barium  auboxide  Ba^O  isobtamed,  according 
to  Guntz  (Compt.  rend.  143,  339),  by  best  in;.: 
the  protoxide  with  magnesium  or  barium  to  a 
t-ompemture  of  IIOQ^.  It  is  a  fakde  mass  whieh 

dee(»mp('-'-  'VMt<T. 

Barium  oxide,  protoxidt,  monoxide,  or 
baryta,  BaO,  is  the  oxide  formed  when  the  metal 

f'iini~  ill  air.  It  \a  more  readily  obtained  by 
huatmg  ^1}  the  nitrate  or  (2)  the  carbonate  of 

•        .  ,  ..od  by  Google 
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(1)  Bwium  nitrate  heated  progreMivcl}-, 

fuses,  then  Uecompcwios  with  thr  libtTution  of 
mthc  fumee  and  rooch  frothing  leaving  a  porous 
naM  of  barium  ozidau 

'I'he  carbonate  may  also  l>e  (x)rivt'rto(l  into 
barituu  oxide  by  ej^osing  it  to  the  strongest  heat 
of  ft  foi)ge  fixe ;  bat  the  last  traces  of  oarbonic 
acid  are  only  expelled  a\  i t h  d i ffi cnil t y.  Ho \re ver, 
at  ma  <»diQaiy  white  heat,  this  may  be  aooom- 
pthhed  by  nixing  the  oarbonate  with  one-tentb 
of  its  %\eight  of  lampblack  or  charcoal  and 
making  into  a  thick  paste  with  oil  or  tar,  carbouio 
oxide  being  evolired,  thus : 

fiaOO,+C=  BaO + 2CO. 

'Yho  mixture  should  be  ht>at«d  in  »n  earthen 
crucible  lined  with  lampblack  and  titted  with 
•  tight  oover ;  on  the  large  scale  witherite  is 
thus  converted  into  baryta  for  use  In  wparating 
cry'iitalliscd  sugar  from  muLatititvs.  In  second 
bar>'ta- manufacturing  process  a  mixture  of  the 
carbonates  of  barium  anri  calcium  is  ignited  in 
a  current  of  aqut-ous  vapour. 

(3)  On  the  small  soale,  barvta  may  be  easily 
obtained  by  heating  barium  iodate,  which  readily 
gives  up  all  its  iodine,  together  with  five-sixths 
of  its  03Qrgen,  without  fusing  or  frothing : 
Ba(IO,),=BaO-f^I  n 

Barium  oxide  as  prepared  by  the  above 
methods  is  generally  a  greyish-whlte  friable 

mas3  of  specific  gravity  4-7-^*5.  BrQgelmann 
(Annalen,  [2]  4, 277),  by  beating  barium  nitrate  in 
a  porcelain  flask,  obtained  minute  crystals  of 

BaO  belonging  tr  thu  regular  system,  of  sp.gr. 
6 '722.  He  found  later  that  by  heating  uie 
ojride  in  a  clay  or  graphite  crucible  he  obtained 
needles  belonging  to  the  hexngonal  system 
sn.gT.  5*32,  but  ii  boated  in  a  iilatinum  crucible 
the  oxide  is  obtained  in  cubic  forms,  sp.gr. 
5-74.  It  is  therefore  (limorphotis  (Zeitach. 
anal.  Chem.  29,  127).  It  is  only  just  melted 
even  by  the  heat  of  the  oxybydrogen  blow- 
pipe ;  but  in  the  electric  furnace  it  may  be 
rtradily  iiqucticd  and  volatilised.  The  liquid 
on  cooling  yields  a  (i\  i  line  mass  (Ifbissan, 
Ana.  Chim.  Phyi^.  [7J  4,  130);  it  is  a  non- 
conductor of  eiectncity,  but  in  uresence  of 
menmfy  may  be  electrolysed  mto  barium  and 
oxygen.    BaO  ir  strongly  alkaline,  cftu.«tic,  and 

ftois<^nou.«.  Fluoriru-  attacks  it  iu  thu  culd, 
iberating  o.\ygi'ii,  the  mass  becoming  incandes- 
cent, liry  chiorme  has  little  or  no  action  on  the 
perfectly  anhydrous  baryta.  It  is  deoxidi^ied 
by  potassium  at  a  red  heat,  and  slakes  with 
water,  forming  barium  hydrate  Ba(OU),  with 
such  energy  that  the  whole  mass  becomes 
incaudcsctnt  provided  tho  amount  of  water 
be  not  too  lar^  It  rapidly  absorbs  moisture 
from  the  air.  It  unites  with  methyl  and  ethyl 
alcohols,  forming  the  cojnj)oun(l.s  BaO,2CH40 
and  £aOj2C|Uy0.  Heated  in  tho  vaiwur  of 
oarboti  disnlphide,  it  fotms  barium  oariNmate 
and  barium  sulphide : 

3BaO  +  C8,  -  BaCO,  ^  2BaS. 

It  dissolves  readily  in  dilute  nitno  and  hvdro- 
ofaloric  acids,  but  with  most  other  acids  forms 
initoluble  snlin.  When  vapour  of  hulphuric  an- 
hydride is  pas«^ :d  over  it,  heated  to  low  redness 
in  a  kIssb  tube,  formation  of  barinm  sulphate 
BaS'>i  "(fur';  ^v\\h  incandcsc  nf-.v 

Barium  peroxide  or  dioxide  iiaU,  is  formed  i 
when  anhycnoiis  baiyt*  is  heated  to  »  dull  red 


heat  in  a  stnuim  of  oxygen  or  of  air  freed  from 
carbonic  acid,  liarium  hydroxide  may  besimilarly 
converted  into  the  peroxide,  bat  lees  readily,  as 
it  fuses  below  tike  temperature  of  absorption  of 
oxygen  ;  but  the  absorption  may  be  rendered 
rapid  by  mixing  the  hydroxide  with  lime  or 
magnesia  which  prevents  fusion  and  keeps  the 
mass  porous.  Peroxide  of  barium  may  }«• 
obtained  by  rarinkling  red-hot  baryta  with  four 
timee  its  weight  of  powdered  potassium  oUoiate 
in  successive  small  portions  :  the  {X)t4i8ainm 
ohioridc  simultaneously  formed  may  be  washed 
out  with  water,  leaving  the  peroxicte  in  the  fonn 
of  a  hydrate. 

The  peroxide  obtained  by  these  means  is  nob 
pure,  being  contaminated  with  a  littie  uncon- 
verted barium  oxide,  iron,  filica,  and  other  sub- 
stances derived  from  tho  preparing  vessels.  In 
onler  to  purify  it  the  findy  powdered  ernde  mo- 
duct  h  graduallv  added  to  an  excess  of  dilute 
hydrochloric  acid,  avoiding  any  considerable  riso 
of  temperature  ;  the  crude  substance  dissolves, 
]  forming  barium  chloride  and  peroxitl  •  nf  hydro- 
I  gen.  The  solution  is  filtered  from  m»oluble 
matters  and  treated  with  baryta  water  until  the 
silica  and  ferric  (>x!fK\  together  with  a  little 
hydrated  barium  |H  roxi(le,  regenerated  by  action 
of  the  peroxide  of  hydrogen  upon  the  barium 
hydroxide,  arc  precipitated.  The  liquid  ia  again 
filtered  and  then  supersaturated  with  bar^^. 
By  this  means  the  whole  of  the  peroxide  of 
hydrogen  regrneratos  barium  fwroxide,  which  is 

ErecipiUited  in  mmute  prisms  or  lamiua;  of  tlie 
ydrate  BaOi,8H,0»  in  which  condition  the  per- 
oxide  is  heat  preservetl,  and  is  a  suitable  form  for 
use  in  the  preparation  of  peroxide  of  hytirogun. 
On  drying  at  130**  or  at  oitunaiy  temperatures  tii 
txtcuo  it  is  converted  into  pme  anbydrous  barinm 
peroxide. 

Barium  peroxide  is  a  grey,  impalpable  powder, 
shghtly  more  fusible  than  the  monoxide.  The 
temperature  of  diRsoeiation  depends  upon  tho 
pressure.  Accord ii  L'  t<  Le  Chatelier  (Compt. 
r<»nd.  115,  654),  the  figures  are  ns  follows: — 

Temp.  C  :>20  5j5  1)50  tiTO  T'M  7:ij  750  77i  7S5  7»0 
Prt'«s.  mm.    20    i;5    65    tso  _'Ui  260  340  510  620  670 

Tbeee  pressures  vary  according  to  the  degree  of 
decomposition  being  highest  at  the  commence^ 
menl  of  the  ojm  ration.  Briji's  method  of 
preparing  oxygen  depends  upon  the  above 

Ehysieal  Custom.  The  spongy  protoxide  of 
arium  prep<ire<l  as  indicaU'd  alxn  e  in  placed  in 
thin  beds  in  iron  retorts  heated  by  special 
fumaoes.  The  temperature  is  matntuned  sa 
constant  a.s  jxwsible  W'tweeti  ."00**  and  600^. 
Air  which  has  been  freed  from  moisture  and 
i  carbon  dmxide  by  passing  fir«t  over  qni^lime 
land  then  over  caustic  soda  is  forn-d  by  pumps 
'  through  the  retorts  u  hereby^  the  iiaU  is  con* 
verted  to  BaO,.  The  residual  nitrogen  is 
allowed  to  escape  into  the  ntnutsphere.  Wlan 
the  peroxidation  is  complete  a  sot  of  valves 
pUces  the  retorts  in  connection  with  the  exhaust 
pumps,  the  reduction  of  pressure  causing  libera- 
tion of  oxygen.  The  fir^t  portions  are  allowed 
to  sseape  until  the  pressure  measures  4S  em* 
mrrcurv',  another  set  of  valves  then  comes  into 
play  and  automaticallv  connects  the  retorts 
with  the  gasometer.  The  oxygen  obtained  is 
97  to  98  p.c.  purr.  Buritim  ]KTnxi<ie  is  used 
in  the  preparation  of  hydrogen  peroxide  or 
diflsolvea  in  aoidnlated  water  asaUeachin^  ^^"y*Gc 
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Peroxide  uf  barium  is  (Joconii)oscd  by  sul* 
phuretted  hydrogen  At  ordinary  temperatures, 
aad  when  heated  in  a  current  of  carbonic  oxide 
it  beootDM  i^hite  hot.  It  bocomea  incandescent 
when  heated  in  sulphur  dioxide.  When  treated 
with  strong  soiphurio  acid  at  a  tempera-ture 
exoeeding  70*,  oxygen  is  given  off ;  at  lower 
tenipenitures  the  oxygen  is  mixed  with  ozone. 
When  the  peroxide  is  mixed  with  acidolated 
water  in  presenoe  of  ivzide  of  stiver,  peroxide 
of  mangane8<  .  or  jM  ruxide  of  lead,  oxygen 
is  evolvM  both  from  tiie  peroxide  of  bMium  and 
from  the  other  oxid«.   A  smsll  qmntfty  of  a 

*5ilver  comfx)un(I  is  <  npnblc  of  decomiKJsing  a 
large  quantity  of  lununi  pwoxide,  but  io4inc 
deoompowM  an  exactly  cqutvakpt  quantity ; 
BaO,+I««iBaIs+0,. 

The  amount  'T  ■id  ivc  oxygen  in  ?^fiO,  may 
be  determined  by  aUUirig  a  kuo\vri  (piautity  of 
the  peroxide  to  pure  hydrochloric  acid,  then  , 
potasibium  iodide  free  from  iodate  together  with 
exccsB  of  l)icarbonatu  of  tKxla,  and  titrating  the 
liberated  ioiline  with  a  standard  solution  of 
HOiliurn  t!iii> -uljihfifi-  It  tnay  al»o  be  estimated 
by  titrating  un  aciiiuiated  solutioQ  with  Btaudard 
potassium  permangaoftte  (Bectrand,  BnU.  600. 

Chim   "2]  T.\.  !48). 

Barium  hydroxide,  Hydrate  of  Baryta,  or 
CavMie  Baryla  Ba^OU),  or  BaO  H.O,  is  formed, 
with  great  evolution  of  heat,  when  water  is 
added  to  anhydrood  baryta  (barium  oxide) : 

B«0+HaO«BA(OH)r 

A  hot  conoentrated  solution  of  equivalent 
quantities  of  barium  citrate  and  aodiom  or  po- 
taasiuni  hjrdroxide  deposita,  00  cooling,  crystals 
of  barium  hv  lmxi  lc.  Soda  is  u.sunH\  rmpl  ivr (i, 
of  8p.er.  1  'io-l  Id,  and  the  crystaLi  obtained  are 
freed  nom  mother  liquor  by  drainiog,  or  better, 
by  nieriTi:'  of  a  centrifugal  machine. 

(joiiiworoial  caustic  baryta  in  prepared  ui 
the  iMge  aeale  by  igniting  the  native  sulphate 
or  heavy  spar  with  coal  or  charcoal,  win  rt  by  an 
impure  barium  i^ulphide  is  obtained,  and  heating 
this  is  earthenware  retorts  into  w  hioh  •  current 
of  moist  carbonic  aoid  is  paaaed,  thus  convettiiig 
it  into  carbonate : 

Ba6+00,+ U,0»BaOO,+H,a 
Superheated  steam  is  then  passed  over  the 
heated  carbonate,  whea  the  ioUowiug  deoom- 
position  takes  fdaoe 

BaG0«+H.O->Ba(OH),+0Or 

Accordin-  to  R.  Heinlz  (Cheni.  Zeit  1901, 
199),  onlv  the  carbonate  is  used  to  an^v  extent. 
The  oalematkn  is  eondiieted  in  specially  con- 
structed furnaces  lirn  1  witli  ba«ic  material 
and  heated  with  producer  gai<.  The  product 
contains  96  p.o.  BaO.  The  same  author  reviews 
the  methods  that  have  been  suggested  for  the 
manufacture  of  baryta  from  barytes,  ftnd  con- 
siden  them  too  costly  for  the  ptoduotkm  of  a 
cheap  coramercial  oxiae. 

Caustic  baryta  crystalliiies  from  water  in 
large,  transparent,  colourless,  quadratic  prisms 
capped  by  p\Tamifla.  Tlie  crystals  Ba(OH)|, 
8H,0  are  i^inorphous  with  thtj  corresponding 
strontinm  compound.  They  dissolve  in  20  parta 
of  wftter  at  15  ,  and  in  2  parts  of  boiling  wjitcr. 
The  aqueous  solution  known  as  Ijaryttt  water  is 
highly  caustic  and  of  stroni;  Mlkaline  reaction, 
rtpid^v  becoming  eovired  witli  ii  film  of  car- 
botiuU:  owing  to  absorption  oi  utmu«phenc  car- 


bonic acid  ;  hence  it  id  frcquouUy  ueod  iu  the 
determination  of  the  amount  of  carbonic  acid 
contained  in  the  air.  On  exposure  to  air  the 
crystnls  fall  to  a  white  powder,  with  loss  of 
seven  molecules  of  water.  De  Forcrand  (Compt. 
rend.  103,  59)  isolated  the  hydrate  Ba(0H).,IltO 
by  allowing  the  compound' Ba0,2CH,04-"2H;O 
to  evaporate  over  8ul])huric  acid  in  kicuo. 
H.  Lesooeur  (Compt.  rend.  90,  1678)  ahows  that 
at  l<)0*BH(0H)„H;Ohasatemmmof  dinoei*- 
tion  of  40  mm.,  and  that  thi.n  liydrat<*  is  com- 
pletely converted  to  B«<OU)t  when  heated  to 
100*  in  vaemo,  Leaocsur  also  proves  that  the 
dissociation  tension  of  Ba(0H)j,8H;0  is  213 
mm.  at  76^  ao  that  at  this  temperature  ail  threo 
hydratea  oif  BaO  mav  exist  stmultaneouriy* 
Ba(OH);.  when  heatecf  alone,  is  orJy  rotlueed 
to  baryta  above  a  red  heat ;  if  not  heated  above 
redness,  it  re-forms,  00  eoolhig,  »  ayataUiM 
nias.s  of  Ba(OH).,  but  when  heated  in  a  current 
of  air  it  takes  up  oxygen  and  is  converted  into 

Cxide  of  hanum  with  loss  of  w^ter;  when 
ed  in  a  current  of  carlxmif  a  i  l  if  il  >  >  !<ji^» 
water  and  is  converted  into  barium  carbuaate : 
Ba(OH ),  +OBBaO,+  H  ,0. 
Ba(0H),+C0,=BaC0,-l-H50. 
Baryta  has  until  rcoently  bem  used  in  the 
processes  of  sugar-refining,  inasmuch  as  it  forma 
the  compound  \yith  cane-^ugar, 

which,  when  treated  with  carbonic  acid  gaa^  is 
decompofied  into  insoluble  barium  carbonate  aiid 
sugar,  hence  affording  a  means  of  separating  the 
pure  sugar  from  the  molasses ;  but  as  strontium 
hydrate  acts  in  a  aiinilar  maimcf.  and  la  not 
poi.sonou.'',  it  has  been  anbatituted  for  baiyUk  itt 
sugar-rehningp 

Hydrattd  tetam   pafOxMa.  Sohfina  haa 

shown  (Bcr.  13,  80.1)  that  only  one  hydrate  of 
BaU,  exists,  contaiuui£  8  molecules  oi  water, 
BaO.,8H,0.  This  hyc&ate  is  precipitated  ia 
cr  t  illine  scales  when  jMToxide  of  hydrogen  is 
ad<lud  to  concentrated  solutions  of  biarium 
hydroxide.  It  is  sUghtly  soluble  in  odd  water,  but 
decomposes  in  boiling 'water,  fOflttSng  Ba(OII)^ 
and  evolving  oxvgen. 

Barium  tubehMride  BaCa  is  obtained  {Onntx, 

Bull.  Soc.  chim.  [3]  29.  490)  when  equal  amount  s 
ut  BaCl.  and  Ba  art-  heattxl  together  in  vacuo  at 
850^.  The  fragments  of  BaClg  absoib  tile 
molten  barium  without  change,  and  an'  micro- 
crystalline.  The  material  so  obtaine<i  in  not 
pure.  It  decomposes  water.  By  uging  Na^ 
a  detinite  compound  NaClBaCl  can  be  obtained. 
Batl  appears  U)  l)e  formed  when  olectroljrmog 
fused  BaClr 

Barium  chloride  B»iCi;.  Cry.st^llL'^ed  {term 
ponderosa  mlUa)  BaCl„2ii,U.  Barium  chioridu 
may  bo  prepared  either  from  witberite,  tiiA 
native  carttonate,  or  from  heavy -spar,  the  native 
Kulnhato.  Tho  witherite  is  dissolved  in  ddute 
hydrochloric  acid  and  the  solution  allowed  to 
fitand  .M>me  time  in  contact  with  excefs  of  tho 
carbonate,  w  hich  is  added  to  precipitate  iron  aiul 
other  foreign  metals  present  in  tho  mineral  ; 
the  rapidity  of  precipitation  is  much  inorsaseU 
by  the  addition  of  a  little  baryta  A^-ater.  The 
filtered  liquid  is  then  neutralisc<l  with  hydro- 
chloric aci<l,  and  tho  salt  crystallised  out  and 
puritied  by  recrj^stallisation. 

From  the  native  siUphate  barium  ohloride 
may  be  prepared  in  two  Mays : 

(1)  By  heating  the  8ulphateD||i(M9IPe^«t$|(e 
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[Mowdfiretl  coai  ami  docompwinff  a  tiitered  solu- 
tum  in  water  of  tlw  baiium  sulphide  formftd  with 

hydrochloric  acid:  BaS4-2Hn    Bad.,  i  H  S. 

Excess  of  hytlrochIi»rie  acid  is  addtti,  and 
the  liquid  boiled  till  free  fxom  solphtiretted 
hydrogen  ;  it  in  then  filUTod,  cooied,  and  evapo- 
rated to  the  crystallifiing  point. 

(2)  Bv  heating  a  mixtnrD  of  100  narta  finely 
powtiered  heavy-spar,  40  parts  of  enarcoal,  20 
parta  of  limestone,  and  50  parts  of  calcium 
chloride  to  a  retl  heat  in  a  reverberatory  furnace, 
hy  which  barium  chloride  and  calcium  sulphide 
are  formed.  The  mass  in  lixiviattnl  with  water, 
%«'ben  the  barium  chloride  is  dis-solved  out, 
leaving  an  insoluble  calcium  oxy«ulphide  formed 
by  the  union  of  the  sulphide  with  the  uxidt,'  uf 
oalciura  prodvoad  hy  ignition  of  the  limestone. 

In  this  proo^ss  the  manganese  chJur-Ht-  left 
SLA  a  by-product  uf  the  chlorine  manulHciurc 
nuty  be  used  in  place  of  calcium  chloride,  a  little 
sand  fx'ins  added  along  with  the  limestone  or 
chalk,  and  heated  on  a  cast-iruu  plate.  Wacken- 
roder  (DingL  poly.  J.  253,  440)  has  proposed  to 
prepare  barium  chloride  by  adding  an  equivalent 
of  calcium  chloride  to  a  solution  of  barium 
sulphide,  and  passing  a  stream  of  carbonic  acid 
gas  into  the  mixture,  whernby  oalcinm  oarbonate 
ia  precipitated. 

Commercial  barium  chloride  generally  con- 
taina  small  qnantitiM  of  strontium  and  calcium 
chlorides,  together  with  traces  of  the  chlorides 
of  iron,  aluminium,  copjK-r,  and  Iea<l.  Washing 
the  crystaia  with  alcohol  removes  both  the 
fltvontittm  and  ealehtm  ehloridee,  whilst  ealeinm 
chloride  may  also  be  remove<l  by  dige«ting  \'.  ith 
barium  carbonate  suspended  in  wat^,  when  the 
ealeran  ehlonde  heoonea  oonwrtad  to  ctit* 
honate,  or  more  rapidly  by  adding  baxrta  wster 
and  passing  carbonic  aoia  saa  into  toe  Uquid. 
Digestion  with  harhini  eacMmate  alao  precipi- 
tates the  M^qiiioxi'k's  of  iron  and  alumina. 
Lead  and  copper  may  best  be  removed  by  the 
addition  of  a  uttle  baffium  solphide. 

Barium  chloride  may  be  r^rn^rrrd  frow. 
mixtures  of  chlorides  of  the  alkalis  and  alkaline 
eartha  by  treating  the  concentrated  liquor  with 
a  hot  .<<«turated  solution  of  sn!t.  when  on  cooling 
a  niixtnre  of  barium  and  aoilmni  chlorides 
cr>'Citalli.-«efl  out ;  hy  treating  a  cold  aatuxated 
solution  of  this  mixture  ti-ith  twice  its  volume  of 
hydrochloric  acid,  barium  chloride  is  pteoipitated 
(Dingl.  poly.  J.  250.  01). 

P-iriiim  chloride  cry«rtalli.Ho.<i  from  aqueous 
aolutiou  with  two  molecules  uf  water  BaCli,2H,0 
in  transparent,  colourless,  rhombic  tables; 
sp.cr.  2 "riO- .3 -(15.  The  cr^■'^t!^!•^  decri'|)itntc 
when  heated.  They  have  au  uupluasant,  bitter, 
ilMifly  aaline  taata»»  exdting  nanaea,  and  arc 
very  poison  oub. 

One  hundretl  parts  uf  water  at  0"  clifwolvc 
3*2-1)2  [larts  of  anhydroua  barium  clkloride,  and 
0  2711  part  for  every  decree  above  0** ;  lUU 

Krtfi  of  water  at  16  •6®  dissolves  43-5,  and  at 
5*6'  78  parts  of  the  crjrstallised  chloride.  One 
part  of  crystallised  barium  chloride  at  18*1''  dis- 
solves in  2-267  parts  of  water  to  form  a  solution 
of  sp.gr.  1  -28261  (Karsten).  A  solution  satu- 
rated  at  8**  has  a  sp.gr.  of  1  -270  (Anthon). 

Barium  chloride  is  almost  insoluble  in  strong 
hydrochloric  acid,  w)  that  it  is  precijiitated  from 
iU  solutions  by  hydroclUorio  acid,  and  a  few  1 
dfopa  of  the  nod  ndnoce  the  aolnbility  oonaider* ' 


ably.  Hot  absolute  alcohol  dissolves  only  ^ 
part  of  the  etyatala ;  hat  aooovdtnff  to  Weeenins. 

1  part  of  the  salt  dissolves  in  810S  parts  of 
alcuhul  uf  a  U.C.  at  14^  and  m  4857  parte  of 
the  same  alcohol  at  ita  boiUng  point. 

1'he  crystals  are  not  efflorescent,  but  give  up 
the  M-hole  of  their  water  at  -100",  leaving  a 
white  mass  of  the  anhydnoa  aalt,  wl^kdi  melta 
at  a  red  heat,  forming  a  tranplucent  mas,'*  on 
coolinpr.  Specific  gravity  of  the  anhydrous 
rhloride  h  given  by  variooa  oliecrvert  aa  S<70  to 
4-15.  When  heated  in  a  current  of  Hteam  it 
evolves  hydrochloric  acid  below  its  fusing  point. 

A  ooRoenUated  solution  of  bMrium  ohtoride  ia 
dert.mjMisi'd  by  sodium  or  potaHsium  nitrate 
tornnng  banum  nitrate  and  a  ohioride  of  the 
alkali-nwtaL  With  glyeoool  CH,(NH,)  COOH 
it  forms  a  crystalline  componnd,  and  also  acts 
upon  blood  aa  a  preventive  of  putrefaction  and 
coagulation. 

Barium  rhloride  is  extensively  used  as  a  re- 
agent, espe^jiaiiy  for  the  detection  and  estimation 
of  sulphuric  acid.  It  w  also  used  lor  the  prepa- 
ration of  artificial  sulphate  or  *  permanent  white,' 
and  for  preventing  the  incrustation  of  steam 
boilers  hy  daoompoaing  thft  gypaum  of  liafd 
waters. 

Barium  oxyehloride.  Andre'  (Compt.  rend. 
93,  58)  obt.ained  an  or\-chloride  of  barium  by 
adding  60  grama  of  Ba(OH),  to  200  grams  of 
crystiuKwd  harivn  chloride,  and  boiling  the 
mixture  with  500  grams  of  water,  filtering,  and 
allowing  to  coo],  when  nacreous  lamellae,  to 
wfaieb  he  aaerihed  the  formula  BaCI,'BaO,6H ,0, 
separatetl  (  ut  'Compt.  nmd.  98,  572).  Beck- 
mann  (J.  pr.  Chcm.  pi\  27,  12G)  also  obtained 
naoreoQB  platea  W  amuUr  neana  to  whidi  he 
crave  the  formula  Baa(0H),2H,0.  The.'^e  plates 
ioeo  |th8  of  their  water  at  1 20*  and  the  remaining 
fifth  ai  the  fuKfng-point  by  prolonged  heating 
in  a  stri'am  of  h  .  lrogen.  This  oxychlorida  if 
readily  decompoaeu  by  water  or  alcohol. 

Barimii  «lilontt  Ba<aOa)t.  Dry  Ba(OH), 

(loe^i  not  absoih  chlorine,  hut  in  ))resenee  of 
water  it  rapifUy  takes  it  up,  forming  tirst  hypo- 
chlorite and  oMofide,  the  former  of  which  bieaka 
up  into  chlorate-  and  chloride 

6Ba()  r <>Clj-5BaCl,+Ba(aO,)g 

(Konij^-Weisberg,  Ber.  12,  346). 

Aa  it  ia  difflouK  to  aeparate  from  the  oMoride, 

the  chlorate  is  best  prepared  I  v  ri>  utralising  a 
solution  of  chloric  acid  with  barium  carbonate 
and  evaporating  to  the  crystallising  point.  It 
crvHtailises  in  colourless  monoelinio  prisms  with 
1  molecule  of  water,  soluble  in  4  parts  of  cold  aud 
loss  than  1  part  of  boiling  water. 

!^^riuIn  chlorate  is  also  slightly  roluhio  in 
ulobol,  an<l  the  alcoholic  solution  bums  with  a 
green  flame. 

If  sfrOii;ily  heated  fiist'<l  barium  ehh irate  l>e 
pluajjcd  into  a  jar  of  coal  gait,  a  brilliant  com- 
bustion of  the  earbon  and  hydrogen  contained  in 
the  coal  gas  occurs  at  the  expense  of  the  oxygen 
of  the  chlorate. 

Barium  perehlorate  Ba((nO,L,4HiO  is  readily 

foriin  'l  hy  neutrnlisiiii:  ]>er(  liloric  acid  with 
barium  liydrate  or  carliouate.  ll  crystallisee 
from  the  Holution  in  long  ddiqueaoent  prisnia 

very  solnhK'  in  water. 

Barium  bromide  Bal^r^.  CrysUllised 

BaBrj,2Hj|0.        Digitized  by  Google 
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This  salt  IB  prepamJ  hy  s&turatiog  liar^'ta 
water  or  b*rium  carhfmat<^  or  tnlpliide  with 

hydrobroiuir  acid  ;  or  hy  flrrompo^infj  the 
sulphide  with  fretj  Wromine,  8ul[)h\ir  lu-iiig  ptc- 
cipitated. 

The  most  conrenient  iiit  thod  is  to  bring  to- 
gether undur  waior  12  ii  purts  of  bromine  and 
1  part  of  amorphous  phosphorus,  by  which  a 
solution  of  hydrobromic  and  phosphoric  acids 
is  formed,  which  is  neutralised  with  barium  car- 
bonate rendered  alkaline  by  baryta  water.  The 
insoluble  barium  phosphate  may  then  be  filtered 
oS  and  the  bromine  obtained  by  evaporation  and 
orystaUiiation. 

Bwium  bromide  is  .very  soluble  in  water,  and 
etyatallises  with  difficulty;  it  u  ftomorphotis 
with  the  chloridL-,  but  unlike  the  latter  H;ilt  is 
Minblft  in  strong  aloohoL  Is  loaes  one  molecule 
<rf  vftter  at  75^  and  the  seoond  ftt  120*  (Beok- 
nuuin,  J.  pr.  Chotn.  [2]  27,  12C). 

Bi^llin  oxybromldes.  Two  oxybroiiude« 
hftTe  been  prepared  by  Bcekmann  {I.e.). 

BaBr(0H),2H  _.0  resembles  the  oori^  j>  inding 
oxyohlohde.  B»Br(0H),3H«0  was  obtamed  by 
ftd&nj;  aloobol  to  nixed  eolntions  of  BaBr .  and 
Ba(0!P, 

Baxium  iodide  Bal,.  Crystallised  BaI.,7H,0. 
Buimn  iodide  is  formed  when  hydriodio  w»d  gas 

is  passed  over  baryta  at  a  red  heat,  a  violent 
notion  occurring  attended  with  incandescence. 
It  is  fenerally  prepared  by  mixing  barium  mono- 
eulphide  ^^ith  a  saturat<-d  solution  of  iodine  in 
alcohol  as  long  as  sulphur  is  precipitatcKl ;  the 
filtrate  is  then  boQed  rapidly  to  near  dryness, 
redisflolved  in  a  little  water  aticl  af^ain  evaporated, 
this  time  to  drynetts,  preventiiig  the  access  of  air 
■S  nmoh  as  possible  by  performing  the  operation 
in  a  glasii  lx)lt-head.  Un  redi.ssolvinc  the  mass 
in  hot  water  and  alhnviiig  to  cool,  tdender  uetxllm 
separate  out  of  tbu  composition  Bal^THjO 
(CYoft,  Oazz.  chim.  itsL  1866^  125;  Thomson. 
Bcr.  10,  ia43). 

These  crj'stals  are  very  deliquescent  and 
readily  soluble  in  alt  i  ihul.  Tliey  lo.se  6  molecules 
of  water  at  125^,  and  thu  ruuiaimler  at  150^ 
(Beokmsnn,  J.  pr.  Chem.  [2]  27,  126).  They 
deoompo'e  Jrlowly  at  ordinary  tempemtnres,  and 
quickly  uhcu  warmed,  giviijg  off  violet  vapours 
of  iodine. 

The  double  iodide  of  barium  and  mercuri' 
has  a  sp.gr.  of  3'68b  higher  than  that  of  Thoulet's 
■ohitkip,  and  nmy  bo  of  use  for  petrographical 
purposes  (Rohibach,  Jahrb.  Min.  1883,  2, 
Mom.  186). 

Barium  oxylodlde.  Beckmann  (J.  pr.  Chem. 
[2]  27,  126)  prepared  an  oxyiodide  of  barium 
of  tho  formula  BaI(OH),4HjO  whieh  crystallises 
in  siiort  tliiek  needles. 

Barium  iodate  Ba(10,)2  is  largely  used  for 
the  })reimration  of  iodic  acid,  and  u  obtained  as 
a  white  granular  precipitate  by  addiqg  potsssiun] 
iodate  to  barium  obloride. 

Tt  is  soluble  in  3000  parts  of  oold  and  600 
j>ari  >  of  boiling  water.  Tt  dissolves  in  hot  nitric 
ncid,  and  crystallises  out  on  oooling  in  bright, 
glittering,  monoolinio  prisms  jsomorphons  with 
tb.'  cldorate.  Hydrochloric  acid  oianlTCS  it 
with  evolution  of  chlorine. 

BaitalB  pcrlodatt.    By  passing  iodine  vapour 
in  n  ( urrent  of  drv  air  nvi-r  hoatod  oxide  of 
barium  a  basic  periodate  of  tho  formula  Ba|l,0.s  1 
OfT  Bs(I04)^<46aO  Is  formed.  The  same  basic  I 


{>eriodutc  is  foriued  when  barium  iodate  is 
Lcated  to  a  high  temperature: 

6Ba( I0,)8 = Ba.I  ,(> ,  ^ + 41 ,  f  90, 

or  on  heating  barium  iodide  in  a  current  of  *iff 

uatU  no  more  iodine  is  given  off : 

«BaI,+eO,«Ba4l,0„  +  41,. 

Hence  Sugiura  and  Cross  (J.  Ctieai.6oc.l870* 

118)  concludu  that  Ba^I^O,,  is  the  roost  stable 
combination  of  barium,  iodine,  and  oxygen. 

Barium  fluoride  BaF,  m  obtained  by  neutral', 
bing  hydrofluoric  acid  with  barium  hydroxide  or 
recently  precipitated  carbonate  ;  or  by  precipita- 
ting' a  solution  of  barium  nitrate  with  so<lium  or 
potassium  fluoride.  It  forms  a  white,  granular. 
cr\'stallme  powder,  sparingly  soluble  in  water, 
biit  retidil^  soluble  m  nitno,  hydio^ikMrio^  or 
hydrofluoric  acids. 

It  combines  with  fltiorides  of  silieon  and 
boron,  forming  tho  compounds  I>iI\-SiF^ 
barium  silicofluoride  and  BaF,-2BF,.  The 
former  is  precipitated  by  adding  hydrofinoeflicao 
acid  to  folubli'  barium  salts  a.s  a  crystalliae 
precipitate  totally  insoluble  in  alcohol,  and 
serres  as  a  means  of  separatuig  barium  btnu 
strontium  and  calcium,  which  afS  noi  pcooipU 
tatcd  b^  hydrofluocUicio  acid. 

Bsxram  flnoride  fonns  a  CTystailine  eompouud 
with  the  chloride  of  Itarium  BaCl.  BaF,  when  a 
solution  of  barium  chloride  is  mixed  with  one  of 
sodium  or  potassium  finoride ;  this  doohlo  eom* 
pounfl  i.H  more  stable  than  the  fluoride  itself,  and 
remains  as  a  granular  mass  on  evaporation  oi 
the  solntion. 

Barium  carbide  BaC  was  first  obtained  bv 
Maqucnue  (Ann.  Chim.  Phys.  (6)  28,  26d)  by 
heating  a  mixture  of  the  carbonate  and  oarbon 
with  magnesium  or  b}*  the  action  of  carbon  on 
the  ama%am  in  an  atmosphere  of  hydrogon  at 
a  red  heat  Hbissaa  (CJompt  vend.  118,  683) 
obtained  it  in  a  pnre  crystalline  condition  by 
heating  a  mixture  of  the  carbonate  or  the  oxide 
^ith  carbon  in  an  electric  furnace.  Ita  spedfio 
gravity  is  3-75,  and  it  possesses  pfopcrtiea 
similar  to  but  is  more  fusible. 

Barium  eafbonafe  BaOO,.  The  native  car* 
bonate  was  first  noticed  to  occur  at  Ti«vndhills  in 
Scotland,  in  1783,  by  Withering,  aud  hence 
received  the  name  tnihfrite.  It  is  found  in 
many  places  in  Enj^land,  ppociillv  tine  cr\'^tal» 
being  met  with  at  Fallow tiekl  in  Northumber- 
land :  it  is  also  found  in  Silvia,  Hungary, 
Styria,  Russia,  South  America.  Witheritc 
crvstallist^  iu  the  rhombic  system  isomorphous 
wfth  aragonite.  It  occurs  also  in  globular, 
tuberose,  and  botryoidal  forms  ;  more  frequently 
massive.    Sp.gr.  4 "29-4 -36  ;  hardness  3-3-76. 

Knop  (Landw.  Versuohs-Stat.  17,  65)  found 
0-02  p.c.  of  barium  carbonate  in  Nile  mmi 
from  Minich  and  Achmin ;  and  Dwonack 
(Landw.  A'ersuchs-Stat.  17,  65)  foxmd  baryta  in 
the  ash  of  the  wheat  ffrown  thereon.  AktomU 
(BaCa)CO,  contains  barium  and  calehun  in 
varying  provKirtions,  and  in  isomorphous  with 
witheritc.  BaryUhcalciU  BaCOs+CaCOt  ctys- 
tallises  in  tiie  monodinlo  system. 

Barium  carbonate  is  rapidly  formtHl  when 
baryta,  hydrated  or  anhydrous,  is  exnosod  to 
the  atmosphere.  When  BaO  is  heatea  in  00, 
it  absorbs  the  pa*:,  V^  nniing  incandescent  :  thu 
basic  carbonate  being  formed  (Haonlt,  Compt. 
fend.  92,  1, 110).  ^  ^     ^  ,^  ^uu^le 
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It  is  tMclily  prepftred    by  precipiteting 

aqurous  solutions  of  tin-  nitrate  or  chlorido  with 
amjuoDium  carbonate,  fiit«^riiig,  and  WMhing 
with  hot  water :  or  by  iguitiiig  »  mizturo  of  10 

part«  pc»w<ltTt'iI  hoavv-sj>ar.  2  jmrts  cliaicoiil,  ami 
5  parta  iiearl  aah  (ootaasium  carbonate).  Potas- 
sium  sulphide  mndVuiuin  carbonate  are  obtained 
and  may  be  st>{)arated  hy  water.  The  itni)urt' 
carbonate  thuti  produced  may  be  used  to  prepare 
other  Mdte  of  barium,  bnt  these  salts  will  contnln 
iron. 

Artificial  bariuui  carbonate  a  dense  soft 
white  ^wder,  poisonous,  and  henoe  vaed  for 
dectroyin^  rats.  It  is  very  8}mringly  soluble  in 
water,  ^  sbghtly  soluble  in  water  containins 
carbooic  aeid,  owing  to  the  formatioa  of  an  acid 
carbonatf  vhirh  is  ful  1-  mily  in  solution.  Tt 
tlissolves  rtMiilii ,  ui  iiuimomum  chloride,  nitrate, 
and  succinate',  and  w  hen  boiled  with  ammoniuiD 
chlorido  is  totally  decomposetl,  forming  ammO' 
Ilium  carlHinate  and  barium  chloride. 

It  is  not  decomposed  at  a  strong  red  heat, 
but  at  the  heat  of  a  forge  fire  it  fuses  with  loss 
of  carbon  dioxide ;  the  tension  of  CO^  emitted 
at  1100*  is  20  mm.;  at  1600**  dissociation  is 
complete.  The  decomposition  in  much  more 
easily  effected  in  presence  o£  earbou,  being 
complete  at  14S0".  H  h  decomposiod  by  steam 
at  a  red  heat,  and  very  easily  if  mixed  with 
an  equal  weight  of  chalk  or  slaked  lime. 

The  artificial  carbonate  is  of  oonsidcrable 
oso  in  chemical  anal3rsis. 

Barium  nitride  Ba,N..  Maquenne  (Bull.  Soc. 
chim.  [3]  7,  368)  obtained  this  compound  by 
passing  nitrogen  into  a  tube  containing  a  26  p.c. 
amalgam  at  a  red  heat.  Guntn  ana  Mentrel 
(t'^  id.  29,  581)  obtained  it  by  heating  barium 
ammonium  at  430".  So  obtained  it  is  a  light 
pornvs  material  of  a  oaiiary>yellow  colour.  It 
<Iecomi>o^5  water  in  the  odd*  giving  ammonia 
and  Ba(UU)  ,. 

Barium  ammonium  is  formed  by  the  action 
of  ammonia  gas  on  barium  or  barium  amalgam 
below  28" :  but  it  is  best  prepared  by  dissolving 
barium  in  dry  liquid  ammonia  at  —60",  when 
it  form.s  a  dark-blue  oily  liquid  immiscible  with 
the  liquid  ammooia.  The  compound  is  some- 
what mdefinile,  but  a  body  having  the  formula 
Ba(NlI appears  to  exist. 

Barium  amide  Ba(NH2)t  m  obtained  by 
heating  barium  ammonium  to  60"  or  by  passing 
ammonia  .  .n  barium  at  280*r. 

Barium  nitrite  Ba(NO,).,H20  is  prepared 
hy  heating  the  nitrate,  dissolvinflr  in  water,  and 
precipitatuig  any  baryta  formeo  by  pas.sing  a 
etveam  ol  carbonic  gas  through  the  solution, 
addhig  alcohol  to  the  61trate  to  precipitate 
tile  uiirfduee<i  nitrate,  and  cva}>orating  to 
the  crystallising  point.  Or  by  passing  nitrous 
▼•pours  into  owyta  water,  evaporating  to 
dryness,  digesting  in  a  small  quantity  of  water 
(not  sufficient  to  oissoivo  the  nitrate)  and  crystal- 
tiung.  It  is  most  readily  prepared  pure  by 
adding  baThm  cliloride  to  a  boilinjz  .solution  of 
eilver  oitrite,  filtering  ofi  the  silver  chloride^  and 
e¥»poratiDg. 

It  is  permanent  in  the  air,  readily  Boluhle  in 
water  or  alcohol,  and  crystallises  in  colourless 
prisms,  either  needle-shaped  or,  according  to 
Fi.sehrr,  th-rk  phnrt  prisms  of  71 1*. 

Barium  nitrate  Ba(NO,),.  A  native  barium 
aitiate  bee  been  diaooveved  in  Chili  in  the  fonn 


of  eolourlees  oetahedra,  oocaaionallT  twinned 

like -tpinelle  (Groth,  Jahrb.  Min.  ISS'^.'l,  !<ef.  14). 

Barium  nitrate  is  prepared  on  the  large  scale 
mthw  by  dissolving  the  native  earbonate 
(witherite)  or  the  crude  sulphide  in  dihitc  nitric 
acid,  ur  by  mixing  hot  saturated  solutions  of 
iMvium  chloride  and  sodium  nitrate.  On  eool< 
ing,  tf,'  InrL'er  portion  of  the  barium  nitrate 
crystaliisc^j  out,  and  the  evaporation  of  the 
mother  liquors  yielda  tlie  remaining  portion. 

Bariuni  nitrate  crydtallLseg  in  lustrous,  cci!r-nr. 
less,  regular  oetahedra,  frequently  moditieil 
by  faces  of  the  cube,  of  sp.gr.  3-2.  The 
crystals  are  permanent  in  the  air,  decrepit  at  iitq 
when  healed,  and  melting  at  5i^"  (Carueiiey). 
At  a  red  lieat  tiie  salt  deoompoieB,  evolving 
oxygen,  nitrogen,  and  nitro'^en  peroxide,  and 
leaving  a  residue  of  pure  baryta.  It  detonates 
slightly  with  combustible  bodies,  and  deeompoeee 
with  a  yellowish  light  ^vhen  thrown  upon  the 
fire.  It  is  largely  uned  in  pyroteeiiny  for  giving 
green-coloured  lights,  especially  for  the  prepara- 
tion of  green  firo ;  and  for  the  man  ufacture  of  M  ci- 
/rafvin,  an  explosive  mixture  of  TOpartsot  barium 
nitrate,  2  parta  of  nitre,  and  22  parts  of  charcoal. 

It  dianolves  in  water,  produeinp:  a  slight 
depression  of  teniixraturH  ;  100  parti  of  water 
dissolve  .">  2  parts  of  barium  nitrate  at  0°,  9  2  at 
20",  17  1  at  6C'«,  and  32-2  at  100".  It  is  Iwa 
soluble  in  dilute  nitric  acid ;  hence  a  second 
crop  of  crystals  may  be  obtained  from  cooled 
saturated  solutions  on  addition  of  a  little  nitric 
acid.  It  is  quite  insoluble  in  concentrated  nitric 
acid  and  in  alcohol. 

Hirxel  (Zeitseh.  f.  Pharm.  1854,  49)  obtained 
a  hvdrate  Ba(N()3)  .,2H,0  from  a  solution  cooled 
below  12".  BiTry"(Chem.  Xewn.  44,  lOn  ,  hv 
saturating  the  same  water  with  barium  and 
strontium  nttiates,  introdudng  a  cryttsl  of 
Sr(NO,),, 411.0,  and  evaporating  over  sulphurie 
acid  in  vocao. obtained oiystals containing  17  p.e. 
of  a  h3rdrated  barium  ni&mte  isomorphous  with 
the  tti  )ijti  ITU  compound. 

Barium  monosulphide  BaS  is  obtained  in  a 
pure  state  by  passmg  snlphoietted  hydrogen 
over  heated  bar^  ta  as  long  as  water  is  formed. 
Veley  (Chero.  Sbc.  Trans.  1886.  360}  prepared 
pore  crystals  of  the  hydrate  of  barium  hydroxide 
Ba{0H)j.8H2O,  and  heated  them  at  80"  in  a 
current  of  hydrogen  until  they  attained  the 
constant  composition  Ba(OH),*H:0,  when  a 
stream  of  sulphurette<l  hydro<{en  was  passed 
over  them,  yielding  pure  Baii  and  water  : 
Ba(OH)„H,0+H3S=Ba8+3H,0. 

It  may  also  be  pn-jwired  by  pi-  Ir:  •  carbon 
disulphide  over  red-hot  baryta,  or  by  reducing 
powdered  barium  sulphate  in  a  stream  of 
hydrogen. 

On  the  manufacturing  scale  it  is  prepared  by 
roasting  100  parta  of  heavy-'^par  with  20  parts  m 
coal  flack  or  oharcoaL  If  charcoal  is  used,  a 
thorough  mixture  must  be  effected,  as  the 
reaetioQ  is  otlierwias  very  imperfect,  owing  to  the 
non-fusibibty  of  the  niasd.  If  the  t^laek  of 
bituminous  coal  is  used,  the  '  caking  '  supplies  a 
carbonaeeous  material  which  readily  permeates 
the  ma.ss  and  ensures  complete  reduction.  Tho 
admixture  of  reein,  nil,  or  sawdust  i.^  also  advan- 
tageous, and  the  asphalt  of  gas  worlcs  is  a 
capital  reflncing  material,  m  thf  hydrogen  con- 
tained in  it  prevente  the  formation  of  poly- 
sul^iides  of  berivm.  The  aiMt  th^s  obta^i^Q^g[^, 
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contains  oxcoBA  of  carbon  and  somo  undeoom* 
|X)HO<.l  sulphate  ,  but  the  barium  sulphide  nuiy  be 
oxtracUxl  by  truaiitig  with  hot  water. 

Another  iiieth<Ml  is  to  heftt  •  miztim  of  100 

pBTtt!  hoHvv-H|)Hr,  'JfKI  of  ('<Miun<m  suH,  -hk!  15 
partti  oharcual  |x>\ult  r  in  a  roverlnTHtory  iuruace, 
the  salt  being  added  to  aasiat  fndon. 

Barium  sulphide  forms  a  white  mnns  of 
hepatic  udour  aud  alkaline  taste,  buiublu  in  water, 
f mrming  a  mixture  of  hydnte  aiKl  aulphydxate : 

2Ba8+SH,0-Ba(8H),+Ba(OH),. 

When  exposed  to  the  air  it  becomes  converted 
into  carbonate  with  evolution  of  .sulphuretted 
hydrogen,  owing  to  absorption  uf  moisture  and 
eaxhomo  add.  When  heated  to  redness  in  pre- 
sence of  aqueous  vapour.  It  is  converted  into 
barium  Hulphate  with  elimination  of  hydrogen. 
It  is  decomposed  by  hydrochloric  and  nitric 
acids  with  formation  of  the  chloride  and  nitrate 
and  elimination  of  uulphurettod  hydrogen. 
Chlorine,  bromine,  and  iodine  decom}x)He  it  with 
formation  of  chloride,  faromidi^  and  iodide^  and 
deposition  of  sulphur. 

The  phosphorescent  material  known  as 
*  Bolognian  phosphonui '  is  a  sulphide  of  barium 
obtained  by  heatms  6  parte  of  precipitated 
barium  sulphate  with  1  part  of  powdered  char- 
ooal  over  a  gaa  flame  for  half  a&  hour,  and  then 
heating  for  ten  miniitee  OTer  the  blowpipe ;  it 
must  \}v  st  aled  up  while  still  hot  in  uIa>M  tubes. 
After  exposure  to  the  sun's  rays,  or  to  any  light 
rich  in  tutra*TioIet  rays  raoh  as  that  emitted  ny 
burning  magnesium  wire  or  the  electric  arc,  it 
phosphoreeces  in  the  daak  with  a  brilliant 
oranfe^loored  light.  Solphidee  of  barinn, 
strontiuni.  and  calcium  are  now  manufactureci 
for  the  preparation  of  luminoiu  painto  which  are 
wwd  for  coating  olook>faoei,  matoh^bozee,  Ac. 
Their  surfaces  arc  protected  from  moisture  b^'  a 
thin  coating  of  varnish.  Barium  sulphide  is 
now  largely  used  in  the  manufactore  of  Iitho« 
phone  by  adding  it  dissolved  in  water  to  a 
solution  of  zinc  sulphate.  Mutual  precipitation 
talcee  place,  and  the  white  powder  formed,  C(Mi- 
nistitig  of  zinc  sulphide  and  baxinm  aniidiateb  ie 

used  as  a  rubber  Hller. 

When  a  .solution  of  5  parts  of  barium  suK 
phide  is  l)oilcd  with  I  part  of  sulphur,  and  the 
solution  evaporated  over  suli)liuric  acid  in 
twuo,  colourless  six-sided  transparent  tablei  of 
BaS,6H2(  )  are  deposited,  which  are  decomposed 
by  a  small  quantity  of  water,  forming  barium 
hydrosulpbide  which  dissolves,  and  barium 
hydroxide  which  remains  behind. 

Barium  hydrosulphlde  Ba(SH)^  is  formed  by 
■atnrating  a  warm  solution  of  barium  hjrdroziiw 
or  Bxdphide  with  sulphurett<  (l  liydropen,  evapo- 
rating apart  from  the  au*  anii  cooling,  when 
crystals  of  Imryta  and  yellow  prisms  separate 
out.  The  mother  liquor  is  mixetl  with  alcohol, 
filtered  from  the  sulphur  and  barium  tliio- 
sulphate  formed,  and  coole<l  to  —10*.  whiBa 
colourless  transparent  four-sided  prisms  are 
obtained.  The  crystab  contain  water,  which 
they  lose  on  heating,  becoming  white.  Exposure 
to  air  decomposes  the  crystals,  with  efflorescence, 
into  barium  thiosulphate  and  sulphate.  Heated 
in  a  retcvt,  they  lose  their  water  of  crystallisation 
w  ithoat  fusing,  evolving  sulphuretted  hydrogen 
as  the  temnerature  appnAches  redness,  and 
leaving  a  yaUow  mass  of  barium  monosulphiileb 


which  beoomes  white  on  cooling.   It  is  insolnble 

in  alcohol. 

Veley  (Chem.  Soc.  Trans.  1886,  369)  findu  that 
thecomixmition  of  crystals  of  barium  8nlphydrat4> 
is  Ba/SH)j,4H,0. 

Barium  trbulphide  BaS,  is  formed  as  a 
groonish-yellow  mass  when  2  parts  of  barium 
sulphide  are  fu.««'d  with  1  j>art  of  sulphur,  the  ex- 
cess of  sulphur  Ix-'ing  distille*!  oil  Inflow  360**.  It 
melts  at  400**  with  loss  of  sulphur  and  formation 
of  n  black  liquid.  On  boiling  for  some  time  m  ith 
water  it  dissolves  to  a  red  liquid  which  dcpotiits 
on  cooling  crystals  of  the  hjrdrated  mono-  and 
tetrasulphides  of  barium. 

Barium  tetrasulpUde  Bs^S^.  When  7  part«  of 
barium  sulphide  are  boiled  in  water  with  4  parts 
of  sulphur,  pale-red  rhombic  prisms  are  deposit^!, 
soluble  in  water  to  a  red  •coloured  liquid  from 
which  alcohol  precipitates  it  aa  an  onng^ 
coloured  crvstalline  powder. 

Veley  (t-hem.  Soc.  Trans.  1886, 369)  obtains  it 
by  dissolving  sulphur  in  a  warm  saturated  solu  - 
tion  of  barium  hydrosulpbide;  the  cr^'stals  which 
separate  out  have  the  composition 

Barium  pentasulphlde  SaS,  is  obtaine<i  in 
solution  by  boiling  an  aqueous  solution  of  the 
monorolphide  with  sulphur.  On  evaporation  of 
the  caustic  alkaline  yellow  solution,  crystals  of 
barium  tetrasulphide  and  sulphur  are  obtained : 
BaSs=BaS4-(-8. 

Barium  sulphocarbonate  Bars^  is  deixisit<^l 
as  a  canary-yellow  ciystaUine  powder  when  a 
solution  of  barium  sulphide  is  added  to  carbon 
disulphide  (TIm  iiard,  Compt.  rend.  79,  673).  On 
the  large  scale  iH)  p.c.  yield  may  be  obtained, 
and  Iramae  suggested  ite  nee  against  the 
phylloxera  in  wine  districts.  Thenard  was  of 
opinion  that  this  barium  salt  would  be  injurious 
to  the  soil,  and  pronosed  to  oonveit  it  inio  tfaa 
potABsium  .Halt  by  adding  potassium  soliihata  to 
its  solution. 

BMtam  tdpUto  Ba80,  is  obuined  as  a  white 
crystalline  j)recipitat<>  by  adding  potassium  or 
soilium  sulphite  to  a  soluble  barium  salt,  is 
soluble  in  a  warm  solution  of  sulphurous  acid, 
and  crystallises  out  on  ctwling  in  six-sided  prisms. 
When  heated  in  closetl  vessels  it  is  convertt-d 
into  a  mixture  of  sulphide  and  sulphate,  but 
heated  in  air  the  sulphate  is  the  sole  product. 
Birnbaum  and  Witticn  (Ik-r.  13,  (>51)  state  that 
BaO  unites  slowly  with  SO,  at  200^,  hot  moiw 
rapidly  at  230*.  forming  BaSOj. 

Barium  sulphate  BaSO^  occurs  in  nature  as 
boff/tet,  or  heavy-spar,  forming  fine  tabular 
crystals  lyelonirint;  to  the  rhombic  s\-8tem.  It 
is  a  very  common  mineral  in  metalliferous  veins* 
and  is  more  narticnlsiiy  associated  with  lead, 
silver,  and  cobalt  ores.  Clowes  (Chem.  News, 
52,  194)  states  that  the  beds  of  the  new  rod 
sandstone  near  Nottingham  are  |jetmeated  bj 
minute  cr>'stals  of  hoavy^qpar*  vdixdi  acta  aa  a 
cementing  material. 

Crystals  of  art  ilicial  bary  tea,  identical  in  form 
and  properties  with  native  heavy-spar,  may  be 
obtained  by  fusing  certain  metallic  chlorides, 
such  as  those  of  manganese,  sodium,  potassium, 
or  even  barium  itaelf,  gradually  dissolving 
barium  sulphate  in  the  fused  mass,  very  slowly 
cooling,  and  after\\ardB  extracting  the  soluble 
chloriaes  with  water.  By  this  means  Qocgeu 
(CSompt.  rend.  96,  1734)  prepared  crjrstals  much 
lanmr  than  those  obtabed  by  the  older 
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of  fusing  potassium  sulphate  witli  barium 
chloride.  The  sp.gr.  of  the  mineral  and  of  the 
artificial  crystals  varies  from  4*3  to  4-7. 

Barium  sulphate  has  boon  formtxl  by  Spring 
(Bull.  >Soc.  chim.  4(i,  290)  by  Hubjecting  an 
intimate  mixture  of  molecular  proportiouM  uf 
sodium  8ulphat«  and  barium  carbonate  to  great 
pressure.  It  is  precipitated  a.s  a  heavy  white 
amorfdious  powder  of  4 KM* A,  when 

Buliihono  mad  or  a  aoliible  sulphate  it 
added  to  tho  .-olution  of  a  bariiini  Halt  ;  this 
pcieoipitate  is  inaoluble  in  water,  very  alightl^ 
soliiue  in  dfltrt«  aeid«,  mofe  to  in  stronf  aoidf . 
Concentrated  sulphuric  acid  does  not  attack 
anhydrous  baryta,  but  pyroevlj^urio  acid 
attedn  it  so  violently  that  the  vaam  faeoomes 
incandescent,  hhI  forms  barium  sulphate. 
When  freshly  precipitated,  it  is  readily  aolublo 
in  ooneentratM  solphinie  acid  at  100*.  the 
mtln^ion  rlrpositinp;  cm  rrM/.Hng  lustrous  pri.srns 
of  the  acid  barium  ^tdjiitaU  BaU((SO«}g.  If  tho 
aoid  eolation  be  expoaed  to  the  air«  moistnre  is 
:  ikrn  nnr\  silky  needles  of  n,  -ilt  having  the 
composition  BaU,(S04)t,2UgO  are  dci)08itod. 
Both  theee  add  salte  we  dMompoeed  hy  water, 
yielding  ■  nlphuric  acid  nnd  thr  r.ftjtral  .salt. 

Barium  liulphate  u  al^o  soluble  to  a  per- 
oeptible  extent  in  ammoniuin  nitrate.  Hydro- 
broraic  acid  solution  containing  4'>  yi.c  !IHr 
diHfiolves  it  to  the  extent  of  1  in  parts  acid 
(Haslam,  Chem.  News,  53,  87). 

Barium  sulphate  is  partially  decomposed  bv 
boiling  with  a  concentrated  .solution  of  a  fixed 
alkaline  carbonate  into  alkaline  sulphate  and 
barium  carb«>nfit<»,  but  the  reaction  is  much  more 
couipk'tc  when  the  sulphate  and  alicaiine  ear- 
bonato  are  fund  together.  It  is  raduoed  to 
sidphide  by  ignition  ^Wtli  charcoal  or  organic 
matter,  alao  by  ignition  in  a  stream  of  coal  gas 
or  of  hydrogen  miaed  with  vapour  of  mnoa 

di.sulphide. 

Powdered  heavy-s]>ar  ih  \i.se<l  to  adulterate 
while  lead,  but  h&s  not  sufficient  body  to  form 
a  pigment  by  its*'lf  ;  tho  amorphous  sulphate  is 
prepared  on  the  large  scale  by  precipitation  of  a 
•olntion  of  barium  chloride  uf  sp.gr.  1*19  by  one 
of  sulphuric  acid  of  sp.gr.  1-245,  and  is  used  as  a 
pigment  under  the  name  of  *  permanent  white  ' 
or  '  blanc  fixe.' 

Bartuni  sodium  sulphate  BaNa,(S0«)2  i** 
formed  as  an  opaque  hard  mass  of  pearly  luiitrc 
by  fusing  together  equivalent  quantities  of  the 
Bul^atcs  of  sodium  and  barium  (Berthier). 

Barium  dlsnlphate  BaS.O^   If  precipitated, 

barium  siulphate  bo  disnolve<l  in  fuming  sul- 
phuric acid,  and  the  solution  heated  to  ISO**,  on 
cooling  a  glistening  deposit  of  granular  crjrvtals 
of  the  di«ulphat«  is  obtained.  l>ecom position  of 
these  ciystala  occurs  at  a  low  red  heat  without 
prerioiM  fntiofi. 

Barium  dithlonate  'BaS,0,.2H,0.  Pre|mred 
by  adding  barium  sulphide  to  the  manganefte  salt 
foraiodonpMring  sul^Jmr  dioidde  through  finely 
divided  manganem  dioxide  suspended  in  water : 
MnS  ,0 ,  +  BaS  =  MnS  +  BaS  ,0.. 

On  aliowinp  the  solution  to  evaporate  in  n 
wmtm  flaoe,  gbttering  monoeUnio  eijnrtals  of  the 
are  deposited  oi  the  composition  BaS^O,, 
2H20.  According  to  Senarmont  and  Kam- 
melfiberg,  the  cry  tnb  are  rhombic.  AoOOldhlg 

to  V.  T^iog  (Sitai.  B.  [2]  46,  27),  the^  an  rnonO' 

clinic. 


The  crystals  are  M>luble  in  4  parts  of  water 
at  18"  and  in  11  parts  at  100**.    WTien  the 
dry  salt  is  heated,  it  breaks  up  into  sulphur 
dioxide  and  barinm  sulphate.    Tlie  saino  de- 
compitHition  occurs  on  boiling  with  hydrtK*hloric 
I  acid,  but  tho  solution  of  the  dithionatt«  itself  io 
water  may  be  boiled  without  decomposition. 
A  tetrahydrate  BaSiOg,4H.O  may  also  be 
'  obtained  by  spontaneous  evaporation  in  difltinot 
'  shining  monoclinic  crystals,  which  ettoceaoe  on 
expt)--.i i !>•  (<p  .lir. 

I     Barium  thiosutpbate 

'  Ba8,0j,H,0  or  IiaH,(tjO,)j 

is  obtained  as  a  white  crystalline  precipitate 
I  when  the  sodium  salt  Na(S,6,  is  added  to  barium 
acetate ;  it  loses  its  water  of  crystallisation  at 
215".   The  anhydrous  salt,  when  heated  to  red* 

ncss,  gives  (iff  .Kulphur  and  leaves  a  nwiduo  of 
barium  8ulphide,  sulphite,  and  sulphate  : 

fiRaS  ,0, BftS+2BaiiU,+3BaS(),  j 

Barium  salenide  Ba&o  is  formed  by  heating 
barium  selonito  to  rediUM  in  a  stream  of  hydro- 

gen.  It  is  decompof^  by  water  into  barium 
hydroxide  and  a  higher  selenide,  wliich  is  decom- 
posed by  acids  witii  evohitkm  of  and 

prcripitaticju  of  selenium. 

'      Barium  selenate  BaSeO,  resembles  tho  sul- 

fihatc^  in  being  insoluble  in  water,  but  differs 
rom  it  in  being  decomposed  by  hydrochloric 
I  arid  into  selcnite,  which  dissolves  in  the  hydro- 

I  eh  I'  >ric  rtcid. 

Barium  ehromate  BaCrO«  is  pcecipitated  as 
a  yellow  cirstalUno  powder  when  potassium 

ehromate  ur  bichromate  i.s  added  to  tho  solutiun 
j  of  a  barium  salt.  The  salt  may  be  obtainci!  in 
'  green  rhonibio  crystals  faomorpoooa  with  BaS( )  ^ 

by  heating  two  equivalents  of  BaCl.  with  one 
I  equivalent  of  potaasium  ehromate  and  one  of 

sodiam  ehromate,  and  allowing  mixture  to 
I  cool ;  the  chlor  i  K  >  may  be  boiled  out  with  water, 

leaving  tho  right  rhombic  prisms  of  BaClr04,  of 

sp.gr.  4*6.  Tney  axe  InsohiUo  in  water,  hut 

are  easily  soluble  in  hydrochloric  and  nitric 
I  acids,  and  are  decomposed  bv  sulphuric  acid  into 
'  BaSO«  and  CrO,  (Bourgeois,  Gbmpt.  rend.  88, 

382). 

Tho  precipitated  chromste  is  used  as  a  pig- 
ment under  the  name  of  *  lemon  yellow  or 

''yellow  iiltnunarine.'  "VMien  strong  sulphuric 
j  acid  u)  added  to  the  dry  pigment, groat  heat  is 
'  developed,  and  it  is  coloured  deep  red  from 
liberati(jn  uf  OO3.  If  it  Ix'  now  ground  in  a 
mortar  and  heat«d  to  bright  redness,  the 
chromio  aoid  is  reduced  to  chromic  oxide,  and  a 
fine  green  pigment  is  obtained  (Douglas,  Chem. 
News,  4t),  5*))- 

Barium  dichromate  BaC^t^T  is  obtained  )*y 
di^i^nlvint::  barium  ehromate  in  hot  concentrated 
chronuc  acid.  On  cooling,  red  crystals  of  the 
composition  BaCV.O^/iHtO  are  deposited,  whioh 
lose  their  water  at  100°,  and  nre  dccompoiied  by 
water  intw  the  normal  chrumate  and  chromic 
anhydride  (Preis  and  Ray  man,  Ber.  13,  340). 

Barium  manganate  BaMnO^  is  formed  when 
mangauem>  dioxide  is  heated  with  barium  car- 
bonate or  nitrate  as  an  emerald-green  powder 
consisting  of  microscopic  four-sided  prisms  or 
six-sided  plates,  insoluble  in  water  but  decom- 
posed by  acids.  This  salt  is  now  used  in  plaoe 
of  the  poisonous  Scheele's  green. 

Barium  permanganate  BaMii,o,  is  pr^pi^  Google 
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by  passing  carbonic  acid  gas  through  water 
contAining  barium  niancanate  in  tsuepension ; 
after  filtering  off  the  banum  carbonate  the  rod 
v'olntion  ifl  rapidly  f'vaporatc<l.  Or  it  may  be 
obtained  l>y  the  action  ol  barium  chioridt^  on 
filver  permanganate. 

Or  potassium  pormangaiiato  may  be  dccom- 
[)08c<i  by  aiifiht  exceeui  of  hydrc^oosilicic  acid, 
the  mixture  Kept  oool,  and,  after  separation  of 
tho  precipitated  |^K^)(as>inm  siliconuoridc,  Ih© 
supernatant  solutiuu  dc'caattd  and  Baturattd  in 
the  cold  with  barium  hydroxide.  After  separation 
of  the  insolable  barium  silicofluoridc,  the  solution 
in  evaporated  until  the  barium  permanganate 
>i  pamtee  out  on  cooling  (Ronsaeaii  and  Bruneao, 
0»mpt.  Tf-ni]  OS,  22D). 

It  foruiii  iarm;  orthorhomUo  octHhedra,  dtcp- 
rcd  and  almost  Iblaok,  vith  a  violet  reflaotion. 

It  i.^  used  for  the  preparation  of  peillUUlgaDic 
acid  and  of  tiit-  ummuuiuni  »alt. 

Rousseau  and  Saglier  (Oompi.  vsad.  90»  139) 
find  that  on  heating  two  grams  of  barium  man- 
ganate  with  ten  grams  of  barium  chloride  for 
four  hotirs  to  ISOO",  and  extracting  with  water 
and  dilute  acid,  a  residue  of  small  opaque 
bluish-black  crystals  of  barium  manganite 
BaMnOj  remains;  sp.gr.  5-85;  readily  soluble  in 
hvdroolUorio  acid  with  evolution  of  chlorine. 
The  muiganite  is  also  formed  when  mixtures  of 
manganese  cldoridti  and  barium  oxychloride  are 
heated  below  1000*>  or  above  ilOO".  Between 
theae  tempenturoB  the  prodtiet  is  barfnm  di* 
nianganite  EaO-2MnO,,,  w}»jch  cryMtailises  in 
brill^t  black  lamellae.  At  1500**  tlic  manganite 
18  recoQverted  to  mancnuiate. 

Barium  phosphide  Ba,I\.  When  va]>uur  of 
phosphonu  ia  paaeed  over  red-hot  bai^'ta^  a 
brotniiah-Ted  muctnre  of  barium  phdisphide  and 
phosphate  is  olitainc<l  commonly  kno>^'n  as 
phoaphuret  of  baryta.'  It  is  decomposed  by 
wataf,  forming  a  aolntion  of  hypophosphit«  of 
barium  and  evolving  a  mixture  of  free  hy  !m  l'  n 
and  spontaneously  inflammable  phosphuretlcd 
hj'drocen. 

Jaboin  (Compt.  rend.  !29,  762)  prepared  the 
phosphide  b^  Loatiug  100  parts  of  barium 
phc»phato  with  16  puis  of  lamp  black  in  an 
electric  furnace.  Tho  product  m  obtained  has 
a  c^stalline  structure.  It  decomposes  water, 
yid^  PH.  and  Ba(OH),. 

Barium  monometaphosphafe  is  obtained  as 
a  white  powder  by  evaporating  a  nululiun  of 
barium  carbonate  in  excess  of  metaphosphoric 
aeid  and  heating  the  rcsichie  to  31ft,  Ita 
ioriDula  is  not  known  \\\\\\  certainty. 

Bariom  dimtlapbosphate  Ba(PO,).,2UaO  is 

formetl  as  a  cry>talHne  .'•paringly  !-olid»le  precipi- 
tate when  barium  chloride  is  a4ded  to  a  solution 
of  the  ooixeaponding  ammonium  or  sodium  salt. 

Barium  trimetaphosphate  BajP^Oj^eHgO, 
apparently  a  polymeric  form  of  the  last  salt,  Is 
produoed  when  a  solution  of  1  part  of  the 
Hponding  sodium  .-alt  in  10  to  15  parts  of  water 
is  mixed  \^ith  a  nearly  saturated  solution  of 
3  parte  barium  chloride.  On  otanding,  tho 
^*alt  separates  in  nionoolinio  pristits.  which  give 
off  two-tliirds  ot  their  water  at  100",  and  the 
rest  at  a  higher  temperature. 

Barium  hexametaphosphate  i-*  obtained  as 
a  gelatinous  pn'cipitj*t.u  by  precij)ilatint;  tho  cor- 
responding sodium  salt  with  barium  ( liloride. 

HonolMiiiiiii  octhophi^fhale  BaH4(£0«),  ia 


prr])arpf]  \>y  evaporating  a  solution  of  the  di»  Of 
tri- barium  salt  in  aqueous  phoephoric  acid.  It 
forma  oolourless  orystal»-<-molin]0  aooovdiniif  to 
ErlemiM-yr  r,  with  acid  reaction;  soluble  \vith«nji 
decuui^Ki-^ition  ia  a  small  quantity  of  water,  but 
decomposed  by  exoeaa  of  water  into  free  phoa- 
phoric  acid  and  the  neutral  salt. 

Joly  (Compt.  rend.  98,  1274)  states  that  aa 

I  the  total  weight  of  salt  tgronght  in  contact  wfth 

I  the  same  quantity  of  water  incn  nsf in  arith  m 
tical  proeression,  the  weight  wbich  iii  diseoivtti 
without  decomposition  dMsreases  in  geometrical 
prnpiTcs.sinn  ;  hut  as  soon  r\s  half  the  original  <»Alt 
has  been  decomposed  a  diacid  salt  is  tomoed 
BaO-SPtOi+arHtO,  the  profK)rtioD  of  which 

'  increases  as  the  acidity  of  the  liquid  inORMee* 
and  eventually  exists  alone  in  iH>lutiOiL 

I      Dibarium  orthophoaphate  Ba,Ht(P04)i  09 

BaHPO^  is  obtained  88  a  white,  sc«l^•,  er\>ta!!  i--'- 
precipitate  when  hydrogen  disutliuiii  plio.-.piiat»- 
is  adde<l  to  a  neutral  solution  of  a  banum  8a.lt. 
It  is  soluble  in  20,670  parts  of  water  nt  20°. 
somewhat  more  soluble  in  water  cuutaining 
barium  or  sodium  chloride  or  ammoniacaJ  salts. 
From  tho  solution  in  nitric  or  hydrochloric  acid 
excess  of  ammonia  precipitates  tho  tribarium 
salt  or  a  salt  intermediate  between  tho  two. 
Thus,  according;  to  Waokenrodcr,  a  solution  of 
BaHPO,  in  nitric  add  yields,  on  addition  of 
ammonia,  a  precipitate  of  barium  phosphato- 
nitrate  4BaHP0«*BaiN0^^  which  ieaves,  on 
heating,  a  mixture  or  di>  and  tri>b«rinm  phos- 
phat  fd. 

By  precipitating  a  solution  of  dibarium  pbos* 
phate  with  aloohol,  a  lalt  intermediate  b«t»w!ii 

the  mODO-  and  di-.salt^  is  obtained  : 

BaH,(POJ,-2BaHPO„31I,0. 
If  a  mixture  of  potassium  silicate  and  barytA 
water  is  boiled,  and  aft^wards  mixed  with  a 

solution  of  ]X)ta8sium  silicate  containing  a  quan- 
tity of  potassium  jjho8j)hate,  ou  oooling,  cubic-tti 
crystals  of  the  com{)o.«ition  BaKP04,10H,O 
separate  out.  BaNai'O^.luH.O  was  similarly 
obtained  in  regular  tetrahevlruns  (Do  Schulten, 
Compt.  rend.  'JO,  706). 

Tribarium  ortbophosphate.  or  neutral  phoa. 
phate  of  barium,  Baj(P04),'HjO  is  prepared  by 
adding  hydrogen  disodium  phosphate  to  a  sola, 
tion  of  barium  chloride  rendered  strongly  alkalino 
,  by  ammonia,  and  separatee  as  a  heav\  granular 
\  powd  I.  It  parta  with  a  portion  only  of  >its 
water  at  200*. 

If  a  saturated  solution  of  tribarium  phoe- 
plxAte  in  hyilrochloric  acid  i.s  evaix)rat«-«i,  on 
cooling,  crystaia  of  barium  chloride  are  de« 
posited,  more  and  monobarinm  phosr^iate 
Leing  h  ft  in  solution,  and  if  more  hydrocnloric 
acid  is  added*  oil  the  barium  may  be  crystalliseti 
out  as  barium  oUoride,  and  pure  phosphoric 
acid  remains. 

If  the  solution  of  tribarium  phosnbate  m 
hydroohlorio  aeid  ii  boQed,  ahining  needka  form 
in  the  liquid,  and  on  adding  sufficient  wat*  r  to 
redissolve  them,  well-defined  cr^tais  of  a  pho.s- 
phato-chloride  4BaH«(F04)|'BaGs  are  depontMl 
on  standing  (Erlenmeyer,  J.  !Sr>7.  147). 

According  to  Ludn'ig,  a  solution  of  dibdurium 
phosphate  in  hydroohlorio  acid  also  yields,  on 
addition  of  ammonia,  a  phosphato-chloride  oon> 
taining  aBajHjP^Oj.  Baaj-SHjO. 

A  Halt  intennediate  betwtxDn  the  di-  and  ttv 
phoapbateq.  oontainiqg  Baa(P0«),*2BaHPp«  or, 

•  .  ij,  1^.^  i.y  Google 
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B&^Hjcl'tOj,,  13  foraed  when  a  solution  of  the 
dib&riuni  phosphiite  in  hydiochloric  acid  is 
mixed  with  a  qu>mtity  of  MUiDOiiift  jitrttuffieient 

to  precipitabu  it. 

Barium  pyrophosphate  Ba,P,0,.  Pyru- 
phoephoric  acid  does  not  |)recipitate  barium 
italta,  but  with  baryta  water  gives  a  precipitate 
of  biurium  pyrophosphate.  Barium  Malts,  how« 
rver,  pive  \^ilh  sodium  pyrophosphato  a  white 
amorpLouii  pr^ipitate  of  barium  ^)yruphosuliulc, 
Bolable  in  aqoMNU  pyrophosphonc  and  sulphur- 
ous acids  ;  more  soluble  in  hydrochloric  or  nitric 
Hcid,  but  not  perceptibly  soluble  in  water  con- 
taining ammonium  chloride  or  in  acetic  acid. 

Monobarium  arfenate  BaHfCAsO^),  is  ob- 
tained by  adding  bar>'ta  water  to  aqueous  arsenic 
acid  iintil  a  precipitate  begins  to  form,  or  by  dis- 
aolving  the  dibarium  salt  in  aqueous  aiaoiic 
Mid  and  leaving  the  solution  to  crystalliie. 

Dnariam  arsenate 

2BaHA80„H,0  or  BaHiXsO^.HjO 

aooording  to  Berzelius,  is  obtained  when  a  solu- 
tion of  tne  disodium  salt  is  added  to  excess  of 
barium  chloriile.  It  [rives  up  its  water  at  a  rod 
heat^  and  in  contact  with  water  is  decomposed 
into  tho  tribarhiin  mlt,  which  ii  precipitated, 
•nd  the  monobarium  salt,  which  dissolves. 

Trl barium  arsenate  Ba,(As04).  is  obtained  as 
a  white  sparingly  soluble  powder  l>y  precipitating 
aqueous  arsenic  acid  with  luiryta  water,  or  Ix^tt  er, 
by  j^adnally^  dropping  trisodium  arsenate  into 
hanuin  ohtorido. 

Barium  silicate.  Solutions  of  bar}-ta,  ^ivhen 
kept  in  glass  bottles  iat  any  length  of  time, 
deposit  tnueparait  ihomUe  eryitab  of  the 
composition  Ba8iO;,,7n.O.  Thcsf>  crvptal!?  lose 
their  water  a  little  above  lOU^,  and  become 
ttirqiioifle>blne :  they  are  deoomposed  by  boiling 
water  (Lo  Chatelier,  Compt  rend.  92,  931); 
Cos«a  and  Lavalle  (Zeitach.  1  Chem.  1 1,  399). 

According  to  Le  Chatelier,  they  may  be  readily 
ol>laii  e<I  in  a  few  days,  by  suspending  calcined 
silica  m  baryta  water,  wijen  the  sides  become 
eovered  with  crystals. 

Barium  tltanate.  When  eqiivnlMn*  quan- 
tities uf  titanic  anhydride  and  bunum  carbonate 
are  fused  at  a  bright  led  heat  for  an  hour  with 
rxcess  of  barium  chloride,  and  the  pro<iuct 
extracted  %v  ith  very  dilute  hydrochloric  acid,  a 
reaidiie  of  yellow  microscopic  eryetals  xeeembluig 
cubee  and  octahedra  of  the  corapOiitioii 

2RaO  3TlO. 

and  of  sp.gr.  5  01  rciuains  umUsaolved.  These 
crystals  are  found  on  eianiination  by  polarii^ed 
li'.'ht  to  coiunst  of  aggregations  of  rhombic 

&aetions  «l        com  pound!  of  harium. 

When  heated  on  a  thin  platinum  wire  in  the 
itmer  blowpipe  flame,  or  w-hen  brought  into  any 
non-luminous  flame,  barium  compounds  impart  a 
yellowish'green  colour  to  the  outer  flame.  When 
viewed  through  the  spectroscope  two  green  Itnes 
Baa  and  Ba/3  come  out  tnost  intensely ;  UAy, 
thoiigh  not  80  marked,  la  also  a  oharacteristio 
line.  Bemdee  these,  there  are  numerous  Unee 
ill  the  red  atul  yellow  and  one  broad  indis- 
tinct lino  in  the  blue,  close  to  I'raunhofer'a  F. 
BnnsMi  fonnd  that  ^  of  amiUigramof  barium 
salt  may  be  detpt't^-d  sjx^ctroscopically.  Silicates 
of  barium  give  this  reaction  on  moistening  with 
Btiong  hydraehlorio  aeid. 


The  hydrate,  atdphide,  cliloride,  bromide, 
iodide,  nitrate,  and  manv  organic  salti  of  barium 

RTt^  soluble  in  wat<T,  antl  all  aro  yvoisonous.  Tlie 
majority  of  the  nuimuiiug  Halts  are  s*»lul>le  in 
hydrcH'hloric  and  nitric  acids,  whilst  the  sulphate 
and  silicotluoride  arc  insoluble  in  all  acids. 

Alkaline  carbonates  precipitate  white  barium 
carbonate,  soluble  in  most  acids,  hence  ammo* 
nitim  carbonate  is  used  to  precipitate  it  (along 
with  thu  carbuuati.-^  uf  strontium  and  calcium) 
in  qualitative  analysis. 

Potassium  and  sodium  hydroxides,  free  from 
carbonates  and  suli)hatc^  give  a  voluminous 
pnoipitate  of  barium  hydroxide  Ba(OH),  with 
;  concentrated  solutions  soluble  in  more  water. 
I  Ammonia  gives  no  precipitate. 

Sulphuric  acid,  as  well  as  all  soluble  sul- 
phates, throws  down  barium  sulphate  from  all 
solutions  of  barium  salts.  Pickering  (Chem. 
NewTs,  46,  223)  states  that  the  smallest  quantity 
of  barium  which  can  be  detected  is  1  part  in 
833.000  parte  of  water.  The  jreBenoe  of  an 
alkaluio  citrate  greatly  interK-roM  with  the 
preoipitatioD.  Strontium  sulphate  (which  is 
more  solttUe)  f oniif  a  delieate  test  for  harinm. 

Phosjihato,  arsenate,  borate,  and  itKlat<?  of 
sodium  also  give  precipitates  soluble  in  acids. 

Ammonium  oxalate  gives*  horn  moderately 
dilute  solutions,  a  iriiite  polvemknt  jaedpitate 
of  barium  oxalate. 

PotasHum  flihromate  precipitates^  brighfe 
lemon-yellow  barium  chromate,  soluble  in  nitric^ 
hydrocblorio»  or  chromic  acid. 

Hydrofluoeilioio  aoid  gives  a  oolourless  erye- 
talline  precipitate  of  barhim  silicofluoride  ;  this 
ruaction  will  detect  1  part  of  the  chloride  in 
3800  parte  water.  The  preciuitate  is  nearly  in- 
s<j]uble  in  nitric  and  hydiooinlorio  acidB,  mom 
insoluble  in  alcuhoL 

Barium  is  readily  distinguished  from  lead 
( w  hich  also  forms  a  sulphatf  in  liable  in  water)  bv 
the  fact  that  sidphurctted  hydrogen  gives  a  black 
precipitate  of  lead  sulphide  with  Mluble  lead  salta. 

Solnble  barium  salt"  nr^  at  once  distin^^uished 
from  those  of  strontium  and  calcium  by  the  fact 
that  they  are  immediately  precipitated  by  a 
polution  of  calcium  sulpliite,  which  only  gives 
a  precipitate  with  strontium  salts  on  standing. 
The  hy^hn^osilicie  acid  reaction  is  also  ot 
use  in  separating  barium  from  the  other 
two  uietals.  Barium  clUorido  is  irusoluble  in 
alcohol,  whilst  the  chlorides  of  strontium  and 
<  alcium  are  soluble,  and  the  nitrates  of  barium 
and  atroutium  are  iiusoluble.  in  alcohol,  whilst 
calcium  nitrate  is  oolnblc.  From  the^e  facta  a 
scheme  of  separation  is  readily  derived,  the  pre- 
cipitated carbonates  of  barium,  strontium,  and 
calcium  being  converted  into  chlorides,  and  tho 
chlorides  of  strontium  and  calcium  dissolved  out 
by  alcohol,  leaving  a  residue  of  chloride  of 
barium.  The  strontium  and  calcium  may  then 
be  separated  by  convertiiig  their  reprecipitated 
carbonates  to  nitrates  and  diaeolving  oat  the 

cali'iuii,  nil  r.i      \  r.  .\  n  \  is). 

Estimation  of  barium.  Wlien  no  other 
alkaline  roetsl  is  preeent,  barium  nu^y  be  eeti* 

matcil  as  suljihato.  A  solution  of  (he  chlorides 
slightly  acidiiiod  with  hydrochloric  acid  is  best. 
Steuphttrie  aoid  is  added  cautiously  to  the  hot 

solution  in  slii^ht  excess.  Tho  precipitato  is 
allowed  to  settle  in  a  warm  place  for  some  hours 
before  filtering.  .  ^, ....  ..y  Google 
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BARIUM. 


In  iteoiganic  pslts  Jmrium  may  bo  estimat4?d 
as  oacboiwte  by  heating  in  a  pUtiaum  crucible 
and  fnitMeqnmt  moiHtmhiii;  of  the  rendue  with 

bouate,  ovapuraliuii,  geutle  ignition,  and  weigh* 
ing. 

Wliere  strontium  and  calcium  are  proeont, 
after  the  separation  of  the  other  elennenta^  the 
alkaline  earuu  are  precipitated  by  ammonia  and 

ammonium  carbonate.  This  i  icr  ipitate  is  then 
dissolved  in  acetic  acid,  and  the  barium  tvice 
neeipitated  as  chromate,  in  which  form  it  mav 

DO  weiphf  r!  nr  (lis.solve«l  in  hydrochloric  acid, 
then  prcc  ipi  uted,  aud  weighed  as  sulphate. 

G.  8.B. 

BABK  BREAD.  A  kind  of  brf  ad  u  liirh  was 
formerly  made  bv  the  peasants  in  varioua  parts 
of  Norway  from  llw  inner  bark  of  Pimuii^mdnt 
(Linn.).   

BARKLTTTE  v.  Curukoum. 

BARLEY.  Two  species  are  in  common 
cultivation — Bordevm  riisiirhnm,  two-rowcil, 
and  H.  tndgare,  sLx-rowud.  JkUny  varieties  are 
known,  differing  in  aiie  and  shape  of  ear  sand 
grain.  Tlio  two-rowed  Tarieti^  are  chiefly 
grown  as  -sprinK-f^ovm  crops,  whjio  the  six-rowed 
varieties  are  often  sown  in  the  autumn. 

The  grain  rtsomblas  in  composition  that  of 
other  cereaiet,  but  contains  less  gluten  than 
wheat ;  moieover,  the  gluten  of  bacfay  is  not 
so  tenacious  as  that  of  wheat  :  conRequontly, 
barley  meal  does  not  yield  a  satisiacLury  bread. 

Barley  is  chiefly  grown  for  cattle-feeding  and 
for  malt  production.  For  the  latter  purpose,  a 
grain  containing  but  little  nitrogenous  matter  is 
preferred,  so  that  too  lavish  nitrogenous  manur* 
ing  most  be  avoided  in  tltepfodnotion  of  malting 
IwrlsT. 

The  following  are  analyses  of  typical  average 
barley  as  given  by  1,  WaringtOo  j  2r4it  KeUnw 
(Gennan) ;  6,  Wiley  (of  American  barley). 

The  table  repre^ent^  the  composition  of 
barley  expressed  in  the  usual  manner.  The 
item  '  nitragenons  snbstanoee*  is  simply  the 
total  nitrogen  XG'26.  Of  'lii*  total  nitrogen,  a 
small  portion— -probably  about  i^g— is  present  in 
oon-albuniinoidrform. 
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Acoordimr  to  Osborne  (18th  .Ann.  Rep.  C^onn. 
Expt.  St.), the  proteids  in  barley  are :  ( I )  Soluble  : 
leuoosnie  0*M  p.o.,  hoidein  4-0  p.c.,  edestine 
and  proteose  1*96  p.c.  ;  (2)  insoluble  proteid» 
4-60  |>.c.  The  soluble  proteids  just  mentioned 
contain  an  average  of  17*0  p.c.  of  nitrogen,  so 
that  the  ffi'  tor  to  convert  nitntL"'n  into  proteid* 
in  barley  nhouid  much  less  than  ti -25,  probably 
about  5'7-  C'onM'quently,  the  amount  oiprot^itis 
in  barley  should  be  about  1  p.c.  less  and  that  of 
carbohydrates  (since  they  are  determined  by 
difference)  1  p.0.  moie  than  tlie  vahies  given  in 
the  tables. 

Under  the  heading  *  soluble  cArlMihytimtes  ' 
arc  iii  luded:  ijentosans  6*5  p.e.  (Bull.  13.  UA 
Dept.  if  -Agric.  1898);  cane  sugar  0-8-1  •»)  p.c. 
(O'Sulli  van,  .1.  Cheni.  Soc.  188G,  49,  58) ;  1-3  puC 
(Banister.  Chem.  New.s  1885,  298);  O-f  p.C; 
(Bull.  I'.i.l.r.);  Hmall  quantities  of  reducing  s^Jpaw 
(O'Sullivan)  ;  dextrine  and  raffinose  (O'Sullivan). 
The  n  mainder  is  chiefly  made  up  of  starch  and 
cellulose,  though  gum  2*8  p.c  (Muntz,  Compt 
rend.  102,681)  and  amylan  2-i  p.c.  (O^Sullivan, 
J.  Chem.  Soc  41,  24)  have  also  ueen  found. 

Barley  contains  diastase  even  before  gennina- 
tion  (when  its  amount  is  enormoiuly  increased). 
Bro^^-n  and  Morris  (J.  (liem.  Soc.  1890,  505 j 
recognise  two  kinds  of  diastase — of  secretion,  as 
formed  in  germination,  which  rapidly  corrode* 
starch  granules,  and  of  displacement — pn^ent 
in  the  uiugerniiQated  grain — which  ak>wiy 
diminishes  the  Tolnme  of  slateh  granules  irith' 
out  visibly  corroding  them. 

The  ash  of  barley,  neglecting  the  C0„  has  the 
average  oomposition : 


OaO  i  MgO 


2-44  I  8-23 
4-27  ,  7-87 
2  -60  I  8  62 


FtolOtI  PtO;  1  01   j  8iOt 


0-33  i  36-47 
0-35  24<n 
0*97  M-66 


022 

0-  71 

1-  60 


0-66 
047 
0-83 


22  -30  I 
27-64  I 


For  a  full  yield  of  barley  the  soil  must ! '  ^^  '  U 
supplied  with  plant  food,  including  conihuieil 
nitrogen,  but  such  a  crop,  though  excellent  from 
the  farmer's  point  of  view  ai\d  valuable  for 
feeding  purposes,  is  rarely  suited  to  the  maltster's 
requirement.  Good  malting  barley  should  bo  as 
rien  as  possible  in  starch  and  low  in  fillmmiuoids. 
Between  8  and  ft  p.c.  of  nitn^genuuM  matter  is 
osually  xegarde<l  as  the  most  uesiFable  propor- 
tion in  malting  barley.  If  ;^rown  in  hot,  dry 
countries,  e.g.  Southern  Ku^^iia.  it  is  usually 
richer  in  nitrogen.  The  best  maltuig  barkgrs 
are  grown  on  light  soils  not  too  rich  in  nitrogen, 
and  in  temperate  climates  (v.  Brewino). 

>  ('omposite  Bsniiiles  from  the  World's  ColumUsnBx- 
posiUon  (Wiley,  liuU.  13,  VM.  Dept.  of  Afric). 


Owinc  to  the  injurious  effect  of  too  lavish  a 
supply  of  nitroffen  upon  the  maltnig  properties 
of  l  arlt  y,  it  is  by  many  consideml  b^  to  take 
the  barley  crop  after  wheat,  ratiier  than  after 
rootij,  though  the  latter  proctniure  in  often 
•  adopted  in  Ireland. 

Pearl  barley  is  Iwirley  deprived  of  its  husk.  Ame. 
riuan  analyses  give      it.^  aven^  composition: 
I  Water,  10-8  p.c. ;   jiroteb,  9'3  p.c. ;   faci,  l<0 
,  p.c.  ;  carbohydrates,  77 -tl  p.c. ;  asn,  1-3  p.c. 

According  to  Wolff's  analyses,  the  ash  of  the 
barley  kernel  amounts  to  2*13  p.0.,  and  1€0  ftarts 
;  of  the  ash  contain  : 

!  il-6   I  K     3*1    12-0     1-0    471    2-9  34 
I  Of  wUoh  lQ'2  pye.  sie  slbominolds. 

.  J  .^uo  l  y  Google 
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Barley  straw  i>  much  muro  aiiecUil  in  cum- 
,  than  the  grain  by  the  rkluMis  or  i>«)verty 
of  the  eoil»  and  by  the  conditions  under  which  it 
ia  jarrown.  If  the  ripening  of  the  grain  has  been 
foUy  completed,  the  straw  its  robbed  of  its  nitro- 
gcnnuq  matter  and  piK)si)hate8  to  a  much  greater 
extent  than  when  the  seed  haa  not  been  fiilly 
matured.  Thus  the  atraw  of  a  crop  cut  before  it 
is  fully  ripe  poflMiM  muvk  higher  feeding  Tftlae 
than  usual. 

According  to  Kellner,  the  following  re  pre - 
sento  the  avecege  oompoeitkiii  of  barley  straw : — 

Soluble 
I'thpr  carbohy- 
Wttt«r  Protein  extrttct  dratca  yibre  Ash 
Summer  barley  14  -3    3-6      1-4     35  0  39  f)  5-4 
Winter  barley   14  3    3  2      1*4     33-6  42*0  6  •« 

The  a^b  of  barley  atraw  (Wolff)  contains  : 
K*0  Na,0  CaO  MgO  FejOj  P^Os  80j    HiO  ,  (  J 
g.3-3    35     7-2  11     4-2    39    510  32 

Barley  straw  oonsiatii  largely  of  cellulose,  and 
peutOMiie  and  U^ose.  The  ftaHnmi  of  pento- 
aMtS  hM  been  estimated  at  about  25  p.c.  The 
*  crude  protein '  sivea  in  the  above  table  in 
piolMiUy  nearly  •iftnie  Albuminoids,  since  duect 
experiment.H  nhowed  about  91  p.r  fif  the  total 
nitrogen  to  be  preaent  as  albuminuids.  The 
lowest  poftkms  of  the  etema  are  letst  nutritious, 
while  the  uppermost  leaves  and  top  of  the  stem 
are  the  moat  digestible  and  richest  in  protein. 

l^Tien  barlev  precedes  dovor,  m  is  often  the 
ease  in  Englimd,  fhf  barley  straw  is  enriched  by 
including  H  {Kirtion  of  young  clover  plants. 
Under  such  eircumstances,  the  product  It  of 
much  higher  feeding  value,  and  contains  more 
protein  {up  to  (>  or  7  p.e.),  and  soluble  carbo- 
hydMlflt  (88  or  90  imvK  and  Itm  omde  fibre. 

H.I. 

BAR  US  CAMPHOR  v.  Campuoiu^ 
BARUTIN.   Tnkle  name  for  the  double  salt 

nf  theobromine  barium  and  sodium  salicylate; 

u,  white  amorphouH  powder  of  sweetish  taste  and 

alkaline  reaction,  sparingly  soluble  in  water. 

l^iM^l  in  the  troatmeut  of  renal  dieeawx   V,  Syh- 

THKTIC  DRUGS. 

BARWOOD  V.  Sanders  WOOD. 

BARYTA.  GREEN,  v.  Barium. 

BARYTE8.  Barite,  or  heavy-spar  (from 
$dipvs,  heavy);  a  common  mineral  con«if<tinp  of 
barium  milphate  (BaSOa),  crystallising  in 
the  orthorhombio  system.  The  name  bM^tes 
i*i,  however,  sometimes  loosely,  but  incorrectly, 
applied  to  include  both  this  species  and  the 
mineral  witherite  (BaOO,,  q.v.),  or  theee  are 
uccaflionally  n  ferred  to  as  '  sulphate  of  barytcH  ' 
and  '  carbonate  of  baiytea '  reeneoiively.  The 
teaaon  for  thu  oonforion  is  that  toe  two  minenls 
axe  often  mined  tn;i(  ih< t,  althoogh  tiiegr  MO  not 
always  put  to  the  same  unes. 

Barries  is  frequently  to  be  fotmd  u  wdl> 
developed  cr^'stals,  which  vary  c  ri-iflc-rably  in 
their  appearance  and  habit.  They  poaseas  a 
perfeei  eieavage  parallel  to  the  baae,  and  per- 
fvemlicular  to  this  are  two  prismatic  c|rn\  aL_e.i 
IMurallel  to  the  faces  of  the  primitive  rhombic 
prism,  and  thus  inclined  to  one  another  at  an 
angle  of  78*  22 J'.  With  these  thn^o  directions 
of  perfect  cleavage,  massive  barytes  sometimes 
presents  a  certain  reHcmblance  to  ealoite,  and 
its  harflneK«  is  nlno  about  the  snme  fH.  =  3). 
The  angles  between  the  cleavages  are,  however, 
diHerant ;  and,  fnithar,  borytee  may  be  readily 


dL^tinguished  from  caluite  by  its  ht^viiiu^s 
(sp-gr.  4-5),  and  from  both  calcite  and  witherite 
by  not  effervescing  with  acid.  The  massive 
material  is  often  white  and  opaque ;  but  crystals 
are  sometimes  transparent  and  colourless,  or  with 
brownish,  greenish,  or  bluish  shades  of  colour. 

Barytes  is  usually  met  with  in  veins,  often 
in  association  with  ores  of  lead.  Some  of  the 
old  lead-mines  of  the  north  of  England  and 
ffluopdure  are  now  being  reworked  for  barytes. 
A  ri'markablo  vein  of  ImryteH,  con.-isting  of  jmrc 

whiten  mmmipA  mAt^iri^l  with  jl  t.hi^knA«a  varying 

from  a  few  inehet  to  16  feet,  is  eztenaivelv 

worked  in  the-  ul  iiKasures  at  New  Branceix-th 
Oolliery,  near  Durham  (L.  J.  Spencer,  Minerakig. 
Mag.  1910,  XT.  aOfi).  Beantifn]  oiyrtiJliMMl 
specimens  are  abundant  in  the  hiematite-miiies 
of  west  Cumberland,  but,  owing  to  the  brown 
or  yellow  colour  of  this  materul,  it  ia  of  no 

commercial  ^  aim  . 

Barytee  is  mainly  used  in  the  manufacture 
of  paintB,  not  only  of  white  paint»  but  as  an 

inert  IxkIv  in  colourcnl  paints.  It  is  often  sug- 
getited  that  barytes  is  used  for  adulteiating 
Barium  solplude  end  earbonate 
are  aN'o  prrpnrrd  from  barytrs  hy  rnns'tin^'  it 
with  cual,  and  from  the  noduct,  barium  chlori<lu 
is  hufely  obtained,    ta  preparing  the  crude 

barvtes  for  the  mnrket,  it  is  coarsely  rnislif»d 
and  hand-picked;  or  when  mixed  with  rock  and 
dirt»  theae  are  separated  by  agitation  (jigging) 
in  water.  CoIouwhI  impuritiej^  are  sometimes 
extracted  by  steam-boiiuig  with  sulphuric  acicL 
Tho  pnrified  material  is  kiln-dried  and  reduced 
to  very  fine  white  po'\^'der  in  a  ball -mill  jwvided 
with  screens,  or  between  uullstones.  The 
barytes  flour  so  prepared  still  consists  of  minuto 
crystalline  (cleavage)  particles,  and  it  is  this 
that  gives  the  *  tooth  or  adhoaivc  properties 
to  the  eoaner  barytes  paints.  The  finer 
qualities  are  prepared  from  precipitated  barium 
suluhate  ;  and  this  is  also  used  fur  dreiising  cloth 
ana  leather,  and  for  produoiqg  the  smooth 
coating  on  '  art '  papers.  li.  J.  H. 

BARYTIC  WHITE  or  PERMANENT  WHITE 
or  BLANC  FIXE  '   I  aiuum;  also  Piqmkm18. 

BARYTO-CAXESTITE  v.  Bamum. 

BASE  OILS  V.  On.s  and  Fat& 

BASIC  BESSEMER  STEEL  v.  Ibon. 

BASILICON.  BetiH  eerole.  A  miztuie  of 
oil,  wax.  and  resin. 

BASIL  OIL  '  Oii^,  EssEimil* 

BASLE  BLUE  v.  Azikks. 

BAMIA  or  NAHWA  TLOWEM.  The 
flu\sers  of  J3.  {tUipi^)  hilifdin  (Rf>xb.)  or  Mahwa, 
a  tree  growing  to  the  height  of  60  footk  very 
abundant  in<^tral  India,  are  very  mioonlmt, 
and  fall  frr  Til  the  tree  in  large  quantities  every 
night,  a  single  tree  affording  nom  200  to  400  lbs, 
of  flower*  M  a  seaoon,  widen  laeta  during  Mareh 
and  April,  'niev  are  used  as  nn  artit  li  i  f  food, 
both  cooked  and  raw.  By  fermentation  and  dia> 
tiUation  tiiey  yield  upwards  of  6  gallons  of  proof 
spirit  jier  cv  f  It  m  of  snp-rior  quality,  and 
when  the  operations  have  been  carefully  per* 
formed*  ia  very  nradi  like  good  Irish  whitky, 
havin<:  a  strong  smoky  and  rather  fcBtid  flavour^ 
which  disappears  with  age. 

They  have  also  lieen  used  at  a  cattle  food 
with  success.  It  is  said  that  the  flesh  of  pigs  and 
Other  animals  is  much  improved,  acquiring  a 
delicate  flavour.  ^  Google 
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BAS8U  OR  UAttWA  FLOWERS. 


The  dried  flowen  have  been  recommended 

as  a  source  of  sugar.  Negri  found  in  tlum 
67*9p.c  of  glucose,  yielding  i2(>-74  u.o.  of  alcohol 
m  dfstilletkm  (Rev.  Chim.  Mod.  Pharm.  S,  384 ; 
</.  voT.  T  ii.pn  nun.  Ber.  1902,  36,  1448). 

BASSiA  OILS.  Under  this  name  aro  com- 
prised a  number  of  oib  belonging  to  the 

genus  Baffin.  The  most  important  oils  (or  fats) 
erived  from  Bas«ia  species  are  :  Mo^^rah  8eed 
Oil.  niip^  Butter,  8heft  Bntter,  NjAve  Ot]«  and 
Fhulwara  Bnttor. 

Mowfah  Seed  Oil  is  the  fat  obtained  from  the 
seeds  of  Ba^!.sia  htifolia  (Roxb.)  (lUipi  latifolia, 
Roxb.  or  Knglcr  :  Ba.tsia  viUnm,  Wall.),  a  tree 
i*idely  distributtid  iii  the  iiorthi-iu  provinces  of 
India,  and  especially  in  Bengal.  The  tree  is 
frequently  cultivated  in  East  India,  and  forms 
small  plantations  ;  but  even  under  the  incentive 
of  modern  demand  for  a  solid  fat,  the  cultivation 
of  the  MouTah  Seed  tree  for  the  production  of 
fat  ta  not  likely  to  be  taken  in  hand  in  the  near 
future.  The  tree  gradually  diiiai)j>oars  towards 
CaUmtta,  and  is  only  sparingly  met  with  in  the 
Madraa  preaidency,  where  its  place  is  taken  by 
Btusia  hngifolui  {see  Iwlow  ). 

The  kernels  are  1-2  cm.  long,  and  are  enclosed 
m  a  light-broim  shmy  hnslr.  The  seeds  am  very 
similar  in  appearance  to  thoso  of  Ba.^sia  longi- 
folia,  with  which  they  ace  frequently  oon« 
founded,  much  as  the  fat  obtained  from  both 
sptcica  is  frequently  confounrlcd  in  commerce. 
This  is  partly  duo  to  the  fact  that  the  two  kinds 
of  fats  are  mixed  together  when  exported  to 
Kuropo,  !i  |irartii<'  wliioh  i.s  prt-iitlv  favoured 
by  the  fact  that  both  species  are  known  to  the 
natives  under  such  similarly  sounding  names 
as  Ulipi,  Elupn,  Katillipi. 

'rbs  kemeh  dried  at  100**  contain,  according 
to  Valenta: 

BVit  extracted  (by  petroleum  ether)       .  51*14 
soluble  in  aMunte  alcohol      .  .7*83 
Tannin       ..*...  2*12 
Bitter  priiMipfe,  aolablo  in  watsr  .  .0-60 

Starch  0  07 

Vegetable  mucilage  .       .       .     1  *65 

All  luminouii  substances  soluble  in  water  3-60 
Extractive  substances  soluble  in  water  .  15  59 
Insoluble  proteids        .  .     4  -40 

Total  ash  2  -71 

Vibre  and  loss  10-29 

In  its  fici^h  8tiit(>  tlu'  fat  is  vfllow  ;  on  ex- 
pusurc  tu  the  air  tiiu  cuiuunui|!  mai  ler  i^  bleached. 
The  oil  can  also  bo  bleached  chemioally,  as  has 
been  done  by  the  author,  on  a  large  i^calp. 

The  fat  has  the  sp.cr.  of  0-9175  at  15^^,  naltb 
at  about  26-3**-30%  and  solidifies  at  18•5^~22^ 

The  fat  has  a  bitter  aromatic  ta^te  and  a 
]x>culiar  odour.  The  iodine  value  of  the  fat  is 
60,  thus  indicatmL'  a  considerable  amount  of 
oleic  acid.  The  cnief  constituent  of  the  solid 
fntty  acid  is  palmitic  acid ;  arachidic  acid  is 
absent ;  stearic  acid  has  been  found  to  occur 
in  specimens  examined  recently  in  the  author's 
htboratory  by  Menon,  to  the  extent  of  from 
13  to  25  p.c.  The  saponification  value  of  the 
oommercial  fats  is  aii^htl^  lower  than  that  of 
fats  having  the  eonstitntion  doe  to  the  fatty 
acids  nauK'd,  owing  to  a  homowhat  high  pro- 
portion of  unsapomfiablo  matter,  vi«.  2*34  p.c. 
The  fat  is  prepared  in  India  in  a  crude  manner, 
and  the  cakes  axe  used  as  manure.  Owing  to  a 


bitter  prinoi^  (saponin)  contained  in  the  < 

they  are  unfit  as  food  for  cattle.  Neverthelr-*. 
the  cake  is  frequently  added  a4(  an  adulterant  to 
the  so-called  *  native  Unseed  cake,*  which,  nnder 
this  misleading  name,  hns  latterly  found  ex- 
tensive sales  on  the  Continent.  The  ae/ods  and 
the  oil  have  recently  become  an  important 
article  of  commerce.  They  are  impc^rtf*!  it* 
Europe  in  irregular  quantiUes,  and  are  ofaiefiy 
used  in  the  soap  and  oandle  indnstries.  Eh> 
(It-avours  have  also  been  made  to  convert  tb^ 
fat  into  an  edible  fat.  In  India,  Mowrah  se*>ii 
oil  is  Inrgoly  used  SS  an  edible  fat  uii<Irr  the 
name  '  Dolia  oil,'  and  as  a  medicinal  oil  in  th'^ 
treutuient  of  skin  diseases  under  the  name  '  lt«. 
oil.' 

lUipfe  Butter  is  obtainrd  from  the  seeds  of 
Bassm  lovgiffdia  (Linn.),  a  tm-  imligenous  to  the 
southern  oaxt  of  India  ;  a  variety  of  this  Bastia 
species  is  knoi^'nas  lUip,^  malabarim  (Konig  ).  in 
the  Western  Ghats  from  Kanara  to  Travaiicori- 
and  the  Anamalsis,  whcro  the  trt>e  is  found  at 
an  altitude  of  about  4000  feet.  The  iK^eds  beer 
a  close  resemblance  to  those  of  B.  laii/olui. 
but  are  mostly  3-4  cn..  long,  and  less  rounded 
than  the  seeds  of  B.  kitifohn.  The  average 
weight  of  one  seed  is  1-4  grms.  The  kernels 
form  75  p.c.  of  the  scccLs,  and  contain  ">0-,'>5  p.c. 
of  a  white  to  lieht-yeUow  coloured  fat.  Hie  fat 
doeely  resembies  Mowrah  seed  oil,  bnt  diifen 
from  it  \}\  its  lower  solidifying  and  melting 
X)oinU)i  in  correspondence  therewith  the  iodine 
value  of  the  fat  is  58-04,  •'.«.  higher  Hum  that 
of  B.  Inlifciia.  The  fat  rontains  from  12  to 
20  p.c.  of  stearic  acid ;  arachidic  acid  is  absent 
(Menon). 

lllipe'  seeds  are  iniport«xl  into  France  an<i 
England  (mostly  admixed  with  Mowrah  seeds 
where  the  fat  is  exptesied  for  use  in  esndfe- 

making.  Tlic  ■|)ro{x>.sid  to  omjiloy  the  fat  as  s 
chocolate  fat  appears  to  be  due  to  the  confoimd- 
ing  of  true  lufp^  seeds  with  aeeda  from  the 
Malayan  States,  erroneously  described  in  the 
French  market  as  *  IlUpe  nuts.* 

Shea  Butter  is  the  fat  obtained  from  the 
seeds  of  Bassia  Parkii,  De  C.  (Hasak.),  Butyro- 
gpermum  Parkii,  [G.  Don]  (Kot^hy),  a  trws 
belonging  to  the  SapotacecB.  'I'hc  tree 
first  ilaecribed  by  Mungo  Park,  who  found  it  in 
tho  kmgdom  of  Bambara.  Hence  the  lut  w.i^ 
knoA^n  as  Bsmbaxa  fat  aud  also  Bambooi  fat. 
Other  native  names  are  Galanj  Butt<  r  flinibuk 
Butter,  and,  in  French  West  Africa,  ivariie  Oil. 
The  Shea  Butter  tree,  or  Karit^  tree,  xewmblew 
in  app<»arance  ihc  .^nifrican  oak,  prows  to  a 
height  ul  about  4U  feet,  and  occurs  m  enormous 
quantities  on  the  West  Coast  of  Africa,  and 
through  the  ct-ntro  of  Africa  in  the  French  anti 
Eugli^h  Soudan.  It  is  e8j)ecially  abundant  in 
the  midillc  I  fisin  of  the  Isiger,  and  is  as  cha* 
ractoristic  of  the  region  of  the  nu«l<lK'  Niger  as  is 
the  palm  tree  of  the  lower  reaches  of  the  rivers 
and  of  the  cuast  line.  The  Shea  nut  has  the 
size  and  shape  of  an  ordinary  plum  ;  the  outer 
shell  of  some  specimens  is  covered  ^kith  6ne 
fibres,  whereas  tht  shell  of  nuts  coming  from 
the  middle  l^iger  district  has  a  poh'shed  surfsoe. 
Owing  to  the  wide  distribption  of  the  tree,  tht- 
different  specimens  of  nuts  nnd  fats  export*. ! 
to  Europe  show  characteristic  differences.  A 
special  variety  appean  to  be  represented  by 

the  spminen  Known  a«  Ba$»ia  nUoticumJKxAr, 
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aohy  ©fc  (Jhevulicr).  (For  a  table  stating  iho 
diSetmA  yiehin  of  fat  from  differant  ftpecimeos, 
and  (*omf  of  their  characteristic?!,  gf.e  Lewko- 
witsch.  Chemical  Technology,  ttc,  ii.  4U3.) 
The  natives  extract  the  fat  by  |KJunding  the 
kernels  and  boiling  the  paste  with  water.  The 
fat  rises  to  the  surface  and  is  skimmed  off  into 
Inrgo  calabashes,  in  which  it  is  carried  to  the 
river  for  shipment.  Since  little  care  is  taken 
in  the  preparation  of  the  exported  oil,  most 
of  the  shea  butter  that  came  until  recently 
to  Eorope  had  »  dark-gref  colour,  wLioh  was 
oonsidered  to  be  ehmnm&nstM  of  Am  tratt«r. 
The  fat  used  by  the  natives  for  their  own  pur- 
poaes  is,  howevor,  preoared  in  a  more  careful 
muinor,  made  into  eaJcM  and  wrapped  roand 
with  Icavet),  so  that  tin  f  it  may  keep.  Tliis 
lat  is  of  a  white  oolour»  and  keeps  well  for  several 
months. 

Shea  fiiittrr  p'ayn  a  \  ory  importatit  part 
in  tlie  economy  of  the  natives  as  an  edible  fat, 
and  also  as  a  bnniinff  oQ,  and  for  oosmetio 
purposes.  Attempts  have  heen  frequently 
made  to  tMp  the  fat  and  the  nuts  in  bulk  to 
Sutope,  Owing  partly  to  the  oareless  prepara* 
tion,  and  partly  to  a  re-;?;!  '  n  ?  substance  diasolvfxl 
by  the  fat,  shea  but  tor  contains  considerable 
amounts  of  unsaponifiable  matter  which  imparts 
to  the  fat  an  indinrnbhcr  like  ta^^te.  This  large 
amount  of  unsapooiiiable  matter  precludes  the 
emfdojmeot  of  the  fat  for  soap>nialdng  pur- 
poses ;  it  ia,  however,  u?!ed  in  candle-mnkinj;. 

The  specitio  gravity  of  the  fat  is  0*9177  ;  ii& 
melting-point  varies  from  25*  to  88*.  Owing 
to  the  con.-^i  ir^rnhlf'  umoimt  of  unsaponifiable 
matter,  the  »apouUication  value  varies  froui  171 
to  192.  The  wdfaie  value  varies  from  oti  to  H'i, 
?o  that  the  proportion  of  oleic  arid  in  the  fat 
mny  be  taken  to  reiK:h  about  t>0  p.c.  The 
author  found  in  a  number  of  shea  butters  from 
33  t^  'Al  p.r  of  stearic  acid.  The  remainder 
of  tho  iaLiy  acid  appeara  to  consist  of  laurio 
acid  (Southcombe,  J.  Soo.  Chem.  Ind.  1009, 499). 

Njavs  01],  Njave  Buiter,  Nari  Oil,  Noumgou 
Oil,  Adjab  OU,  m  the  oil  obtained  from  the  aeeda 
<  >f  MimuscjM  Njave  (De  Lanessan)^  qrn.  Bassia 
Djave  (De  Lanessan);  Ba$«ia  toxi*perma  fRaoul) 
Titghemella  africana  (Pierre);  BailUmeUa  toxi- 
/*perma  (Pierre) ;  BaiJioneUa  Djave  (Pierre) ; 
TieghemeUa  JcUyana  (Pierre),  a  tree  bekxiging 
to  the  family  of  the  Sapdaeia.  The  wood  of 
this  tree  in  known  in  commerce  as  'Cameroon 
tuaboganv.'  The  tree  is  indigenous  to  West 
Africa,  the  Gameroons,  Gaboon,  Nigeria,  and 
iirnishes.  like  most  trees  belonging  to  the 
Hapotacem,  guttapercha.  The  fruits  are 
known  in  oommeroeaa  'Mahogany  nuts ' ;  in  the 
<Jol(l  Coa«t  Colony  thev  are  known  a^  ♦  Ab.-ku  ' 
ami  '  Bako  *  nuts,  weight  of  the  nuts 

vanes  between  10  and  21*6  grams.,  one*third  of 
which  is  made  tip  by  the  slu-ll.  I'he  kernels 
coatam  43-64  p.c.  of  a  wbitt>  fat,  which  tho 
natiTOs  (the  Javwfes  and  the  HfgwiiAaa)  prepare 
by  drying  the  seetU  over  fire  and  breaking  the 
iiheU  with  stones.  The  kernels  are  then  pounded 
in  a  mortar  or  eonmiinnted  by  rubbing  between 
■foneM.  The  ni.T^s  \»  next  boile<l  out  witli 
water,  the  fat  is  skimmed  ut!  bv  hand,  and 
heed  from  the  botk  of  water  oy  squeezing 
I -'rui  I  II  tfin  hnn  )-.  and  then  subjecting  it  to  a 
8om«wliat  rilrougtrr  pressure  in  baskets,  by 
Wping  stones  on  the  msss.   By  this  pruosn 


an  extremely  poisououa  bapouiii,  cuntauicd  in 
the  fresh  seeds,  is  completely  removed*  so  that 
the  fat  can  bo  used  for  edible  purposes.  In 
case  the  seeds  should  bo  expressed  on  a  large 
scale  tho  press  cakes  would  retain  the  poisonous 
substance,  and  hence  be  valueless  as  a  feeding 
cake  (Der  Tropenpflanzer,  1910,  29),  imless  the 
saponin  be  removed  completely  by  boiling  out 
with  water.  But  even  if  this  process  wore 
feasible,  a  considerable  amount  of  nutritive 
substances  would  bo  rcnioxed  thereby.  Tho 
economic  nroepects  of  the  seeds  an^  there* 
fore,  stiH  doubtful;  never^eless.  the  vporls 
from  the  German  Camerooiis  h  ive  inomUBd 
from  3  tons  in  1006  to  183  tons  in  1908. 

Phulwan  Butter  is  the  fat  expressed  fimm 

the  kernel;)  of  Ra-ttiia  (lUip^)  hutijracea  (Roxb. ), 
tho  '  Indian  butter  tiec,'  which  is  indigenous  to 
tho  Himalayas.  The  seeds  are  smaller  and 
thinner  than  those  of  B.  lalifolin  and  longifolia. 
The  average  weight  of  ooa  seed  is  one  gram. 
The  fcemen  form  67*S  fkc  61  tho  totel  seed ; 
they  contain  f>0-65  p.e.  of  a  whito  fat,  havint: 
the  consisteooe  of  lard.  Phulwara  Butter  is 
one  of  tho  most  important  foodstufli  amongst 
the  natives  of  the  North -West  Provinces,  on 
account  of  its  pleasant  odour  and  affreeablo 
taste.  The  batter  is  also  highly  vatned  by  the 
natives  as  an  ointment  when  properly  perfumed. 
The  melting-point  of  the  fat  is  39*,  and  its 
io<line  value  42**.  Stearic  acid  is  absent  (Menon). 

Less-knowi  Bassia  Oils  are:  Payenn  Oil  or 
Kansive  Oil,  from  Payena  oleifera  (Chemical 
Technology  and  Analysis  of  Oils»  Fats»  and 
Waxes,  ii.  800),  and  KtUio  Oil,  from  an  tmdeter* 
mined  species  of  /?n,?tfVi  (Brooks,  Analyst,  1909, 
2*  7  J.  L. 

BASSWOOD  OIL.  An  oil  from  Tilia  ameri- 
cana,  resembling  cotton  sf'eri  oil,  and  consisting 
of  glycerides  neb  in  bniMi'  acid  (Whwhmann, 

Amer.  Chpni.  J.  1  S<J5,  17,  305). 

BAST  FIBRES.  Elongated  narrow  pknt- 
oells  that  form  strengthening  tissue  m  stems  and 
leavef?,  especially  in  connection  with  tho  fibro- 
vascular  bundles,  but  not  belon^iirig  to  the  wootL 
The  raw  material,  bast  or  bast  like  fibre,  usfxifor 
textile  purposes  or  for  the  manufacture  of  pa])cr, 
ropes,  and  the  like,  is  of  varied  nature  anil 
source,  but  is  always  characterised  by  the 
abundance  in  it  of  bast  fibres.  It  may  be 
composed  of  a  number  of  fibro-vasoular  bundles, 
or  one  such  bundle  (e.g.  coco-nut  fibre),  or  part 
of  fibro-vaacular  bundle  {eg,  fibre  from  leaves  of 
monocotyledons),  or  merely  a  bundle  of  true 
bast  fibres  (from  the  fibro  \  ascular  bundles  or 
bark  of  dicotyledonous  stems). 

A  typical  bast  fibre  has  a  thick  wall,  with 
slit-like  oblique  pits,  and  a  relatively  small 
lumen.  Tho  ends  usually  taper  to  fine  points, 
but  may  be  blunt  or  even  branched.  The  cell* 
wall  vari«  s  iu  thickness  in  difTerent  species,  fnnn 
comparatively  thin  to  cxtremelv  thick,  and  may 
vary  in  the  same  fibre,  so  that  tho  lumen  is  alter* 
nately  wi  !(  r  a  n  t  iirirrower.  \Mit:n  the  wall  is  very 
thick  the  lumeu  is  reduced  to  a  line,  and  may 
be  looaUy  eyaneHcent.  There  are  simEsr  differ- 
(■nce.H  in  till'  width,  !enf;th.  and  strength  of  the 
raw  material  and  individual  bast  fibre.  The 
odonr  vatiet  horn  the  usual  whitish-grey  or 
green  or  yellow,  through  yellow  and  brown  to 
black. 

The  cell*  wall  is  nuunly  oompoeed  of  ceUuj^«^| 
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Mill  in  ocrtain  wfmtim  (flax.  CtUatropit  ytgpMlM, 

and  others)  i.s  tntiri-l\  »jluMf  in  ammoniacal 
cujDtic  oxide,  and  gives  the  coiour  reactions  for 
eeUalMM ;  but  the  bui  fibfw  of  certain  other 

.«p«T)'^  'j(it<%  hfmp,  esparto,  ami  (ithtT.-^)  show 
lj;:rii heat  ion,  and  give  corrf.-ipondmg  colour 
rfa<  t  iona. 

Hnni  fibres  in  commercial  u.-c  nro  mainly 
obumed  from  comparatively  fe^^  aiii>iii(i-&  and 
familiM  of  diooijiedoiu.  and  genera  of  mono- 
cotyledons, nnmplr,  Malvales  (Malvacea), 
Tilia«^«,  Sterculi&cea;,  Urticaks  (Murace«, 
VMcafDtm,  Ulmacese),  Le)niminf>8«,  Linaoese, 
Apoc}'naceae,  and  Asclepiadaces.  Boraginacvs; 
Agave  and  Fourcroya,  AM,  Bromdia,  iiansevierat 
Muwy  atipat  PamiaMU0,  and  several  inlmB 
(»*?fi?  articles  on  sny  of  this<^,  an<l  JcTK  and 
Hkmp.  For  a  full  authfiritativt  account  of 
vmtel^  fibree.  ffe  WieawT,  Dw  Hoh'^tolit  d«8 
Pflanzenreieh.i.  UMJ3,  B<I.  ii.  167-4«.l.) 

BATATAS,  or  Sweet  Potatoes,  the  tubers  of 
Ipsotntrti  balaUu  or  Batata  eduits,  a  oonvolvulus- 
liko  plant,  usually  uith  purpda  flowers,  growing 
freely  in  tropical  and  sub-tropioal  countries.  Hie 
tubers  are  sometimes  of  graftt  sue— np  to  12  Ibe. 
or  more  in  weight. 

It  can  be  propagated  bv  cuttings  or  by  the 
tubers,  and,  once  e8tabli&he<f.  often  yields  wveral 
crops  in  succession.  An  average  crop  is  about 
6  tons  per  sore.  Light  friable  sofls  are  most 
suitable. 

Avenge  oompoutioa  of  s«'eet  potatoes  and 
Hioir  nnes: 

Soluble 
carbohy« 

Water  Protein  Fftt  dratea  Fibre  Aih 
7M  1  5  0-4  24  7  1-3  1-0 
41-6      7-6    S-1    S9-3   18-6  6-8 


BAUXITE.  Acl»y4il»aliiflrianutthydfoxide 

first  noticed  l»y  P.  Berthier  in  1821  (alumrn^ 
hffdraU€  d*s  Beaux),  and  named  beaiudte  b^ 
A.  Dufr6noy  in  1847,  and  ImuxHo  by  H.  8siBt»> 

Claire  I)e\ille  in  1861  :  thi-  name  being  frcm 
the  viUagf  Lea  Beaux,  or  L.  s  Baux.  iiciar  .k-lc*. 
dep.  Boucb(»<^u*Bhtee,  ir\  the  ^^•uth  of  France, 
where  the  material  wrk  foiin<l.  This  rnat^  ri-il 
came  to  be  regarded  a.s  a  miucral  »{A-i:i<.%  with 
the  composition  Al.O,.2H,0  or  Al(OH)^  ooae* 
•ponding  with  A1,0',.  73  •« ;  and  11,0.  26  1  p.r.  : 
that  is,  intermediate  betueeu  the  detmiu? 
crystallitted  species  diaspore  (A],0„U,0)  and 
hydrargjilite  or  Rir)hsite  (Al,0„3H.(Vl  It, 
however,  varies:  widely  in  composition,  uuia;; 
to  intermixture  with  qtia«t»'SSnd,  clay,  and 
iron  hydroxide,  and  it  passes  insensibly  into 


Tubers 
Vines 


A  more  detailed  aiistoib  of  the  tubers  as  «-own 
in  Munte  Video^  is  givm  by  Bsoo  (Bied.  ZeaXt. 

1883,  337) : 

Water  Frotela  Otawose  MneUais  add  fitsrdi  llbie  Ash 

67-  0    0-66     0-3     Mff    1-27   IS    10  1-0 

to        to        to  to  to 

68-  2    0-W      AO  15  17-8 

The  sweet  potatoes  are  lareely  u^  as  food, 
snd  also  in  the  msnnfacture  of  alcohol. 

Accordini?  to  Stone  (Ber.  1890, 23, 14<>«»).  they 
contain  from  1-5  to  2-0  p.c  of  cane  Busar,  and 
baking  converts  the  stairah  into  tlie  soluble  form 
and  hydrolyses  the  cane  sugar.  The  tops  of 
sweet  *  potatoes  are  greedily  eaten  by  farm 
^nim^U,  bat  should  be  used  with  csra«  since 
they  sometimes  contain  a  poisonous  eyHTM'„""i  ic 
clucoNide.  Amounts  of  hy<lrocyanic  aci<i,  \  ar\ 
from  0-014toO-OI9  p.c.  of  the  green  material,  have 
been  found.  8we<'t  pitato  vinw  have  often 
proved  fatal  to  pig,s  m  Queea^iJand.       11.  1. 

BA'ra  BRICK.  A  brick  maile  from  depoHit« 
of  silicious  and  calcareous  earth  at  Brid^ewater, 
Hi^hbridtjp,  and  elsewhere,  and  used  for  polii«h- 
ing  Jii'  '1 1-- 

BATH  METAL.  An  alloy  of  copuer  and 
iiuc,  conUiiiing  a  lAiTB;er  proportion  of  copper 
than  ordinary  brass,  viz.  83  p.c.  copper  to  17  p.c. 
sine ;  ap.Kr.  8*4G1 ;  fracture  orystsUin^  and 
colour  yeUowish-red. 

BATIST.  A  material  consisting  of  cotton 
impregnated  >%ith  oaoutchouo  on  one  or  both 
sidfeo,  largely  used  in  the  Wench  army  for 
ompresses  and  sniiseptio 


The  vanatioos 


clavsi,  iron-ores,  and  latorite. 
shown  by  different  analyses  are 
-76-9;     H,0,    8-6-31  1  ;     Fe-0„  01-48-8 
SiO,.  TiO,.  1 -6-1 -0 '(from  table  of 

analyses  quoted  by  G.  P.  Merrill,  The  Non- 
metallic  Minerals,  Kew  York,  1904).  (Foe 
other  analvHes  el  fVendi  bauxite,  m«  H. 
Arsandaux,  Compt.  rend.  1909,  148,  936.  1115.) 

The  mateiial  never  shows  any  indications 
of  crystalline  structure,  being  always  eom- 
})aet  or  earthy,  or  often  with  a  concretionary 
(pisolitio  Of  oolitic)  structure,  in  colour  it 
ranges  from  white,  through  creamy  and  j-ellovt , 
to  brown  and  deep  red.  I'nder  the  nncri>!i<  o}>e 
it  ^ws  only  oj»tically  isotropic,  floccukot 
grains.  Bauxite  m  thus  no  doubt  a  mixtore 
of  c<jlloi<lal  ttluniinium  hydroxides  (for  \*hi<  }> 
the  mineralogical  name  kliachite  has  heea 
ropoeed  by  F.  Gomu,  1909)  with  vwencnm  iron 
ycfroxides,  days,  Ac,  and  ])os,'jibly  also  the 
crystalloids  diaspore  and  hydraxgilUie ;  and  it 
is  thus  rather  m  the  nature  of  a  rook  than  a 
simple  mineral. 

In  its  mode  of  occurrence,  and  no  doubt  also 
in  its  mode  of  origin,  it  abo  shows  wide  diftr- 
ences.  The  extensive  deix)slts  in  the  .aoiith  of 
Franco  have  the  form  of  beds  interstratihed  with 
limestones  of  Cretaoeoos  age.  or  of  irregular 
jv  f-kets  in  the  limestone,  'rhosp  of  Co.  Antrim 
and  of  the  Vogelsbers  and  W'etsterwmid  in 
Germany,  are  associated  with  laterite,  and  are 
interbediled  "itli  basaltic  lava-flows.  In  Ar- 
kansas the  Lt^iuxxta  depoaitti  occur  only  m 
Tertiary  areas  in  the  neignbourhood  of  eruptive 
syenites,  while  in  Alabama  and  Gcs.rcia  they 
overlie  ancient  sedimentary  rocks.  The  fre- 
quent presence  of  pisolitic  structures  in  the 
material  and  its  asjifx  iation  with  Hmest«.>ne.s.  ha«j 
led  to  the  «uggcation  that  bauxile  ha.s  LK.H.'n 
deposited  by  hot  «}>rin;^'s  containing  aluminium 
salts  in  sulution  (])robably  Hlutniniuni  sulphat« 
from  the  decompo.«ition  uf  pyntous  j-ha^), 
where  the!-*-  have  come  into  contact  with  lime- 
intone  rocks.  On  the  other  hand,  the  material 
associated  with  laterite  and  basalt  has,  no 
doubt,  been  producetl  by  the  weathering  under 
special  conditions  {the  agency  of  bacteria  has 
h«en  suggested)  of  basalt  or  of  other  igneou.^ 
and  cry.stalline  rocks.  (For  papers  on  the  r<^ii- 
stitution  of  bauxite  and  latente ;  itte.  e.o. 
Bauer,  Jahrb.  Min.  1898,  ii.  163;  and  T.  H. 
Holland,  (.e>>I.  Mag.  1903,  59.) 

The  alum-day  or  bauxite  mined  in  Co. 
Antrim  is  all  sent  to  the  nlumininm  wodka  at 
Foyen  and  KinlooUevm  in  Scotland.  In 
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France  the  present  source  of  supply  is  mainly 
in  dep.  Var ;  and  in  America  the  ptoduotion 
is  rf>nfinr<^l  to  the  state*  of  Alabama,  Oeorpin, 
ami  ArkaniiaA.  The  French  bauxite  ii>  rougliiy 
dividf-d  into  three  clatiHea :  (I)  white  bMzite^ 
with  00  p.o.  alumina,  not  inort>  than  4  p.c.  iron, 
and  no  «ilica. — this  Ix^ing  used  fur  the  manu- 
facture of  aluminium  sAlt«  and  alum;  (2)  red 
bauxite,  with  (K)  p.c.  alumina  ami  3  p.c.  silica.— 
UMud  fur  the  manufacture  of  aluminium  ;  (3)  a 
special  kind  of  white  bauxite,  \Mth  45  p.c. 
alumina,  a  trace  of  iron,  and  much  silica, — used 
for  making  refractory  bauxite  bricks.  The 
greater  pait  of  the  material  is  used  in  the 
manufacture  of  aluminium,  but  in  America 
large  quantities  are  fused  in  the  electric  fnmaoe 
to  produce  artificial  corundum,  which,  under  the 
name  of  alundumt  is  Jaigely  uMd  as  an  abrasive 
af^cnt.  J«  8* 

BAYBERRY  TALLOW  v.  Waxks. 

BAY-LEAF  OIL  «.  Oils,  EasBHTtaL. 

BAT^ALT  V.  SooiTTM  cblobidi. 

BDELLIUM  r_   t'llM  KES1S8. 

BDELUUM  R£SUI  v.  Rxsixa. 

BEAN.  The  name  B{T«n  to  many  seeds  whioh 

resemble  in  site  and  sKapo  the  onlinary  kidney 
bean.  Hius  tike  seeds  of  oq0ee,  cocoa,  castor,  &c.. 
areoften  knownas  *  beaas.'  Uniallj,  however,  the 
term  is  leelikted  to  seeds  of  YmdornkgimimoBm. 


The  most  uujKirtunt  s|)eci(jH  of  beaas  are: 

(1)  Adzuki  In-ans  (Phaseolus  radiatus). 

(2)  Fi<»I !  iir  hfirs»>  beann,  of  whioh  the  broad 
bean  i.s  a  vanttv  {Viciajaba). 

i     (3)  Freneh  'or   Iddney    bean  (PJkiseolw 
^yulrjaris). 

(4)  Java  or  Lima  bean  {PhaseolttJi  lunatua). 

(5)  Soy  or  fioja  bsaa  (Otyeint  ki»pida  or 

Soja  hi»pida). 

(<>)  W'lvt't  bean  (Mucuna  utUia). 
(1)  C«rob  or  locust  bean  (Carakmin  tOit/ua), 
In  chemical  comjxisition  beans  are  remark- 
I  able  for  the  large  pruportiun  of  albuminoid 
;  matter  which  they  contain.    They  thus  poonomo 
,  high  nutritive  value  a^  foods. 

In  some  cases  the  seed  only  is  eaten,  either 
green  as  in  broad  beans,  or  dried  as  in  haricot 
beans,  which  are  a  variety  of  PhasetUus  vuIgarM. 
In  others,  e,g.  in  the  kidney  beau,  the  whole 
I  immI,  in  the  unripe  eondition,  is  eaten;  whilst  in 
the  case  of  the  oarob  bean,  the  dried  pod  rather 
than  the  seeds  is  the  valued  product.  The 
vehet   beaji  is  usually  grown  for  its  foliage, 
I  either  for  making  into  hay  for  cattle  or  for  great 
I  manming. 

In  the  following  table  ar"  given  analvfes 
of  various  beans,  as  far  as  possible  of  the 
podttots  as  they  are  iisiisfly  oonsumed  as 
food : — 


(1)  Phasedua imigttn*t  dried  seeds,  as  used  as 

haricot  beans. 

(2)  Phaseolus  vulgaris,  green  pods,  as  used  as 
kidney  btmns. 

(3)  Phaseolus  lunatus,  fined. 

(4)  „  ,,  green, 
(f))  Vieiafahn,  drie<l. 

(li)  Soja  hitpida,  drieil  seeds. 

(7)  „       „  hay. 

(8)  Mucuna  nlili.*,  hay. 

19)  Ceratonia  siliqua,  whole  pod. 

T%e  idbummoids  of  beans  were  thoq^t  to 
consist  largely  of  lepumit:,  or  '  ve^table  casein,' 
first  obiaiuecl  from  tiicm  by  Emhof  in  1806, 
fmt  Hoppe-Seyler  has  shown  that  the  vegetable 
rasein  is  prcHlucod  by  the  action  *)f  the  alkali 
used  in  extractitm  upon  the  globulins  and 
albamins  pnesnt  in  the  seeds. 

Th"^  pr  it-  i  ln  of  Phafienlujf  vul*/nri.t  are  chiefly 
phaseoliii,  a  globulin  containing  1(5*46  p.c.  N  and 
0*6  p.0.  S,  and  phssolin  (Osborne,  J.  Amcr. 
CTiem     Sr.  in.    vmr    In  Phaseolus 

radiaius  are  pre^^ent  i)haseoiui  and  another 
globnUn  eontaining  16-31  p.c.  N  and  0-88  p.  c.  S 
(Osbomp  and  Campl>e11,  J.  Amer.  Chem.  Soo. 
1897,  19,  609).  In  Vicia  faha,  the  iiarae  investi- 
gators found  legumin,  vicilin,  legumelin,  and 
A  pr6toof»'  (■^Jime  Journal,  ISOS.  20,  303).  In 
Spja  hisp%<Ui  they  found,  as  the  chief  proteid, 
«  ^hnhn  resejpbjing  le^umm,  bat  oontahfkhig 
Vol.  L— T, 


(1) 

(2> 

(3) 

(4) 

13« 

87-3 

111 

68-6 

231 

2-2 

16-9 

71 

Fat         t       •       *       *  • 

Soluble  earbdiydcatea 

Crude  fibre  .... 

2-3 

0-4 

1-8 

0-7 

56-6 
3-9 

1  9-4 

671 

22-0| 

Ash        ■       *       .  • 

36 

0-7 

41 

1-7 

Undetcnnined  .      •      *  • 

1  " 

(5) 

{«) 

(7) 

(8J 

14-4 

10-0 

16-0 

9-3 

19-7 

23-9 

33  2 

17-2 

13  3 

5-5 

1-6 

17-6 

2-2 

2*6 

0-8 

49-3 

30-2 

28-9 

39-4 

30-6 

'  7-5 

4-4 

29-5 

27-6 

7-8 

3-2 

47 

6-2 

7-8 

2-6 

twice  as  much  sulphur,  for  whieh  they  propose 
the  name  glyoinin.  Legumelin,  a  trace  of  a 
proteose,  and  a  globulin,  probably  identical  with 
phaseolin,  were  alnt*  present  (I.e.  20,  419). 

According  to  fleurent  (Oompt.  rend.  1898, 
126,  1374),  Man  flour  oont«ns  31  p.c.  of  nitro* 
genous  matter,  comprising  legumin.  18*9  p.o. ;  • 
vegetable  albumin,  0*2  p.0. ;  ^utenin,  9 '6  p.0. ; 
and  gliadin,  2*4  p.c. ;  and  has  been  used  to  sda 
to  wheaten  flour,  since  the  addition  of  2  or  3  p.c. 
to  the  latter  increases  the  ratio  of  gluteain  to 
^rliadhi  in  the  mixture,  and  thus  in  many  oases 
improves  the  fluur  for  bread  making.  The 
flour  made  from  haricot  beans  contains  starch 
as  ovoid  grains  with  distinet  elongated  or 
fi-w  urrrl  hila,  and  squnrf  i  r  rertanL'uIar  colls 
contau\aig  prismatic  crydtak  uf  calcium  oxalate. 

The  fat  of  beans  contains  choline,  oholestend, 
and  glyeeride.s  of  valeric,  olfic,  and  palmitic  acids, 
but  no  titearic  acid  (Jacobson,  Zeitsch.  phy^aioL 
Chero.  1889,  13,  32).  Acoordmg  to  Kosutany 
(I^ndw,  Vorsuchs-SUt.  100().  ."tl,  403),  f  i  ui 
oil  resembles  olive  oil  in  appearance,  has  a 
sp.^.  of  0-967,  Rcichert-Me»8cl  number  2-46, 
iodine  number  (HiiW.)  119-9,  and  contains  much 
lei  ithin  and  sulphur.  Stanek  (2«eit8ch.  phyaioL 
Chem.  1906.  48,  334)  loond  both  betauie  and 
choline  in  hnr-e  Ix^an?. 

Several  vanuties  of  beans  contain  a  cyano- 
genetio gluooside.  In  PAoseohw hvMtus,  Dunstjii^  Google 
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and  Henry  (Proc.  Roy.  Soc.  1903,  72, 286)  found 
&  fflucoside  xvh'uh  they  named  phaseolunatio 
C,JtIjfOeN,  yioldine  dextroae,  prussio  acid,  and 
acetone  on  hydrolyni.   Tlie  wud  plant  contains 

it  in  much  larger  quantity  than  the  cultivattxl 
ono.  From  U&ricot  beans  Tatlock  and  Thomson 
(Analyst.  1906,  31,  249)  obtained  from  0  001- 
0*009  p.c.  of  hytlrocviinic  acid.  Most  of  the 
cyanogen  compound,  and  the  vihole  of  the 
enzyme  whloh  nydralyM  it^  ai»  detCioyed  by 
boiling. 

thd  carob  or  locust  bo&u  m  remarkable  for 
the  laigft  amoont  of  sugar  (cane  sugar  23  p.c, 
glucose  11  p.c.)  contained  in  the  pod,  while 
the  seed  cuntaiiis  a  carbohydrate,  caruubm, 
a  white,  spongy,  friable  substance,  of  the  same 
composition  as  cellulose  (£ffront,  Ck)mpt.  rend. 
1897,  125,  38),  which  yields  in  contact  with 
water  a  very  eyrupy  liquid  or  jelly,  3  or  4  grams 
of  the  substance  being  sufficient  to  convert  a 
litre  of  water  into  a  thick  syrup.  Caroubin 
might  be  used  with  advantage  in  the  preimra- 
tion  of  nutrient  media  for  hMstoriologioal  work. 

It  has  been  intibdueed  under  the  name  of 
'  tragasol '  as  a  gum  for  sizing,  colour  printing 
and  dyeing  (J.  Soc.  Chem.  Ino.  1804,  4l0«  ana 
1896,  112). 

Effront  (Compt.  rend.  I  SOT.  125,  309) 
statea  that  by  hydrolysis,  either  by  dilate 
adds  or  the  en^me  oazoabinase,  pr^ent  In  the 
seeds,  caroubin  yiekla  n  siu  ar,  wnich  ho  calls 
oaroabimoee*  reeembling  dextrose,  but  with  lower 
rotatofy  power. 

Van  Eken.stein  (Coinpt.  rrivl.  ISO?,  125,  719), 
however,  finds  this  sugar  to  be  identical  with 
d^maimoee.  8o,  too,  Sourqnelot  and  Herissey 
find  that  the  action  of  rlilnte  acid  iipnn  tlin 
carob  seed  yields  a  mixture  of  maiinuiiu  and 
galaotoee  bo  lliat  oaroubin  apparently  oonsistA 
of  mannans  and  galactanit  (Conipt.  rend.  1899, 
129,  228  and  391).  For  analyaes  of  commercial 
carobe  «.  BaUand,  J.  Pharm.  chim.  1904, 19, 569. 

All  species  of  beans,  like  other  leguminosse, 
serve  as  hosts  for  the  tubercle-forming,  nitrogen- 
fiziiig  organisms  (BaciUtis  nuHeoeola),  and  thus, 
under  suitable  renditions,  are  independent 
of  supplies  of  conibniod  uitrogcu  iu  the  i»oil. 
Beans  are  therefore  sometimes  used  for  enriching 
soils  in  combined  nitrogen,  being  empIo\-ed  for 
greeu  nianurmg,  though  the  root  d^hria  of  a  crop 
of  beans,  oven  after  the  removal  of  tJie  aeed  and 
haulms,  often  effects  this  object  toaoonsid^rf^Me 
extent.  11.  i. 

BEAN  OIL.    iSVr  Suva  bean  OH*. 

BEBEERU  BARK.  J  he  dried  bark  of 
Nectandra  Eodiai  (Hook.),  the  grcenhoart  tree, 
oMainedfrom  Britldi  Guiana*  oontainB  bebeeto 
ine  or  bebirine 

C„HgjNO^  or  0H-<ji.H,40(0Me) :  NMe, 
to  wlUeh  its  stvoDg  persistent  bHtor  taste  is 
due.   Occasionally  used  as  a  tonic  and  anti- 
periodio. 

Bebeerine  is  a  tertlaiy  amino,  m.y.  214*,  and 
forms  crystalline  salts.    Is  optically  active: 

1  '6  p.c.  sol.  in  alcohol,  has  a  rotation  [aj^v— S98o 

(SchoHz,  B»>r.  1S90,  29,  2064). 

BEECH  MUT  OIL  v.  Oils  and  Fats. 

BEECH  TAR.  According  to  Fi-hcr,  100 
parte  of  beech  wood  yield  on  dry  distillation  46 
parts  of  aoetio  acid,  23  pwts  f»  diarooal,  4  of 
oil,  and  26  of  gas*  eonsistaig  of  20  parts  carbon 


dioxide,  7  of  carbon  monoxide,  O-.'i  of  marsh 
gas,  0-05  of  hydrogen,  and  046  of  water  (Din^ 

poly.  J.  238,  55). 

The  tar  contains  phenol,  cresol,  phlorol, 
guaiaod,  and  creosol,  the  dimethyl  ether  of 
propyl  p3rTogallol,  the  dimethyl  ether  of  pyro- 
gallol,  which  on  oxidation  yield  oomlignone  or 
oediret,  pittacal,  and  picamar. 

According  to  Gratzel  (J.  Pharm.  15]  ti,  o2U), 
ferric  chloride  odoms  beedi  tar  ereosote  •  blue 
passing  to  brown. 

(For  a  history  of  the  investigations  made  upon 
wood  tars,  v.  Sohorlemmer,  J.  Soc.  Chem-  Ind. 
4,  152,  Mhero  also  will  be  found  a  bibli<5graphy 
of  the  subject ;  t'.  also  C&E080T£,  and  WOOD, 
Destiu  i  DiSTlLLATIOH  or.) 

BEESWAX  t.  Waxes. 

BEET-ROOT.  The  root  of  Bda  vulgaris 
(Linn.).  Blany  varieties  are  laiown,  difiering  in 
colour,  shape,  and  size.  Mangel-wurzel,  or 
mangold,  as  it  is  often  called,  is  a  variety  (of 
which  there  are  many  sub- varieties*),  largely 
grown  as  winter  food  Ua  cattle ;  garden  beet-root, 
employed  as  salad  or  vegetable,  is  often  under- 
stood when  the  term  '  beet-root  '  Is  u.se<l.  Th< 
most  important  variety,  however,  is  the  sugar 
beet,  of  wliioh  many  sab^varietiee  are  known. 
The.'ie  have  been  obtainetl  by  careful  i^olocticm 
with  a  view  to  obtaining  the  highest  pioport«n 
of  eaoe  sugar. 

The  prosenceof  sugar  in  f  hi  juice  of  bect-root 
was  obserred  in  1747  by  Maiggraf ,  who  suggeetod 
its  eztntotioa  on  a  oommeteial  seale.  ITw 
early  attempts,  hnwevrr,  proved  failurt^s,  as 
the  process  ooold  not  compete  with  the  caoo* 
sugar  indnstary.  Thte  ii  not  soinrisiQg  ^ribsn  il  is 

ri  mombered  that  the  Ijeets  toSn  gfOwn  coly 
yieliled  about  2  p.c.  of  sugar. 

Gareful  leleetion  of  seed,  and  improved 

cultivation  nnd  methods  of  extraction,  a:  !--*'! 
by  a  system  of  bounties  by  continental  Govern- 
ments,  have  lesnlted  in  beet  sugar  almost 
entirely  replacinrr  (  nne  sugar  in  the  principal 
markets  of  EurujX!  (t\  Sk^au). 

Beet-root  contains  wat<?r,  nitrogenous  niat> 
ters  (including  true  albuminoida  and  the  hn^f^ 
glutAmmo,  betaine,  and  choUne),  pectins,  sugars 
(of  which  cane  sugar  and  laffinose  are  the  chjrf), 
colouring  matter  of  an  unstable  rharacter 
(Forraanek.  J.  pr.  Chem.  1900,  ii.  62,  310), 
and  ash.  It  'wm  be  wdlto  consider,  in  turn,  the 
composition  of  average  specimens  of  the  thre<» 
principal  varieties  of  beet-root  mentione<l 
above. 

fn)  Mnnrid-rntrvl,  or  Manxjoldji,  called  .'<OTne. 
timub  held  beeUj.  Many  varieties,  differiiig  in 
colour,  size,  and  shape,  arc  in  cultivation.  Tbey 
may  1>e  clasaified  into  long,  tankard,  and  j^obe 

forms. 

Mangolds  grow  best  in  deep,  somewhat 
clayey  soils,  and  in  warm,  fairly  diry  climates. 
They  demand  abundant  supplies  of  plant  food, 
and,  nnder  favourable  conditions,  yield  very 
beavv  crops,  from  20  to  30  tons  per  acre  being 
nsually  obtained.  They  are  better  as  food  fo4r 
cattle  and  sheep  aftsr  they  Iiave  bean  storsd 
for  some  M'eeks. 

As  in  almost  all  root  crops,  large  m4iri^uld& 
are  distinctly  more  watery  than  small  ones. 

The  following  ia  the  average  composition 
of  mangolds,  accoiding  to  (1)  Warington,  (i) 

.  J  .1^  .^  i.  y  Google 
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Tbe  nitrogenous  snbstancos  compriso  real 
•Ibaminoid.q,  in  proportion  varying  from  33  to 
60  pbO.  of  the  wnole  (being  loweet  in  the  large 
aaa  b^epl  in  the  small  roots),  and  amides. 
Quite  considcrablo  quantities  of  nitmteB  are 
oftMi  pcesent  in  the  juioe. 

The  sohible  *  oarbohydrateB  *  oonsist  chiefly 
of  sugars,  pectins,  colluloso,  and    |h  ;ito»ans  ; 
starch  is  not  preitent.   The  ash  of  mangolds, 
aooording  to  Wolff,  eontahu: 
KfO    NajO    MgO  CaO    PiOg    80,     CI     S'io , 
(S3-1     14-8   5-1    4-<i    y-6    3-3     6-6   3  3 

The  mrasaally  large  proportion  of  chloriae  is  a 
noticeable  feature.  Boots,  being  descendant^!  of 
a  maritime  plant,  axe  found  to  be  benefited  by 
appUoallont  of  ooimncn  mlt  to  the  soil  in 
which  tliL'v  are  grown.  Oxalic  acid,  to  the 
extent  of  about  0*1  p.o.,  ia  present  in  beet- 
root 

(5)  Garden  hed-root.  Those  are  almoHt  al- 
ways red-fieehed.  In  composition  they  resemble 
the  mangel-wmieL 

The  aver^^eof  17  American  analyses  shows  : 
Water,  87-6  IKO.;  nitroffenotta  substances, 
IHIpue.;  fat,0*l|i.e. ;  eotttNeearbohydiateeand 
fibre,  9-6  p  r  ;  ash,  1-1  p.c. 

(e)  Swjar  beds.  Of  these,  many  varieties 
have  been  obtained  by  eanfnl  selection.  They 
are  usually  white-  or  yellow-fleshed,  conical  in 
shape,  and  grow  with  the  root  entirely  under- 
ftfoond.  The  sugar  eontent  now  ranges  from 
To  or  11  to  16,  18,  or  even  20  p.c. 

Boots  not  ezoMding  11  to  2  lbs.  in  weight 
are  ^eeferred.  A  deep  meoium  loam  oont><^ung 
a  fair  pToportinn  of  lime  is  the  soil  br-t  suited 
for  their  growth.  Nitrogenous  maauhns  must 
be  only  snaringly  done,  or  the  roots  oeoome 
watery  ana  deficient  in  sugar. 

It  is  difiloult  to  give  the  typical  composition 
of  sugar  beets,  dnee  their  sugar  oootent  varies 
so  greatly  with  variety  of  plant,  season,  size 
of  root,  cultivation,  and  manuring.  Small  roots 
are  almost  invanably  richer  than  larse  ones, 
other  things  beinp  f^qiial  ;  a  dry  period  during 
the  ripening  and  inaiuni^g  of  the  root«  in  also 
favourable  to  sugar  formation  ;  well-tilled  soil, 
regularity  of  shap**  of  root,  and  suitablf^  mnnir- 
ing,  are  all  important  factors  in  dtitcrnnnmg  the 
ywd  of  sugar. 

There  is  evidence  that  the  careful  Hclection  of 
beeta  for  sugar  production  has  altered  the 
flsat  considerably,  so  far  as  content  of  ash  is 
concerned  (Schneidewind,  Bied.  Zentr.  1900, 
29,  81).  The  proportion  of  ash  is  much  lower 
than  formerly,  the  quantity  of  potash  is  only 
about  half  of  what  it  waa^  v^iito  the  soda  has 


doublet!  ;    mitrnesia  has  ronmii 
while  phoi<phorio  acid  is  lew. 

According  to  KeDner,  tibe  average  composi- 
tion of  sugar  beets  is  :  Water,  75  p.c.  ;  crude 
protein,  1-3  p.c  j  fat,  01  p.c. ;  soluble  carbohy- 
drates, 214  P.0.J  fibre,  1-5  p.o.;  ash,  0-7  p.o. 
In  addition  to  the  Btigar  content,  the  purity 
coeflicient  (the  ratio  of  cane  sugar  tototsl  sugar) 
is  of  importanoe  (ms  Sxtoar). 

The  leave'^  of  mnngolds  and  sugar  beets 
contain  much  ox  i lie  acid,  up  to  8  p.0.  of  the 
dry  matter  (StoUasa,  Bied.  Zentr.  1901,  30, 
393),  and  their  ash  i.s  rirh  in  limp,  magnesia,  and 
soda.  Tliey  contain  about  M  p.c.  water, 
2 '3  p.c.  nitrogcnou.s  matter,  0*4  p.c.  etiier 
extract,  7-4  p.c.  soluble  oarbohydrates,  1*6  p.o. 
fibre,  and  4*8  p.c.  ash. 

They  are  sometimes  used  as  cattle  lood, 
either  in  the  fresh  or  dri  I  condition,  or  some- 
times as  silage.  In  order  to  prevent  ill  effects 
from  the  oxalic  acid  present,  it  is  recommended 
to  sprinkle  po\t-dered  calcium  carbonate  on  the 
leaves  before  giving  them  to  animals.  About 
I  lb.  calcium  carbonate  to  1000  lbs.  of  leavet  is 
sufficient  (Kellner).  The  leave.o  nre  sometimes 
dried  by  artificial  heat,  and  then  furnish  a 
valuftMr-  food,  equal  to  meadow  hay.     H.  L 

BEET  ROOT  GUM  v.  Qvus. 

BKHENIC  ACID  C„H4,C00H  13  contained 
as  a  glyccriie  in  oil  of  ben,  obtained  from  the 
seeds  of  Moringa  dkifera  (Volcker,  Annalen,  64, 
342),  and  has  been  prepared  by  reduction  of 
iodobehonic  acid,  obtained  from  erucic  acid 
(l^ileti  and  Ponzio,  Gasz.  ohim.  itaL  23,  ii  392: 
27,  M.  796) :  m.p.  U* 

BELLADONNA.  (Fr.  BfJlcdamf.)  The 
Airopa  beUadonna  (Unn.),  or  deadly  nightshade. 
A  poisonous  plant  of  the  Sotanaeeof  order. 
Employed  in  medicine  as  an  anod^Tie.  &c.,  and 
for  dilating  the  pupfl.  The  name  appears  to 
have  been  derived  mm  the  oiroumstanoe  of  its 
employment  in  an  Italian  ro;  niftic.  It.s 
physiological  action  is  duo  to  atropine  (v. 

VBOBTO- alkaloids). 

BELLITE.  An  expletive  preparer!  by  mixing 
a  nitrate  with  a  nitro-  compound  such  as  dinitro* 
benzene,  trinitronaphthalene,  or  nitrotolvene, 
and  then  eubjccf  inc  the  mixture  to  a  temperature 
of  frortj  50**  to  luO''  (Eng.  Fat.  13690,  Nov.  10, 
1885;  V.  KxPLosivBS).  . 

BELLITE.  This  name  has  also  been  used 
(W.  F.  Petterd,  1905)  for  an  incompletely 
determined  mineral,  described  as  a  chromo* 
arsenate  of  lead,  and  occurring  as  bricbt-rcfl  or 
yellow  velvety  tufts,  or  as  powdery  eucruutations, 
at  Magnet  i:i  I  asmania.  L,  J.  S. 

BELL-METAL.  An  alloy  of  copper  nnd  tin 
used  in  the  manufacture  of  bells.  0)ntains  from 
3  to  4  parts  <>(  r  r  py,*  r  ( 0  1  pert  of  tin. 

BELL-METAL  ORE  v.  Stanxitk. 

BENG ALINE  v.  Azo-  coloubing  matters. 

BEMOAL  U0BT8.  Those  fires  may  be  made 
by  mixing  potassium  chlorate,  carbon,  antimony 
sulphide,  strontium  nitrate*,  &c.,  together  in 
suitable  proportions;  but  all  such  mixtures  of 
potassium  chlorate  and  nulphur  are  dangerous 
from  their  tendency  to  inflame  epontaneuusly 
owing  to  sulphur  frequently  containing  sulphuric 
acid.  Saunders  suggests  that  120  grains  of 
potsssium   bicarbonate  should  be  wided  to 

each  poond  of  soliduir  to  oenfialise  the  free-  . 

acid,  -  ^  -  -  -  yT;oogle 
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LIGHTS. 


Au  iuiprovemont  iu  the  moniiiaotiire  of 
Bengal  lights  has  been  sQggttfted  bj  Chcortlnr 

(Wagner's  iJahr.  24, 404).  who  obtain.s  a  smokolj^ss 
and  odourless  fire  b^'  inciting  ahuUac  and  adding, 
with  continuous  stirring,  the  nitrate.  The  pro* 
jKjrtions  given  an- :  for  n-d  lin  s,  one  jwirt  of  .shi-llac 
to  fire  of  strontium  nitrate;  for  green,  one  of 
shellao  to  five  of  bariuin  nitrate;  and  for  ydlow. 
one  of  ><!ioIlac  to  thrt'o  of  Hodium  nitnitc.  They 
burn  slowly,  and  arc  well  adapted  for  theatres,  &o. 

a  8ohmidt  has  patented  <D.  R.  P.  M020, 
18Hr>)  the  following  process.  From  1  to  10 
grains  of  magnosium  duat  are  added  to  100 
grains  of  collodion,  and  3  grams  of  barium  or 
strontium  chloride  are  addi<l.  On  ovaporation 
of  the  ether,  thin  plates  are  obtained  w  hich  bum 
urith  great  brillianoy. 

Another  formxila  rrcommondiHl  \>y  a  Gorman 
lirm  is,  tor  white  tires,  to  fuse  one  part  shelJac 
with  six  barium  nitrate,  grind  and  mix  with  2-5 
partf!  rtiapTiPsium  powder.  For  red  fires,  five 
imrtd  ^tiuntium  nitrate  is  usctl  instead  of  the 
barium  nitrate.  These  mixtures  can  be  made 
into  ribbons  or  charged  into  thin  zlni-  tubes  so  as 
to  make  torchos  (Dingl.  poly.  J.  250,  51S}.  {See 
al«(  I  I     Fi  1  I  HT8:  Pykotechsy.) 

BENITOITE.  This  interesting  mineral  is 
an  acid  tiluno-silicatc  of  barium  BaTikSi^O,, 
and  forms  beautiful  sapphire^blue,  transparent 
crj'stalfl  suitable  for  cutting  as  gems.  The 
cr^'stals  afiFord  the  only  known  example  (except 
Ag,HPO.  (H.  Dufet,  'l886))  of  the  ditrigonal- 
Jbipyramid&l  class.  Sp.gr.  3*04-3-67;  H.  G}. 
The  dichroism  is  intense,  the  ordinary  ray  being 
colourless,  and  the  extraonlinarv  ray  proenish- 
blue  to  indigo-blue.  The  mineral  waa  fint  found 
(and  dcscrimd  by  0.  D.  Louderbaek)  in  1007, 
near  the  source  of  the  San  Benitfi  river  in  San 
Benito  oo.,  California,  the  crystalB  occurring 
embedded  in  natrolite  veins  trayersins  scliiBtose 
nx  K  X.  J.  8. 

BEHJAMIN.  GUM,  v.  Bax.sam8. 

BBN  OIL,  Behen  Oil»  is  obtamed  from  the 
.seeds  of  the  Ben  nul,  from  Moringa  plerifgo- 
smrma  {fjltXjera)  and  Monng«t  aptem  (GarU). 
The  Horfnga  trees  are  indigenous  to  India, 
Arabia,  and  Syria,  and  wer<'  introducetl  to 
Jamaica  from  the  East  Indies  in  1784.  Moringa 
pterygoaperma  has  also  been  found  in  Northern 
Nigeria  and  Dah'  Tiir  \-  Bon  oil  has  a  slightly 
yellowish  colour,  is  oduurloss,  and  hati  a  sweetish 
taste.  The  oil  consists  of  the  glycerides  of 
oleic,  palmitic,  and  stearic  acid  :  it  also 
contains  a  tiolul  acid  of  high  melting -i>onii,  which, 
according  to  Vdloker  (Annalen,  64,  342),  is 
identical  with  behenic  acid,  of  the  melting  point 
76' ;  possibly  the  solid  acid  is  identical  with 
araohidic  aoid.  hi  the  East,  ben  oil  is  used  for 
cosmetic  purposes;  it  is  also  employed  in  the 
'  maceration  process  fur  extracting  perfumes 
firom  flowers.  In  the  West  Indies  the  oil  is 
used  for  edible  purprwH.  The  ftntement 
contaiited  in  the  older  literature,  that  ben  oil 
does  not  turn  rancid,  and  that  it  is  f«Nr  that 
reason  the  best  lubricating  oil,  is  erroneous  (see 
Chemical  Technolocv  and  Analvsis  of  Oils.  &c., 
iL  :in7  L  J.  L, 

BEHZAOETIK  v.  Synthetic  dkuos. 

BENZAL  CHLORIDE.  Bemylidene  chloride, 
n>  Kzidenc  chloride  («.  TOLUSllB»  CbLOBUVB  DE- 
BivATivjHi  or). 

BBKZALDBHTDE  C ,H,0  or  ( «H,  CHO.  Ben- 


I  zoic  aidehyde,  Benwyl  hydride.  £lkereui,  or 
voUUiU,  or  eiuieniial  at  I  of  hitter  aknoHd*.  Etmmee 

of  hitter  almonds.  (Aulrhyde  benzo'ique,  Fr.  : 
Bittertmnukiel,  Oer.)  Mortr^  showed,  in  1803. 
that,  in  addition  to  the  fatty  oil,  a  volatile 
I  oil  euuld  be  obtained  from  bitter  almuiul>*  ;  but 
pure  benzaldehyde  was  first  isolated,  its  compo- 
sition determined,  and  its  reactions  studied,  oy 
Liebig  and  Wohler  in  1837  (Annalen.  22.  J I 
B(»UEaldebydo  is  not  contained,  as  such,  in  bitter 
almonds  t  it  is  produced  by  the  action  of  a 
soluble  ferment,  emuhin  (alsr,  trrnic<l  .^i/napt/j^), 
present  in  the  almond,  on  amygdalin  CjgUg^O.i. 
In  this  fermentation,  which  occurs  when  ttfe 
bruij^ed  almonrls  are  mixe<l  with  cold  watrr,  the 
amy^dalin  is  hydrolysed,  yielding  benzaldehyde, 
to|^9ther  with  hydrooyaiuo  acid  and  ginooM : 

(  ^oHi^SrOu+SHsO = C^«0+HCN+20«H„0« 

If  boiling  water  is  used,  the  ferment  is  destro  \  ed 
and  the  reaction  dof«<  not  take  place.  Pert<-ti 
kernels  and  kemcLs  ut  other  stone  fruits  contain* 
ing  amygdalin  also  yield  bentaldehyde.  It 
occurs,  rrady  formed,  in  (be  leaves  of  the  cherry 
laurel  {I'runw  iaurocertmm),  of  the  bird  cherry 
{PruHM  padua),  and  of  thie  peaoh  (Amifffiaku 

Prtparation. —  I.  From  bitter  almonds.  The 
bitter  almonds  (or  more  rarely,  poach  kernels) 
are  ground  and  then  cold-pressed,  to  extract  the 
fatty  oil.  The  press  cake  is  made  into  a  thin 
cream  with  cold  wat^T,  introduced  into  a  still, 
allowed  to  stand  for  24  hours,  and  then  distilled 
either  by  blowing  in  supiTheated  steam,  or, 
less  advantagcmisly,  over  a  fire,  in  which  case 
mechanical  stirring  must  be  employed  to  prevent 
the  ohMTing  of  the  ▼egetable  matter.  The 
distillation  is  continued  as  lon^  a.s  the  distillate 
appears  miUqr.  Most  of  the  crude  bonzal(ieh>-do 
separatee  as  an  oily  layer  under  the  aqueous 
distillate  ;  some,  hov\(>ver,  remains  in  ;^^lution 
and  may  be  recovered  by  distilling  the  aqueous 
liquid,  when  the  bensalaehyde  passes  over  with 
the  earlier  ]h  ai.  ii  ^n-. 

Michael  Pettenkofer  (Aunaleo,  122,  77} 
modifies  the  foregoing  prooees  as  follows  :» 
12  parts  of  tho  coarsely  powdered  preisn  cake  are 
adaed  to  lUO-120  parts  of  boiling  water,  stirring 
during  the  process,  and  the  mixture  is  kept 
bulling  for  nl  o  it  hnlf  nn  hour.  In  thi^i  way  all 
thu  auiyudahn  m  obtained  in  solution.  The 
liquid  is  Uion  allowed  to  cool ;  1  part  of  ground 
bitter  almond'^,  •^Ti^penfb'd  in  8-7  parts  of  cold 
water,  in  adde<.l,  and  alter  Htanduig  for  12  hours 
the  whole  is  slowly  distill»\l.  According  to 
Pettenkofer,  the  maximum  yield  of  benzaldehyde 
is  thus  obtained,  no  amygdalin  remaimtiM  undo- 
composed.  Pelz,  however,  siatei;  (J.  ISM,  6M) 
that  the  yield  of  benzaldehyde  in  this  process 
is  no  gre^iter  than  is  obtained  by  maoerating 
merely  the  above-mentionefl  1  part  of  ground 
bitter  almonds  with  oold  water  Mid  then 
distilling. 

The  oil  prepared  by  either  of  these  methods 
contains  hydrocyanic  acid,  from  which  it  may 
be  freed  by  fractional  distiiiatiun,  the  hydro- 
cyanic acid  coming  over  with  the  first  part  uf 
the  distillate.  The  hydrocyanic  acid  may  also 
be  removed  without  distillation  by  shaking  the 
oil  with  a  mixture  of  milk  of  lime  and  ferrous 
sulphate  (Liebis  and  Wohler).  The  purest  ben- 
laldehyde  is  ootained  by  shaking  th^ .  (^dc^le 
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prodnot  vlth  3-4  timm  itii  vohune  of  m  oonoen* 

traU'cI  K)1utioti  of  stxliiini  bi-sulphite,  wuhing 
the  crystals  of  the  (luul)lo  compound 

with  alcohol,  rec^rstallistng  them  from  water, 
and  distilling'  them  >vith  a  solution  of  80<ljum 
carbuuate  (Bertagnini,  Annftlen,  85,  183; 
Mitller  and  Limpricht,  ibid.  Ill,  136). 

2.  From  lolueiu.  At  tho  present  day  benz- 
aldehyde  i»  generally  prepan-d  artiticialiy  from 
ehliirm»t«d  aerivatives  of  toluene.  The  follow* 
ing  are  the  obioC  piooeaMi  that  h»Te  been  pro< 
potted  : — 

I^uth  and  (irimaux  (Bull.  Soc.  chim.  [2]  7, 
10r>)  b,,il  1  jmrt  of  b,  F,7.yl  chloride  C,H,<"H,C'l, 
1  ^  p&rt-ti  of  lead  nitrate  (or  copper  nitrate),  ami 
10  puta  of  wftter  with  «  leflux  condenser  for 
Heveral  hour?,  passing  a  current  of  carbon 
dioxide  tbruuuh  the  apparatus  to  prevent 
oxidation.  Half  the  liqui<i  ix  then  distilled  off, 
and  the  oil,  which  separates  in  the  distillate,  ia 
rectified.  The  product,  which  consists  mainly 
of  benzaldehydc,  may  be  further  purified  by 
ooQ verting  it  into  the  biaulphite  compound. 

H.  Schmidt  (D.  R.  P.  20909 ;  J.  Soc.  Cbem. 
lad.  1883,  27-t)  chlorinates  boiling  toluene  until 
it  attains  a  8p.gr.  of  1*1 75»  wtoa  it  consists 
eeeentially  of  a  mixture  of  2  mols.  of  benzyl 
chloride  Mith  1  inol.  of  heti/,al  chlori<le.  This 
product  is  boiled  with  six  times  its  volume  of 
water  and  a  quantity  of  powdered  blaek  oxide 
of  manfranoi^e  contnininp  twu  jiJi  tiis  of  available 
oxygen  to  the  above  molevuiar  proportion. 
TIm  reaetioa  w  soppoeed  to  take  place  aoootding 
to  the  equation 

2C^j-CH,a+C,H,CHt1,-l-2MnO, 

=3C',H,CHO+2MnCl,+H,0. 
The  piodiiei  ie  eteanmiistiUed.  and  the  aldehyde 

jmrined  in  the  usiiJil  i\riy  A  mixture  of  iM-nzyl 
bromide  and  benzal  hromjUe  may  l>e  suUstitutcd 
for  the  chlorine  compoanda. 

Another  mcthtMl  now  jrentrally  employetl 
conaiste  in  heating  benzai  chloride  with  milk  of 
line  under  pn»Se. 

C«H»  CHCl.i  +  CfttOHi,  =  r.n..,  (  HO  +  CaClj  +  HaO. 
According  to  Espenscbied  [D.  R.  P.  47187),  the 
reaction  takes  place  under  ordinary  presmiree  if 
jni*oluh!e  Kf:\ncer5  snch  as  chalk  or  barium 
sulphate  are  aildcd  along  with  the  milk  of  Ume, 
»o  aa  to  produce  an  emuUkni  of  the  bensal 
ohloridr 

E-  Jftcobacn  (D.  R.  P.  11494  and  i:il27  ; 
Ber.  13, 3013,  and  14.  1426)  beats  benzai  chloride 
■(T  ith  an  orjranic  acid  'nr  nn  ftliereal  salt  of  an 
organic  aci<l)  and  a  metaiiic  chloride,  oxide,  or 
milphide.  Thus  benzai  chloride,  when  heat^xl 
on  the  water-bath  with  acetic  acid  an<1  a  littli- 
sine  chloride,  viekla  bcuzaldehyde,  acet\l 
eUoride,  and  hymoehkMrie  acid 

C«H5-CHrii^^rH3T02H=r^HjTHO+rH:,Tnn^Hn. 
The  acetyl  chloride,  owing  to  its  much  lower 
boilins-point ,  may  )»o  roaduy  reuMiivad  from  the 
benzaldehyde  by  dist  illatitm. 

Benzaldehyde  can  be  |irej)an"<l  l>y  oxidi^iiug 
bnusyl  aniline  to  benzylidene  aniline,  which, 
on  addition  of  acids,  »]iljt«  into  hen/aldehyde 
and  aniiuie.  For  this  purpose  lUU  kitos.  of 
benq^  aniUne.  and  from  fiOO-lOOO  litres  of 
^rate^  are  jilaced  in  a  larye  ret.itt  fitted  with  an 
agitator ;  during  agitation  and  boiling  the 
Dewing  mixture  is  giadually  run  in  during  a 


I  few  hours :  potassium  or  sodium  biduomate, 

.W  kilos.  ;  Mater.  200  litres,  acidulated  with 
hytirochlorio  acid  (20''B.^  165  kilos.,  or  its 
equivalent  of  sulphuric  acid ;  distillatkm  ensues, 
water  and  benzaldehyde  cominif  over.  The 
nitrobenzaideh^'dcs  may  be  obtain^  by  sub- 
stituting the  oorresponding  nitrobensyliniOine. 
Another  inrthcif!  rnr.-iKt.s  in  oxidising  the  salt 
of  the  benzylaniiuw  sulphonio  aoia  to  the 
benzytidene  compound,  and  then  treating  it  with 
the  aalt  of  an  aromatic  ha.sc,  follow I'd  by  hydro- 
chloric acid.  The  aldehyde  is  formed,  and  the 
aromatic  base  can  be  recovered  and  used  for 
another  operation  (Farb  vorni.  MelBt+T,  Luoius 
and  Braning,  Eng.  Pat.  l(i«89  and  30118: 
D.  R,  P.  110173:  J.  Soc.  Cbem.  Ind.  1897, 
668,  and  1S!)9,  36).  It  ha.s  been  preinrr  !  by 
passing  a  current  of  air  charged  with  the  vajiour 
of  toluene  through  a  i  ham  ber  containing  a 
catalyzer  such  as  oxide  of  iron,  and  heated 
between  160"  and  300*.  By  substituting  porous 
carbon  for  oxide  of  iron  and  using  a  hi;^dirr 
temjK'rature,  benzoic  acid  may  obtained 
(Chavy,  Delage,  and  Wixig.  Fr.  Pat.  379716; 
J.  Soc.  Chem.  Ind.  1907,  1254 ;  Ipatieff,  Ber. 
1908,  IKJH). 

It  haa  abio  been  prepared  by  the  uxidatiou  of 

benzyl  anilinOi  or  benzyl  tolukune  with  ehioaiio 

acid  mixture  or  with  potassium  permansanate 
solution  ill  acetone  (1).  R.  PP.  01503,  92084; 
Frdl.  iv.  129,  131). 

It  has  also  been  prepared  from  phenyl 
magnesium  bromide  and  orthoformio  ester 
(Farb.  vorm.  Fried.  Barer  &  Co.  D.  R.  P. 
157673 :  Chem.  Zentr.  lim,  i.  309).  By  using 
16  grams  of  magnesinm.  100  grams  of  bromo- 
benzene,  and  60  grams  of  orthoformic  enter,  a 
90  p.c  yield  can  oe  obtained  (Bodroux,  Compt. 
rend.  1TO4,  i.  92).  It  has  been  prepared  by  tne 
oxidation  of  t<aii  m  uith  manj^anese  dioxide  and 
sulphuric  acid  {boc,  Chim.  dos  Usines  du  Rhdne* 
D.  R.  PP.  101221  and  107722;  Chem.  Zentr. 
189f>,  i.  nnO;  1900,  i.  1113).  or  by  heatiM 
toluene  with  nickel  oxide  (Bad.  Auihn  u.  Soo. 
Fab.  J>.  R.  P.  127338;  Cbem.  Zentr.  1902. 
i.  160). 

it  has  been  prepared  by  heating  lienzal 
chloride  with  water  at  30"-0ff*  in  the  preseooe 

of  small  quantities  of  iron  or  salt.s  of  iron 
(Schultze,  D.  R.  PP.  »2927, 86493;  l?>di.  iv.  143, 
145) :  by  pMsing  a  stream  of  carbon  monoxide  and 

hydrochloric  acid  gas  (2: 1)  through  a  cooled  mix- 
ture consisting  of  equal  weighU*  of  aluminium 
bromide  and  benaene,  and  ,|j  their  weight  of 
copiXT  chloride,  a  solid  mass  is  obtaim  <1  :  thi'* 
18  tii  uoiupoMxl  by  ice  water,  extractt^d  with 
ether,  ami  f ractionate<l.  The  yield  is  86-90  p.c. 
(Reformat sky,  D.  R.  P.  126421  i  Chem.  Zentr. 

1901,  i.  1220;  ii.  1372). 

Benzaldehyde  has  aho  been  prejiare*!  by  the 
( lectrolytic  reduction  of  benzoic  acid  or  its  salts. 
An  electrode  of  finely  divided  -;raj)hite  and 
Ijenzoic  acid  is  employetl  the  <  athcKlo  of  the 
cell,  the  anode  beinti  of  lead  or  platinum.  The 
^lutiun  in  the  cell  ia  20  n.c.  8nl|ihurie  acid, 
saturated  with  benzoic  acia,  tiie  cum  nt  use<l 
is  I  r)  amp.  per  sq.  dcm.,  and  12-16  volts 
(Mithuck.  IK  11.  P.  123664  ;   Chem.  Si>c.  Ab8tr. 

1902.  i.  201).  Mettlcr  (Ber.  191)8,  4148)  u-rs  a 
sodium-amalgam  electrode;  and  Moest  (D.  R.  P. 
138442  ;  Chem.  Zentr.  1903,  i.  370)  electrolyses 

a  solntkm  of  sodium  phenyfaMsctatc.         \  Google 
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A  method  has  bean  daaeribad  for  purifyino' 

henzalfU  hydo  by  dissolving  it  in  sulphurous  acia 
and  precipitating  the  bisulphite  compound  • 
adding  potaaciam  chloride  (Chem.  Fab.  Orei- 
ron,  D.  B»  P.  104499 ;  Chem.  Zentr. 
1904,  ii.  9115).  ! 

Otfier  modes  of  formaiion. — Bonaialdchyde  is 
also  formed  in  toe  following  rtattions,  which,  ' 
however,  are  not  of  praolicai  im{)ortaiice.  By 
distilling  a  mixture  of  calcium  l)«nzoate  and  cal-  . 
cium  formats  (Piria,  AnnalcMi,  KK),  l(»o)  ;  Ijy  the 
oxidation  of  benzvl  alcohol  (Cannizzaro,  Axin.  | 
Chim.  Phy&  [3]  40,  234);   of  c  iimamic  aoid  ' 
(Dumas  and  Pfligot,  Aniiali'n,  14.  rA)  ;  Harries, 
Ber.  J 903,  1296) ;  or  of  stilbeno  tHamos,  I.e.) ; 
by  the  lediietioii  of  beoioio  acid,  either  with  , 
eodium    amalgam  in  acid   solution  (Kolbe, 
Annalen,  118,  122),  or  by  passing  ita  vapour 
over  heated  zinc-du.st  (Baeycr,  Annalen,  140, 
29(1)  ;  hy  treating  toluene  with  chrorayl  chloride 
and  then  with  water  (Etanl,  Ann.  ('him.  Ph^s. 
[6]  22,  226);  by  treating  1  molecule  of  Ixnzal 
chloride  with  f^lijzhtly  more  than  2  molecules  of 
aoetic  acid  (llehal,  Compt.  rend.  148,   179) ; 
bv  aeting  on  bcnzophenoiieu.xirao  with  phos- 1 
pnorus  |X'ntasulnhide,   and   decomposing  the 
thioljenzanilide  tliua  formetl  with  boding  alkali 
and  zinc-du8t  (Cuisa,  Chem.  Zentr.  1907,  i.  28). 

ProperttM. — Benzaldehyde  is  a  colourless, 
strongly  refractive  liquid  with  a  pleaj-ant  aro- 
matic odour,  boiling  at  ITU'-lHO*,  and  solidi- 
fying at  — 13-6°  (Piotct,  Compt.  rend.  119, 
956 :  Alteehtd  and  Schneider,  Zeitech.  physical. 
Chem.  1895,24);  sp  gr.  1  0504  1574*(Mendelee£f, 
J.  1860,  7).  It  ia  soluble  in  300  paita  of  water, 
and  miscible  in  all  proportions  with  alcohol 
and  <  iher.  It  is  non-poisonous,  the  poihonous 
uropcrtiea  of  ordinary  oil  of  bitter  almonds 
Ming  due  to  the  pfesenee  of  hydrocyanio  aoid. 
Ita  magnetic  rotatory  power  lias  been  atudied 
by  Perkin  (J.  Chem.  Soc.  1890,  lOt^). 

^  BeocUoM. — ^Bensald^yde  readily  nndergoes 
oxidation;  thus  it  absorbs  (ixypen  from  th(?  air, 
forming  benzoic  aci(L  The  presence  of  hydro- 
cyanic  acid  protects  it  from  oxidation :  accord- 
ing to  Ihisart  (Bull.  8oc.  chim.  8,  459),  it  is 
therefore  usual  to  add  hydrocyanio  acid  to 
artificial  benzaldehyde.  Taken  internally, 
benzaldehyde  is  oxidii;ed  in  tlx-  ortrani-in,  re- 
appearing in  the  urine  as  hip]iunc  acid  and 
bensamide.  Aqueous  caustic  potash  converta  it 
into  benzoic  acid  and  benzvl  alcohol 
2C.H»-CHO-fKOH^C,Hs'{'0,K4-C,HjCH.OH 
It  forms  crystalline  compounds  with  the  bisul- 
jnftifer  o/  the  aU-ali  mdals  ;  thus  ; 

((';H.O,XaH.SO,l,H  J). 

Under  the  iniiuouco  of  dehydrating  agents,  it 
readily  undergoea  condensation  with  variona 
other  anbst  a  noes  ;  thus  whvn  heated  with  acdic 
mikifiridt  and  dry  sodium  aceiate  it  yields  cinaa> 
mio  acid 

C,HsCH0+CHjC0,n::^r;Hj-CH:CHC0jir+ir,0 
(Perkin,  J.  Chem.  boc.  31, 389) ;  chuuimio  acid  is 
also  obtained  from  Hk^  acetate  and  bencaldehvde 
(Haisen,  Ber.  lS!tn,  976;  Farb.  vorm.  Mei^'ter, 
Lucius  and  Briinms,  I>.  R.  P.  63671  ;  Ber. 
1891.  Bcf.  180).  With  ^tnethylanaine  in  presence 
of  zinc  chloride  it  forms  the  compound  CgH,/ 
CH((  "jH,  NMe^),,  the  leuco-  base  of  benzaldehyde 
green  w  hich,  by  oxidation  is  converted  into  that 
oolouring  matter  (O.  Fiaoher,  Ber.  11,  960). 


With  pyrogallol  benzaldehyde  forma  dye- 

stuflfs  of  the  triphenyl methane  series  (Hofmann, 
Ber.  1893,  1139),  and  with  chloraceiopyrogallol 
a   golden-yellow   djrestoff    (Kuaaellcaul  and 

KoHtaiircki,  Ber.  ISOfi,  1886).  By  heating 
benziildehydc  with  a  little  sulphur  in  a  sealed 
tube,  stilbene  and  benzoic  acid  are  formed 
(Barbaglia  and  Marquardt,  Ber.  1891.  18S1). 

Derivatives. — The  most  important  derivatives 
are  the  aolphonie  acids,  which  arc  the  parent 
substances  of  various  dyestuffs  {(Jnehm  and 
Sehiile,  Annalen,  299,  347).  Benzaldehyde  o- 
sulphonic  acid  (Kafa,  Ber.  1891,  791  ;  \i^allaoh 
and  Wuster.  Ber.  1893,  150 ;  Gnehm  and 
.Sehiile,  .\nnalen,  1898,  24;  D.  R.  P.  8S952). 
BenMldehyde  p-sulphonic  acid  (Farb.  vorra. 
Sandoz,  D.  B.  P.  154628;  Chem.  Zentr.  190i, 
ii.  1269). 

Impuriiies  and  adulterations. — Benzaldehyde 
very  frequently  contains  hydrocyanic  acid, 
either  originallv  present  or  snbeeqnentJy  added 
{v.  supra),  an(l  benzoic  acid,  formed  by  spon* 
taneoua  oxidation.  The  artificial  produot  mw. 
rally  contahis  chlorinated  bencaldehydea.  Ako- 
hol,  ethereal  oil.-^,  and  nitrolK'nzene  are  some- 
times fraudulently  added ;  the  latter  subatanoe 
reaemblea  bensaldehyde  in  sraeD. 

In  order  to  test  the  purity  of  a  .<iample  of 
i  benzaldehyde,  the  sp.gr.  and  boiling-point  shoaid 
I  first  bo  determined,  as  both  of  these  are  alleied 
by  the  presence  of  impurities.    The  substance 
should  also  dissolve  without  xeeidue  in  a  solution 
of  sodium  bisolf^tei. 

Of  the  impurities  above  mentioned,  hydro- 
cyanic acid  may  be  detected  by  distiHins  the 
oil  and  then  testing  the  first  portions  of  the 
distillate  by  the  Pru!»8ian-blue  test  ;  chlorine 
compounds,  by  heating  the  oU  with  metallic 
sodium,  when  sodium  chloride  will  be  formed, 
in  which  the  chlorine  can  ho  detected  by  silver 
nitrate,  taking  care,  however,  to  distinguish 
between  silver  chloride  and  silver  cyanide,  as 
thi«  latter  will  be  formed  if  hydrocyanic  acid  or 
nitrobenzene  is  present ;  alcohol,  bv  the  iodo- 
form test ;  and  ethereal  oils  or  nitrobenzene,  by 
dissolving  the  sample  in  sodium  bisulphite, 
when  thetn;  ndnuxtures  remain  behind.  Bour- 
goin  (Ber.  5,  293)  tests  for  nitrobenzene  ia 
benzaldehyde  b}'  mixing  the  sample  tvith  twice 
ita  volume  of  caustic  potash  :  if  nitrobenzene  is 
present,  the  mixture  turns  green,  and  on  adding 
water  the  liquid  forms  two  layers,  of  which  tb« 
under  layer  is  yellow  and  tho  upper  green, 
this  latter  taming  nd,  on  standing  for  aona 
hours. 

EdimalUm, — Tlie  reagent  employed  consists 

of  1  c.e.  of  freshly  re<listilled  phenylhydrazine^ 
0'5  c.c.  glacial  acetic  acid  dissolved  in  100  cc 
distOled  water.   The  liqnid  containing  the 
l>enzaldehyde  is  heated  on  the  water-l>ath  for 
half  an  hour,  set  a^ide  for  12  hours,  and  filtered 
through  a  Goodi  cmdhle,  dried  over  cone, 
.•sulphuric  acid,  and  weighed.    Weight  of  phenyl 
I  hydrazone    X  0*6481   gives   the    amount  of 
'  bensaldehyde  present.   Small  quantitiea  may 
bo   satisfactorily   estimated    by   thii<  method 
I  (U^rissey,  J.  Pharm.  190ti,  (K> ;   Deimis  and 
Dnnbar,  J.  Soc.  Chem.  Ind.  1099, 488).  Another 
'  iiK  ihoil    cfiii-jists    in   estimating  l>enzaldehvdc 
I  coli)riuietrically  with  fuchsin  decolouriheU  with 
sulphurous  aoid  (Woodman  and  lorfud,  J. 

1  Amer.  Chem.  Soo.  1908,  1607).  ^  ^  ^  . 
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SUBSTITDTIOX  DkBIVATIVBS  OF  BeKZALDMHTSK. 

o-NItrobMiialdeliyd«.  It  mAv  hK>  propaml 
l>y  the  oxidAtion  o£  the  dimeretiry  tlorivative  of 
o-toluone  (Reiaaert,  D.  R.  P.  1H(W81  ;  ('hem. 
^>oc.  Abstr.  1907,  L  1040 ;  Kallo  &  Co.,  D.  R.  P. 
199147;  Chem.  8oo.  Abatr.  1909,  i.  76);  by 
the  oxidation  of  o-nitrotolnene  with  maneanesV 
dioxide  or  by  passing  the  vapour  of  the  nydro- 
carbon  over  manganese  dioxide  hoatod  to  210"  - 
2r,{)°  (C;illiard,  Monnet  and  Carticr.  D.  R.  P. 
101221 ;  Chem.  Zentr.  1890.  i.  m)  ;  Bad.  AniJ. 
M.  Sod.  Fab..  Eng.  Pat.  21947;  J.  Soc.  Ch«>m. 
IncL  19<)0,  892);  by  the  oxidation  uf  o-nitro- 
toluene  with  nickel  oxide,  nickel  chloride,  and 
hypoeUortte  (Bad.  AniL  u.  Sod.  Pab.,  D.  R.  P. 
1273SS  ;  Chem.  Zcntr.  11KJ2.  i.  150);  by  the 
oxidation  of  o*iutrobflm«ykniiin«  {q.v.  benzalde- 
hyde) ;  by  the  oxidstkm  of  o-nitiobenzylalcohol 
and  its  .-.sters  (Eu^.  Fischer,  D.  R.  P.  48722; 
Frdl.  iL  9« ;  KaUe  &  Co.,  1>.  R.  PP.  104360. 
106712;  Chem.  Zentr.  1809,  ii.  960;  1900,  i. 
SS5)  :  }n-  \h'^  hydrolysis  of  o-nitrubenzaldrhyde 
diacetatt;,  which  is  obtained  by  the  oxidation  of 
o^nitflOtoliMnievith  a  miztuveofMetio  anhydride, 
acetic  acid,  and  sulphnric  acid  (Thicleand  Winter, 
Annalen,  311,  ^56 ;  Fried.  Bayer  &  Co.,  D.  R.  P. 
121788 ;  Chem.  Zentr.  1901,  li.  70). 

Propertiej'.  —lATge  yellow  needlo.*.  m.p. 
43'6**-^'6°.  When  treatetl  with  acetone  and 
caustic  Boda  it  vielda  indigotin  (Baeyer,  Ber. 
I.").  2850).  WitK  methyl-  and  ethyl-aniline  or 
their  iiuluhuuic acids  it  condenses  to  form  leuco- 
baaes  of  olue-green  triphcnyl  methane  dyestuffs 
(CUvton  Aiiilino  Co..  D.  B.  P.  106317;  Chem. 
Zcntr.  1900,  i.  10»1). 

YJi-NttrobenzaldellfdA,  it  may  l^e  prepared 
\)y  di^«<jlving  1  volume  of  beneaidehyile  in  a 
luixturu  of  5  volumes  of  fuming  nitric  acid,  and 
10  volumes  of  salphurio  add,  precipitating  by 
addition  of  water  and  recr^'stalnsing  nota 
dilute  alcohol  (Widmauu,  Ber.  13,  67ti;  Bertag- 
nini,  Annalen,  79,  260). 

J*roperties. — Pale-vellow  needles,  m.p.  58'. 
It  condenses  with  the  sulphonic  acids  of  the 
UTtiarv  aniline  bases  to  yield  dyestuA  (Kille  & 
Co.,  D'  R.  P.  73147,  Fr^;  iii.  86). 

^•Mtrobeiialdehyde.  It  is  prepan-d  by 
similar  method.s  to  tho.se  by  which  the  ortho- 
comwttnd  is  obtained  (D.  H.  PP.  91503,  920»4, 
5I3SSW;  JVdl,  iv.  129);  by  heating  p-nitro- 
Ix-nzylalcohol  with  copper  oxide  or  other 
mot&llio  oxidee  (Schmidt,  1>.  R.  P.  15881: 
Prdl.  i-  60). 

/'ro/Kr/iV*.— Colourless  priMms.  m.p.  106*. 
It  cuu«icn8es  with  braizeae  and  its  homolosues 
by  Midition  of  eulplinric  aoid  to  form  p-nitro' 
tri|ihetiylm.  thane  (Stolz,  D.  R.  P.  40340  ;  Frdl. 
i.  58) ;  with  iiecoudary  and  tertiary  amines  to  form 
alkyl*  and  aryl-  derivatives  of  ]>-Dltiodiamjno* 
triphenylmethane  (O.  Fi  r  h  r,  T).  R.  PP.  16766, 
10707;  Frdl.  i.  54);  and  with  the  sulphonic 
acids  of  tertiary  aniline  bases  (Kalle  &  Co., 
D.  R.  P.  7.1147;  Frdl.  iii.  86).  The  sulphonic 
acid  uf  ^-uitrobenzaldehyde  is  prepared  by  the 
oxidation  of  jKnitrotoIuene  o-sulphonic  acid,  and 
from  it  and  bluish-reil  (lyestufTs  of  the 

triphenylmi  ihane  Aeries  are  easily  obtainable 
(Green  and  Wahl.  Eng.  Fat.  21886;  J.  Soc. 
aif-m.  Jnd.  180S,  915). 

u-Chlorbenzahiehyde.  It  i»  prepared  by  the 
ondfttkm  of  o^ohkftoltteDo  with  mMiganoM 


dioxide  and  sulphuric  acid  (Gillard,  Monnet  et 
Cartier,  D.  R.  P.  101221 ;  Chem.  Zentr.  1899, 1. 
960),  by  extraction  from  th^  products  of  the 
incomplete  chlnrination  of  o-nitrotoluene  (Kalle 
Co.,  D.  R.  PP.  1  liJOlO,  116616 ;  Chem.  Zentr. 
I  1900,  ii.  460.  1168). 

I  Proptriies. — Tt  \»  a  liquid  boiling  at  213*- 
[  214*;  e|».gr.  1  -29  at  8^.  iiy  heating  nith  sulphite 
it  '\»  converted  into  benzaldehydo  o-sulphonio 
acid  (Geigjy-  k  Co..  D.  R.  P.  88962 ;  Frdl.  iv. 
113).  It  is  easily  condensed  with  aromatic 
secondary  and  tertiary  amines  to  yield  dyestuflfs 
of  the  triphenylmethane  group  (Geigy  &  Co., 
D.  R.  P.  94126 ;  Chem.  Zentr.  1898,  i.  296). 
By  sulphonation,  1:3: 0-chlorbeosaldehyde  sul- 
phonic acid  is  produced,  which  when  condensed 
with  secondary  or  tertiary  amines  and  then 
oxidised  yields  fpreeniah>blue  or  blue  dyegtufia 
(Soc.  Chem.  Ind.  of  Basle.  Kng.  Pat.  26m; 
J.  Soc.  Chem.  Ind.  1897.  187;  Onehm  mmI 
Schiile,  Annalen,  299,  347). 

«MJhIorb6i»die1qfdt.  Tt  is  obtained  from 

//(-nitrobeiizaldehyde  by  replacing,'  the  nitro- 
group  by  ohlonne  (Erdmann  and  Schweohten, 
Annaleo,  260,  269 ;  Eiohengriia  and  Sinhocn, 
^id.  '2\vi,  135).  It  cryataUiaea  In  fvisnia,  m.p. 
17^  and  boils  at  213*. 

p-CUortaiaddahyde.  It  ia  aaaooiated  with 

the  ortho-  corapotind  in  most  preparations,  and 
luay  bu  obtained  from  the  mixture  by  sulpho- 
nating  the  ortho-  compound  by  treatment  with 
fuming  sulphuric  acid  (Gesel.  f.  Chem.  Ind., 
D.  R.  P.  98229  ;  Chem.  Zentr.  1898,  ii.  743) ;  by 
nitrating  the  ortho-  compound  with  nitrie  and 
sulphuric  acid.><,  and  steam-distilling  the  para- 
compound  (Gtjeicl.  f.  (^hom.  Ind.,  1>.  R.  P. 
102745 ;  Chem.  Zentr.  1899,  ii.  408) ;  by  frac- 
tional distillation  (Farb.  vorm.  Mei.ster,  Lucius 
and  BrUuing,  I).  H.  i\  207157  ;  J.  Chem.  Soc. 
Abst.  1909.  i.  :U)7).  It  is  a  crystalline  solid, 
melting  at  47  f)^  and  boiling  at  213*-2H*'. 

Uf  the  dlchlorbenzaldehydes  the  2 : 5-  and 
2:6-dichlor-  compounds  are  the  j>urent  sub- 
si  1  nees  of  many  dyestuffs.  2 : 5-dlehlorbenzalde- 
hyde  (Gnehm  and  Banzigcr,  Ber.  1896,  875  ; 
Schiile,  Annalen,  299,  34).  2 :  6-dichlorbeilzalde- 
hyde  (Anil.  Fabw.  und  Ext.  Fabrik.,  IX  R.  P. 
199943 ;  Chem.  Soa  Abstr.  1908,  i.  986). 

Hydroxybenzaldehydes  17  ?  1  Sallcylaldehyde. 

BENZALDEUYDE  GREEN  v,  Isssw^xh- 
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6ENZAMIC  ACID  t.  AMiNo»Acii>8(aioinatie>i 
BENZAURIN  v.  Aumn. 
BIMZBIIB  AND  ITS  HOMOLOOUBB. 

Benzene.  {Binzol.  Ikmdt,  Fr.  ;  Benzol, 
Gw.)  The  name  of  this  substance  was  derived 
in  ita  <Mriginal  form  from  that  of  aam  benaofn, 

probably  as  htnzo'in  nlcum,  hence  hatzolf,  Mhieb 
latter  form  is  still  in  uno  amongst  nearly  all 
diatiUeta  and  naen  of  it  boUi  in  tl&  oountry  and 

on  the  Continent.  In  more  .strictly  scientific 
literature,  however,  the  name  benzene  has  now 
beoome  generally  aooepteci,  and  the  aj^atematio 

termination  -ens  is  cmjiloyeil  in  the  names  of 
its  various  hoiuologucB,  as  toluene,  xylene,  cy- 
mene,  etc. 

Pure  benzene  is  a  limpid,  colourless,  highly 
refracting  hquid  at  ordinary  temperatures.  lUi 
.sp.gr.  at  0"  is  0-8091  (Kopp),  0-90023  (Adriema), 
and  at  16°  0-8841  (Mendekeff). 

Its  refraction  uidex  for  the  D  line  at  15-2'*  is 
W967  (Adrieena);         I-4««3(or  A^Jjlflpft^  Google 
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1).  l-5()37  for  H  (Gladstone);  at  H  fi^   1  -03R1 
for        (i'erkin,  Ckem.  Soc  Tnwa.  77,, 
273). 

When  surrounded  by  ice  it  becomcM  solid, 
•ad  if  crystallisation  is  allowed  to  take  place 
slowly,  rhombic  crystals  are  produced,  the 
axes  of  which,  a,  b,  c,  arc  0'891, 1,  0*799  (Gmth). 
The  aoUd  melts  at  5  40. 

It  oontnett  on  solidification,  the  difference 
in  the  specific  volume  of  the  liquid  and  solid 
r, -17  =Av  is  between  0- J 2 19  and  01304  at  r)  3r)° 
( Heydwoillcr,  Ann.  Phys.  C'hem.  1897,  (iii.)  ».!, 
627). 

It  exhibits  no  absorption  lines  or  hands  in 
the  visible  portion  of  the  spectrum.  •  Beyond 
H,  however,  photographs  show  a  series  of 
four  bands  covering  the  region  lying  between 
W.  L.  3171  and  2190  tenth-metres.  The  methyl- 
ated l)enzt'ne.H,  toluene,  and  the  three  xylenes 
exhibit  a  aimilar  absorption,  reauiring,  indeed, 
very  eareful  messarement  to  aistinguish  one 
from  the  other  (Hartlev.  Cheiu.  Soc.  Trans. 
1885,  47,  085;  Proc.  Boy.  Soc  1908,  80,  A, 
168 ;  Hartley  tnd  DobUe.  Ohem.  Soe.  Tnms. 
1S9S.  fi^r,  ;  Baly  and  Collie,  ibid.  1005.  87, 
1332 ;  Friederichs,  Zeitsch.  photochem.  1905, 
8,  154 ;  Grebe,  ibid.  376 ;  Miee,  ihui.  1909,  7, 
357;  1910,  8.  2S7). 

Benzene  is  an  excellent  suiveiit,  easily  dis- 
Bolviiig  esoitttchouo  and  asphaltam,  if  they  have 
not  been  exposed  to  litiht.  tlu>u);h  the  pmtective 
effect  of  the  light  on  the  atiphaltum  is  but  slight, 
and  prolonged  treatment  with  bensene  causes 
it  to  di-srlvf.  Nearly  all  the  gum  resins,  sul- 
phur, ^)hosphi>ru8,  fats,  uUs,  inu.tt  of  the  natural 
alkaloids,  and  many  other  organic  oompoumb, 
are  soluble  in  it.  It  has  also,  in  common  ^ith 
carbon  ili^ulphide,  the  property  of  dissolving 
iodine  with  production  of  a  viol^  aolution. 

Benzene  itself  soluble  to  a  very  alight  extent 
in  wati-r,  con.-iiderably  more  so  in  alcohol,  whilst 
ether,  glacial  acetic  acid,  and  carbon  dUnil- 
phide,  disM>lve  it  readily. 

Benzene  boils  under  normal  pressure  at 
80-36*  (Regnault).  For  Ix  nzene  from  coal  tar, 
Adrieenz  found  SO-Sa*  to  80  fl2** :  and  for  that 
obtained  from  benzoic  acid  prepare<l  from  gum 
benzoin.  SO-eC  to  80•fi7^  Its  specitie  heat  at 
temperaturea  between  — 186**  and  +20*^  is  0176 
(Nortlmeyer  and  Bemouitti.  Ber.  Deut.  physikal. 
(;e«.  1907,  5,  176)  and  at  94*  is  0  4HI4  (Schlamp, 
Ann.  Phys.  C^em.  1896^  (iiL)  58,  759).  The 
latent  heat  of  vapor&wtion  it  94'37  (Griffiths 
and  Marshall  I'hd.  Mag.  1890,  (v.)  41,  1)  or 
94-93  (CampUii  BroHn,  Chem.  Soc  Trans.  1906, 
87.  265). 

The  v.ipiur  when  iidinlnl  produces  giddiness 
and  ultimately'  inscn^ibilitj'. 

Benaene  formH  n-ith  pierie  acid  the  molecular 
comiKnind  ^'Jf.fNO J.OH.C.H^  which  melts 
with  decompoMition  at  W^. 

Ozidiaing  agente,  iiuch  as  potaashim  ])cr- 
manganate  or  nian^'ane«c  tUoxidc  and  Mul|>hiiric 
acid,  eofwert  it  into  tormic,  propionic,  and  oxalic 
neids,  t<>t'>  thcr  with  small  quantities  of  benioio 
and  phthaiir  arids,  the  Intter  substances  being 

{>roduced  bv  the  hiuuiltaaeuUM  oxidation  of 
Otmioacid  and  iH'iizono,  the  proeeHKof  coiidi-nHa- 
tion  rt'seniblin^'  tluit  occurrini;  in  thecttnvorxion 
of  dimi  th>  ianilmc  into  methyl  violet.  When 
Ptrongly  heat*  .1  in  ^oalcnl  tuhe!4  or  when  )>a.vHcd 
slowly  tbrou{$h  strongly  heated  open  tubes,  con* 


densiition  anfl  decomposition  ;;o  on  to;;fth'T,  ' 
acetylene,    dipbenyl,    di^hcnylUiizeru-,  etc, 
being  formed  with  evolution  of  hydrogeu  and 
ile|)o.sition  of  carbon. 

'lliere  can  be  little  doubt  that  toluene  and 
xylenes  can  also  be  produeed  in  this  w)ay,  and 
since  Borthelot  has  shown  that  toluene  and 
xylene  when  passed  through  strooglv  heated 
tubes  can  produce  anthracene  and  naphthalene, 
aiul  since  he  also  obtained  anthracene  b\-  «o  ' 
treating  a  mixture  of  benzene  and  ethylene,  we  I 
may  assume  that  if  bensene  is  not  the  mot  her 
substance  of  the  whole  smcs  of  h'.  flrocarboo^ 
nbtainpd  from  c<ml  tar,  it  is  yet  canatile,  under 
pro]H-r  <-onditioius,  of  generating  all  toe  othera. 

^^  hf'ii  chlorine  acts  on  pure  benzene  in 
ttunshuie,  benzene  hexaohloridc  C^U^Ul^  i» 
formed.  The  substitution  of  chlonne  for 
hydrojjen  in  the  nucleus  or  benzene  rin^  j)«  a 
very  hIuv^  upt^ration  if  chlorine  alone  is  used,  but 
if  in  every  litre  of  benzene  about  10  grams  of 
iodine  are  di88o!ve<l,  and  the  liquid  kept  boiling 
while  a  brisk  current  of  chlorine  is  passed  into 
it»  anbatitutioo  readily  takcsplace  and  ddotidated 
benzenes  are  produced.  Tne  reaction  may  be 
continued  until  the  whole  of  the  hydrojjfen  i-^ 
replaced  with  production  of  hcxachloroben- 
zene  C',(1«.  Corresponding  bromine  and  iodine 
compounds,  and  mono-  and  j)-di-fluoro-  deri« 
vatives  are  knomi. 

When  subjected  to  the  action  of  strong  tdtrir 
acid  or  a  mixture  of  nitric  and  sulphuric  actdn, 
substitution  of  hydrogen  by  NO,  takes  plaoc  with 
great  ease.  If  the  mixture  is  kept  cool  only 
mononitrobenzene  is  formed,  but  if  heattti, 
the  three  dinitrobenzencs  are  prodtt<^,  the 
metadinitro- product (m.p.  89^) always  greatly 
predominating.  The  ortho-  and  para-  com- 
pounds can  only  Ix'  pmduced  in  quantity  by 
indirect  methods.' Trinitiobenscnes  c«n  cmly 
be  obtained  by  fha  aetioii  of  a  great  excess  of  a 
inixtuie  of  nitric  acid  and  fumitig  aolpharie 
acid. 

An  the  nitro'  compounds  on  reduction  with 

approjiriate  reagents,  such  as  iron,  zinc,  or  tin. 
in  the  presence  of  acid,  pcefeiably  hydrochloric 
and  water,  yield  amino-  compounds  corpeapoiKl» 
in^j  with  the  nitro-  compound  reduced.  Such 
are  aniline  UgH^-NHg,  the  three  diamino' 
benaenes  or  phenylenediamiaes 
C.HJNH J,,  etc. 

The  amino-  compounds*  b}'  the  actkm  of 
nitrous  acid  or  nftrttes  in  the  presence  of  an 
exces."^  of  acid,  preferably  hvdrochlurie.  are 
converted  into  diazo-  compounds.  If  a  Uiaso> 
bensene  salt,  e.g.  (  ',H,-N,C1,  is  dissolvttd  in 
absolute  alcohol,  and  the  solutii  n  h' itcid,  tbf 
nitrogen  is  evolved  as  gas  whilst  beoaeoe  ie 
regenerated.  If  a  diazo*  salt  is  dissolved  in 
water  and  lM)ile<l  in  the  presence  of  an  i>  ,1, 
nitrogen  is  also  evolved  and  the  corresponding 
phenol  is  produced. 

The  diazo-  compounds  react  with  certain 
amino*  compounds  or  phenols,  giving  hae  to  th» 
almost  innumerable  series  of  eolourmg  mattem 
known  as  azo-  dyes  Iq.v.).  Solutions  oix>k>l 
with  ice  shoukl  be  employed,  and  all  risr  i 
of  temperature  roust  be  carefully  avoided. 
Under  )iro))er  conditions  some  djazn-  eom|K)UMdi^, 
however,  attack  the  amino-  group  of  amino* 
compounds,  forming  diazcMimtnO'  eompounda 
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The«e  can  be  miuiu  tu  undtT^o  aii  i.somoric 
chaogo  resulting  in  the  formation  of  what  iiru 
known  as  aminoazo*  compounds,  of  whicli 
aminoazobenzene  C,H,*N  :  N-C,H4  NH,  in  a 
typical  example.  Such  Hubstanoes,  when  treated 
with  »  reducing  i^nt,  split  up  into  an  amine 
•nd  •  paradiamine,  while  diazo-  compounds 
yiVl<l  hyilrazinea  only,  and  diazoamino-  com- 
pounds a  mixture  of  a  hydra»tne  and  aaamine. 

If  tli«  iiitio>  oompotimis  are  submitted  to  the 
action  of  alkaline  mlm  ihl;  agents  in  alcoholic 
solution,  such  as  a  mixture  of  sino-duat  and 
«looliolio  soda,  tbe  reBotkm  takes  a  dilleivnt 
ooiur8e  altogether.  The  action  of  alcoholic  wnla 
and  heat  alone  will  convert  mononitrobenzene 
into  aaoxybenaene  (  ,  l  J  ^  N  N-C'.Hj ;  this,  by 

najiceut  hvdroccn,  la  oonvertwi  into  azobenzene 
C«H,'N  :  K-C,H|.  which  under  the  action  of  the 
same  reagent  is  still  forthor  n  rlurt  !  to  hydrszo- 
lienzene  (".Hj  NH  NH  t'.Hj.  The  iatter,  when 
boiled  u-ith  an  acid,  is  converted  into  a  Mlt  of 
bauddtQe  (paradiaminodi phenyl) 
NH.  C'.H,  CeH.  NH, 

which  is  strongly  basic  coni|M)iin<l  isomeric 
with  hydrazobcnzene. 

Wnen  heated  with  conceutrat^Kl  sulphuric 
acid  or  treated  in  the  cold  with  .nolutions  of 
sulphur  trioxide  in  sulphuric  acid,  guiphonic 
acids  are  produced  by  suoetitution  of  HSO,  for 
hydrogen.  These  are  either  mono-,  di-,  or  poly- 
^ulphonic  acids,  acconlin>(  t<i  the  treatment 
adopted.  They  are  all  powetful  acids,  and 
form  ^1]*defined  md  gvncmlfy  wcU-cry-stallised 
H.\lt>  w'lth  .'Kxlium.  iK)ta.'j.sium,  and  ammonium, 
and  equally  detinite,  though  less  easily  cry  stal - 
liied  aalta  with  oaleiam,  rarinm,  copper,' iron, 
etc.  Tlieso.  enjitciallv  the  sodium  or  potassium 
salts,  if  fused  with  caustic  potash  or  soda,  or 
haated  under  great  premre  (40  atniospherM) 
with  aqucouH  sola  or  ]X)ta.sh.  are  decorniKiHe<l 
wHh  production  ut  a  sulphite  of  the  alkali  metal, 
and  ooDTtnion  of  the  beoMoe  reddiae  into 
thf  eoitMpaoding  hjdioacf-  or  plMoolio  com* 
pound- 
Only  the  methyl  hcjmologuesof  beniene  will 
be  con^dertMl  hen-,  as  thoee  ai6  tlw  chief  OSes 
which  occur  in  coal-tar. 

The  monomethyl  derivative  is  known  as 
tciuenr,  and  under  all  trt>atment8  behaves  M  a 
completely'  humugeneouiii  substance. 

The  dimethyl  derivative  is  knoM-n  m  xyUne, 
the  .'♦ubstance  of  that  name  occurriiiL'  in  coal 
tar,  which  occurs  as  three  iHomeric  comix >unds  : 
OrthoaeyUne,  boiling  at  34I''-142°,  which,  when 
gently  oxidised  with  weak  nitric  acid,  gives  n 
toluic  acid  melting  at  102** ;  meiaxylene,  boiling 
at  130°.  which  gives  a  toluic  acid  melting  at 
106° :  pnmrtjlene,  melting  at  15®,  and  boiling 
at  138®,  giv  ing  a  toluic  acid  melting  at  178®. 

Each  of  these  different  x^'lenes  is,  however, 
absolutely  identical  in  percentage  composition, 
and  this  isomerism  is  consider^  to  bo  due  \o 
the  confitfuralion  of  tile  molecule,  or,  in  other 
wcicdsy  to  the  positions  in  apace  occupied  rela- 
tivelv  to  each  other,  and  to  the  bencene  residue, 

hy  the  two  substituting  molecules. 

This  method  of  r^janling  the  constitution  of 
bensene  and  its  mnu  ineraUe  series  of  deriva* 
till  -  usually,  for  |)ur))os«^s  of  discussion,  In- 
vesiigation^  or  explanatiun^  represented  by 
dsawnig  *  hexagon  to  represent  the  moieoule  of 


bensene,  the  six  angles  representing  the  six 

groups  of  CH  at  any  of  whi  h  -uhstitution  is 
supposed  to  take  place.  Since  unly  one  mouo- 
suhetitution  compound  of  a  given  Innd  (*.e.  ooa> 
t«ining  a  given  substituting  group)  is  know  n,  all 
the  six  CH-  groups  in  benzene  are  supposed  to  be 
of  equal  value.  The  fact  that  disubetitution 
compounds  exist  in  three  distinct  isomeric  modi- 
fications (compare  the  above-mentioned  xylenes), 
is  explained  m  this  scheme  by  tho  fdlowing 
suppoiititions  as  to  the  n'iative  i>ositinns  occupio! 
by  the  substituting  groups.  First,  substitution 
is  supposed  to  tAke  })lace  at  two  adjacent  angles, 
e.g.  1  and  2,  2  and  3,  4  and  5,  &c.,  in  which 
case  the  wurd  ortho-  is  prefixed  to  the  name  of 
the  substance,  as  orthodi  methyl  benzene  (com« 
monly  called  orthoxylene),  or  orthodichloro-, 
ortho<iibromo-,  r»r  orthc»diamino- benzene,  etc. 
Or  the  substitution  is  supfKts^^l  to  take  {dace  at 
two  angles  not  adjacent,  but  with  one  inter- 
posing, as  at  1  and  3,  2  and  4,  or  1  and  6,  etc. 
In  this  case  the  product  is  indicated  b}'  the  prefix 
nieta-»  M  metadimethylbenzenu  (commonly 
csDed  metaxylcne,  kc.  Lastly',  the  substitution 
i8  8UpiK)sed  to  take  [tlace  at  opj>()sit<'  angles,  such 
as  1  and  4, 2  and  5, 3  and  U,  etc.  In  such  a  case 
the  suhsftMiee  is  known  as  a  para-  compound,  as 
naradi  methylbeoMne^or  {NUttzjlene,  pandioilvo* 
benzene^etc. 

This  theoiy  is  due  to  Kekul^.  end  sstbfso- 
torily  agrees  with  most  of  the  phenoTm  lui. 

Toluene  and  xylene  generally  react  under 
similar  conditions  m  the  same  way  as  bensene, 
pnxlucing  a  siniilnr  -eries  of  compounds.  Since, 
however,  toluene  itself  is  a  mono*  substituted 
liensene,  mono-  substituted  toluenes  are  really 
di-  derivatives  of  benzene.  For  instance,  there  is 
but  one  mononitrutx.'nzeuc,  but  there  are  three 
mononitrotoluenes.  Tliere  aie  three  dinitro* 
and  three  diamino-  l>on7one.«»,  but  there  are  six 
dinitrotoluenes  and  six  diaminotoluenes,  and 
so  on. 

It  is  to  be  bonie  in  mind  that  in  all  substi- 
tution derivativet«  higher  than  tbe  di-  substitution 
series,  the  number  of  ]K>sBible  modifioaticos  is 
greater  when  the  substituting  groups  are  dis- 
similar than  H  hen  they  aru  all  alike ;  thus, 
althou^  thsfe  are  only  three  isomeric  tri-  subati> 
tution  compounds  of  the  formula  (\H  ,X'  ,  or 
(',HjY',,  there  are  six  such  compouaus  of  the 
formula  C,H,X',Y'. 

It  follows  that  the  xylenes  being  di-  deriva- 
tives, their  mono-  are  tri-  derivatives  of  benzene, 
and  consequently  correspond  in  number  with 
the  di-  derivatives  of  toluene. 

The  introduction  of  the  methyl  group,  more- 
over, permits  of  another  kind  of  substitution 
which  gives  rise  to  a  totally  different  class  of 
compounds  from  those  described  above  as  eon- 
figuratioiial  isomerides,  in  which  substitution 
takes  place  not  in  the  benzene  nucleus,  but  in  the 
methyl  group  itself.  Suob  substitution  is  said  to 
bo  ejrtm-uurk(ir. 

Thus,  as  mentioned  above,  there  are  throe 
substances  luiving  the  formub  <'hH,o  known  as 
()rt}ii  )  ,  meta-,  or  imra-xylenc.  These  isomeride,s 
are  represented  as  dimethyl  benzenes  of  the 
following  configurations Digitized  by  Google 
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CH, 


()cH. 


CH| 

4 


but  there  in  aaother  CgH^*  only  known  to  occur 
ki  one  form,  tad  beliATiiis  m  ft  memo- 

derivfttivedbeonne;  thisisethylbensene 


Juiit  as  in  tkut  cabo  a  methyl  group  hsk^  htXD 
introduoed  into  the  methyl  instead  of  into  the 
nucleus,  so  chlurine,  bromine,  etc.,  may  be  in- 
troduced, and  in  this  manner  such  compounds 
as  benzyl  chloride  C|H«  CH,a,  the  di-  or  tri- 
chloride, b«unldehya«,  and  many  othen  arc 

formed. 

The  phy.'^ical  {iropeirtieB  of  toluene  gn^atly 
resemble  thoso  «»f  bcnrene.  As  solvtnts.  there 
is  little  or  no  dilicrenoe  in  their  i)uwor!»,  and 
though  the  boiling-ptnnt  of  toluene  is  to  much 
higher  thnn  that  of  oenzene,  yet  in  «  current  of 
air  at  ordinary  temperatures  it  evaporates  nearly 
as  quickl}'. 

^  Toluene  is  a  colourless  limpid  liquid  which 
'solidifies  at  —94-2**  (Laden burg  and  Kriipel, 
Ber.  iS<m.  32,  lcS18)  or  -l»7^  to  -99**  (An  ini ^Id 
and  Mclntoab,  J.  Amer.  Ch«m.  Soo.  im,  20. 
30Sy.  Its  speotflo  grayity  is  feas  than  that  of 
!j<>n7.ene,  bemg  at  0*  0  882,  at  15°  0-872,  its 
indox  of  reizaction  at  26*6°  is  for  A  1-4709. 
B 1-4794,  H  1*6090  (Gladstone  and  Bale),  at  S-S" 
for  Ha  1-49891  (Perkiii). 

Toluene  boils  constantly  at  111** ;  the  vapour 
has  mueh  the  sane  ph3^1ogieal  effeets  as  that 
of  benzene,  but  it?  u  I  iir  is  decidedly  less  plea- 
sant. If  ingrated  into  the  stomach,  it  is 
eiuninated  in  the  urine  as  hippuric  acid. 

Of  the  three  xylenes  the  H  '  tn  rhir  f'v  used 
ill  commerce.  Orthoxylene  boUs  at  l-li*-142*. 
Hetax}'lene  boils  at  139",  and  its  specific 
gravity  is  0-8068  at  19".  Parax^iene  boils  at 
138*,  and  at  18°  it«  gravity  is  0-8621.  The  two 
former  are  liquid  at  all  temperaturss  down  to 
at  least  —20".  but  paraxylene  beeomes  solid 
when  exposed  to  a  freezing  mixture,  and  when 
onoe  fiosen  it  only  melts  at  15". 

The  xylenes  are  distinetly  less  volatile  than 
toluene  and  benzene  in  an  air  current.  The 
smell  of  tik»  V»pOW»  IS  unpleasant  and  pungent, 
and  they  possess  the  f)ower  of  produoing  un- 
consciousness when  lulialed. 

£oth  1»(  nzene  and  toluene  when  prepared 
from  coal  tar  are  accompanic<l  by  sulphur  com- 
iKtunds  kno^^Ti  as  thiophens.  That  derived  from 
benzene,  no  doubt  by  the  action  of  sulphur  from 
the  jpyrites  of  coal  at  a  high  teTTip(>rature  during 
distillation  in  the  gas  retort,     rtpreaeutcd  by 

/S\ 

the  formula  C^U^S  or  ^  ^. 


It  was  isolated  in  1882  b\  V.  ^leyer,  %vho 
obtained  by  constant  and  repeated  agitation 
with  sulphuric  acid  about  2  kilos.  frt:>rii  2CKJ0 
kilos,  of  commercial  benzene.  It  is  a  colourless 
liquid,  boiling  constantly  at  84" ;  sp.gr.  at  15" 
I -100.  [ti  many  of  jto  reactions  it  behaves 
czaotiy  liku  iMmcene. 

Two  thiotoiens  oonesponding  with  toluene, 
«.e.  beiDg  melhylthiophen,  aie  known.  They 


j  both  boil  at  about  1 13",  sp.f?r.  1*0194.  The  ver> 
minute  quantity  in  which  the.se  sub.stancc«  occur 
renders  them  of  no  industrial  importaoo«,  even 
as  imparities. 

Benzene  was  first  ist)lftte<I  by  Faraday  in 
1825,  in  the  liquid  separating  from  condensed  oil 
gas. 

It  is  unnecessary  liere  to  doscrilx.-  the  pru- 
oesses  by  wliich  Mitacherlich,  D'Arcot,  Kow. 
and  many  others  obtained  bemenA,  as  the  ravt 
practica'lv  in  lustrial  process  was  that  of  Marw- 
(ield,  founded  entirely  at  first  on  Faraday's,  and 
dealing  with  a  similar  product  as  tlie  sooiee, 
namely,  coal  tar  (Mansfield,  Quart.  Jour.  Ch'-sn. 
Soc.  1848,  1,  244).  Mansfield  took  the  loui-r 
boiling  portion  of  ood  tar,  which  \«-as  then  ussd 
uiifli  r  the  name  of  naphtha  for  lighting  pur|K'>e>. 
and  distilled  it  over  a  Uame  in  a  still  provided 
Avith  a  jacketed  head  and  a  simple  fomi  of 
dephlegmator  made  by  conneclinp:  the  upp^r 

Iiart  of  the  condeiiiiiug  worm  with  tlie  stUl  body 
iy  an  incline<l  tube.  The  u-ater  in  the  jaelK4 
round  the  long  ejj^j-shaped  head  partiallx-  eon- 
densed  the  vapours  rmug  from  the  boiling  fiuid 
untfl  it  reached  a  temperature  of  100",  wfasn those 
vapours  condensable  at  that  teinj)erature  were 
alone  aficct<cd  and  returned  to  the  still.  tho;*e 
requiring  a  lovrcr  temperature  passing  on  to  the 
worm,  and  l>eing  condensed  and colleeted.  Much 
of  the  spray  earried  upward  by  the  vapours  wa-s 
^pped  in  the  head,  and  what  passed  it  and  was 
condensed  in  the  connecting  tube  between  t4ie 
still  head  and  the  worm  flowed  into  the  incline*! 
tube,  and  found  its  way  back  to  the  body  of  the 
still.  Finally,  when  nothing  more  ootdd  pass 
the  boiling  water  in  the  jacketed  head,  this  in* 
clined  tube,  on  a  coek  Ix'ing  fully  ojx-ne<l,  which 
during  the  fifst  part  of  the  process  was  partial^ 
closed,  coold  be  made  use  of  to  dutil  over  the 
higher  boiling  jKjrtion«. 

Such  an  apparatus  could,  of  course,  on^  efiect 
a  rough  separation  of  the  oil  into  »  *  beuot ' 
mainly  distilling  below  100"  and  a  '  nH])htha,' 
most  of  which  woidd  not  distil  below  iOU''. 

n,  however,  the  water  of  the  water  jadDrt 
round  the  head  were  carefully  kept  at  a  $tat«d  I 
temperature,  say  b0°-82",  a  much  purer  product 
eoura  be  obtained.  For  some  yean  the  procssi 
was  only  carried  out  with  fhr>  n|ij;v-t  r,f  gcttin^t 
oils  for  the  Read  Uoliiday  lamp,  and  tor  the  use 
of  rubber  manufaotorers. 

The  early  demands  for  *  benzol '  for  xjgc  in 
the  aniline  colour  industry  were  contined  to 
what  were  known  as  30  pi.e.,  SO  p.c.,  and  90  pkC 
benzols,  which  terms  were  nnder-xtotxl  to  mean 
that  30,  60,  or  90  p.c.  by  nuasure  of  the  gauipio 
boiled  below  100".  Of  the«©  the  30  p.c,  was 
mainly  used  for  the  ])ro<luetioii  of  aniline  for  red. 
and  the  90  p.c.  fur  aniline  for  blue.  Mansfield 
had,  however,  subjected  his  distillates  to  a  care* 
ful  but  -rvn^.t  laborious  fractionation  in  gl»86 
retorts,  linaliy  obtaining  perfectly  i>ure  bcuzeae 
by  recourse  to  freezing  and  pressure,  and  he 
jxnnted  o\it  that  *  it  is  evident  that  any  of  the 
bununary  processes  of  rectification  which  are 
)>ra(  ti.sed  by  distillers  in  the  manufacture  of 
alcoholio  spirits  are  applicable  to  the  M^iarft- 
tion  of  benzole  from  the  less  volatile  fluids  of  the 
naphtha'  (Reports  of  the  Royal  OoQege  of 
Chemistry,  1849,  2d7). 

Mansfield,  in  fact,  iu  thft  remarkable  paper 
just  quoted,  laid  the  {owida^jp^^  ^fh"^^; 
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Fto.  1. 

A,  btiil  body.    B,  Aiialyning  column,    c,  CooU-r  kept  at  teni}M*rature  of  distlllati*  wanted.   D,  CoiidiDBer  t 
pure  diBtillftte.   c,  Vase  into  which  dirtill&te  flows.  F,  Automatic  regulator. 
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beiizciiL'  industry,  ami  his  procossfs  with 
scarcely  a  change  arc  in  use  to  this  day.  The 
ilepartures  from  them  have  been  one  by  one 
abandoned  in  favour  of  his  method  of  absolute 
separation  of  the  light  oils  into  their  consti- 
tuents, and  it  is  not  too  much  to  say  that  had  it 
not  been  for  his  terrible  death  '  in  February, 
1855,  we  should  have  had  the  pure  hydrocarbons 
in  the  market  many  years  ago. 

The  introiluction  of  the  aniline  black  printing 
proces.ses  and  other  improvements  in  the  dye 
industrj',  however,  slowly  gave  rise  to  a  demand 
for  a  purtr  benzene,  while  later  on  a  demand  for 
toluene  and  xylene  stimulated  the  improvement 
of  the  distillation  process. 

The  movement  was  naturally,  as  MansBeld 
ha<l  8uggestc<l,  towards  the  use  of  such  a  still 
as  ha<l  l)een  intnxiuced  by  Mr.  (JofiFey  in  his 
{Mitent  of  1832  and  subsequently  carrie<i  to  great 
efhciency  by  succeeiling  generations  of  spint 
distillers,  (.'oupier  of  Paris  appears  first  to  have 
worked  on  a  lar^e  scale  in  this  dirtxjtion  about 
1863.  He  modified  the  original  Mansfield  ap{ui- 
ratus  in  the  way  mentioned  above,  and  showwl 
that  at  one  operation  he  could  sepjarate  ordinary 
50  p.c.  commercial  benzol  as  follows  : — 

100  litres  yielded  : 
44  litres  between  80*  and  82*  ('  Pure  benzol ') 


6 
17 
5 
9 

13-14 


82* 
110* 
112* 
137* 
140* 


1 10*  (Crude  toluol) 
112*  ('  Purti  toluol ') 
137*  (tYude  xylol) 
140*  ('Pure  xylol ') 
150*  last  runnmgs. 


In  addition  there  were  about  0  litres  between 
02*  and  80*,  consisting  of  various  impurities 
such  as  carbon  disuli)hide,  acetonitrile,  etc. 

Ve<ile,  Savalle  of  Paris,  and  others  followed 
with  various  improN-ements  in  the  same  direc- 
tion, Savalle  beins;  most  generally  considered  to 
have  pnxlucod  the  best  still,  though  it  had 
two  great  drawbacks,  viz.  it  was  manufactured 
of  copper,  which  made  it  very  costly,  and  it  was 
hamp(>red,  as  far  as  its  condensation  arrange- 
ments were  concerned,  by  an  expensive  and  use- 
less attem))t  to  use  air  from  a  fan  driven  by 
«team  as  a  means  of  cooling  the  condensers. 
V     'ITie  latter  attempt  was  soon  given  up.  In 
/  Fig.  1  (p.  443)  is  seen  the  apparatus  in  its 

latest  form  as  made 
by  the  Mctallwerke 
vormals  T.  Aders,  of 
Maufleburg- Ncustadt. 

The  still  being 
charged     with  the 
proper    quantity  of 
naphtha  or  crude  ben- 
zol, which  h»s  under- 
gone   the  necessary 
washingM    with  sul- 
phuric aoi<landso<lium 
hydroxide,  steam  is  ad- 
mitted into  the  coils, 
where  it  circulates,  the 
comlensed  water  escaping  through  an  other  tube  in 
the  usual  fashion.    An  soon  as  the  liquid  begins 
to  boil,  the  va|)our  ascends  into  the  head  a  and 
pa.sm>s  thrnujrh  the  curved  tul)eo'  into  the  bottom 
of  the  column  H.    This  contains  25  to  30  Hat 
<liaphragms.rach  pirrcetl  with  a  number  of  small 

'  Manatlehl  wm  burned  t<»  death  by  the  Isiiliiig  over 
of  a  b(*iizotii'  still. 


Fia.  2. 


holes,  and  one  larger,  into  which  is  fitted  a  Hhort 
wide  overflow  tube,  the  end  of  which  stands  up 
about  2  inches  above  the  levtl  of  the  })late.  On 
the  op|X)site  side  of  the  plate  is  a  small  depretu<ion 
about  2  inches  deep  and  4  inches  in  diameter,  into 
which  the  overflow  tube  from  the  plat«^  above 
dips,  its  own  tul>e  dipping  in  the  same  way  into 
a  depression  in  the  plate  below.  The  condense*  I 
fluid  acts  to  each  overflow  tube  as  a  trap  (Fig.  2). 
and  prevents  the  ascent  of  vapour  through  it. 

Tne  rising  vaptmr  condenses  rapidly  on  these 
plates,  and  the  fluid  thus  pro<luced,  unable  to 
penetrate  the  small  holes  thn)ugh  which  the 
hot  vapour  is  rushing,  rises  to  the  brim  of  tho 
overflow  tube,  and  then  pours  down  from  plato 
to  plato  into  tho  still  body.  The  non-con- 
densed vapour  rises  through  the  |)erforations 
of  tho  next  plate,  where  it  un<lergoes  a  similar 
operation,  and  so  on  to  the  top,  the  vapour 
passing  away  from  which  has  thus  been  succes- 
sively washed  by  bubbling  through  some  thirty 
layers  of  fluid,  each  slightly  cooler  than  the  one 
beneath.  Finally,  tho  vapour  passes  through  a 
surface  or  multitubular  condenser,  c,  which  is 
provided  with  a  water  supply  so  regulated  that 
its  temtx'rature  is  about  that  of  the  boiling- 
point  of  the  liquid  required.  The  liquid  hero 
condensed  flows  back  into  the  column  at  a  suit- 
able point,  while  the  now  puriH(><l  va|K>ur  passes 
on  to  the  second  condenser,  n.  and  is  Anally  com- 
pletely condensed  into  the  liquid  form.  Thence 
it  flop's  into  the  glass  vase  k,  which  is  fitted  on 
to  a  stand-pipe  communicating  with  the  din- 
tributing-pipes  which  convey  it  to  the  store 
tanks.  The  fractions  taken  should  now  boil  as 
follows:  Benzene,  80*;  toluene,  110*;  xylene, 
140*. 

If  pure  pnxlucts  are  require<l,  each  fraction 
is  washed  with  concentrated  sulphuric  acid, 
and  a  washing  with  soda  solution  follows. 
The  fraction  is  intrwluced  into  a  cast-in)n 
vessel  provided  with  a  lid  with  manhole  and 
inlet  pipe.  Through  the  centre  passes  a  vertical 
shaft  rotatetl  by  mitre  geared  whceb*.  The  shaft 
is  provided  with  arms  so  arranged  that  the  con- 
tents can  be  thoroughly  churned  up.  A  good 
form  of  apiHiratus  is  seen  in  Fig.  3.  The  details 
neetl  no  description  except  to  p>oint  out  that  the 
screws  useti  to  force  the  fluids  through  the  two 
vomiting  tubes  A  and  a'  should  be  set  on  the 
shaft  with  their  helices  reversed  right  and  left, 
so  that  the  lower  one  causes  the  lower  fluid  to 
rush  up,  and  the  upjier  one  the  upper  fluid 
to  rush  down  ;  they  thus  cause  the  two  currents 
to  meet  together  violently  and  thon.>ughly 
mingle.  The  centre  shaft  may  also  consist  of 
an  Archimedean  screw  or  of  a  truncated  hollow 
cone.  Air  agitation  is  not  advisable  on  account 
of  the  loss  of  l)enzol  which  it  is  apt  to  cause. 

If  tho  fraction  is  of  fairly  gootl  quality  and 
has  been  properly  sejiaratetl  from  the  crude 
benzol  or  light  oils,  the  amount  of  acid  require<l 
need  not  be  more  than  one-twentieth  of  its 
weight.  In  some  cases,  however,  where  the 
impurities  arc*  difficult  to  remove,  more  mu.st 
be  used,  and  the  operation  repeate<l.  After 
the  acid  has  been  run  off,  a  washing  with  enough 
so<la  solution  to  neutralise  excess  of  acid  and 
rem(»ve  traces  of  phenols  ft)llow8,  and  the  frac- 
tion is  then  readv  for  a  second  rectification. 

If  crude  na])hthR  has  l»een  used  to  charge 
the  still,  it  will  have  yielde<l,  inUr  alia,  50  p.c.  o^j^ 
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90  p.c.  benzol  according  to  raqutrumonts.    On  I 
rediHtillation,  100  part«  of  the  former  should 
v'ield  46-48  parts  of  pure  benzene,  and  from 
ICIO  oarte  of  the  latter  70  parts  of  pure  benieae 
ahouid  be  oblftmed. 

When  le-ieetjfled,  the  bemene  ahd  toluene 


s)iouId  each  distfl  constantly  within  0*5^  and 
1  -0**  req)ectivoly,  and  the  xylene  within  2^ 

llie  treatment  for  obtaining  toluene  is  exactly 
the  same  as  that  <l<'HcrilK'(l  for  benzene,  thf 
toluene  followmg  the  benzene  from  the  crude 
benzol  still  andnetng  tnbseqnently  re-rectified. 
Toliu'iu-  i-H  al»o  acc<)m})anit><l  by  the  correspond- 
ing thiopheu  (thiotolen),  and  reauires  venr 
cueful  end  thorough  Ai-ashing  wHn  salphnno 
acid,  or  it  cannot  l<-  jirt)|HTly  nitrate<l. 

After  t  he  M  paration  of  the  toluene,  more  or 
km  erode  xylene  is  obtained,  and  the  reeidne 
in  the  still  is  thfn  c  u  li  !  and  run  out.  When 
good  crude  benzol  h&a  been  worked,  the  residue 
eoniains  a  very  lai^  quantity  of  naphthidene, 
which  sopnrn frmii  it  wln-ti  i  oM.  mn!  i>  km-nvn 
in  the  ■worki*  a8  "  naphthalene  saltM.'  A.s  it  ha« 
aU  been  bronght  off  from  the  tar  at  a  low  tem- 
rrifnrr-.  it  is  fTtn-tnely  free  from  hi^'her  boiling 
buUitanceci,  and  very  pure  naphth&lene  can  be 
obtnined  from  it  with  little  trouble.  Of  the 
rest,  some  20-30  p.c,  consists  of  phenol,  to 
which  the  same  remarks  apply.  The  remaining 
third  consist*  of  a  mixtOfe  of  hvdfooarbons 
from  which  some  more  xylene  couffl  no  doubt 
be  ^recovered,  but  the  bulk  of  thb  '  dead  oil,'  as 
it  ii  oflea  etfled,  is  used  for  burning.  Meta- 
xylene  can  be  prepared  from  the  purified  mixed 
xvlenea  hy  agitation  with  sulphuric  acid,  a? 
(I^^cribed  for  benzene  and  toluene,  to  remove  the 
thiophens,  when  a  subsequent  treatment  with 
its  own  weight  of  sulphuric  acid  converts  the 
metax^lene  into  a  sulphonic  acicl,  which  after 
separation  from  the  insoluble  portion  is  hjdro- 
lysed,  and  metaxylene  of  great  purity  obtained. 

Valuation  of  commercial  '  pure  b'  nzoL^ — As 
stated  above,  the  whtde  should  boil  within  l)*6° 
of  the  omfMl  befling-pointb  It  ahoold  give  no 


crj'stalline  prootpitate  on  standing  with  a  few 
drops  of  phenvlhydrazine  (test  for  carbon 
disulphide).  When  shaken  wi'h  i  .  nccntratod 
sulphuric  acid  the  latter  should  be  uuly  slightly 
dancenod  (thiophen  or  aliphatic  hydrocarbons). 
On  Hhakiny  with  nuljihuric  acid  and  a  trace  of 
isatin,  no  blue  coloration  should  be  produced 
(thiophen).  On  treatment  with  a  mixture  of 
nitric  ami  sulphuric  acid.'^,  and  .subsequent  dis- 
tillation in  a  current  of  steam,  no  unnitrated 
hydioearbona  shonM  be  obtdbed  (aliphatic 
liydrocarbooa).  Lastly,  it  BbonM  aolidify  when 
cooled  below  0*. 

Fare  kHmeim  of  eommeroe  should  not  impart 
any  coloration  to  sulphuric  acid  i  shaken 
with  it.  On  ^hakuig  90  cc.  of  toluene  with 
10  cc.  of  nitrio  aoid  (8p.gr.  1 44)  in  a  stoppered 
lx)ttle,  the  arid  should  assume  only  a  rotl  colour, 
and  remain  auite  clear  and  brisht,  not  turning 
greenish  or  blackish.  (For  mncn  information  as 
to  the  commercinl  valuation  of  *  Ix'nzols,"  ste 
Luj^e,  Coal  Tar  and  Ammonia,  4th  ed.  1009.) 

NUnttion  of  benzene,  foliwne,  dc — Nitio* 
benzene  first  made  its  appearance  in  the  nrU 
under  the  name  of  cssciu:^  de  mt/rbanc^  manu- 
factured in  Firaaoe  by  Collas.  It  was  used  to 
scent  soap  and  as  a  bitter  nlmond  flavouring. 
Mansfield  had  taken  out  a  patent  for  itii  manu- 
facture  in  1847  from  coal-tar  benzene.  Th0 
history  of  its  manufacture  is  interesting,  as 
the  difficulties  to  bo  encounteretl  were  very 
considerable. 

The  first  really  large  quantity  produced  was 
made  by  Messrs.  Simpson,  Maule,  &  Nicholson, 
at  Kcnninp:ton,  in  1856.  They  worked  at  first 
entirely  in  glass.  Along  a  bench  a  row  of  some 
t^i-enty  bolt-heads,  eaoh  of  about  I  gallon 
capacity,  was  ran>io<l.  with  a  convenient  water 
trough  at  hand.  Into  each  Hask  from  1  to  2  lbs. 
of  benaene  was  hitrodnced,  and  the  oaloulated 
quantity  of  the  mixed  acid,  divided  u})  into  cor- 
reeponmng  portions,  stood  beside  each  in  a 
stoneware  jug.  Comnienouig  with  tihe  Ibst 
t\AB]i.  a  workman  next  y'rocoeded  to  add  a  small 
quantity  of  the  acid  and  thoroughly  swing  round 
and  agitate  it  with  the  benaene^  As  soon  as  ha 
judged  it  to  be  safe  to  leave  this  fla.«(k,  he  treatoil 
the  next  in  rotation,  and  no  on  till  the  whole 
series  had  received  its  first  portion.  He  now 
rf-ttTrned  to  No.  I,  and  added  a  second  quantity 
ot  acid,  and  thla  was  continued  until  all  were 
finished.  It  need  scarcely  be  said  that  the  pro- 
cc.^i.^  was  considered  a  dangerous  one,  and  that 
any  attempt  to  increase  the  scale  of  manufacture 
was  a  very  serious  vndertakiag.  The  attempt, 
howe\  er,  was  made  in  ca.«?t-iron  vessels,  furnished 
witii  mechanical  stirrers,  and  the  size  of  the 
appsxatus  was  rapidly  inoreassd  until  it  atUined 
dimensions  at  which  it  wm  capable  of  dealing 
with  several  hundred  pounds  weight  of  benzene. 

The  usual  arrangement  now  adopted  (set 
Fig.  4)  is  as  folio vi's  : ' — 

The  nitrating  pan  has  a  total  capacity  of 
KKX)  gallons,  and  is  capable  of  treating  500 
eaUoDs  or  4420  lbs.  of  benaol  in  one  onaige. 
It  is  of  east  iron,  I  ^  inches  thick,  the  sides,  from 
ths-  li  1  lown  to  a  depth  of  3  feet.  Ix'ing  {  inch 
thicker.  The  vertical  aaitating  shaft  is  sua* 
pended  from  the  lid  on  hiSi  hearings,  and  carries 

•  See  Cbem.  Trade  Jour.  1906,  sa,  &9.  The  writer  is 
indebted  to  Mf»i«rs.  Duvif  Hrus.  for  p?rraltBion  to 
reproduce  the  Bl^etch  of  the  «pp«r*iut.  -    '  >  > 
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BENZENE  AND  ITS  HOMOLOOURS. 


two  propeller  agitators.  'JTie  internal  cooling 
pipes  consist  of  two  separate  coils  of  thin  lead 
pipe  2  inchea  diameter,  each  coil  being  abont 
150  feet  long.  They  are  supported  on  circular 
cast-iron  grates  or  tables,  as  shomi.  The  coils 
MO  spaoea  oat  ao  m  to  aUow  free  pM8«ge  of 
the  bqvid  between  them.  To  dinot  tne  upward 
flow  of  tho  liquid,  the  lower  {>ropt'llor  atiitulor  is 
surrouuded  by  a  cast-iron  cylmdor  with  large 


perforations  at  the  bottom  to  admit  the  <leM!«9H^ 
ing  liquid.  This  serves  also  as  a  support  fa 
the  gimtaa  mad  coils.  Five  hundred  gallons  a 
pure  bemol  are  first  run  by  gr&vity  into  tK^ 
machine.  The  acid-mixing  tank,  which  stanc- 
abovo.  is  chaised  wiUi  6000  Ib^  of  niteie  aeid, 
1-43  sp.gr.  or  WTw.,  and  6600  lbs.  of  mil|iiniiK 
acid  of  on  p.o.,  and  the><  an  thoroughly  mixei!  *  ■ 
[  air  agitation.   In  some  iactoriea  the  acids  ait 


rTTTimr 


Fra.  4. 


A.  Mixed-acid  pan. 

B.  Compre»»ed-alr  pipe. 

C.  Sulpliurlc  acid  Inlet, 
n,  ]*iitric  acid  inlet. 

R,  Acid-vapour  pipe. 
F,  MitrobeaaeiM  pan. 


r..  Thermomet«T. 
H,  Propeller  ugitntor. 
J,  LeadcoolinR-cdiU. 
K,  Supporting  grids. 
L,  CooUng-water  outlet. 
M.  do.     do.  do. 


T  Xitrobenime  pipe. 
U.  ComprMsed-au- pipe. 
V,  NVa«te-acld  pipe. 
W,plpeto]¥.B.f 


mixed  in  the  nTmvr  prnportinns  in  Inrpr  stork 
tanks.  Tho  mixed  acid  is  run  in  a  thin  stream 
into  Ibe  benzol,  while  the  agitators  are  involving 
at  a  speed  of  about  60  revs,  per  minritc.  Tlio 
heat  of  the  reaction  is  indicated  on  a  lung 
tharmomoter  siisnended  in  a  metal  tube,  whicn 
passes  through  tne  lid  and  dips  into  tho  liquid. 
The  temperature  is  kept  below  60°  b^  checking 
the  flow  of  aeida  if  the  temperature  rtsea^  WH£ 


N,  Coollng-wat^r  inlet. 
0»   Do.      do.  do. 
P»  Ck>mpres*ed-atr  alM. 
Q,  Water  Inlet. 
R,  Nitrobenxene  WHlqN 
8»  ftp9  fnUB  00. 

a  pood  frnpply  of  cooling  wat<»r  pa.sginp  *h rough 
the  coils^  very  little  attention  is  requu^,  and 
the  prooeaa,  iniich  a  few  years  ago  was  attended 
with  danger  and  froqur^nt  loss,  is  now  carried 
on  almost  automatically.  This  is  principaUr 
oving  to  the  purity  of  the  benzol  emuoved,  and 
tho  HMO  of  internal  cooling  ooils  in  pftM  o(  thff 
outside  water-jacket. 

It  is  importoat  that  the  i9#lbliwyl€»feg(e 
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puro  chemical  lead,  without  llaw,  ami  before 
Mmg  used,  they  should  be  examined  minately. 
Some  of  these  ooils  have  been  known  to  work 
nearly  4  years  continuouHly.  The  vortical 
portions,  connecting  the  coils  with  tlie  eicterior, 
ehould  1)1^  prot«icto<l,  a«  these  are  quickly 
attacked.  This  is  done  by  '  threadine '  them 
through  lead  pipra  of  sightly  laigor  cuMiietw, 
and  filling  up  the  intervening  ppaco  with  any 
acid-proof  cement.  After  the  full  charge  of 
mind  aeids  his  been  ran  into  the  machine, 
the  agitation  is  continued  for  about  4^  hours, 
and  the  benzol  will  then  be  completely  trans- 
formed into  nitrobcnzol.  If  a  sample  is  then 
taken  while  the  agitators  are  running,  and 
aUowed  to  settle,  tne  weak  sulphuric  (called 
waste  acid)  will  contain  less  than  1  p.c.  of  nitric 
aoid,  and  the  upper  layer  of  nitrobeiuol  will 
have  a  sp.gr.  of  i*2SS.  The  agitation  is  then 
Btopped,  and  the  cont<^nts  of  the  machine 
aUowed  to  settle  for  6  hours.  The  *  waste 
•dd,*  having  MtHed  to  tiie  bottom,  is  Tiin  off 
into  the  air-pressure  egg  below,  and  Mov-ti  to 
the  suinhurio  acid  oonoeatrating  department  to 
be  ledofled.  The  nitrobensol  Is  nesrt  mn  off 
into  the  air-prossure  ctrg  and  blown  into  the 
washing  pan  above,  where  it  is  washed  by 
▼iokot  afr  agitation  with  an  etjoal  Ttdome  of 
water  containing  stif^lcient  sodium  hydroxide 
to  neutralise  any  trace  of  acid  left  in  it.  After 
settling  •  few  honn  the  nitrobensol  settles  to 
tho  bottom,  and  is  run  do'wn  into  the  air-pressure 
eagf  and  forced  from  there  into  a  large  store  tank, 
wmi^  is  set  at  a  hifch  level,  so  that  the  contents 
can  run  by  gravity  to  the  aniline  machine. 
The  wash-water,  which  contains  a  little  nitro- 
ImosoI  in  snspmsion,  is  run  into  a  series  of 
settling  tanks,  and  the  oil  recovered.  Although 
it  is  possible  to  work  a  charge  of  benzol  in  each 
maolune  daily,  it  is  customary  to  have  a  duplicate 
set  of  machmes,  and  to  work  each  machine  on 
alternate  days.  For  an  output  of  150  tons  of 
pofe  aniiiiie  oil  per  month,  six  nitmbenzol 
machines  are  required,  with  their  corresponding 
adjuncts,  as  shown  in  tho  figure.  The  yield  of 
nitrobcnzol  from  the  pure  ^nzol  employed  is 
154 J  p.c.  by  weight,  and  this  approaches  so 
near  tho  theoretical  yield,  viz.  157*6  p.c.,  that 
there  is  little  room  for  improvement.  It  is 
possible  slightly  to  increase  this  yield  by 
settUnff  the  waste  acid  for  48  hours  in  a  series 
of  tame?,  and  skimming  off  tho  nitruhrnzol, 
but  in  practice  it  has  not  been  found  to  pay 
for  Uie  mraUe,  especially  if  the  prevkras  Bepara- 
tjoo  be  carefully  watched.' 

^Vhen  the  nitrobensol  is  to  be  sold  as 
m>Tbane,*  it  is  distilled  imder  diminished 
pressure  in  onlcr  to  obtain  a  perfectly  clear  and 
transparent  liquid  such  as  the  users  of  myrbane 
demanil.  It  is  eastomaiy  to  use  tolnene  im- 
psifcctly  fteed  inm  benieiie  Itv  this  purpose, 

'  B«Mizpne  may  al8o  bt-  nitratfd  by  miwK  sodium 
nitrate*  inHt*"ad  of  nitric  acid.  A  rorcnt  n  cipc  is  the 
foUowinK  :  35  kilon,  of  benzene  and  l  ir.  kilns,  of  sodium 
nltoate  arc  mixed  at  -J*0'.  and  I  '.o  kilns,  of  9i»-96p,c. 
•ulphurlc  acid  addi  d  slowly.  Tlio  ti-mp*  rat  uri^  rises  to 
about  lOO-",  vrlicn  rt.i  kilns,  of  bi^ti/.i-ne  are  addf^d,  and 
when  the  nitration  is  complftt-  the  lower  hivcr  of 
btfulphate  ia  drawn  off.  Th<'  yield  is  statod  to  Ix; 
150-154  kilos,  of  washed  nitrobenzene.  sp.Kr.  1*18  at 
15^,  or  148  Idlos.  of  the  pore  sabstanco  boiling  at  00° 
llDder  a  pressure  of  18  mm.  (SarcliarlD-fabrlk.  Akt.-Oe«. 
Tonn.  FsUbcig.  List  A  Co.  D.  B.P.  221787.  July  21, 
1907). 


that  article  being  cheaper  and  yielding  a  some* 
what  more  fragrant  myrbane  than  benzenealone. 

The  treatment  aflopted  with  toluene  and 
xylene  is  in  all  essential  particulars  tho  same  as 
with  benzene.  In  the  former  case,  however,  if 
the  nitrotolueno  is  not  cmplo3^od  direct,  tho 
product  is  separated  into  p-  and  o-nitrotoluen© 
by  flaaetional  dintillation  under  diminished  pres- 
sure  through  a  Savallo  column.  The  distillation 
is  stopped  when  40  p.c.  has  distilled,  and  the 
distillate  on  redistillation  gives  nearly  pme 
o-nitrotoluene  (b.p.  233*).  The  residue  on 
cooling  deposits  crystals  of  p-nitrotoluene 
(b.p.  238<* ;  m.p.  54%  wfaioh  ave  freed  from 
oil  by  centrifu^tin^. 

(For  the  estimation  of  o-  and  p-nitro toluene, 
see  Reverdin  and  De  la  Harpe,  BulL  Soc.  chim. 
1888,  (ii.)  00, 44;  Glasmann,  Bet,  1003, 36, 4260 ; 
Ghem.  Keit.  1904,  28,  187 ;  HoUeman,  Fkoo.  K. 
Akad.  Amsterdam,  1904,  7,  SHW;  Bee.  tKT. 
chim.  1908, 27, 458.) 

DinUnAenaene  and  iitdlnlohient  ate  obtained 

by  treating  a  charge  of  the  h\ drocarbon  with 
double  tho  proportion  of  tho  mixed  acids,  the 
operation  hong  earried  out  hi  two  stages,  and 
the  second  charge  of  acids  run  in  directly  aft^er 
tho  first.  The  cooling  water  is  shut  oS  tiad  the 
temperature  allowed  to  rise  rapidly.  Or  niteo- 
beriznl  already  manufactunxl  may  be  taksii 
and  again  treated  with  the  necessary  acid. 

The  product  of  the  reaction  is  separated  ^m 
the  acid  as  usual,  and  then  thoroughly  washed 
with  cold,  and  lastly  with  hot,  water.  As 
dinitrobenieoe  is  sensibly  soluble  in  the  latter, 
tho  hot  wash-water  had  iK  ttcr  always  be  pre- 
served and  used  for  first  washing  a  subsequent 
batch.  Finally,  it  is  allowed  to  settle,  and, 
while  Htill  warm,  run  out  into  iron  traya,  in 
which  it  solidities  in  massed)  2  to  4  inches  thick. 
Tho  principal  ptodoot  of  the  reaction  is  mets< 
dinitrobenzene,  m.p.  H<>  8°,  but  orthodi- 
nitrobenzenc,  m.p.  118°,  and  paradinitro* 
benzene,  m-p.  172^, are  also  jproduced,  the  m.p. 
of  tho  oommeroial  product  being  about  85*-87**. 
It  should  not  contain  any  nitrobenzene,  and 
should  be  well  crystallised,  hard,  and  almost 
odourless,  and  should  not  render  psper  greasy. 

Dinitrotoluene  is  propwed  oy  a  process 
.Himilur  to  the  alxjve,  and,  since  ortho-  and 
para-nitrotoluene  yield,  when  nitnated  at  a  high 
temperature,  moat  of  th»S:  inUDitrotoluene, 
it  is  better  to  prooeed  stnli^t  on  from  the 
toluene. 

The  subsequent  treatment  is  the  same  as 

when  dinitrobenzene  is  manufactured.  Com- 
mcroial  dinitrotoluene  consists  mainly  of  the 
last-named  and  the  2 : 6-  modifleatftms,  hut 
always  contains  small  quantities  of  tho  other 
isomerides.  The  2 :  0-  only  occurs  in  small  pro- 
portion, and  mainly  in  the  oOy  dnunings  from 
the  crude  protluct.  The  nitration  of  the  pure 
meta xylene  does  not  differ  from  tho  processes 
already  described.  J .  C  0. 
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BENZTL. 


BEMZIL  t'.  Ketonks. 

BBMZINE,  Light  petroleum  (v.  Pi  ti  .lkcm). 

BEVZO  AURINE,  -BLACK  BLUE,  BLUE. 
•BROWNS.  -FAST  PINK,  FAST  SCARLETS, 
-INDIGO  BLUE,  -GREY,  -OLIVE,  ORANGE, 
•PURPURINS,  RED  BLUBi  -VIOLR  0.  Azo- 

BENZOFLAVINE  v.  Achidwe  dyistuffs. 

BENZOIC  ACIDC,H,0,or(\H,  CX),H.  {Acide 
hemdiqut,  Fr. ;  BemcM'aiiuTf,  Gi;r.)  Acidum 
benaokum,  Blaise  de  Vigen^re,  in  his  Traite  du 
fru  ft  du  sel,  published  in  1608,  described  the 
preparation  of  benioic  acid  by  sublimation  from 
gum  bentoin.  Lemery,  in  1676,  called  attention 
to  acid  properties ;  and  Scheele  showed,  in 
1775,  thai  it  could  be  extracted  from  gum 
}H-nzoia  by  boiling  the  cnm  with  linu'.  conccn 
t rating  the  solution,  ana  decomposing  the  salt 
v,  iih  hydrochloric  acid.  Soheele  sbo,  in  1786, 
obttined  benzoic  acid  from  c()«''8  urine  ;  hut  it 
was  not  until  1829  that  Liebijg  showed  that  the 
substance  contained  in  tlM  iimie,  by  the  deooni' 
position  of  whioli  bentoio  acki  »  formed*  is 
nippuiiG  a<»d. 

Ooemrrenix.-^'Beaww  a«nd  oeeiin  in  gum 
benzo'iu,  tolu  balsam,  fitorax,  (Iragon'-^  M  .xl, 
aad  various  other  natural  rtMins ;  in  oil  of  ber- 
gamoC  ftnd  oil  of  einnamoD ;  in  vanilla,  oalanraa 
root,  anil  tin  rijv"  fruit  of  the  clovf-  trw  ;  in 
vaiioas  sweet<sweiiing  liowera — thun  m  the 
floweta  of  Unona  orfofafiMfuM,  from  wfaidi  the 
p«.>rfum<  -ilnyuj-ylang  is  prcparod  ;  as  hippuric 
acid  (and  tiometimes  even,  it  a^rtea,  as 
free  bouBoio  acid)  in  the  urine  of  herbivora ;  and 
in  caslarcurn,  a  viscid,  fa<tid  secretion,  found  in 
pouches  situated  in  the  porinseum  of  the  beaver. 

Formation. — By  the  oxidation  of  all  com- 
pounds which  contain  the  phenyl  group  united 
to  a  single  lateral  chain,  such  as  toluouu,  benzyl 
chloride,  benzyl  alcohol,  ben/Ai(ioh\ do,  cinnamic 
acid,  Ac.  By  heating  bcn/.otrichloride  CAi.'LVl, 
with  water.  By  heatiiij^  Ix^nzonitxUe  C^Hj-CN 
with  aci<ls  or  alkalin.  By  boiling  hipfmric 
acit!  ivith  hydrochloric  acid 

(C,H.U)NHCH,CO,H+H,0 

»0,H,0,+NH,*GHt<X>tH. 

By  passing  carbon  dioxide  iQtO  beutOtte  OOa- 
tainiAg  aluminium  chloride 

C.H.+CO,=C,U,  <JO,H. 

Pnparation. — 1.    From  gum  henz&tn.  In 

order  to  obtain  the  acid  fr  .m  L^um  bonzofn  by 
sublunatioo,  the  gum,  broken  up  into  huiall 
pieoee,  k  introduo^  into  a  flat  iron  veoMl,  over 

the  mouth  of  whif'h  filttT  ]>af»<T  i-;  tbcn  paatwl.  A 
laige  conical  cap  ol  Hirong  paper,  exactly  titling 
the  iron  vesaeL  ia  pbuiea  over  the  filter  paper, 
tied  round  the  rini.  r.n  !  the  whole  is  gently 
heated  over  a  Miid-I>ath  at  a  temperature  of 
about  170*.  The  benzoic  acid  sublimes  through 
the  filter  paper  ami  c;(jllect>s  in  colnurlp?"  crystals 
inside  the  paper  cone,  from  which  it  is  removtsi  at 
t  he  md  of  the  operation  (Mohr,  Annalen,  29,  177). 
The  yielfl  is  about  4  p.e.  of  the  crnm  pmploye<l, 
and  from  three  to  four  hours  are  rfquire<l  for 
the  sublimation  of  a  pound  of  benioio  aoid.  A 
trace  of  an  aromatic  oil  from  the  gum  adhere>« 
to'  the  crystal^,  im]iarting  to  them  a  pleasant 
odoor  of  vanilla,  and  enhancing  their  value  as  a 
pharmaceutical  preparation.  On  a  manufactur- 
ing scale  a  modiiioation  of  the  fort:goiug  labora- 
toiy  prooem  ia  employed,  in  wfaioh  the  gum  is 


heated  in  a  cIo^hI  vessel  and  the  vapour  of  the 
subliming  acid  flows  over  into  a  side  ohftmlMr 
and  condcnscH  nt  a  pnint  below  the  source  of 
heat,  thus  obviating  ali  risk  of  fusing  the  sub- 
limate. The  gum  benzoin  is  introiduced  by 
means  of  s  met«l  drawer,  which  ia  heat«d  from 
beneath  by  gas  jeUt ;  w  hikt  the  suLlime>d  aotd 
aolleots  in  a  second  drawer,  and  can  thoa  b* 
removed  at  the  end  of  the  operation  (c«>mp. 
Starting,  Arch.  Pharm.  231,  342).  By  other 
methods  the  yield  from  gnm  benaoln  maj  ba 
incieaeed  to  25  p.c. 

WoUer's  method  (Annalen,  49.  245)  oonsist«i 
in  disiolving  the  powderefl  gun)  in  an  equal 
volume  of  aloohol  of  p.c.,  adding  fumi^ 

hydrooWorio  acid  to  the  hot  solntkm  until  s 
pi  I  I  i  [  itate  iM'ginn  to  Ix'  formed,  and  distilling  the 
mixture.  The  distillate  contains  ethyl  bemoete, 
aloohol,  and  hydrooUorie  add.  The  leaidiie  ii 
again  distille<l  with  water  as  long  as  ethyl  U-n 
zoate  pasac!}  over,  and  the  united  distillates  are 
boiled  with  eanatie  potash  to  deeompoae  the 
ethyl  benzoate.  Pn)m  th-  ^  luti  on  the  benzoic 
acid  is  precipitated  with  hydrui-hlorio  acid.  It 
smeUa  like  the  tobUmed  prodnet. 

Schoele's  method  of  cTtmrting  the  fx^nzoir 
acid  from  the  gum  with  slaked  lime  and  water 
{v.  tupra),  may  alno  he  Hmpdo5red. 

2.  FrnTTi  vrinr.  The  urine  nf  the  cow  or 
horse  is  ailowod  to  putrefy,  so  a«  tu  mduce  a 
hydrolytic  decomposition  of  the  hippuric  aeid 
into  hrriToic  acid  and  glycocolL  Milk  of  lime  w 
then  ad<ie<i,  the  hlt4?nxi  solution  is  evaporated  to 
a  small  bulk,  and  the  benzoic  acki  precipitated 
with  hy<lrochlorio  acid.  In  order  to  avoid  ihf 
evaporation  and  the  attendant  diaagrccAble 
smell,  the  excess  of  lime  may  be  removed  by- 
carbon  dioxide,  the  benzoic  acid  preoipitatf*!  by 
the  addition  of  ferric  chloride,  and  tlie  ferric 
benzoate,  after  sepmtting  it  by  filtration,  de- 
composed by  hydroohlorio  acid.  The  aeid  thu$ 
jnreparod  smells  of  urine,  and  must  not  \ye  used 
m  medicine.  The  smell  may,  however,  be 
removed  or  concealed  by  mixing  the  acid 
with  a  small  quantity  of  gum  Mnzom  and 
■aUiming  it. 

The  Ireah  urine  may  also  be  evaporated  to 
one-third  of  its  bulk,  filtered,  mixed  with  hydro- 
chloric acid,  and  allowed  t<>  t  doI  Hippuric  acid 
crystallises  out,  which,  by  boiling  with  oooeen> 
trated  hydroehlorie  aei<L  is  deoompoeed  into 

glycocoll  hydr< ichl  rid(  and  V.  nzoic  aciil. 
Benzoic  acid  may  also  be  prepared  by  the  action 
of  ammooi»  aad  lino^ut  on  galbe  ndd  and 
eat<>ehu-t«noi6  Mid  (Guignet,  Ooinpt.  tend.  IIS, 

200). 

3.  From  loluen^  Moat  of  the  benaoie  Mid 

employed  at  the  present  day.  and  certAird\  all 
that  is  employed  in  the  coal-tar  colour  industr)', 
is  manufactured  from  toluene  ( v.  infra ).  Toluene 
by  oxidation  with  nitric  acid,  may  Ih>  directly 
convert<*<l  into  l)on7.oic  acid  ;  but  it  is  better 
to  chlorinate  it  first  to  Ix-nzyl  chloride,  whieh  ii 
more  n-adily  attAcke<l  by  the  oxidising  agent. 
I-urigu  and  retri  (Ber.         1275)  boil  benzyl 
chloride  ( 1  part)  and  dilute  nitric  acid  (3  parts  of 
acid  of  J^r>"'Baunie  with  2  part.s  of  wafvr)  in 
a  retiux  apparatus  until  the  smell  of  beuxvl 
chloride  ana  Ix-nzaidehs de  is  no  longer  per- 
ceptible.   A.  V.  Bad  (Dingl.  polv.  J.  231,  6381. 
however,  states  that  this  method  is  unsuited  fur 
preparing  the  mM  onn  wwwf^glgMjgg  0^^§dl0gle 
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prefors  to  dseompoM  benmtriolilotide  by  Imting 
1^  with  wAter  unaer  preesure : 

hut  it  ia  difiioult  to  prepare  pure  benzotri- 
chloride,  and  the  bmisoio  Mid  murafMtnrad  by 

t  his  process  is  alwc  vs  o  >ntAminated  w  ith  ililuro- 
benzoic  acicL)  formt'd  £rom  cblorinated  benzo* 
trichlorides. 

K  j.rr  M  hi  .<l  (D.  R.  P.  47187)  boils  the 
iM^iizotncWondo  with  milk  of  lime,  or  with  a 
solution  of  camtio  aoda  mixed  with  whiting  or 
r.t}  ler  insoluble  matter,  tho  presence  of  which 
uicb)  the  reaction  by  preventing  the  benzotri- 
chlonde  from  forming  a  separate  layer  and  aibo 
by  |»ronioting  local  superheating. 

K.  Jaoobsen  (D.  R.  P.  11494  aod  13127) 
hcAts  benzotriohloride  with  aeetio  add  to  whicAi 
a  little  zinc  chloride  has  been  added  : 

The  acetyl  chloride  is  distilletl  off,  the  residue 
oxt-ractcd  with  sodium  carbonate,  and  tho 
bcKUEoio  acid  precipitated  with  hydrochloric  acid. 

The  benzoic  acid  required  in  the  coal-tar 
or il«  mr  industr}'  is  obtained  as  a  by-product  in  the 
umxxufactare  of  benzaldehyde  by  heating  benzal 
ehloride  with  milk  of  line  {v.  Bbkzaldxhydb), 

a  |H)rtinn  ,  f  the  benzaMehydt"  being  CODTOted 
iuto  calcium  beozoate  in  thia  pcooeaRi 

4.  From  «oai4ar  oiL  Alrtieni^esdlichaft  fiir 
Thwr  und  Erddl  Industrie,  Ku-.  Vat.  7867; 
U.  B,  F.  109122 ;  J.  Soo.  Chem.  lud.  Ibi^,  785. 
The  eerbolie  or  ereoaote  oil  fraetioii,  obtained 
from  coal  tar,  and  boiling  between  IGO**  und 
240**.  contains  benzonitrile.  The  fraction  from 
which  phenol  U  obtained  is  WMhed  witii  dilute 
soiiR  lye  (sp.gr.  ri)  to  remove  the  phenol  and 
cresol,  and  the  remaining  oil  placed  in  a  jacketed 
veeoel,  ptovided  with  an  agitator  and  oonneoted 
with  a  condrn>er  and  recrivcr.  f  uistic  soda 
lye  (sp.gr.  1-4)  is  added  iu  alxjut  tvdoe  tho 
quMitity  « (irri  six)nding  to  tho  bonzonitrilo 
prr»eent.  The  nuxturo  agitat^Hl,  and  wet 
-ii'rtiii  pa-sjied  in  for  somo  liuurij,  as  lonx 
ammonia  is  evolved  in  considerable  quantity. 

n  t  eiver  then  contains  the  lower  boiling 
cori.^t  ituenta  of  the  oil,  together  with  a  .somewhat 
concentrated  ammonia  solution,  whilst  the  ■ 
f  ori  tents  of  the  still  consist  of  a  lower  alkaline 
i«yer  and  an  ujyper  oily  one.  The  former  is 
nmitralised  with  carbonie  acid  or  a  mineral  aoid, 
sejxarated  from  tracer  of  phenol  or  rcsinntis 
matters,  and  the  resulting  Holutiua  ol  sodium 
bcnzoate  decomposed  whibt  hot  by  adding  an 
excess  of  acid.  On  cooling,  pQie  bemoio  acid 
separates  in  white  crystals. 

5.  From  the  naphthoU  and  other  naphthalene 
tUfivaUvu,  Bade  Chemical  Works,  J.  Soc. 
(%em.  Ind.  1901.  1139  :  D.  R.  P.  136410;  Fr. 
Pat.  313187;  En;;.  Pat.  ir);-j27  ;  I'.S.  Pat. 
702171.  {Sec  alto  Chem.  Zentr.  1003,  i.  546,  857, 
1106  ;  D.  R.  PP.  188790,189956,140999.)  By 
heating  the  naphthoU  or  otht-r  naphthalene 
dorii'ativM  to  about  250%  in  presence  of  alkali 
with  metalUe  oxides  or  peroiddes  raeh  as  eo])|M>r 
or  iron  oxide,  barium,  lead  or  mangAne.-<e  jmt- 
oxide,  they  ^icld  phthabc  and  benzoic  acids,  and 
•  few  intermediate  prodaeto.  The  emeu  of 

li  is  rcrii.'-ivf  il   1.V   lixlvintfi  i?i  with  a  little 
the  acids  are  then  dissolvod  iu  wattsr  and 
deouted  from  the  reduced  oxide.   This  solution 
la  saturated  with  oarbon  dioxide  and  filtered 
Vol.  L— r. 


term  miehanged   najAthoL    The  fllki»te  is 

decomposed  with  .svdpluiric  aeld  and  ovaiK)- 
rated»  tho  {Hecipitatod  acids  being  purified  by 
dlstilhttion. 

G.  Jii/  the  tlectrclrftic  oxidation  of  ph  '  /  th rene. 
Farbwurke  vorm.  Meister,  Lucius  and  Brtiniog, 
Chem.  Zentr.  1904,  iL  71 ;  B.  R.  P.  168063^ 

Properties. — It  crystallises  in  lustrous  leaflets 
or  flat  needles  of  sp.gr.  i-2(i69  15°/^'*,  molting  at 
1 1>  1  4*'.  It  boila  at  140*,  but  is  voIatUe  even  at 
KM)",  so  that  it  may  readily  be  sublimed;  tho 
va|K)ur  excites  coughing.  It  may  be  distilled 
with  steam ;  2  litres  of  aqueous  distillate  coD.> 
uin  1  gram  of  lienaoio  aoid.  1000  parts  of  water 
disaulve  at 
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{Bourgoin,  Arch.  Pharm.  [5]  15,  168) ;  it  is 
soluble  in  about  twice  its  weight  of  ether  and  in 
about  its  own  weight  of  absolute  alcohol  at 
ordinary  temperatures. 

Traces  of  impurity  lower  tho  melting-point 
of  benzoic  acid  very  considerably.  The  impure 
acid  is  also  deposited  from  its  whltiona  jn 
smaller  oxystals  than  the  pure. 

(Pot  abtorpHon  tpeetra,  see  Hartley  and 
Headley.  Clu  in.  Soc.  Trau.s.  1907,  319.) 

ReactioM. — ^Wheu  heated  with  lime,  benaoio 
acid  yields  beniene  and  oaloinm  earbmate 
(Mit,sth<'rlieh).  It  b  very  st^ible  towards  oxi- 
dising agents ;  dilute  chromic  acid  is  without 
action  on  it,  but  by  wanning  it  witii  mimgtmt*^ 
dioxide  and  sulphuric  acid  it  is  converted  into 
formic  aoid,  carbon  dioxide,  and  phthalic  acid— 
tlie  latter  being  formed  by  the  simultaneotts 
oxidation  of  formic  and  benzoic  acids  (Carius, 
Annalon,  148,  72).  Hsodium  amalgam  reduces 
I  benzoic  acid  in  boilins  alcohoUo  solution  to 
benzyl  alcohol,  benzaldehyde,  and  tetrahydro* 
benzoic  acid  ( A»chan,  Bor.  24, 1864,  and  Annalen, 
271,  231).  Hy  electrolytic  reduction,  benzalde- 
hyile  is  ol)tnitie<|  (.Met tier,  Bor.  41,  4148),  and  by 
reducliou  with  hydrogen  and  platinum,  hcxa- 
hydrobonaoie  acid  is  tho  chief  product  (WiU- 
stafter  and  Mayer.  Ber.  41,  1479).  Wheii  dis- 
tilie^l  over  heikted  zinc-dmt  it  yields  benzaldo- 
hydo  (Baoyer,  Annalen,  140,  296).  Galoium 
l)onzoat«  yields  on  distillation  Iniizophenono 
C,Hj'CO"C',Hj,  together  with  a  small  ((uantity  of 
benzene  and  antnraquinone  (',,11^02  (Kekui6 
and  Franchimont,  Ber.  5,  1M)8).  Taken  inter- 
naliy,  benzoic  acid  is  excreted  in  the  urine  as 
hippuric  acid  (Wdhler). 

When  a  solution  of  ferric  chloride  which 
has  been  mixed  with  sufficient  ammonia  to  turn 
it  dark-red  is  added  to  a  solution  of  a  ben/oato, 
a  flesh-coloured  precipitate  of  basio  Isfiio  ben* 
zoate  (C7HjOj),Fe,Fe(OH),  is  formed.  This  re* 
action  is  )iscd  in  tlie  separation  of  benzoic  aoid, 
and  also  in  sepanting  iron  from  manganese. 

Vm». — Benzoio  aeid  is  used  in  medioine; 
but  for  this  purf>o.so  only  the  natural  product, 
obtained  from  gum  benzoin  bv  sublimation,  is 
snitabie.  Adultwation  with  the  artifleial  add 
is  detected  by  heatini^  a  ]K>rtion  of  the  acid  on 
platinum  wire  and  holding  a  porcelain  dish 
moistened  with  pbloroglnoolnumlin  over  the 
flame  ;  the  prodtiction  of  a  red  colour,  due  to 
the  presence  of  bydrochlorio  acid,  indicates  the 
presence  of  the  artificial  aoid.  Aitifieial  benaoio 

acid  is  employsd  in  the  manufaeture  of  Aniline  , 
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blue.  It  hM  been  naed  m  a  mordant  in  calioo* 
printing.  Beuzoio  aoid,  dUaolvod  in  a  mixture 
of  i  part  of  other  and  20  piarts  of  alcohol,  haa 
been  recommended  for  the  preservation  of 
anatomical  preparations.  It  is  said  to  be  used 
in  giving  an  aroma  to  tobacco. 

.\s  an  antiMoptic  it  is  injurious  to  health, 
prodaoing  serioua  diatorbance  of  th»  meUkbolio 
funetionB,  fttrtended  irith  injunr  to  tlw  di^^um 
(\M1<  V,  U.Si  Dept.  of  Agtio.,  J.  Soo.  Chem.  Ind. 
1908,914). 

Dehdim  in  foodthtfft. — By  tbe  firoduotion 

of  (liarainolx'ii/.oic  acid  (Mohler,  l^ull.  S<>c.  i  him. 
3,  414) ;  by  the  action  of  the  acid  on  roMoiliue 
hydfoohlonde  dissolved  in  aniline  oil,  wben 
aniline  blue  i.s  furrned  (De  BrevanF,  J.  Pharm. 
Ghim.  14,438);  by  converting  the  acid  into  salicy- 
lle  acid  with  hydrogen  peroxide,  and  liien  adding 
ferric  chloride  (Jon<'s<  u,  J.  Phftrra.  Chiiu.  29, 
623).  in  buiUr:  By  tbe  funualion  of  amuionium 
diaminobensoate,  which  gives  a  brown itih-red 
rolouration  in  nlkalim-  solution  (Halphen, 
I'hniin.  J.  28,  201  ;  liobin,  Ann.  Chira.  anal. 
14,  53).  In  fertnenled  beverage*  and  milk  :  As 
in  butter  (Hobiti.  Ann.  ('him.  anal.  14,  53; 
Breu.stcdt,  Arch.  Fharm.  237,  170).  In  meats 
and  Jats  (Fischer  «nd  Gnienert^  J.  6oo.  Cliem. 
Ind.  28,  849). 

Examination  oj  Uit,  commtrcial  product. — 
The  artificial  benzoic  acid  of  commeroe  is  almost 
always  contaminated  with  chlorobmzoic  ncifls 
(v.  supra),  the  presence  of  which  lu  any  cou- 
nderaole  quantity  is  stated  to  be  detrimental  in 
the  aniline  blue  manufacture.  The  chlorine 
may  be  detected  by  heating  the  acid  with 
metallic  8o<lium,  extracting  the  residue  with  water 
And  testing  the  solution  with  silver  nitistc. 
The  aeid  should  have  the  proper  mdttng-potnt, 
and  should  dissolve  without  residue  in  boillDg 

taite  ind  Mt«n  <tf  htmole  Midi.  Benxoio 

aeid  is  nnmulnisip.  Most  of  tin.'  htiizoatos  arc 
soluble  both  in  water  and  in  alcohoL  FotoMtum 
benaoatt  C7Hj(().K,3H;,0 ;  efflorescent  lamhir. 
Sodium  beii:i»il>  ('-Tl^OA'a,!!  .( »  :  ifiiorescent 
needles^  used  for  inhaiatiou  in  tubercukiaiB. 
Ammmium  benzotUe  C7HgC).(NH4),  rhombic 
cr\ stain,  also  used  in  mwlicim-.  fnlfin/n  Km- 
zoatf  ((.'jH,0g)Ca,2H,0,  lustrous  needier,  U6i'd 
in  the  preparation  of  benzophenone.  Batic 
ferric  btn?onfi  M'  H  (V.V,Kc'.Fi{0!!),  (t-.  .<inprn). 
Mercuric  btnziMil'  suiaii  while  iHiourleaa  ta.ste- 
less  crystals  ;  powerful  antiseptic  ;  successfully 
etnj'ldved  in  sv|)hili1ir  and  similar  diseases 
(Merck's  Bull.  iSlHJ,  1.5]  33  ;  [OJ  49  ;  L7J  T6). 

Hm)  esters  of  faencoie  acid  are  obt^ed  either 
by  distilling  1><  nz*iii>  ncid  -v^ith  the  nlmhnl  anil 
blUphuric  acid,  or  better,  by  saturatmg  a  boIu- 
tion  of  beoEoio  acid  in  the  aloohol  with 
hytirogrn  <  hlori'lr.  digoatrng  the  mixture  on  thr 
water- bath  lor  sonje  hours,  precipitating  the 
ester  \vith  water,  and  purifying  bv  distillation. 
Methyl  bcnzoate  C.HjOj-CHj  is  a  liquid  boiling 
at  198-6«*  (Perkin.'chem.  8oc.  Trans.  (J9,  1025). 
Ethyl  btnzoate  C,H jO,(;2Hi,  boils  at  211-8" 
(Perkin,  I.e.).  Pmjn,!  binzoaU  UjH.Oj-CjHj, 
boils  at  230  7**  (IVrkin,  i.e.), 

Bmzyl  benxOlte.  ThiA  ester  forms  the 
( h(  T;i]"  lit  Ically  uctive  portion  of  Pfni  lialnani, 
and  aLsO  Liie  larger  fraction  of  thf  latjxiuct 
f<wmcrlv  known  by  the  nnme  vi  Ltnnanuin,  and 
generally  described  as  consisting  chiefly  or 


entirely  of  benzyl  cinnamatc.  B<Mi7,yl  ix  ixz>taie 
19  a  colourless  oil,  boiling  at  173^  under  9  mm. 
pressure,  whilst  the  benzyl  cinnamato  ia  cr\>- 
tallinL-,  molting  at  37*,  and  boiling  at  213°- 
214°  under  9  mm.  pressure.  It  is  stated  that 
benzyl  benzoate  is  as  efficacious,  therapeutically, 
as  the  ester  obtaine<i  direct  from  I'tru  balMm. 
whilst  it  has  the  advanta^  that  it  is  Iree  from 
colour  and  smell,  fs  oonstant  in  composition, 
and  does  not  causi-  the  irritation  sometime* 
oocasiwied  by  Peru  balsam  owing  to  the  free 
acids  present  (E.  Erdnmnn,  Pbara^  J.  65. 
387). 

BENZOIC  AliUYDRiD£  (UH^W  >•  First 
prepared  by  (jeihardt  (Ann.  Chim.  Ph\  s.  ^3]  37, 
299)  by  thf  action  of  htnzoyl  chloride  on  »odiuni 
benzoate  or  on  sodium  oxalate,  or  of  phosphoruit 
oxvohlonde  on  sodium  beosoate : 
(  \H,  n)  ,Xa  -  ('„Hj  f'0('I«(C-H,-(X)),0+Naa; 
2(J.H4CUa+N>'('.<>j 

•=(<  ,Hs  <'O),0+2Naa+CO+C'0, ; 
4C,H,-C0iNa  •  IHx'i, 

^2(C,U4U)),04-i^aP03^  aXaCl 

I'rrfmration, — Pbor  100  grams  of  phosphonb 
o.\y(  lilori'lf  over  r>(K)  j»raiiis  of  dry  .sodium  ben- 
zoate contained  in  a  flask;  completo  the  re- 
action  by  heating  at  ISO* ;  remove  scidinm  salts 
by  washing  the  cooled  mass  with  dilute  -.4„li:im 
carbonate,  and  purify  the  anhydride  by  dis- 
tillation. 

Anschiitz  (.\iinftlon.  220.  IT,)  heat^  l>e-nzoyl 
chloride  with  anhydrous  oxalic  acid.  Thw 
avoids  the  formation  of  metallic  salts  aUo)Kether. 

It  may  nl  i  t«  j'ni'Tred  by  heat  in  benzoyl 
chloride  with  niscd  aud  powdered  sodium  nitrit<' 
for  12  hours ;  the  pnMuct  is  extracted  irith 
ether  and  freed  from  traces  of  iK-nznif  ariil  by 
rapidly  waHhiug  with  a  very  diiuto  suiutiuti  of 
sodium  carbonate,  and  Gnally  with  dlstilltxi  water; 
yield  70  p.c.  (Minunni  and  Caberti,  Gu/.z.  chim. 
ital.  20,  655),  By  mixing  together  benzoyl 
chloridonnd  pyridine  and  adiling  water  after  half 
an  hour,  pure  benzoin  rtnhyilri<l«-  i"*  prrcipitAte'i ; 
yield  80  p.c.  (Minuiuu,  (jaz./..  chiin.  ital.  22.  ix, 
213).  By  treating  iK'uzoyl  chloride  with  sodium 
carl)onato  and  pyridine;  yicM  qnantitativc 
(Deninger,  J.  jir.  Chem.  60,  ii.  By  treatin;: 

lienzoyi  chloride  with  sotlium  h>'posulphite  iti 
the  presenee  or  abscMicc  of  pyridine  (Binz  an-l 
Marx,  Ber.  40,  3855);  by  treating  U'nzene- 
sulphonic  clUoritle  with  sodium  lH-nzo»t<;  ((.'hem. 
Fab.  vou'Hevden,  J).  R.  f .  123052;  Chem. 
Zentr.  1902,  2,  518  );  by  trsatfa^t  bensoio  acid 
or  sodium  lunzoate  with  rnethvlchlorsulphate 
(Bad.  AniL  aud  Bod.  Fabrik,  D.  H.  P.  14(>69U; 
Cliem.  Zentr.  1904,  i.  65) ;  by  tn^ating  benzou 
acid  with  art-tic  aiihyilridt  hi  the  j^rvM  nee  of  an  j 
indifferent  solvent  auch  aa  benzene  or  xylene 
(Kaufmann  and  Luterbaoher,  Ber.  42,  3483): 
frorn  hrii/otrichloride  and  aoetio  tuod  (B^hal, 
Compt.  rend.  148,  648). 

PropertitB. — Rhombic  prisms,  »p.gr.  I*i9tfi^ 
16V4^  meltin-  at  12".  and  boiling  at  360"  (wrr. ,  ' 
(Lum*den,  Chem.  Soc.  Trans.  1905, 93).  Insulubii  • 
in  water ;  readily  soluble  in  alcohol  a^Ml  ether.  i 

/frf/cfmn?.     \\'at(T  rlecompo-^es  it  ver}'  slonlv 

in  the  Cold,  mure  rapully  on  boiling,  with  fonn.i 

tion  of  benzoic  aotd.    TowanLi  ammonia,  amino 

and  imino-  eoiuix)ini*i^.  alcohols  and  phenoU,  ii 

behaves  like  U^oyi  chloride,  replacing  hy  .i 

benaoyl*  group  »  hydrogen  atom  attached  t<. 

nitrogen  or  omeo.  For  thia  reason  it  hk*. 
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Ix'u^u^l  chloride  ig.v.),  UiK-«l  a«  a  rvagoni  for 
amino-,  unino>»  and  hydruxyl-  groups,  and  it  has 

thf  iuhanta^c  over  tho  latter  rrasjont  that  nn 
hyJriH  hiunc  aciU,  a  substance  which  has  a  very 
prejudicial  effect  on  many  orgaaio  compounds, 

ia  Iit  i  r;iii  '!  fluring  ibi  action. 
BENZOIN  GUM  r.  Balsamjj. 

BEhZOm  YELLOW.  Thia  compound  is 
obtained  by  condensing  benzoin  with  callio  acid. 
Henzoin  is  added  to  a  solution  of  gafiic  acid  in 
Huliihuric  acid,  kept  at  a  temperature  of  0"-6**, 
and,  after  being  stirred  during  24  hours,  the 
mixture  is  pounxl  into  water,  the  d^e  being 
}>recipitatod.  It  cr^'stajliaea  from  a  iDiztuie  of 
acetic  acid  and  akoliol  in  ycUow  needka.  Its 
constitution  is  given  as 
C'.H«C^--— CPh 

i»J.H,OH,>  [0:(OH,.:CO=l:2:.:.) 

(Bad.  Anil.  Sod.  Fab.  D.  R.  P.  05739;  Chem. 
Zentr.  L  870,  and  Graebe,  Bor.  31,  2975) 

(«.  ALIZABm  AITD  ALI.IED  COLOVSINO  MATrKRS). 

BENZONAPHTHOL  v.  SYN-niKTir  dkttos. 
BENZOPHENONE    {Diphcnyl    K<tom)  (v. 
Ketoxks). 

BENZOSALIN.  Trade  tiami-  fur  benxoyl- 
saiicyiic-acjci-metliyl  tsster,  Uist-d  in  the  troatnient 
of  articular  and  muaou]Ar  rheumatism,  nantitis, 
nonralcia,  and  .vciatica.     V.  SyNTHKTIC  DBQOS. 

BEWZOSOL  V.  Hystuksic  dhuos. 

BBMZOnUCHLOBIDB  «.  ToLvns,  Chloe- 

BENZOYL  CHLORIDE  C,H,-C0C1.  Tirst 
obtained  by  Lie  big  and  Wohler,  by  passing 
chlorine  into  bcniutldchyde  (Annalen,  3,  262). 
^^y  the  action  of  phosphorus  pentachloride  on 
Vicnasoio  aeid  (Gfthottni»  Ann.  CSum.  Phya.  [3]  23, 
334). 

Preparation, — Benzoic  acid  it  heated  with 
slightly  mure  than  the  moleoolar  proportion  of 
]*hosphoru8  pentachloride 
C.HgCOOH +PClj =C,H,C0C1 + FOCI , + HCl. 

The  naolting  bensoyi  ohlcvide  is  freed  from  the 
phoephorus  oxj'chloride  by  fractional  distillation. 
Commercial  benzoyl  chloride  is  usually  con- 
taminated with  chlorbcnzoylchloride  and  fre- 
quent] v  with  small  quantities  of  bcnzaidehydc 

Meyer,  Ber.  24,  4251,  and  25.  209). 

From  oxalvl  chloride,  bcM/.tiu',  and  alu- 
mmium  chloride  (SUudinger,  Ber.  1908,  OSOfi). 
From  benzoic  acid  or  sodium  benzoato  and 
tncihylchlorosulphate  (Bad.  Anil,  and  Sod. 
Fabrik.  J},  B.  F.  146690;  Otem.  Zentr.  1004, 
i.  65). 

From  salta  of  benzoic  acid.    By  treatment 

with  euJi'hur  dioxide  and  chlorine  (Farb.  v<»rm. 
Meistor, 

Cheni.  Zt  ntr.  1909,  279) 

Properties. — Colourless  liquid,  with  a  pungent 
fxlour,  boiling  at  199*  (Lumsden,  Chem.  8oc. 
Trans.  1905,  M);  197-2*' (corr.)  (Perkin,  Chem. 
i>oc.  Trans.  69,  1244).  Its  vapour  attaclu  the 
eyes,  causing  a  flow  of  tears.  8p.gr.  1*2122 
SS0*/4*»  (Uiuhl.  Anna],  n.  11). 

lUaUiont. — Beozoyi  chloride  reaois  ^^ith 
toofer,  slowly  in  the  eold,  rapidly  on  heating, 
with  fortnation  of  benzoic  an<l  h\  ilrochloiioaoids. 
With  ammonia  it  forms  benzamido 

C,H,CO-MH, 
tqgatber  with  ammooium  eUoride.    In  like 


.uirins  and  iirunuig,  \).  It.  I'.  21U6(Jo  ; 


manner  it  rcacta  with  compounds  containing 
hydrozyl*,  amino-,  or  imino*  groui)s,  introducing 
benzoyl  in  place  of  hydrn^^m,  and  is  therefore 
employed  in  orgauic  chemistry  as  a  test  for  the 
presence  of  these  groups  in  a  compound.  Thus 
«  ith  akohol  it  \  ield.s  othyl  benzoato;  with 
aniimtf  benzaniliiie  and  dibenxanilide. 

BENZOYL  GLYCOCOLL  v.  HiPPtTBio  aoid. 

BENZOYLPINK  ■   \7u-<-<>i.<^rv.]S(r  \^  \rrrv<. 

BENZOYL  SULPHONIC  IMIDE  in  1  BEN- 
ZOIC SULPHINIDE     Sa    II  N 

BENZYLAMINE  CARBOXYUC  AGIOS  v. 
Amino-  acius  (aromatic). 

BENZYL  BLUE.  A  dye  made  by  the 
Aktirngesellschaft  filr  Anilinfabrikation,  Berlin, 
by  subjstitutiiig  tluetj  atoms  of  hydrogen  lu 
rosaniline  by  three  benzyl-  groups.  It  ia  ea.«!ily 
soluble,  in  water;  dyes  silkn,  wools,  and  cotton 
(Reimann's  Farbcr-Zcit,  1879,  251  ;  Industrie- 
Blatter,  39,  360). 

BENZYL  CHLORIDE  v.  Tolussji,  Culob- 

INB  DKBIVATIVBSOF.   

BENZYLDlPHENYLAinilB  v.  BmirTL- 

AMINE. 

BENZYLPHENYLHYDRAZ0NE8  v.  Hydm. 

BERBEBIN&  v.  Bajibisbey  bout  and  VfiOKTO* 
AXJCALoroa. 

BERENGELTTE.  A  liituminous  resinous 
mineral  from  bt.  Juau  de  Bercngela,  Fern, 
meltinff  at  100",  soluble  in  aleohol  and  ether. 
Accomin  j  t  .  l>i'  irich,  spcMjimens  from  Trinidad 
and  Arien,  Furu,  contained  71*84  C,  9-95  U,  and 
18*21  of  O  (Chem.  Zentr.  80,  659).   Uaed  for 

Caidkin^'  shijw. 

BERGAMOT  v.  Oils,  Essential. 
BBRGMANN'S   FOWDBR.  An  ezploaive 

compowd  of  'A)  parts  potassiuni  chlorate,  6  of 
pyrolusjit*-,  and  of  hran,  sawdust,  or  tan  (J. 
37,  1748). 

BERLIN  BLACK.  A  black  varnish  drying 
with  a  dead  surface,  used  for  coatinj^  iron- 
work. 

BERLIN  BLUE  or  PRUSSIAN  BLUE  a, 

Cyanioks. 

BERNTHSEN'S  VIOLET.    Uothionine.  /9- 

Amid' thuxH [tin  niiliiiii(l(.  Forme«l  Ijy  reduc- 
ng  /i  Wniiirodiphcuvlaminesulphoxidf  and  oxi- 
dising the  leuco-  base  with  fenrio  ohioride.  The 
hydrochloride  crystallises  in  netnlles.  Dyes 
reddish- violet.  Isomeric  with  Lauth'a  viold 
iBcrnthsrn.  Annal.  n,  230,  133). 

BERRY  WAX  v.  Waxes. 

BERTHIERITE.  Iron  sulphaniimonite  (r. 
Antimony). 

BERYL.  A  mineral  consisting  of  glucinum 
aluminium  silicate  Bej.YljSigO,,,  crystallising 
in  the  hexagonal  system.  The  ancient  name, 
&-ht>uXKos,  included  also  some  other  gem-stonea 
of  a  greenish  oolour.  The  crystals  are  usually 
quit*'  >iiiii»le  in  form,  with  imly  tie-  Ju  \'a;jMTiaJ 
prism  and  the  basal  plane ;   the  habit  boin 


.uig 
tod 


commonly  priMmatio  and  the  prism  faees  striat 

vert  icallv.  Tlu/y  an'  usually  (  Iiiud\  or  oii;ii|iii;. 
with  a  palc-grccuish  or  yellow  ish  colour  and  are 
often  of  eonsiderable  sice,  cry^talii  weighing  aa 
mui-li  as  our  or  Ivvii  ttms  having  lu-eu  toiiiid  at 
Acworth  in  New  Hampshire.  Tlio  ^^p.gr.  is 
2'63~2*80.  and  the  hardness  The  material 

is  not  attarkr-d  hy  acids,  exeopt  liyJroiluoric  : 
and  Ix'fore  the  blowpipe  is  lusibio  only  with 
difficulty  on  the  edges.  Digitized  by  Google 
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BBRYL. 


Crystals  of  a  ilitlcreiit  typo  arc  found  in  asso- 
ciation with  lithia  inincralK  (lepiclolitc  and  nibel- 
iito)  in  certain  }K'gmatites.  ThcHO  firo  tabular 
in  habit  and  rosc-red  or  colourloss.  Further, 
they  differ  chemically  in  containing  small 
amounta  of  alkalis  {Cm^O  3*1,  Ld^O  1-4  p.c). 
V.  Vemadsky  {IWH)  exprenee  fhe  oompoBition 
by  the  fonnul  i  rHeAl,Si40j.-yx\,  uhcre  A 
is  BcH,Si04,  jbctiiU,(r),  U^SiO,.  Li^O,,  or 
NajSiO, ;  and  for  the  OMdam-beAring  Tariety 
he  proposes  the  naniu  {■ordnjcviic. 

^  Being  by  far  the  moat  abundant  of  giucinum 
minerals,  beryl  is  employed  for  the  ])reparation 
of  tho  litllc-u?<  (!  illrt  of  giucinum  Jt,  tiniLs 
more  cxt^naivc  application  in  juwdiery.  Tho 
clear  gnaa-green  variety  is  the  enwmM!»  one  of 
the  most  valuable  of  gerua  on  account  of  the 
rarity  of  flawless  tuatcriaL  Uom-stoueei  of  a 
greeniah,  bluish,  or  sca-greon  odour  aie  known 
nquamarine,  wiule  otmn  in  gDldcn-volIow  or 
rut>e-pink.  Xj.  J.  S. 

BERYLLIUM  t'.  Ui.r<  isuic 

BERZELIAHITE.  Xative  co]>pcr  selenido 
(,'UjSc,  occurring  in  a  Mack  j>owdery  form  in 
calcit<'  at  Skrikcruui  in  Sucdeu  and  at  Lehrbach 
in  tlu^  Har/.  NanuMl  afU-r  the  Swedish  clieniist 
J.  J.  BiTzclui.s  ( 177!>-IH4i>),  who  first  analysed  it. 

L.  J.& 

BERZELIITE.  Ar»enuto  of  calcium,  manga- 
nese, and  magnesium  ((Ja,Mn,Mg),A8,0,,  occur- 
ring as  small  ye^ow  oubio  crystaK  aod  M  eCHtt- 
pact  masses,  with  ores  of  iron  and  manganese 
at  l^in^ban  in  Wermland,  Sweden.  Also 
named  after  J.  J.  Bcrzclius.  Other  forms  of  tho 
same  name,  berteliuo  and  berzulite,  have  been 
applied  to  these,  as  well  as  to  some  other  minerals. 

L.  J.& 

BESSEMER  STEEL  t?.  Iron. 


BETAINE 


(CH,),N<^ 


-CO    may  bo 


rMmrde<l  an  the  internal  anhydride  of  the 
acid  (t'H,),N(OH)CH,C00H  derived  from 
acetic  acid  by  the  rcplaciMiient  of  one  atom  of 
hydrogen  by  trimolhyl  hydroxyamnmnium. 
It  ooeun  in  beete  and  mangolds  (<  s|H>c)aUy 
unripe  root.s),  in  cotton  seed,  in  tlie  .shoots  of 
barley,  in  woruuiocd  {Artenutia  gtUlka)  and  in 
man^  other  plantf*  often  in  aaaociation  with 
cholme,  from  which  it  OMry  readily  be  obtained 
by  oxidation. 

Betaine  oan  be  syntheoaed  by  the  mter' 
action  nf  c]dorac(lie  acid  and  trimettiylMnine 
(Ucbrvich,  iJer.  IbtiO,  2,  13). 

It  can  be  extvaeted  firom  beet<root  molaaaeK 
by  dilution  with  water,  boiling  with  baryta, 
tilteriiut,  precipitating  the  excess  of  BaHjO, 
with  COj,  evaporating  the  liquid  to  small  volume, 
nnd  extracting  with  alcoliol.  'Hie  akcpholic 
solution  is  treated  with  alcoholic  /inc  (  hl<«ride, 
tlto  ])pt.  recryatalliaed  from  wat<-r  and  dec om- 
jiosctl  by  baryta  water.  Tlie  hariuni  is  ttuii 
exactly  reuiovetl  from  tho  filtrato  by  llj,SC),,  and 
betiiinr  h\  dr<»ehloride  crj'.stalli-jra  on  cvajH  >rat  ion 
( IJehreich,  Her.  3,  161 ;  J<ViUUing  and  ikbxdz, 
Ber.  It),  1070). 

A  ){eneral  method  of  obtaininK  betaino  from 
]»lant  extracts  is  to  precipitate'  witTi  h  ail  acetate, 
filter,  remove  the  lead  by  sulphuretted  liydrogen, 
lilter,  evajKjrato  to  drytiesp,  extract  residue  with 
alcohol,  and  precipitate  with  alcoholic  mercuric 
chloride*  The  mercuric  double  salt  is  thou 
reciyataUiaed,   deoompoaed   by  sulphuretted 


h)  <lrt)gen,  and  tho  hydiuchlorido  obtained  from 
the  solution  by  evaporation.  If  choline  is  also 
present,  it  can  bo  removed  Irum  the  niixe«l 
hydrochlorides  by  extraction  with  oold  atoobol, 
leaving  tho  betaine  li  Ii  xhloride  (Sidrabe* 
Zeitaoh,  phyaiol.  Chem.  lim,  156). 

Betaine  cryatalfisea  from  aloohol  in  larse 
crystals  conl^iining  one  inol-'cule  of  A\.it<T.  It 
is  deitqueeoent  in  air,  and  loaea  its  wat«r  w1k» 
dried  over  atdphurio  acid.  Strong  sulphorie 
aeid  has  hut  little  action  U]»on  it,  even  at  120' 
(Stan6k,  ZciL  Zuckcrind,  Bohm,  1902,  2t>,  287). 

It  ia  neutral  to  litmna,  and  biui  a  aweeft  tvale. 
It  melts  and  decomposes  at  ( Will^tatter, 

Ber.  1902,  35,  5S4),  giving  ofi  the  smell  of  tri- 
methylamtne  and  of  burnt  aogar.  The  aMirt-> 
diloride  (•  H„N0j  HCl  And,,  forma  pUtes  at 
n<HHlle8  which  melt  at  209°  (WiJLstatter),  or,  ac* 
cording  to  Fischer  (Ber.  11M)2,  35,  1593),  at  MO". 
The  platinich!nri<le  l'tri,2(riH,  ,X0,.Tf(1)  4H  ,0 
forms  lai>i;e  platen ;  after  losing  its  uatcr  it  luelt*^ 
and  decomposes  at  242"  (Wilbt&tter). 

(\H,,N0,-H(^1  i«  very  soluble  in  water, 
slightly  soluble  in  cold  alcohol.  CgHj,NO,'HI 
is  soluble  ill  water  or  boiling  alcohol,  and  melta 
at  IH^j"  A  compnrmd  with  KI  rrvf5tnlli«*» 

a8  (t:,H,,NU,)/KJ,l!H,U.  m.p.  139"  (Komcr  and 
Menozzi,  Uazz.  chim.  ital.  13,  351),  or,  if  anhy- 
drous, at  228''-229*'  (Willrtattrry. 

The  term  *  betaine  '  m  now  used  gcneradiy  lor 
•abatanoea  oontainuig  the  groap 

with  odier  alkyl-  groups  than  methyl,  or  other 

acyl-  groii  [i  t  !\an  acetyl. 

Thus,  duMthyUihyUicctyUteiaint  or  (ainoe 
acetyl  ia  to  be  nnd^tood  if  no  acyl-  groap  ia 
mentiooed)  dimdhyMhflhttaiHe 


crystallime  from  aleohol  in  fonr^ided  pl*tett. 

meltinET  and  dccon  y    inL'  ^  231*  <WU1> 

sttitter),  while  tritntthyihulyroLtiatne 

(f  •  H , )  jN-'^i'j'"^*"^  O 

crystallises  in  colourless  plates  with  3H,0  ;  in 
the  anhydrona  atate  it  softeoa  at  190^  and 

deoomposoe  at  222'  ( Will.st;itter\. 

The  betaincs  are  isomeric  with  the  etit€»rs 
of  amino-  aoida;  thua.  ordinary  bet«me  ia 
isomcrio  wth  nicthvldinuthvlaminoacctate 
{t:H,)jN  CH,-CO-0(JH„  a  volatUo  oUy  liqtud. 
b.p.  136*,  while  trimethylbutvrobotaine  in  iso* 
meric  with  methyl-Y-dimetlivlanunobutynate 
(('H,),:NCH,UH,CH,COOCH,.  b.p.  171*- 
173*. 

(For  het4iines  of  tho  pvridine  aerioo^  aes 

Kiqml,  Muuutbh.  1908,  29,  471.) 

According  to  Sohulzo  and  Trier  (Zoit^h. 
pliyniol.  Chem.  1910,  07,  -in),  tho  three  bctaitios 
w  Inch  have  been  isolated  from  plant  tiiisue«  arx^ : 
betaine,  trigonelline  [found  in  fcnugreuk  b\ 
Jalms  (Ber.  IRSfi.  IS.  251S)  n  -.ciate.1  uJtb 
choline  J,  and  stachydrine,  fouau  lu  liio  tuben 
of  Stachya  tubcrifera  and  in  the  leavca  of  CAHm 
awruntium  (vl  'I'maoMjajLoni  and  Stacbydrix  k  l 

H.  I. 

BETEL.  A  mixture  of  ihr  K.if  '>f  the  Ix-to]. 
pepjxT,  Piper  Brilc  (Linn.)  with  the  fruit  v>f 
Jreca  caUchu  (Linn.)  or  betel  nut  and  cAtuiam 
(line  obtained  by  caloining  ^^(^H^^TS&l^ 


BIDRY. 
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usimI  l)y  Iho  |>eoplc'  of  ("oiilral  and  Tropical  Asia 
as  u  inajiticatorv'. 

BETEL-MDT.    The  fruit  of  Areea  eatecku 
(Linn.). 

BETH-A  BARRA  WOOD.  AwckhI  iint>orU-(l 
from  tin-  Wi'.st  Coa.st  of  Africa,  much  valued  for 
il»  toughuc^  and  capability  of  receiving  a  high 
polish.  The  intentioee  of  the  fibres  are  tilled 
with  a  yellow  crystalline  substance  which  can  be 
extracted  from  the  sawdust  by  heating  with  dis- 
tilled water  containing  a  little  sodium  carbonate, 
and  precipitating  the  lesulting  olaret-^mlotired 
solution  with  aoefcio  sold.  It  is  purified  by 
repeated  crystallisations  from  80  ]).c.  alcohol. 
By  precipitfttiog  the  red  solution  with  hydro- 
chloric acid  md  iroehiaffi  the  lemlting  precipitate 
with  ether,  Grtn-nc  and  Hooker  (Annr.  (  Ik  iii.  J. 
11,  207)  found  the  ciystals  to  be  ideutioal  in 
all  reepeete  wiUi  UpeehJo  aeid. 

If  iliffers  from  chrysophanic  acid  by  molting 
»t  136**  and  in  not  forming  a  compound  with 
altini  (Sadtler  a.  Rowiand,  Anier  Ghent.  J. 

1881,  22).  (For  taMos  shomncj  the  difTercnm  in 
the  roactiona  of  brasilin,  hiematoxylin,  santalin, 
and  hetdi-a'hena,  v.  Amer.  Ghem.  J.  11,  40,  and 

Wagner's  Jahr.  28.  nST.) 

BETOL  V.  iSYNTUETIC  DBU08. 

BnOBCm  or  ^-ORCIN  C,H,oO,.  A  sub- 
stance ohtainetl  by  tho  (Iccompoaition  of  bar- 
batic  acid,  found  in  the  lichen  UaiuahnrbaUi.  It 
is  lees  aoluUie  in  water  than  orcin,  and  gives  a 
dee]>er  crimfson  colour  with  hypochlorite's.  Kos- 
tanecki  lia.-i  obtained  it  by  the  actioji  of  nitrous 
acid  on  m-amino-p-xylenol,  thus  showing  that  it 
is  a  dihydroxy-xylfiie  ((limethylresorcinol) having 
th«  substitutiug  groups  in  the  jX)sitionj<  CH3, 
CH„  OH,  0H  =  1,  4.  3.  5  (Stenhousp  a.  Orovos, 
( 'h«-ni.  Soc.  Trans.  37,  390  ;  Ijampartie,  Annalen, 
i;t4,  24K ;  Menschutkin,  Bull.  Soc.  chim.  2, 
42b:   KostaiHcki,  Ber.  19,  2321). 

BETULA  RESIN  v.  Kssnis. 

BEZETTA.  Tvurmttcien  drapeaux.  Sehmink- 
tappehen,  Btzftta  rubra  et  ca-ruUa,  A  <lye  or 
pif^ent  prepued  by  dipping  linen  rass  in'solu- 
tions  of  certain  colouring  matters.  Redbesetta  is 
coloured  with  cochineal,  and  is  used  as  a  cosmetic. 

Blue  beietta  {TouniMol  en  drajteatu),  which 
ia  chiefly  used  for  colouring  the  nnd  of  Boteh 
chc«-  <  i>  ]>repare<l  at  CJallargur  s.  mar  Nfmea, 
in  the  doijartment  of  (iard,  from  a  euphorbi- 
aoeoos  plant,  Okrnzophem  Un^eria  (A.  Jutti.) 
\Croton  tinciortws].  The  fruits  and  the  tops  of 
the  plants  are  gathered,  and,  the  juice  being  1 
expressed,  rags  of  coarse  cloth  are  dipped  into  it,  { 
then  dri<  d,  and  afterwards  exposed  to  the  fumes 
of  mules'  ur  horses'  dung.  This  last  operation 
ia  called  tUuminatUm.  The  cloths  are  turned 
from  time  to  time,  to  ensure  uniform  colouration 
and  prevent  any  part  from  being  eiqwsod  Uto 
Icmg  to  the  fumes  of  the  dung,  which  would 
turn  them  yellow.  They  are  then  dried  a 
second  time,  again  soaked  in  the  juiee,  mixed 
this  time  with  urine,  and  lastly  expcraed  for  .Home 
time  to  the  action  of  the  pim  and  wind.  The 
quantity  thus  manufactured  amounts  to  about 
50  tons  yearly.  The  blue  of  bezetta  is  reddened 
by  acids  like  litmus,  though  not  so  quickly,  but 
differs  from  the  latter  in  not  In-ing  restored  by 
alkalis.  Acconling  to  Joly,  the  sam^  dye  may 
\ye  obtained  from  other  euphorbiaceoud  plants, 
Chroeorphora  oblongaUt  [Miqua  (A.  Juss.)  ?]. 
C.  frficofa  (A.  Jnas.),  ArgUkamnia  Meuipidala 


(Muell.),  MercuritUiji  pcrennit  (Linn.),  and  M. 
tomeniosa  (Linn.).  The  juiee  exists  in  all  these 
plants  in  the  colourless  state,  and  turns  blue  only 
on  exposure  to  the  air  (Hantlw.  d.  C'hem.  2,  [1] 
1030  ;  (Jerh.  Traite,  3,  820). 

BEZOAR.  This  name,  which  is  derived  from 
a  Persian  word  signifying  an  antidote  to  poison, 
was  given  to  a  concretion  found  in  the  stomach 
or  intestines  of  an  animal  of  the  goat  kind, 
Capra  afgragtis,  which  was  once  very  highly 
valued  for  this  imaginary  quality,  and  has  thence 
been  extended  to  all  concretions  found  in 
animals. 

Acconling  to  Taylor  (Phi!.  Mag.  Xo.  180,  30, 
and  lilo.  186,  192),  bezoars  may  be  divided 
into  nine  vartotie^:  1.  Phosphate  of  ealoinm, 
which  forms  concretions  in  tlie  intestiru's  of  many 
mammalia.  2.  Phosphate  of  magnesium; 
semi'transparent  and  yellowish,  and  of  sp.gr. 
2- 100.  3.  Phosphate  of  ammonium  and  mag- 
nesium ;  a  oonoretion  of  a  grey  or  brown  colour, 
oomposed  of  radiatioos  rrom  a  oantre.  4. 
Oxalate  of  calcium.  5.  Vegetable  fibres.  0. 
Animal  hair.  7.  AmberKns.  8.  Lithofollic 
soid.   0.  EUi^  or  becoaraio  acid, 

Of  true  bezoars  there  are  three  kinds :  Oriental, 
Oecidental,  and  German.  The  true  Oriental 
l>e7.oars  found  in  the  Capra  agngu*,  the  g;azelle 
{(lazflUi  dorca-i),  and  other  ruminant  animals, 
are  spherical  or  oval  nias-ses,  varying  from  the 
size  of  a  pea  to  that  of  the  6st,  and  oomposed  of 
concentric  layers  of  resinous  matter  with  a 
nucleus  of  some  foreign  substance,  such  as  pieces 
of  bark  or  other  hard  \egi  table  matter  which 
the  animal  has  8wa]lo\ve<I.  They  have  a  shining 
resinous  fracture,  are  destitut-e  of  ta.ste  and  odour, 
nearly  insoluble  in  water  and  aqueous  hydro- 
chloric acid,  but  soluble  for  the  greater  i>art  in 
poUish  lye.  These  charat^ters  suffice  to  distin- 
guish the  Oriental  bezoars  from  those  varieties 
which  contain  a  considerable  quantity  of  in- 
organic matter.  There  are  two  kinds  of  them, 
the  one  consistinff  of  ellagic,  the  other  of  litho- 
fellic  acid.  The  utter  have  a  more  waxy  lustre 
and  greener  colour  than  the  former,  and  are  also 
distinguished  by  their  lower  sp.gr.,  viz.  l-l, 
whilst  that  of  the  elh«io  acid  stones  is  1  -6.  They 
oontain,  besides  lithof^IKc  acid,  a  snbstanoe 
resembling  the  colourinrr  mattt  r  of  bile,  and  are 
perhaps  biliary  calculi.  Oriental  bezoars  are 
greatly  prized  in  Persia  and  other  countries  <»f 
the  Vjost  for  tli<  ir  suppose<l  medical  ])roperti(>s. 
The  Shah  of  Persia  sent  one  in  1808  as  a  present 
to  Napoleon.  The  Ooeidental  becosn  are  found 
in  the  lama  (Auchenia  glama)  and  in  .1.  virutpm. 
They  resemble  the  Oriental  in  external  ai)p<>ikr- 
anoe,  hot  difler  totilly  in  their  chemical  cha- 
racters, inasmuch  as  they  consist  chiefly  of  cal- 
cium phosphate,  with  but  little  organic  matter, 
(jerman  bezoars,  which  are  chiefly  obtained 
from  the  ehamois  or  gemslnx-k  (liupicnpra 
tnujus),  consist  chiefly  of  interlaced  vegetable 
fibres  or  animal  hslrs  bound  together  by  a 
leathery  coating. 

BICUHYBA   FAT.    See     Mybistica  fat 
OROie. 

BIDRY.  An  Indian  alloy  of  zinc,  copper, 
and  lea<l,  and  occasionally  tin.  Article.s  of  this 
alloy,  after  being  tuned  in  a  latiiA and  engra  vi  <  I , 
are  blackened  by  immersion  in  a  solution  of  sal 
ammoniac,  nitre,  common  salt,  and  copper  sul- 
phate.  Known  also  m  Vidrf/.      ^-^^^^^  Google 


T^lKBnicn   A(  ID  IIKT).   PATENT  BLACKS.  SCARLET  PONCEAU. 


BIEBRICH  ACID  R£0,  PATENT  BLACKS. 
8CARLBT  POMCBAU  o.  Aso-  coLfytnava  hat- 

BILBERRY.  Vuccttnum  Myrttilua  (Liun.). 
KOnig  gives  aa  the  avtrage  composition  of  the 
frnit: 

frt*  OUu  rcarbo- Crude 

Wnter  Prot«in  acid  Sugar  hydrates  flbrn  Aeh 
78-4      0-8      1-7      50      09       12-3  10 

According;  to  Otto  (Bied.  Zentr.  1S99,  28, 
284),  Silcsian  Lillx  irifa  contain  from  3-5  to  7-0 
p.0.  of  sugar  aad  acid  oorreapondinc  to  bom 
O'O  to  1*5  puo.  of  tartarie  add.    He  foimd 

thfit  fermentation  of  the  juico  witli  onliimry 
^'cast  waii  very  glow  uidusa  some  nitrogenous 
matter  (e.g.  ammonium  chloride  or,  better, 
asparagino  (about  (>•(!  frmm  jmt  litre))  were 
added.  Bilberrios  contain  a  small  quantity  of  a 
wax  melting  at  71*  (Seifert»  Landw.  Vermolu- 
Stat.  isn4.  15,  20). 

The  juice  of  bilberries  contains  from  4  to 
9-5  p.c.  of  total  solids,  0-25  to  0*31  p.c.  aah.  and 
Bcidity  fnnT>spoii(linu  to  from  15-5  to  19*6  c,c. 
N/1  aikHli.  'i'hu  juice  contains  Honic  aubstancc 
which  givee  a  blue  colouration  when  heated  with 
hyilrochloric  acid.  Thin  rnlntiration  is  ap- 
parently not  connect«l  with  tiie  red  colouring 
roatti  r  of  the  berries  and  appears  to  l)«  cha- 
racteristic of  the  Vtii'i  'iniacfoe  for  cranberries, 
VacciniMtn  vUi«  Idasa  also  yield  the  samo 
reaction  (Flahl,  Zeitach.  Nahr.  Qennana.  1907, 
13,  1). 

The  Hugar  iu  bilberries  w  cntinly  invert 
Mi^ar  (\Vin«li»ch  and  U<«-hni,  Zeitwh  Nahr. 
(.t  iujssm.  lfM»H.  S.  :i47).    'I'he  ash  contains : 

K4O  Na,0  CoO  Mg()  iegOjMnjO^P.O.  80-  810. 
an-l  so   6*1    1*1  2*1    17-4   3-1  0-9 

(Borggreve  and  Hombetger,  Bied.  Zentr.  ISM, 

487). 

Bilberries  contain  a  rtii-iirown  dye,  insoluble 
in  acidifu^  water  and  a  soluhle  dye  which,  w  hen 

boile<l  with  ncid,  3rields  sugar  and  the  insohihK' 
colouring  matter  (Weigert,  Bied.  Zentr.  JhUti, 
25,  58). 

The  juico  of  this  berrj*  (filer.  Htidflbcere) 
is  used  for  colouring  wines.  The  colouring 
matters  of  grapes  and  of  billwrries  behave  in 
an  almost  idoutioal  way  with  moat  reagents 
(Andree,  Arch.  Pharm.  fSl  13,  90:  Ber.  13. 
582:  Plahl.  Chem.  Z.nlr.  I'.MIV,  i.  837). 

To  detect  bilberry  juico  in  wine,  50  o.e.  of 
the  wine  ia  made  faintly  alkaline  with  eoditim 
hydroxid'-,  anil  i  \ nptiuid  il  t<>  half  its  volume. 
After  co<  ' ling  it  is  made  up  to  the  original  volume 
and  ])r(  V  i  |)itated  with  lean  acetate.  The  flJtrate 
'\^  Ihrii  jutcipitated  witli  .sodium  Milpliatf  and 
after  tiltration  the  solution  is  acidih<Kl  with 
h3rdroohloric  acid.  If  any  v^etable  colouring 
matter  is  stili  pre-ent,  tlie  .si .|iit i< )ii  at  once 
becomes  red,  but  the  i»lue  colour  given  by 
billMjrry  only  app<>ars  on  heating  ^e  solution  in 
a  boiling  water-Katli.  Tn  llii-^  way  2  p.c.  of 
bilberrv  juice  can  Iw  tlet<'Ct«xi  (Plahl,  Chem. 
Zentr.  1908,  L  1482). 

Ar.  MTdtn?  to  Vogel  (Ber.  21,  I74ft),  the 
colouring  matter  of  grajx'.s  and  of  bilberries  can 
be  reaculy  di.'^tingui.shed  by  iheir  absorption 
sjH'ctra,  |»n^i\  idiriL'  tljc  wiiif  is  Icki  mneen- 
t  rateil,  au<l  aftt  1  midm;.;  a  Irate  ut  alum  solution, 
it  is  can-fully  neutralised  with  ammonia.  After 
Inn^i  keeping,  however,  the  colouring  matters 
catu^ot  be  dlstitigui.shed  in  this  way. 


The  colouring  matter  of  the  juico  can  be 
extracted  hy  neutralising  it  with  eanstio  nnda  and 

thentn  a)  in;.'  it  with  hide  |)oud<T.  .\ft«  r  1  w  <  >flAya« 
the  bide  powder  containing  the  colouring  niattfT 
is  filtered  off.  washed  wiw  water,  ann  treated 
with  dilut/^  hydrochloric  8(  id.  aft.  r  \\lurh  it  is 
precipitat<Hl  with  diluto  siKla.  1  ho  oolounng 
substance,  pRjhably  <'ioHij<>a.  is  noluble  in 
mineral  and  organic  aridv.  I, tit  insnlnhle  in  wat/»r. 
alcohol,  ether,  chloroform,  or  U^oxeue.  Jt 
reduoea  Fehling's  solution,  and  is  decomposed  by 
hot  cone.  .'Jiilphnrir  arid,  a  componnd  t',,H,,<t. 
being  throwu  down  when  wat«r  is  addetl  10  thi 
hmI  solution  thus  obtainecL  Tlie  colouring 
matt<'r  is  oxi<lis<-d  l>y  nitrir  acid  to  oxah*  .nul 
picric  acids.  It  t^lowlv  decomposes  on  stand- 
ing, evolving  carlKin  dioxide^  and  its  solution 
when  treatisl  with  copper  sulphate  «»r  7.inc 
chloride,  turns  Viulet;  with  lead  acetaU'  jt  tum^ 
blue,  and  with  ferric  chloride  dark  -  brown 
(Nachen,  Chem.  Zentr.  1895,  6(3.  1084). 

Considernblo  quantities  of  citric  and  malic 
acids  are  present  in  the  juice,  which  also  contains 
hydroearbons,  glucoses,  pentoses,  and  inosotol 
(pfachen.  he).  Ammonia  turns  bilborri-  juice 
a  brownish-green;  nitric  acid  in  the  cold  blue> 
ehanging  to  red  and  becoming  orange  on  iKiiling  ; 
lead  acetate  gives  a  blue  precipiute,  ccjpitt-r 
sulphate  a  violet  colour,  !^.«tium  carbonate  a 
hluo'dlack,  and  borax  an  amaranth  red 
(Griessmayer,  Chem.  Zentr.  8,  381). 

Wlien  ehlorine  is  ]>iisse<l  into  the  juice,  a 
bright-gn>v  amorphoua  precipitate  is  obtained 
(Noohen,  i.e.). 

(For  quantitative  analysis  of  thi' juii  r.  .  om- 
pare  Matbes,  MuUer,  and  Kamstedt  (C'heni. 
Zentr.  1900.  L  407);  Lfthring,  Bohriseh.  and 
Hepner  {ifiid.  1007,  ii.  1755);  Shiunm  nnd 
.Jegm  {tbtd.  1907,  i.  983);  Behrc,  tSrosse,  and 
Schmidt  {ibid,  1909,  i.  456).) 

Wlien  the  juice  is  fi  rnientfNj,  the  pri^'  lu'  ts 
include  aldehyde,  and  capnc,  propionic,  valeric, 
and  butyric  acids  (Naohen,  Le.\ 

Wine  has  l>ecn  yirrpared  from  hill>errv  jTiiris 
by  allowing  it  to  ferment  spoutaneou.Hly  when 
mixed  with  a  third  its  weight  of  honey.  The 
wine  t1ui?  ]irepnre<l  bears  prolonged  8tom:_n\  is 
rieii  in  altiihui  and  tannin,  is  of  a  rich  cicitr 
colour,  and  has  an  agreeable  flavour  ((iraftien, 
Bl.  Assoc.  Beige  des  chim.  12,  £3]  107  ;  Otto, 
Bie<l.  Zentr.  1899,  28,  284). 

When  bilberries  aia  extraet4<d  with  <ihloto> 
form,  the  .solution  evaporated,  and  the  residue 
extracte<l  with  light  petn)leum,  the  soluble  jxirtioii 
vielils  a  wax,  m.p.  71",  andacrvst*llinecompt)und. 
probably  ri<in,   m.p.    255'*-260*'  [a]^-h00-72** 

(Seifert,  Landw.  Versuchs-SUt.  45,  29). 

BILB.  Bile  is  the  secretion  of  the  liTcr  which 

'\n  jv.und  into  the  (hiorfenurn  (th«'  fir-t  jiart  of 
the  small  intestine).  It  can  be  collected  in 
uiimala  by  means  of  a  biliary  fistula ;  the  samo 
opcrntifin  hri'j  occasional!)  been  perfornn,!  in 
human  beings.  After  d<>-ath,  the  gal]  bladder 
.vidds  a  good  supply  of  bile,  which  is  more 
eonrentratrd  than  that  obtained  from  a  l^>tnl.i. 
The  amount  of  bile  secreted  U  dilferenlly 
estimatetl  by  different  observers;  in  man  ii 
probably  varies  from  500  to  1000  c.c.  per  diem. 

Its  coiuitituents  are  the  bile  .salt**  j>n»j»i'r 
(sodium  glyeoeholate  and  taurocholate).  the  biJc 
pigment.s  (bilirubin  aud  bilivcrdin).  a  muoinoiii 
i>ub.stance,    small    quantities    of    fats,  sua^ 


BILR 


choiosterol,  koithin,  urea,  oad  mineral  salts,  of 
whieh  Mditim  oUorlde  aod  the  phosphates  of 
osloinm  and  iron  ar<>  the  most  irufK)rtHiit. 

Bile  in  a  ycJJowish,  mUUsh-bruwn,  or  gnx>u 
fluid,  aeeofdinfr  to  ndfttivo  prpponderanoe 
(if  its  two  cU'u'f  pi'^mcnts.  It  has  a  inusk-iikv 
iMiuur,  a  bitter-swecit  ta»to,  ami  m  alkoliito  to 
litmus.  The  Kpeoifio  gravity  of  human  bilo  is 
t  1  nM2  from  th«'  t»a!l  lilnfMrr,  afid  about 
1-Uli  \<.h«  ii  (ierivuii  irom  a  tt8tula.  The  greater 
Ooni;oii trillion  of  gali-bla<l(ler  bilo  is  partly 
explained  by  tho  additioii  *<>  it  frofn  thv  wall  of 
that  cavity  of  the  mucinoid  niuti.-rLal  it  iieoretcs. 
l^e  following  table  will,  however,  show  that 
tf  if  Inw  perrrntapjp  of  solids  in  fistuhi  bilo  is  duo 
luauiiy  to  paucity  of  bilo  salts.    TUiii  in  accounted! 

for  in  the  way  fiist  su^^tecl  by  Sebilf— that 

there  is  normally  a  bile  circulation  gotne  on  in 
the  body,  a  large  quantity  of  the  bile  salts  that 
pass  into  the  intestine  being  first  split  up,  then 
re>absorbed  and  again  syntliesLaed  and  secreted. 
This  would  obviously  be  impossible  in  cases 
whtTf  all  th<'  bilo  is  discharged  to  the  exterior 
through  •  tistoia.  The  foUowiiig  ia  the  table  in 
qoeation,  tha  imults  being  the  mean  of  Mveral 
analyses  of  humaB  bile : — 

Fiitula  Gall-bladder 
c\in«Utoeatt  bii**  bllc 

Bile  salts  .    0-42  i)14 

Cholesterol,  lecithin,  fat    .    0  07         1  18 
Mucinoid  material   .       .    0*17       i  , 
Pigment  ....    0-07      J  * 
Ash        ....    006  0-78 


Total  solids  .  .  .  1-39  14  08 
W'aU-r  (by  differenoe)       .  98  01  86-92 

The  Fd  botdnmm  pwifieatum  of  the  pharma- 

copa«ia  is  made  by  mixing  ox  bilo  with  twice  its 
volume  of  rectifie<l  spirit :  this  is  set  aside  for 
12  hours  until  the  sediment  anbndes ;  theelear 
sohition  is  decanted  and  cvaporateii  on  the 
wat<.T  •  bath  until  it  acquires  a  consistence 
suitable  for  forming  pUls.  The  material  so 
obtainr-<l  con'^ists  mainly  of  bile  .salts,  rholosteml. 
fata,  salts,  atui  a  certain  amount  of  tku  muciuoid 
maleriaL  Its  yellowLsh-gfeen  colour  is  duo  to 
bile  pigment.  It  is  piven  in  doses  of  5  to  lf> 
grains,  usually'  pUls  coated  with  keratin  to 
obviate  its  deleterious  action  on  gastric  digestion. 
It  is  given  mainly  in  cases  where  tho  natural 
secretion  is  absent  or  scanty,  as  in  jaundice. 
But  for  a  full  description  of  its  medicinal  uaea, 
and  also  for  a  description  of  the  action  of  drugs 
(cholagoguos)  which  stinralate  the  liver  either 
to  secrete  more  bilo  or  to  caustt  a  discharge  of 
bile  already  formed,  the  reader  is  referred  to  any 
standard  text-book  on  Pharmacology. 

PlattTur'a  rrii.*tnlU«fd  bih .  TIk'  salt.s 
are  soluble  in  water  and  in  alcohol,  but  not  in 
ether.  Thefar  solution  in  alcohol  is  therefore 
precjpitatM  hyt'thrr.  and  this  precipitate  ^ivtw, 
with  proper  precautions  in  technit^ue,  rosettes 
or  bslh  of  mw  needles,  or  4-6  sided  prisms 
composffl  of  tho  bile  salts.  This  preparation  is 
known  as  Plattoer's  crystallised  bilo ;  it  is 
nsually  made  from  ox  bile,  in  which  ease  the 
main  cnnstiturnt  is  sodium  glycocholatf . 

Tht  bdf  xalli.  '['ho  sodium  salts  nf  j^lyeo- 
eholic  and  tanrochnlic  acids  are  thos^'  most  fre- 
quently found.  'V\\f  fornuT  is  more  abundant  in 
the  bile  of  man  and  herbivora,  the  latter  in  car- 
nivota,  Olyoooholio  aeid  (CnH4,N0|)  is  by  tbo 


action  of  dilute  alkalis  and  acids,  and  also  in 
the  intestine,  hydrolysed  and  split  into  glycine 

(amino-acrf ic  acid),  and  ohohii'Vi  (cholic)  acid 

Its  MMliuii)  teiilt  ha.s  tlie  foriuula  ( '.,H  ,;.NaNt)g, 
Taunx-holic  acid  (C^IIj^NO-S)  similarly  splita 
into  taurine  (aminoisothionio' aeid)  and  bholalic 

acid 

1(4}  sodium  salt  has  the  formuU  C^fi^fitXiOA. 

These  substances  usually  are  detected  oy 
Pettenkofer's  repletion ;  small  quantities  of 
cane  SOgar  and  sulphuric  acid  added  to  tho  bilo 
produce  a  brilliant  pnrpift  rolour.  This  is  due 
to  tho  interaction  of  furf uraldehyde  (produced 
from  the  sugar  and  sulphurio  add)  and  oholalio 
acid. 

Throughout  the  animal  kingdom  considerable 
variations  art^  found  in  tho  bile  salts.  Thus  in 
many  fishes  potassium  instead  of  sodium  salts 
are  present.  There  are  also  variations  in  the 
liiif  ueids  themselves ;  for  instance,  in  tho  pig 
hyoglycocholic  acid  (C,,Il^,NOj|)  takes  the 
place  of  ordinary  glycocnolio  aoid,  and  in  the 
•joosc  cht'itotauropli'ilic  arid  (OipH^^SO^).  of 
ordinary  tauruchuhu  acid. 

A  good  deal  of  work  has  been  eacpeoded 
on  tho  constitution  of  cholalic  acid,  but  much 
vet  remains  to  be  done.  According  to  Mylius,  it 
IS  a  numobsab  aleohol  aoid  with  a  secondary 
and  two  nrimaiy  aloohol  gioaps.   Its  formula 

fCHOH 

may  therefore  be  written  CnHjJ  (('H/)H)«.  On 

ICOOH. 

oxidation  it  yields  other  acids,  which  have 
been  named  dohydrooholalio  acid  {CfM^,Of), 
bilianie  acid  (fV,  ^H,  ,0,),  cUianic  acid  (t'to",,*  >J  ; 
on  rtxiuitiun  desoxycholalic  acid  (t'i4H«o^i) 
is  obtained. 

Cholcic  acid  is  anuthrr  cliDlalic  ac  iil.  with  tho 
formula  ii^t^ttS^v  found  in  small  quantities  in 
the  bile  of  ox  and  man.  It  is  prohabiy  identical 
with  desoxycholalic  acid.  F»  llic  at  i<l  ((  ,,,H^(,0^) 
is  still  another  acid  obtainahlo  from  human  bilo 
along  with  tho  ortlinarv  acitl.  The  principal 
cholalic  acid  in  boar's  bile  is  termed  ursi)ohoh  i<; 
acid  (C,  gHjgO,  or  ('nHj^O,)  by  Hammarston. 
The  same  investigator  finds  in  tht  wulrus  that 
tho  principal  bile  acids  are  a-phoca'taurocholie 
acid,  the  cholalic  acid  from  which  has  the 
formula  (!„H,„0^ ;  and  jS-phocietaurocholio 
acid,  the  cholalic  acid  from  wluch  differs  in 
certain  psrtieulara  from  ordinary  ehoUdio  acid, 
u](1i<>ur;h  it  has  thr  same  empirioal  formula; 
he  terms  it  isocholalic  acid. 

The  biU  pifimenta.  BiUrubun  has  the 
formula  C,,H,  ,N  and  biliverdin  contains 
an  atom  more  of  oxyuen  (C.^H.gN.OJ ;  in  bilo 
exposed  to  the  air,  bilirubin  is  fairly  rajiidiy 
oX)di  rrl  to  bilivrnlit!.  It  has  b<Tii  pr<>\c<l 
by  physiological  exptiriment  that  tho  bile 
pigment  is  an  iron-free  deriTative  of  the  blood 
pic^mrnt  ;  it  is,  in  fact,  identiral  uitli  the  sub- 
bt^atici;  itiriued  ha>iuatoidin,  which  occurs  usually 
in  crystalline  form  in  extravasations  of  blood 
in  the  b<.<ly,  as  in  a  bruise.  The  liilf  picMin'iit 
shows  no  absorption  bands  with  the  sjHotrohi  u|k^, 
and  is  detectetl  by  various  colour  reactions,  of 
which  tho  mo»t  familiar  is  Gmelin's  test ;  this 
consists  in  tho  play  of  colours — gr(«n,  blue,  Ttn\, 
and  finaUy  yellow^produced  by  tlngffi^^^c 
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ttctiuii  of  fuming  nitri."  nr  kl.  Tho  end  or  yellow 
prwluct  is  calltHi  choletolin  (Oi«HtaN,C>g  i. 
By  rciliirtion  outside  tho  body,  a  product  callctl 
hydrobilirubui  ((!,;H|„N40y)  is  obtAin(Ml.  A 
Hiniilnr  but  not  identical  retbiction  )>ro<Iuct  con« 
t-aining  b'ss  lutiopjrn.  than  hydrobiIirul)iii  is 
formed  in  tho  jnU.Hline.  and  coiuititiitivs  .stcr- 
cobilin,  the  pigment  <jf  tho  Sacoa.  Home  of  this 
in  absorbed  and  ultimately  leaves  tho  IxKly  in 
tho  urine,  where  it  is  tcrmod  urobilin.  A  small 
quantity  of  urobilin  U  Bozaetimes  found  pre- 
formed in  the  bile. 

Bile  mucin.  The  viscoua  material  iti  the 
bile  of  some  animals  {e.g.  man)  is  true  mucin ; 
in  otber  {e.g»  the  ox)  it  »  a  nuoieoproteiu. 

ChckkenJ.  Of  the  other  oonstiturats  of 
the  bilf,  rholcstfro!  or  clioli-sU'riii  is  the  most  I 
interesting  ;  although  uormally  present  ia  traooe 
only,  it  may  ocour  m  excoMi  ftnd  form  tho  con- 
cretions Iviiowii  as  gall  stones,  which  arc  usually 
more  or  less  tinged  with  bile  pkment.  It  is  a 
monBtomio  unsatarKted  alcohol,  with  the 
ompiriral  formula  C-II^.-DH.  Windaus  and 
others  have  ahown  that  it  is  a  member  of  the 
terpeno  Mries,  whioh  had  hitherto  only  bom 
found  as  excn  foiy  product*  of  plant  life. 

I'Jie  phy-iioUxjiad  wnea  of  hiU.- — Bile  is  doubt' 
lefwt  \o  some  extent  an  oxoreti<ML  Some  state 
that  it  has  a  ^lii^ht  Ii|wply(ic  action;  atrd  in  ' 
some  animals  it  certauUy  has  a  feeble  diastatic 
power.  Its  main  action,  howuver,  is  to  assist 
pancreatic  digestion ;  tliis  it  does  not  only 
i>ecau8o  its  alkalinity  is  um^ful  in  helping  to 
neutralise  the  acid  mixture  whioh  leaves  tho 
stomach  (chyme),  but  it  also  acts  as  a  coadjutor 
to  tho  enzymes  of  pancreatic  juice.  ITiih  is 
true  for  the  ]»otool3ribie  enzyme  (trypsin),  and 
the  amyloij-tio  enzyme  (amj^lopsin),  but  is 
cspeciall3''  so  in  the  case  of  iiancroatic  lipase ; 
some  go  so  far  as  to  speak  of  tne  bile  aalte  as  the 
oo-enzyme  of  this  ferment. 

In  virtue  of  tho  proiK^rties  which  the  bile 
salts  possess  of  lowering  surface  tension,  the 
products  of  fat  •cleave^  pass  more  rapidly 
throuirh  membranes  moistened  with  bile  than 
throuuh  these  Mliieh  are  no).  There  is  a  good 
deal  of  evidence  that  the  same  holds  intra  vitam, 
and  thus  the  presanoe  of  bile  aidsi  the  absorption 
of  fats  by  the  mucous  membrane  which  line.** 
the  intestinal  wall.  Bile  also  is  a  solvent  of 
fatty  acids. 

Wlieii  the  l>ile  meets  the  chj'me,  the  turbidity 
of  the  latter  is  increased  owing  to  the  |irecipita- 
tion  of  un}ieptonifled  protein.  This  action  of  the 
bile  salts  is  ]<robably  useful,  as  it  converts  tlie 
ohyme  into  a  more  viscid  mass,  and  somewhat 
hinders  its  progress  along  the  first  part  of  the 
inte^itinc,  m  allowing  digestion  and  abeorptkm 
to  occur  tliore. 

Bile  is  said  to  })e  a  natural  antiseptic,  but  it 
is  very  doubtful  if  it  is  really  cfticient  in  reducing 
the  putrefactive  processes  in  the  bowel.  Tho 
bile  salts  are  in  tfHro  very  feeble  germicides, 
ami  tlie  lule  itself  is  r»*nrJily  putrescible ;  any 
jjuwer  it  iiia^  liavu  in  hsscnmg  jjutresccnce  in 
the  tutestine  is  duo  chiefly  to  the  fact  that  by 
inoreafiing  absorption  it  lessens  the  amntint  of 
putrej*cibhi  material  in  the  intestinal  tract,  it 
is  stated  abo  that  bile  incrcaaes  the  peristaltic 
action  of  the  laige  intestine. 

IndiiMriai  omd  Mmnercial  use*  of  hik.— 
Apart  from  a  somevbat  limited  use  as  a  tbeift* 


l>eui  ic  Agent,  to  which  allusion  luw^  already  boca 
made,  bife  has  but  little  commercial  importanoe. 
It  is,  however,  employed  for  cleansing  woollen 
gcxxis,  an<l,  iiH  housekeepers  know,  is  spcc'i&liy 
useful  in  cleaning  carpets.  1'his  is  firobably 
connecU'*!  Avith  its  ]>o«er  of  lowering  mirtecc 
t«Mision.  Bile  in  also  uwd  by  nrti.sts  to  cnsuir 
the  uniform  sprea4ling  of  \\at<'r  colours  cm  |»aj»er. 

No  attempt  has  been  made  in  the  foregoiiig 
article  to  allu<lo  to  the  very  extensive  literature 
of  bile.  This  relates  almost  exclusively  to  the 
})hysiology  and  pathology  of  bilc^  ^  and  tlie 
important  references  can  be  best  obtafaied  from 
some  standard  work  on  Pbyaiolflgieal  Cherni^iry, 
such  as  Uammarstoa's.  W.  D.  IL 

BIRCH  BARK.  Belmla.  {Birkt,  Ger.; 
Bouhdii,  Ft.)  The  inner  bark  i>  usrd  in  India 
as  a  substitute  for  paper  and  for  lining  the  roofs 
of  houses  (Dymock,  Fhann.  J.  [8]  10, 661). 

It  contains  good  tanning  materials,  \ielding 
bright-yellow  leather  (Wagner's  Jahr.  30.  12H)^  ; 
IV^man  and  Haokfbro,  J.  Boe.  Ghem.  Ind.  1906. 
1096;  m<;h,  (liem.  Zentr.  lfK)fi.  i.  1015}. 

The  dry  distillation  of  birch  bark  yields  • 
t«r  and  an  acid  aqueous  solntion  (Korilolf, 
J.  Huss.  Phys.  Chem.  Son.  23.  08).  Thf  ihiof 
eomtitucnts  of  birchw«x>d  tar  isroofioto  are 
guaiacol  and  1:3:  4-creosol,  together  with  tracea 
of  phenol,  eresol,  and  1  :3:4-xylcnol  (Pfrcacrnr, 
Arch.  Pharm.  228, 713).  According  to  H  irschsohn 
(Pharm.  Centr.  H,  1903.  44.  845)  birch  tar  ia 
often  adulterated  with  crude  naphtha  f>r 
naphtha  residues,  but  tho  adulterated  can  Lpc 
distinguished  from  the  pure  product  by  tho 
fact  that  the  former  is  oiUy  partially  soluble  ia 
acetone  whereas  t^e  latter  is  wholly  soluble. 

When  warm  biroh  tar  is  troato<l  with  air. 
oxygen,  orozonisct!  air.  «  plea-sant-smelling  soliil 
product  is  obUimcd,  bulublu  in  alkalis,  but  almost 
maolnhle  in  alcohol,  benzene,  and  ether.  It  and 
it's  salts  can  be  employed  in  medicine,  pharmacy, 
and  technically.  At  the  samp  time,  roadUy 
condensible  liquid  products  distil  o\er.  vhic'h 
can  also  be  used  medicinally'  and  technically, 
as  antiseptics  and  in  perfumery  ( Friodlllnder*^ 
Fortschr.  <ler  Teerfabr.  1905-7,  930). 

A  colouring  substance  employed  in  pharma- 
oeutioal  and  oosme^  preparations  is  obtained 
when  the  Tiark  of  young  birch  trees  i^^  soak  til  in 
water  containing  about  ^  of  its  weight  of 
bicarbonate  of  soda  or  ower  oarbcmatft.  It  is 
then  Ixiiled  and  filtertnl.  Hytlroehlurio  at  Id  i>« 
addtxl  to  tho  rcd-broun  liltrate  until  a  pns. 
ci))itate  is  fonned  whidi  is  fiitered,  w»Aed,  ami 
tlried  at  a  gentle  heat.  It  Bhould  he  kejit  in  well- 
stoppered  vessels  (FriotUander's  Fortschr.  der 
Teerfabr.  1897-00,  661). 

The  bark  contains  a  crystallme  substance 
termed  bduUn  CjjH^Oj,  m.p.  257  8*,  sublimos 
in  a  current  of  air,  readily  yields  an  anhydride  at 
130*,  and  is  t  n  tr  Ir«s  ami  odourless.  It  doe.«j  not 
combine  Mith  acida  or  alkalis,  ia  insoluble  in 
M-ater,  sparingly  soluUe  in  alcohol,  readily  in 
ether  and  turpentine. 

It  is  prepared  bv  mixing  tho  powilertxl 
epidermis  of  Bduht  alba  with  1-8  p.c.  of  pota^- 
sniin  nitrate,  yin-ssinj,'  the  niixfure  info  small 
tablits,  and  l  urning  them  in  closti.l  chambers 
without  iliLi;^  and  with  the  introductbn  of  a 
regulated  tsupph'  of  air.  Tho  betulin  so  forrot^l 
is  used  as  films  for  certain  substances  in  which 
it  Mta  as  an  nntisepnt^  aa  a 
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tlanip    or  agaiiiHl  corrosive  aoids  (Whoolor, 
Fhann.  J.  494). 

The  films  can  be  deposited  direct  on  various 
•substaacca  by  allowing  the  vapours  to  play  upon 
I  hoin.    Jiy  a  slight  modification  tho  lilni«  can 
b«  made  to  have  a  greater  or  lc>w  degn>o  of  > 
transparency  ami   porosity   (Wheeler,  tliera.  ( 
Zentr.  1900,  ii.  79H). 

According  to  Wheeler  (J.  boc.  Uicw.  Ind.  , 
1890,  606),  when  birch  bark  or  materials  made  \ 
from  tho  latter,  containing  bctulin  are  heated 
ia  a  oloaed  chamber  and  in  a  curreat  of  air,  i 
Bubatanoes  termed  pyrobOwUn  and  pwrMuHn 
Wfthydride  are  produced  in  forms  other  thaa  films. 

QavUhtrint  C|4HibO|»H«0,  a  glaocwide,  is 
obtftined  by  extracting  the  bark  of  Betels  Unia 
with  ak-ohulic  lead  acetate,  precipitating  by 
ethWf  and  reorystallisiiut  from  aicohoL  The 
aqueoiu  aolntkMi  lias  a  mtter  flavour,  is  Isevo- 
rotatoiry,  and  reduces  Fehlitig's  solution  ^vhen 
boiled.  It  is  hydrolysed  by  mineral  acids, 
baiyta,  and  by  water  when  heated  to  130*>-140*. 
piviiii;  a  .sugar  and  motliyl  salicylate  (SchaQf^as 
and  Oeroch,  Arch.  Pharm.  232,  437). 

A  gum  of  probable  formula  0,11,0,  has  been 
i■^.)lat<■<l  from  American  birch  wood  (Betula 
albii)  (Johnson,  Amer.  Chcm.  J.  IhUU,  214). 

Hirchbark  oil  is  obtained  by  tlistilling  birch 
bark  ilifiuhi  fj/^^a)  in  steam.  It  is  brown,  and 
haa  a  xuuilar  o<lour  to  birch  bud  oil.  On  cooling, 
crystals  separate.  It  conUins  i)aliiiitic  aiid 
(Haen;^^!.  (liem.  Zcntr.  l'.)07,  ii.  1620  j  Ziegel- 
manu,  Pharm.  Review,  1905,  23,  83). 

Tho  birch  bark  oil  prepared  from  the  bark  of 
Bflula  aUm  bv  Haciistl  (Chem.  Zentr.  1008,  ii. 
1430),  had  sp.gr.  U  iKX):J  at  20*  and  [ajj,- 12-08"; 
A  colourless  munocxclic  sesquiterpene  was 
isolated  from  it,  having  b.p.  255*^-2567744  mm.. 
Bp.gr.  0-8844  at  20%  and  [aju-O-S".  The 
terpeno  yields  a  hydroohloride,  sp.gr.  O'OTSS  at 
20",  and  a  hydrucarlx>n,  b.p.  258^-26077^7  mm., 
and  8p.Kr.  0-8898  at  20°. 

Bmm  (HI,  or  the  wintergreen  of)  of  oommerce, 
is  obtained  from  the  twi^js  of  North  American 
birches,  eweoiaUy  the  Betula  laUa^  but  the  pure 
geanine  ou  is  prepared  from  OavMheria  pro- 
cumbens  (J.  Soc.  Chem.  Ind.  Ab.^tr.  1893.  174). 
It  consists  of  methylnalioylate,  a  hydrucarbon 
Cj^H.,,  and  small  quantities  of  benzoic  acid  and 
ethyl'  alcohol  (Sclirotter,  Anicr.  J.  Pharm. 
Aug.  1889 ;  Trimble  and  Schrooter,  Fkarm.  J. 
20,  166 :  Ziegelmaan,  l.c). 

Oil  of  GnuUh  ria  procvmbcns  contains  90  p.c. 
methylsalicyiste,  together  with  some  parafliii 
—CMH.t— probably  triaoontane  ;  an  aldehyde 
or  ketone ;  a  secondary  alcohol  C,H,,0,  and 
an  oHtor  C)«Ut«0t,  and  is  laivo-rotatory,  sp.gr. 
1-180 ;  that  obtained  from  tho  birch  contains 
119-8  p.c,  methylsalicylatf,  together  %vith  the 
aljovo  constituents  except  the  alcohol  (J,Hj,0, 
which  is  absent.  It  is  opticaliv  inaotive;  sp.gr. 
M87  (Pharm,  J.  1895,  307,  328). 

Birch  bud  oii  in  obtaiiiod  by  the  distillation 
of  biioh  bods  with  steam.  It  is  yellow,  and  has 
ft  pleasant  aromatic  odour.  Crystals  separate 
out  at  ordinary  temperatures,  and  it  becomes 
wli  <  rystalline  at  —45*  (J.  Soc.  t'hi'rn.  ln<l. 
1903,  228).  It  is  soluble  in  alcohol  and  in  ether, 
but  not  in  alkalis,  carbon  disnlphide,  or  glacial 
■oetio  acid.  It  is  la'vo-rot«tory,  its  rotation 
and  specific  navity  varying  with  different 
preparations.  That  obtauiea  by  Sehtmmel 


(Chem.  Zentr.  1909,  iu  M56)  had  iip.gr.  0'9730 
at  15*  and  oi>-6*  34'. 

It  contain.?  a  paraffin,  m.p.  50*,  an  ester, 
and  a  se.sijuiUritene  alcohol,  bttulol,  probably 
CnH.jOH,  which  is  v.ry  much  like  aniyrf*! 
(obtaini'd  froni  satidalwiMMl  oil),  has  a  bitter 
task',  an  odour  like  iucenst',  b.p.  284*-288'/743 
mm.,  lS«"-140»/4  mm.;  sp.gr.  0-975;  [u]^-  35° 
(von  Sodcn  and  Vh.r.  B«  r.  38,  1636 ;  Ha.  n>i  l, 
Chem.  Zentr.  1U09,  ii.  U66.  Comparu  ali»o 
Pharm.  Zeit.  47,  818 ;  Sehimmel,  Chiuxu  Zentr. 
1906.  i.  1340). 

"Hie  leaves  of  Betuia  alba  yiekl  an  olive-green 
oil,  whieh  is  solid  at  ordinary  tem]H  raturo,  but 
fluid  at  35°,  has  flp.gr.  0-9074  at  35*,  and  is 
optically  inactive  (kaensel,  Chem.  Zentr.  1904, 

"*  V^tlnscl  (Hiotn.  Zentr.  1008,  i.  1837)  has 
Isolated  a  crystalliuo  paraflin,  m.p.  49'IS'-80* , 
from  the  oil  of  birch  leaves. 

Accordiiiu;  to  Grsasor  and  Purkert  {('hem. 
Zentr.  1910,  i.  489),  products  C«,H  j,  C„H , );,, 
readily  soluble  in  water,  and  of  which  the 
potassium  salt  C.jH^K.O,  can  bo  usod^^era. 
peutically  a  diuretic,  can  be  obtamed  by 
extracting  birch  loav<'s  with  alcohol,  treating 
the  warm  extract  witli  potassium  hydroxide, 
and  tlu  u  saturating  the  solution  with  dry 
carbon  dioxide.  Water  is  now  a*Mrfl  and  tho 
insoluble  product*  filtered  off.  Tho  aitrate  la 
concentrated,  the  sohible  products  precipitated 
with  a  mineral  aciil,  and  separated  from  one 
another  by  conversion  into  their  di-  and  tri- 
alkali  derivatives. 

Birch  juice  obtainrtl  from  birch  trer-s  contams 
Invulose,  a  largo  quantity  of  malau>s,  and 
basio  oonstituents.  When  fermente<l  with 
dextrose  and  milk  of  alnion<ls,  it  forms  '  birch 
wine'  (Lens,  Ber.  Deut.  i'harm.  ties.  19,  332). 

BntD-UME.  {Oht,  TV.  ;  Vogelleim,  Ger.) 
Bird-lime,  from  Ilex  aquifolium  (Linn.),  was 
found  by  Personne  to  consist,  iu  addition  to 
vegetable  ddffU  and  water,  of  calcium  oxalate, 
l  aoutchone.  and  ethereal  salts  of  a  solid  trystaj^- 
lino  substance,  i7icic  alcohol  C^jH^jO,  m.p.  175  , 
with  nndetermined  fatty  acids. 

According  to  Divers  and  Kawakita,  Japanese 
birddime,  made  from  I.  intcgra,  contains  ethereal 
salts  of  palmitic  acid,  and  in  very  small  quantity 
a  si  nii  .<olid  acid,  the  calcium  salt  of  which  is 
soluble  ia  ether  and  iu  alcohol.  Japanese  bird- 
lime  aL-iO  yields  two  very  similar  alcohol>  hy 
Indrolvsis,  one  differing  only  aliahtly  from  ilicic 
ttkuhui,  and  termed  ilicylic  aJeohii  CjjHj.O, 
m.p.  172*,  and  another  named  imx  lnjUr  alcohol 
CH^gO,  234*,  from  mochi,  the  Japanese 
won!  for  bird-litne. 

Caoutchouc  is  ahjo  present  in  Japano.'jc  bird- 
limo  to  the  extent  of  about  6  p.c,  but  only 
luinute  quantities  of  oxalates.  By  dlstfllation, 
binl-liinn  yieUla  much  palmitic  acid  and  a  lliick 
oily  hydrocarbon  CmH.,  (Divers  and  Kawakita, 
Chem.  Soc.  Trans.  1888,  268). 

BIREEZ.  Persian  name  for  prum  ^baaum 
(Dymock,  Pharm.  J.  [31  9,  1016J. 

BISDIAZONIUH  SALTS  v.  Duso  cox- 

TO\"SVS. 

BISMAL.  Bismuth  methylene  digallate  (v. 
BiSMTTTH,  Organic  compounds  of  j  wso  Sth- 

OTE'IIC  DRUGS). 

BISMARCK  BROWN  v.  Azo-  coloutuuc 
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BI8HITB.  Niitiv«  birarath  oxide  Bi.Oj. 

occurring  &h  a  ydlow  earthy  powder,  or  minute 
rhombohedral  soales.  L.  J. 

BBHOH  ff.  Syntrvro  sttuos. 

BISMUTH,    liixmuth.    {Elain  de  glare,  Fr.  ; 
Witmvih,  Ger.)   iSymbol  Bi.    At.  wt.  2U8U 
Occurrence. — ^Metollio    bismuth    oooun  in 

small  (luiiiilitics  in  widely  distrilmtod  Irualit ics, 
usually  with  other  oros,  Huch  sua  tboiio  of  cobalt, 
nickel,  copper,  silver,  lead,  and  tin.   It  la  found 

massivo,  );raimlat<-<l,  reliculat«"(l  or  arboroHCont, 
a880€iat<xl  with  uniunic  uiul  silver,  and  occasion- 
ally iron. 

Tho  principal  districts  are  Adelaide  in  South 
Australia,  Altenherp,  Schneoberg,  AnnalxTg, 
MarienlRTjf,  Joachiinst hiil,  Johanngeorgetwtadt, 
Ixiliin^  in  Cnrinthia,  Fahlun.  Sweden,  and  New 
{South  Wales.  In  .snmll  (juaiilitie.s  it  occurs  at 
Huel  Spamon,  Cornwall,  t'arrick  FelL<,  Alva, 
Stirlingshin',  and  in  Holivia.  Alloyed  with  64 
p.c.  cold  it  <>(•(  \ir-  at  Maldon,  Victoria.  Alloyed 
uith  telliiriuiii  It  <K'curs  as  tftradymit*  in  CtUB- 
iM'rland.  An  alloy  ot  hinmuth  with  3  p.c.  arBenic 
occurs  at  Palmlwum  near  Maiienherg. 

Bismuth  sulphide  is  widely  distributcnl  in 
sniall  quantities,  iK^ng  found  in  Saxony,  Sweden, 
South  Australia,  America,  and  Chimbcrland.  A 
sulphide  of  bismuth,  copper,  and  lead  OOCUrs  as 
ne«dU  ore,  acictUUe,  or  patrinUc 

Aa  o^c,  or  bismuih  ochre,  it  is  found  as  a 
yellow  j<ub>-tance,  fre(iue?itly  as  a  C(«itiiig  on 
other  minerals,  associated  with  iron  and  other 
impuritiee,  at  Sehneeben;,  Joachimsthal,  Beresof 
in  Silx'ria,  and  in  New  South  Wales.  The  )>rin- 
cipal  ore  in  Bolivia,  which  is  stated  by  Domeyko 
to  be  the  richest  oountry  in  bismuth,  tt  a  oompaot 
earthy  hydialei!  (  xide. 

Bismuth  occurs  as  carbonate  or  bismuthite, 
usually  containing  carbonates  of  iron  and  copper, 
at  Meymac,  with  antimony,  arsenic,  lead,  iron, 
and  lime ;  in  Mexico,  whence  it  im}H)rted  to 
this  country ;  in  North  Oarolina,  and  other 
localities.  Of  late  years  considerable  deposits 
of  bismuth  ores  have  Ix-en  found  in  many  places 
in  America,  but  they  have  been  very  little 
worked.  Tho  Ruppl\  l  i  bismuth  ore  would 
much  exceeil  the  ileniand  uerc  it  not  for  an 
agreement  between  the  smelters  and  the  mining 
companies  by  which  the  supply  is  restrieted  an<I 
the  jiriee  of  tho  metal  maintained  at  a  remunera- 
tive figure. 

Bismuth  is  stat^'d  to  occur  in  most  sulphurous 
copper  ores  in  al>out  the  same  proportions  as 
ailver  in  galena,  in  other  copi)er  ores  except 
the  carbonate,  and  in  most  samples  of  commer« 
e\aX  cop]K>r  and  copper  coins  (Field  and  Abel, 
(  hem.  Soc.  l  ians.  16,  304;  and  Field,  Cbem. 
News,  36, 2(^1  J. 

£xtradum. — At  Sohneelx^rg  in  Saxony  the 
ore  worked  is  prineipally  metallic  bisnuith  ik  cur- 
ing in  ores  which  contain  silver,  lead,  tin,  and 
UBonie  hi  gneiss  and  elay*slate. 

Tho  ore,  which  riiii(;iins  from  7  to  12  p.c. 
bismuth,  is  sorted  by  hand  as  far  as  possible  from 
the  irangue  before  treatment.  The  old  method 
of  h'/uation  or  'sweating*  is  slill  used,  but  has 
now  been  laruelv  superseded  bv  smelting  pro- 
cesses, in  which  the  metal  is  much  more  perfectly 
extracted. 

Liquation, — In  this  process  tin-  metal  is 
separated  as  far  as  possible  Aron)  the  k<i»^'>^<  by 
molting  at  a  low  temperature.   Tlie  piclied  oro 


is  broken  into  pieoea  as  large  as  a  haze]  nut,  and 

placed  in  inolintKl  iron  tulx-s  in  charges  of  alM>uf 
12  owts.,  suflicieot  space  Ix-ing  left  iu  the  tube  for 
stirring  the  ore  from  the  n  p|K-r  end  ( Figs.  1 ,  2. 3). 
The  tube>  are  eIose<l  at  the  upjx'r  ends  by  ]ilat<-«> 
of  iron,  and  at  the  lower  ends  by  similar  piaie« 
containing  eireular  aperturra  throu^  which  the 
molt^'U  metal  may  nin.    Tin*  <'nds  of  tho  tub«« 
jiroject  slightly  beyond  the  walls  of  the  furnace, 
the  upper  over  a  tank  and  the  lower  ends  over 
iron  crucibles  which  contain  }M>wrIen'<l  charcoal, 
and  which  are  gently  heateil  from  below  by  a 
small  oharooal  nimaee.   The  tvbea  are  heated 
<o  as  to  cause  the  metal  to  flow  easily,  and  in 
about  10  minutes  the  bismuth  commeucos  to 
pass  out  into  tho  cniciblea,  being  there  ooTered 
ny  the  charcoal  ami  thus  pn>tcctf*<I  fnmi  oxi<la- 
tion.    The  ore  is  occasionally  stirred  with  an 
iron  rod  from  the  uppCT  end,  and  in  from  30 
to  00   minutes   the   operation    is  eomplet«l. 
The  residues,  (jrauptn  or  bijimulh  barky^  am 
raked  from  the  up]K'r  end  into  the  tank,  m^aA  at 
once  replaced  by  fresh  ore.    In  this  manner  onlv 
alK>ut  two-thinls  of  the  bismuth  Is  extracte<i. 
20  c\\ts.  of  ore  require  iVi  cubic  feet  of  wchwL 
Tho  contents  of  the  pots  are  removed  by  ladlm 
to  motilds  and  cast  mto  ingots  of  25  to  50  Iba. 
wx'ight. 

Sulphurous  ores  are  usually  roasted  to  re> 
move  sulphur,  and  then  smelted  with  iron 

(to  remove  the  last  traces  of  stdphur),  carlx»n, 
slag,  sodium  carbonate,  limestone,  and  aome> 
times  fluor>8par.   The  regnlus  of  bismuth  thoa 

obtained  is  fuse<l 
on  an  inclined  iron 
idate  and  run  down, 

leavinj:  a  dross  con- 
taining much  of  the 
impurity.  Bismuth 
ores  are  sent  from 
Joachimsthal,  and 
w  orked  by  this  pro- 
cess at  Sehneetiert'. 

The  following 
analyses  of  two 
typical  samples 
show  the  composi- 
tion of  commercial 
bisrnuf  li  :  From 
Saxony  ■ —  Bismuth, 
99*77  p.c. ;  copper,  0-08  ; 
0*10;  iron,  trace.  From 


Fio.  1, 

silv»  r,  0*05; 
loachimsthal 


99-32  p.c;  leatl,  0-30;   sUver,  0  38 


sulphur, 

Hisnnith, 
iron  ami 


copper,  traces  ;  sulldiur,  none.  Alxiut  10,000 
lbs.  of  bismuth  are  annually  produced  at 
SchntHjberg. 

At  JoMhimathal  •  method  devised  by  R. 


Fio.  2. 

Vogol  is  used  (Dinf^poly.  J.  167, 187 )  for  ext  met  • 

ing  bismuth  from  ores  free  from  lead.  Tl»e 
ores,  which  usually  contain  from  10  to  30  p.o. 
bismuth,  an>  mixe<i,  according  to  their  richneen^ 

with  23  to  30  n.o.  iron  tiinunga,  16  to  6(^p.«>  . 

Digitized  by  CiOOgU 


BISMUTH. 


469 


aodium  carbonate  (acconling  to  tho  amount  of 
panpuo  proscnt).  />  p.c.  limo.  an<l  T)  )>.c.  fluor- 
spar. Tho  mixture  is  irilnxlufwl  m  ciiur^i's  of 
•Dout  1  cwt.  into  flay  crui  ihlcs,  23  iBOhcs  high 
and  10  inches  wido  at  tht^  mout  h,  covert-d  ami 
heated  in  a  wind  furnucu  to  tranquil  fusion,  and 
pound  into  oonioal  moulds.   Tho  liquid  sepa- 

ratet    into  throo 


Fio.  3. 


layers,  tho  upper 
consi.sting  of  ^dag,  the 
second  of  a  speLss 
containing  the  arse- 
nic, Hiilphur,  nickel, 
cotMilt,  and  iron,  and 
most  of  the  other 
impurities,  with 
about  2  p.c.  of  bis- 
niiith,  and  the  lotrer 
consisting  of  a  regulus  of  nearly  pure  hismiith. 
The  metal  is  again  fused  and  remoulded  {tee 
Kerl,  Handb.  der  Met.  Hfittenkande). 

A  siniilnr  process  has  been  adopted  by  Patera 
(J.  1802,  040)  for  the  extraction  of  bismuth  from 
refinery  residiies. 

In  PVanoe  the  carbonate  of  bi.smuth  import^'d 
from  Moymac  is  dissolved  in  the  minimum 
qnantitv  of  hydrochloric  aoid  and  pieces  of  iron 
inserted  in  the  slif^htly  ;u  i(I  liiniiil.  The  bismuth 
is  thuH  precipitate<i  a.s  a  black  powder,  which  is 
well  washed  and  fused  in  a  plmnbago  omeible 
nnder  a  layer  of  charcoal  at  an  low  a  t<*mpera- 
tlirt-  a**  iKwssible  (Ad.  (Jamot,  Ann.  Chen).  Phys. 
[6]  I.  405;  and  Bull.  Soo.  ohiro.  21,  114). 

For  the  extraction  of  bismuth  for  pharma- 
ceutieal  puriKjses  from  sulphurous  orts,  Valen- 
ciennes roahts  the  on  on  the  level  bed  of  a 
reverlK-ratory  furnace  fur  24  hours  with  th<> 
occasional  addition  of  charcoal  and  fre()uent 
stirring  with  an  iron  rabble.  When  the  sulphur 
has  thus  been  evolved,  the  ore  is  mixed  with  about 
30  p.c.  charcoal,  and  a  mixture  of  chalk,  salt, 
and  fluor-spar,  and  again  fused  in  a  rover- 
beratory  furnace.  From  6  to  8  p.c.  of  the  bis- 
muth is  lost  by  this  process,  but  this  is  compen- 
sated by  the  extra  j)urity  of  tho  product.  By 
subsequent  fusion  with  nitre,  the  antimony, 
arsenic,  and  sulphur  are  removed,  and  by  the 
onlinarv  M  et  methods  the  lead,  copper,  an<!  silver 
arc  eliminated  (M.  A.  Valenciennes,  Ann.  C'him. 
Phys.  [51  1,  397).  Ores  of  bismuth  averaging 
CA)  j>.c.  )ii>inuth  are  in»|X)rte<l  into  Ktitjland  to 
the  extent  of  about  40  tons  annually,  principally 
from  Addaide,  Sonth  Australia,  and  from 
Mexico.  They  are  usually  fused  in  blaek-lead 
pots  w  ith  borax,  sodium  carbonate,  and  a  little 
omde  tartar. 

H.  Tamm  (Chem.  News,  25.  m)  st,at<-^  that 
bismuth  can  be  separated  from  ores  containing 
nraoh  copper  by  nision  with  an  alkaline  flax 
containinii:  free  sulphur,  in  wliich  rase  the  copper 
remains  unn-dueed.  He  recommends  a  mixture 
of  6  parte  8u<lium  carbonate,  2  salt,  1  sulphur,  1 
carbon,  to  bo  mixed  in  about  equal  proportions 
vnih  the  ore.  The  bismuth  productxl  is  stated 
to  be  modi  more  free  than  usual  from  arsenic, 
antimony,  and  lead,  but  about  8  p.c.  of  the  tot^l 
bismuth  is  lost.  Tho  bismuth  present  in  siimll 
quantities  in  lead,  eopper,  and  silver  ores  fre- 
quently becomes  concentrate<l  in  tho  secondary 
prrxlucts  of  the  metallurgical  processes  and  may 
then  bo  profitably  extracted.  In  the  oxi<lation 
of  silvor-lead  containing  bismuth,  tho  load 


oxidises  much  more  rapidly  than  tilo  bismuth, 

and  at  the  close  of  the  eupeilation  a  blackish 
litharge  rich  in  bismuth  is  obt^ained,  from  which 
that  metal  may  Ik;  extracted  by  veduotioil  and 
eupeilation  (J.  12,  711).  In  this  manner  bismuth 
becomes  concentrated  in  tho  blickjttlMcr  in  tho 
refinement  of  silver  ores  at  IVeiberg,  and  passes 
int<>  the  hearth  bottoms,  as  much  as  25  p.c. 
being  sometimes  so  ab.<M>rbed.  When  tho  hearths 
contain  sufficient  bismuth  to  be  profitably 
extracted,  they  are  finely  sround  and  treateci 
with  hydroohlorio  acid,  witn  the  formation  of 
bismuth  chloride.  Water  is  added  to  the 
solution  to  precipitate  the  metal  as  oxyohloride, 
and  the  pre<  ipitate  is  collected,  washed,  dried, 
and  reduoiHl  to  metal  by  fusion  with  charcoal, 
sodium  carbonate,  and  powdered  glass  (v. 
Phillips  s  Mefcalhiigy). 

Several  proposals  have  been  made  for  the 
extraction  oi  bismuth  by  wot  methods.  Becker 
(Fr.  Pat.  366439,  1906)  suggests  the  teeatment 
of  sulphide  ores  w'lih  a  solution  of  an  alkali  or 
alkaline  earth  hyposulphite.  Tho  solution  thus 
obtained  is  tnated  with  alkali  solj^iides,  and 
the  resulting  ])recipitate  of  bi  smuth  sulphide  i> 
dried  and  smelted  as  descriln-<l  al>ove. 

Both  Becker  (ibid.)  and  Ranald  (Eng.  Fkt. 
10622,  1898)  have  patented  tho  use  of  a  solution 
of  ferric  chloride  as  a  solvent  for  bismuth 
8ulphi<ie  and  the  subsequent  precipitation  <A 
metallic  tiismuth  from  the  solution  by  means 
of  iron  or  zinc,  or  by  electrolysis. 

Eulert  (Rev.  Prod.  C3um.  4.  164)  em]doys  a 
mixture  of  sulphuric  acid,  uatiT.  common  salt, 
ami  jxitassium  nitrate  as  the  extraeting  liquor, 
and  the  proc(»8  can  bo  made  continuous.  Tin- 
bismuth  is  finally  obtained  as  the  oxychloride, 
which  can  bo  sokl  or  smelted  for  tho  metal. 

On  the  extraction  of  bi.imuth  from  its  ores,  r. 
also  Winckler  (Ber.  £ntwiok.  Chem.  Ind.  1,  953). 

Purification. — The  crude  bismuth  produced 
by  the  above  methods  contains  a  variety  of 
impurities,  from  which  it  is  important  in  manv 
cases  to  separate  it.  These  jmpurities  are  sul- 
phur, arsenic,  antimony,  copper,  niekel,  cobalt^ 
silver,  lead,  and  a  trace  of  iron. 

Sulphur  and  amenio  may  be  removed  by 
fusion  with  of  its  weight  of  i>otassium  nitrate, 
with  constant  stirring  at  a  tem^raturo  slightly 
above  the  temperature  of  fusion ;  the  nitre 
soon  oxidises  the  impurities  and  a  little  of  the 
bismuth,  forming  with  them  a  slag  which  rises 
and  scdidifiee  at  the  aniface.  For  the  eomplete 
removal  of  these  imparities  a  second  fusion  is 
fn;quently  necessary. 

C.  HAn  (Fharm.  J.  [3]  4, 341 )  recommends  the 
following  process  for  the  removal  of  Milpliur  and 
arsenic.  The  metal  is  heati^l  considerably  above 
the  melting-point  in  a  vessel  so  as  to  expose  a 
large  surface,  and  the  oxide  is  remove<l  to  the 
sides  as  fa.st  as  it  fornts  until  about  one-fourth  of 
the  metal  has  become  oxidised  ;  tho  greater  pari 
of  the  sulphtir  and  arsenic  will  then  have  passed 
off  as  oxides.  Tho  moss  is  cot)letl,  jiulverised, 
and  mixed  with  charcoal,  dried  soap,  and  potas* 
siuni  carlx)nate  (fm-  from  sulphate),  about  one- 
fourth  of  the  ori<;inal  wei;.'ht  of  tho  metal,  in  a 
crueible.  covered  with  charcoal,  and  heated  to 
redness  for  one  hour.  It  is  thence  remove<l  and 
again  fuseil  in  contact  with  air  to  remove  the 
pota.ssium  which  it  contains,  and  which  sepa- 
rates as  a  white  film  on  tho  surfaoe.  Araenk 
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may  also  bo  mostly  rt^movcxl  by  fuHion  for  a  coji- 
sidcrablo  time  under  a  layer  of  charcoal.  Arson  ii", 
uulphur,  and  most  of  the  antimony  may  bo 
eliminaUMi  by  fusion  at  a  hri^Ut-rod  hoat  under 
borax,  atirring  with  a  rod  of  inm  until  ih<-  :i'  litm 
ctJa«4."«.  The  iron  n»inbiut.«  with  tho  iiii]iunt  i<'.s 
ftnd  ris«<  as  a  diilicultly  fuisiblcHlajj  to  tho  surface 
from  beneath  which  the  fWW  li<iuid  metal  niay 
Jk)  poured  after  partial  eouliii^. 

For  tho  complete  removal  nl  anlitnont/,  2  or 
3  ftais  of  binmuth  oxido  for  oaeh  part  of  anti- 
mony fluppo8e<l  present  are  fused  with  the 
motal.  Tho  oxide  of  bismuth  then  gives  up  its 
o^gen  to  tho  antimony,  becoming  ituclf  roducod 
and  tiie  antimonious  oxide  floats  on  tho  surface. 

Hugo  Tamm  (Chem.  News,  25,  Sa)  recom- 
mfiada  for  the  removal  of  copper  the  fuaioa  of 
the  metal  at  a  low  temperatare  under  1  part  of  a 
mixturti  of  8  jxitassiiiin  cyanide  and  3  sul])hur. 
Wheu  the  action  ha«i  ceased  tho  mass  is  stiirod 
with  a  clay  (not  iron)  rod,  cooled  until  the  flux 
lias  set.  anil  the  metal poured  out  from  beneath. 
If  impure  cyanide  is  used,  a  relatively  larger 
quantity  ts  requirad. 

Iron  may  be  comjilt-trly  removr<l,  according 
to  H.  Tfirach  (J.  pr  them.  [2J 14.  SOU),  by  fusion 
under  a  Uy«t  of  potassium  chlorate  containing 
from  2  to  5  p.f.  sodium  crtr1>oiiat<.'. 

From  stiva"  bismuth  may  be  i»cpafat<<l 
oupelhitjon  and  subsequent  rotluction  of  the 
bismuth  oxide  so  produced,  or  tho  nit  tal  may  be 
dissolvci!  in  nitric  acid,  tho  silver  precipitated 
M  ith  li;  1:  <  'Idorio  acid,  tho  solution  filtered,  and 
the  basic  tialt  of  bismuth  precipitated  by  ezoeas 
of  water,  and  reduced  to  metal. 

Silver  can  be  partially  removed  from  bismuth 
by  a  prope«s  ro^emblin;/  Pat  tinson's  process  for 
lead  (isckueidur,  J.  pr.  Uliem.  [2j  23,  75). 

Lead  may  bo  precipitated  from  a  nitric  acid 
solution  of  the  mct/il  b\'  the  addition  of  sulphuric 
acid,  and  the  bihinuth  recovered  as  air©a<ly 
described.  A  method  commonly  used  is  to 
fuse  tho  impure  metal  with  bismuth  ox^v chloride, 
from  which  the  lead  liberates  bismuth,  itself 
becoming  combined  with  oxygen  and  chlorine. 

A  number  of  inveetigatioDS  on  the  retiuing 
of  bismuth  have  been  conducted  by  E.  Matthey, 
and  the  method.s  he  proj>oHesarogiN  fi\  .separately 
below,  inasmuch  as  they  possess  tho  merit  of 
simfdicity  and  hav»  been  thoroughly  tested  on  a 
large  scale. 

Arsenic  is  removed  completely  by  maintain- 
ing molten  bismuth  at  a  temperature  of  010*- 

620°  for  .'■ome  time.  There  is  only  a  very 
slight  loss  duo  to  oxidation  (£.  Matthey,  Chem. 
News,  07, 6$). 

Antimoni/  is  frparated  hy  mf]tm'^  tho  metal 
and  maintaining  the  temperature  at  350°. 
An  aUoy  of  bismuth  and  antimony,  containing 

over  30  p.c.  of  the  latter,  tIbp^  to  the  surface  of 
tho  metal,  giving  it  an  'oily  '  ttpjxarance,  and 
can  bo  skimmed  off.  A  complete  removal  of 
the  antimony  is  thus  rfTcctcd  (E.  Matthey,  I.e.). 

Copper.  For  the  8e[)aration  of  copper  froin 
bismuta  which  has  been  previou.^ly  fr(n'<l  from 
arsenic,  antimony,  Ifad,  &c.,  K.  Matthey 
(Hoy.  Soc.  Proc.  43,  172)  recommends  its  fusion 
with  bismuth  sulphide.  The  pure  metal  ob- 
taintnl  amounts  to  j).c.  of  the  crucb'  material, 
uhile  the  reniaitiiiiji  hj.smulli  .sulphide,  cuataining 
CojiiKT  s\ilphido,  may  bo  reHmeltiMl. 

Alkah  BuiphiUes  may  be  substituted  for  the 


bismuth  .snlphidn  in  tho  alx>ve  operation  (]& 
Matl!,.  y,  Proc.  Roy.  Soc.  49,  78). 

lytad  may  be  soparaUMl  from  tho  fused  met&l 
by  repeated  crystalfisatioiis,  the  alloy  of  bismuth 
and  leatl  melting  at  lower  tviniKTaturos  than  the 
]»urer  bi.smuth.  E.  Matthey  has  thus  by  four 
erystallisat  ion.s  mlurwl  the  percent au"  of  lead 
from  12  to  0-4  jkc.  (Pnx;.  Roy.  Soc  42,  93). 

For  the  separation  of  g(M  and  gilver,  E, 
Matthev  (Proc.  Roy.  Soo.  4^  88, 94)  rccommcada 
tho  addition  of  2  p.c.  zinc  to  tho  molten  mel*L 
Tho  mass  is  gradually  cooled  and  tho  surface  crust 
removed.  This  operation  is  repeated,  whereby 
tho  whole  of  the  precious  metals  are  ooaoen- 
tratcd  in  the  skimmings.  On  fusing  theae  in  a 
rrucil)le  with  l>orax,  tho  gold  and  silvt  r  arc  freed 
from  impurities  by  the  action  of  tho  oxide 
bismuth,  and  sink  to  the  bottom.  To  eepavBte 
tlie  la.st  tract's  of  tlu-so  nu-talt  ttOM  the  tmfgf  it  k 
again  fused  with  bismuth. 

A.  Mohr  states  (Elektroohem.  xl  Met.  Ind. 
1907,  6,  314)  that  an  clcctrolvtic  mcthofl  ha,^ 
been  used  with  success  for  the  purification  of  a 
Mexican  tead-bismuth  alloy  containing  81*1  pwc 
load  and  14-5  |i  bismuth,  topjetht  r  with  smAl! 
amounts  of  antimony,  iron,  zinc,  arsenic,  silver, 
and  gold.  First  the  metal  is  made  the  anode 
in  an  electrolyte  containinfj  6  p.c.  U^ad  fluo- 
siliuate  and  14  p.c.  hytliolluu.-^iliciu  acid.  The 
load  is  depo8itc<l  on  this  cathode  of  pure  Icsad. 
and  contams  oidy  OOl  p.c.  bismuth.  Tht-  hikhIi" 
slimes  are  fut^ed  with  bodium  hydroxidti  and 
carbonate,  and  the  metal,  containing  94  p.c. 
bismuth,  cast  into  anodes,  which  are  tlicu  used 
in  a  second  electrol^'sis,  using  a  solutioit  uf  bis- 
muth chloride  (about  10  p.c.)  and  free  hytlro- 
chloric  acid  (about  10  p.c).  'J'lu>  callKMk  s  art-  >if 
Acheson  graphite,  and  are  placed  on  the  lioor  ui 
the  colL  The  current  used  is  20  amp.  per  »q.  ft. 
at  the  cnthmle,  ami  00  amp.  per  sq.  it.  at  the 
anode,  with  a  P.  D.  at  tho  terminals  of  1-2  voltck 
The  resulting  bismuth  is  99-8  p.c  puro,  t^e 
remaining  0-2  p.c.  consisting  chiefly  of  silver. 
{See  also  Zahorski,  Hurtcr  and  Brock,  £ng. 
Pat.  22261,  1895.) 

Chemically  jwre  bUmuth  is  best  prepared  bv 
dissolving  the  commercial  metal  in  nitric  aoid. 
decanting  from  any  rt  sidue,  and  adding  excr 
of  water,  whereby  the  bismuth  is  precipitated  aa 
basic  nitrate,  leaving  the  impuritifs  in  solutiotu 
The  jirfcipitatc  is  will  wa.-licd  l)y  d(-cant<it  ior . 
dried,  mixed  with  black  tlux  or  other  rtKiucin^ 
agent  which  produces  a  veadily  fusible  flux,  and 
rwiuccd  at  a  j^cntlo  heat  in  a  cni<  iM<\ 

Properties. — Bismuth  ia  a  greyish  -  white 
crystalfme  metal  oC  distinctly  red  tinge  when 
compared  with  whiter  metals  such  as  z.iiu-  or 
antimony.  It  is  very  brittle  and  easily  pou  - 
dered,  and  a  bad  conductor  of  heat  and  eiec^ 
tricity.  Its  tenacity  i.s  very  small,  a  ro<l  2  mm. 
in  diameter  will  just  support  a  weight  of  14*19 
kiloe.  (Muschenbroeck).  It  forms  fine  obtuse 
rhombohc<lral  crystals,  which  ajiproach  vt-ry 
closely  to  the  form  of  cubes.  U  has  ahm  been 
obtained  in  the  form  of  acicular  nee<lles,  which 
are  really  '-loniiati'd  luxagt  ri  d  pr-'^ms  (lb  lirrdry. 
Ber.  Aka«l.  Uicn.  lOi,  i.  204;.  Biaiuuth  incltj< 
at  2G4®  (Roscoe  and  Schorlcmmer),  and  boih 
at  a  tcmf»craturc  between  the  njelting-]»oint 
of  copper  and  nickel,  i.e.  between  109t>**  and 
I4f!0*  (Oamelley  and  Carlton  Williams),  con* 
denting  in  lamime;   The  vapour  dem^ty  at. 
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t«in}MTatiirei}  between  1600"  and  1700"  is  11, 
which  corresponds  to  that  calculated  for  a 
mixture  of  monatomio  and  di*toiiuo  molecules 
(Meyer,  Bcr.  1889,  22,  726).  Ite  Bf.gr.  at  IS* 
is  l>  iS23.  Scheerer  and  Marchand  nave  stated 
that,  on  exposure  to  great  pressure,  the  density 
of  bitnratli  !■  fowernf.  w.  Spring,  ho««Ter» 
has  shown  that  the  density  is  thereSy  increased. 
By  exposure  of  bismuth  of  density  9-804  to  a 
pieMnire  of  20,000  atmoapherM,  the  density  was 
raised  to  9-8o6 ;  a  second  comprr  -  ion  still 
further  increased  the  density  to  9-803  (iier.  10, 
j^24).  It  is  stated  that  by  oaxefal  hammering 
its  donfiity  may  bo  raised  to  9*881. 

Bismuth  expands  in  cooling.  Tribe  (Qiem^ 
8oo.  IVana.)  has  shown  that  this  ex]^iaioa  does 
Slot  take  place  until  aft-tr  solidification. 

islxposcd  to  dry  air,  bismuth  remains  un- 
altered at  the  ordinary  temperature,  but  m  moist 
air  or  in  contact  Mith  water  it  becomes  coated 
ith  oxide.  When  heated  in  air  it  bums  with  a 
bluish  flame,  evolving  yellowish  ftunes  of  oxide. 

At  high  teniTHTHf urf"^  it  df^mmposes  T^titcr. 

Cold  Buipiuinc  aci<i  ha.-*  no  action,  but  the 
hot  coDoent rated  acid  diB.solve<4  bismuth.  Hydro- 
chloric R'^i  l  ,'u  tj?  but  slowh',  and  Ditto  nnd 
Alclzucr  iiuve  aiiown  (Compt.  rend. 
that  this  sctkMiean  onlv  take  place  in  presence  of 
oxygen.  Nitric  acid,  dilute  or  strong,  dissolves 
it  readily,  with  the  formation  of  uitrate.  Pow- 
dercil  bii<imuth  thrown  into  chlorine  gas  ignites 
with  the  formation  of  trichloride.  It  also  unites 
directly  with  bromine,  iodine,  and  sxilphur. 

When  comparatively  pure,  bismuth  crvKtal- 
lises  readily.  To  obtain  it  in  the  form  of  fine 
cr^'stals  it  is  melted  and  allowed  to  cool  until  a 
cruHt  has  forme*!  ;  the  cru.'^t  is  pierced  on 
opposite  sides  with  a  hot  iron,  and  the  still  liquid 
portion  ponred  throiigh  one  of  the  openings. 
On  cari'ful  removal  of  the  crust  the  sides  of  tne 
vessel  are  found  covered  with  crystals,  freauently 
veeraabling  hollow  p,>Tamidal  enbes  Ifte  laote  of 
salt,  but  which  nr*  iu  rr  ilityobtuae  rhombohedra. 
Their  iridescent  lustre  is  due  to  a  very  thin 
film  of  oxide  wbioh  shows  tiie  ooloor  clumeter- 
istic  of  thin  plates. 

Bismuth  can  be  obtained  in  the  colloidal 
state  by  reducing  a  solution  of  the  nitrate  with 
stannous  chloride,  nr  by  the  r\rtioT>  of  hypo- 
phosphorus  acid  on  bi8muthoxychlondo((;utbior 
and  Hofmeyer,  Zeitsch.  anoig.  Ghem.  44,  225). 

Bi.«muth  is  the  mo.st  diamapnntic  i^ulistance 
iitiuvvn,  a  bar  of  the  metal  ]>laciug  it4»eif  equa- 
torially  between  the  poles  of  a  magnet,  i.e.  at 
ripht  ancif  ^  to  the  fwsition  takt-n  up  liy  a  bar  of 
imn.  iiiMiiuth  also  occupies  an  extreme  jilaco 
In  the  thermo-elselsio  series,  being  used  with 
antimony  in  the  pvspscation  of  the most delicate 

thermopiles. 

A  nalysif. — All  compounds  of  bismuth,  when 
mixed  with  carbon  or  other  reducing  agent  and 
fused  before  the  blowpipe,  ^ivo  a  oritiU  white 
bead  of  metal  and  a  yellow  mcrustation  on  the 
charcoal,  darker  than  that  of  oxide  of  lead. 

A  very  good  dry  test  for  bismuth  is  that  due 
to  von  KoIh'11.  The  substance  is  heat<'d  on 
charcoal  with  a  luixtore  of  potassium  iodide  and 
solphur,  when,  if  bbinrath  is  present,  a  brUIkuit 
starlet  incru.station  is   il  l  iind. 

Salts  of  bismuth  in  solution  give,  on  addition 
of  excess  of  water,  a  whfte  precipitate  of  besio 
selt»  which  is  insolnble  m  tarterio  acid,  end 


blackens  with  (sulphuretted  hydrogen  (distinction 
from  antimony). 

Metallic  iron,  copper,  load,  and  tin  precipitate 
metailio  bismnw  nom  solutions. 

A  qualitative  test  for  bismuth  proposed  by 
Beiohard  (Ghem.  Zoit.  28,  1024)  is  the  addition 
of  a  bmotne  salt,  or,  better,  bmcine  itself  to  the 
solution.  In  presence  of  bismuth  a  dct-p-red 
colour  is  produced  which  is  distinguished  from 
that  given  by  nitric  add  by  the  feet  that  it 
becomes  deeper  on  heating,  \\  hereas  the  Oolottt 
given  by  nitric  acid  turns  to  yellow. 

EMtmaiUm. — Bismnth  may  bo  separated  from 
copper,  cadmium,  mercury,  and  silver,  lea<l 
having  been  removed  previously  by  precipita- 
tion as  sulphate,  by  the  following  meraod,  duo 
to  Rtiihler  and  Schjirfenberg  (Bor.  38,  3862). 

The  solution,  which  may  contain  hydrochlorio 
acid,  and  should  contain  about  0*1-0*8  gram 
of  bismuth,  is  diluted  to  SOO^iOO  c.r.,  and  any 
precipitate  redissoivtxl  by  ihu  cautious  addition 
of  nitric  acid.  This  solution  is  heated  to  boiling, 
and  treated  with  a  boiling  10  p.0.  solution  of 
tnsodium  phosphate  Na,P04  (obtiuned  by 
mixing  equivalent  amount.s  of  sodium  hydrogen 
pho.Himato  and  cau.stic  soda).  In  presence  of 
imicli  hydrochloric  acid,  a  considerable  excoiKi  of 
the  j^hosphate  must  be  used,  but,  should  the 
solution  Deeome  alkaline,  nitric  acid  must  bo 
added.  After  boiliag  the  whole  for  teomu  time, 
the  precipitate  is  soIoH-od  to  settle,  and  the 
supernatant  liquid  is  tested  with  sodium  phos- 
phatc.  If  precipitation  is  complete,  tliu  pre- 
cipitate i.s  collected  hot  on  a  Gooch  cruoiUe, 
washed  with  I  p.c.  nitric  acid,  containing 
ammoninm  nitrate,  dried  at  120**,  ami  finally 
heated  over  a  bunscn  bunicr,  and  weighed  as 
bismuth  phosphate  BiP04.  The  precipitate 
is  very  hygroscopic :  stdtable  preoantions  must 
therefore  be  taken  in  weighing  it. 

A  modification  of  this  method,  which  renders 
it  snitable  for  the  separation  of  bismnth  from 
con.^id^riljle  amounts  of  mercury,  has  been 
described  by  Stabler  (Chem.  Zeit.  31,  015). 

A  Tdnmetrio  method  for  the  estimation  of 
Iiismuth,  for  which  con.siderablLi  accuracy  is 
claimed,  is  the  chromate  method  of  Lowe  as 
modified  by  Rupp  Mid  Sohanmann  (J.  Soe.  Ghem. 
Ind.  1902,  1558). 

H.  W.  Rowel  I  has  jjiihlishtxi  a  method  (J.  Soo. 
Chem.  Ind.  1908,  102)  for  the  estimation  of 
small  quantities  of  bismuth  in  ores,  Slc.  The 
method  is  colori  metric,  depending  ou  the 
yellow  o<door  produced  when  potassium  iodide 
is  added  to  a  solution  of  the  bismuth  compound 
m  Bulphuric  acid  {set  also  Eng.  and  Mining 
Jour.  1901,  459). 

An  account  of  other  method<  used  for  tho 
estimation  of  bismuth  will  bu  fuuud  in  the 
article  on  AxALmB. 

For  the  dry  assay  of  bismuth  ores  the  (luxes 
used  must  depend  on  the  composition  of  the 
ore.  Thus  with  ores  containing  metaUic  bismuth 
or  that  metal  as  oxide,  sulphide,  carbonate,  kc, 
a  flux  consisting  of  a  mixture  of  2  parts  potabdium 
or  sodium  carbonate,  1  part  sodium  cliloride,  and 
a  proper  quantity  of  aisol  or  potassium  cyanide 
or  oherooal  powder,  wilfbe  nseful  (Tamm) ;  with 
tho  a<ldition,  where  mucli  cartiiv  matt<  r  is 
present,  of  borax.  Whcro  much  copper  is 
present,  Tamm  advises  the  use  of  one  pert  ^  the 
ore  mixed  with  one  part  orlsss  of  fti»l^g^^oogle 
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aodium  carbonate  1,  adit  2,  sulphur  2,  charcoal  I 
|K}W(ler  I  j^art.    The  exact  proportions  iu  whkli 
these  tiuxvh  arc-  most  useful  muitt  bo  leaiuod 
oxpcriency. 

Alloys  of  Bbmuth. 

Bumuth  unites  rtadily  with  mui^L  iiifluLi, 
foronng  alloys  which  are  usually  of  great  hard- 
ness, brittienesH,  and  fusibility,  and  moat  of 
which  expand  on  solidifying. 

Lead   containing    veiy  little    bismuth,  is 
toufiheneil  without  bocoming  more  brittle.    The  . 
adcutiun  of  biHuiuth  to  lean  increamis  its  hard-  i 
ii08«  and  tenacity  ;  the  alloy  of  3  lead  and  2 
bbroath  has  tea  times  the  hardness  and  twenty  | 
times  iJie  tenacity  of  lead.   The  alloy  of  6^ , 
lead  and  34  bismuth  is  very  «lii<tilc.  milting 
at  1(H)** ;  it  corresponds  to  BiFb|.    An  aJiopr  i 
containing  equal  n-eights  of  the  two  metals  m 
brittle,  of  folintcd  texture,  and  of  tho  i<il(uir  nf 
bismuth.    Its  density  is  10-7U9,  i.e.  greater  than 
the  meand  ensity  of  the  constituents.  j 

Tilt.    Tlic  nddititm  of  M.sniuth  to  tin  in  nmall 
quantities  renders  it  more  elantic  and  (-onorous.  | 
An  alloy  of  S4  tin,  46  bismuth  is  crvntalline  and  i 
brittle;  it  melts  at  133*  (Guthrie,' Phil.  Trans.  ' 
[5J  17,  4»M).    i  he  alloy  of  24  tin,  1  bismuth  is 
somewhat  malleable,  but  a  further  addition  of 
bismuth  renders  it  brittle. 


Tin  and  Lead.  Urn  alloys  of  bismuth  uith 
(hoso  two  metals  are  of  special  interest.  They 
are  extremely  fusible,  and  on  account  of  their 
expansion  on  cooling  they  take  a  very  line  inipre?*- 
sion,  beini:  largely  used  for  t  l'  i^trutype  mould*. &,c. 

An  aliuv  ot  1  bismuth,  2  tm,  1  lead  is  u»e<l  aa 
a  soft  solder  by  pewtsien,  aild  for  the  cuke 
moulds  for  toilet  soap.  An  expensive  but  effi-c- 
tive  alloy  for  stereotype  cliches  and  metallic 
MTiting  pencils  contains  5  hismttth,S  titi,  3  Jead ; 
it  melts  at  91-66*. 

For  special  work  solder  containing  bismuth  is 
employed.  It  can  be  used  under  boiling  watcv 
if  a  little  hydrochloric  acid  is  added. 

A  thorough  physico.ehemieal  invostigatiun 
of  these  t«niaiy  alluys  bus  bt-en  nia«Jo  by 
Charpv  (Compt.  rend.  120,  whose  memoir 

should  be  consulted  for  details.  He  finds  that 
the  I'utectic  mixturi'  contains  32  p.c.  lead,  16  p.c. 
tin,  and  62  p.c.  bismuth,  and  has  m.p.  96". 
Buch  alloys  an  used  to  »  oonsidenUo  exteot  ia 
safety  plugs  for  boikfs  and  for  antomstie 
sprinklers. 

The  TarietieB  of  fwiUe  meUd  oontain  thdae 

throe  metals,  with  the  addition  KometiEn«  >  of 
cadmium,  which  still  further  lowers  the  lueltm^- 
pohit.  A  table  of  the  moat  important  of  th« 
alloys  is  given  below : 


Temperaturt  <.i 


1       KssftS  of  sHor 

mamaUi 

Lead 

Xla 

Cadmium '  Mercury 
i 

MdUng-iwInt 

Newton's 

60 

31  -25 

18-75 

94-6"' 

Rose's     .       .  . 

50 

2810 

24  1 

96» 

D*Arcet*s 

50 

250 

250 

94* 

D'Aioet's  with  mer^ 

cury 

50 

260 

25-0 

260-0 

46'' 

Wood's  . 

50 

250 

12-5 

12*5 

66» 

Lipowits*s 

GO 

26-9 

12*78 

10-4 

65" 

stated  to  have 

Guthrie's  *  Eutectic ' 

50 

20-55 

21  10 

1  14-03 

the  lowest 
meLting-poini 

65"*  (Spring)  \ 


2rt°  (Spring)  J 
38-6-  (^|r)  s 


Th«-  action  of  heat  on  fusil)le  im  tal  is  somc- 
v.hai  HiiomalouH.  Taking  Lipowitz's  alloy  as  a 
ty}>i<  al  example,  we  find  (from  Sjning's  table  of 
densitits  at  (lifTcnnt  tPinp<ratures)  that  this 
alloy  vhii.Ht  cMxiim^  contracts  very  rapidly  at 
the  solidifying  pomt  (65**).  contracts  slowly 
fnua  thiit  tomperatiin-  t..  Hs  ri*',  cxjiaiids  thfncc 
to  about  25",  and  again  coniract.s,  occui»^ing 
at  0"  the  same  volume  as  at  46*. 

F<ir  this  reason,  in  taking  a  eiust  or  iniprrssion 
with  fuiiiblc  metal,  it  i.s  advisable  to  allow  the 
alloy  to  cool  to  a  pa.«ty  mass  before  placing  in  ' 
the    mould    (r.    ftirtht  r.    riodf  froy,  Freiny's 
Kncycl.  Chimiqut-.  art.  •  BjmiiuUi/  1888,  24-30). 

C'o7>;;rr  containing  .'^mall  quantities  of  bismuth  i 
is  red  short.    'J'races  of  bismuth  are  usually 

K resent  iu  conunereiul  copper  ( [""ield,  Chcni. 
ews,  30,  261).  The  tuo  metahs  unite  at  a 
tem|>eraturo  belnw  the  melting-point  of  copper, 
forming  Hani,  brittle  alloys  of  the  mean  dcn-nitics 
of  the  constituents  ((klert).  .An  alloy  of  1 
copper,  2  bismuth  expuiifU  considerably  after 
solidilicittion  ;  J  fopjHT,  4  bismuth  pnwiuces  a  ^ 
leti  crystalline  mctiil. 

Antimony  unites  iu  all  proportions  with  bis*  ' 
muth.   The  alloy  of  equal  parts  of  the  two  I 
metals  exiMinds  con.siderably  on  m  lidificalion. 
Mercury  dissolves  a  considerable  amount  of  , 


bismuth  \v  illiout  solidifying.  'ITu'  Hinalgam  con- 
taining 1  bismuth  and  4  mercury  adhcreti  strongly 
to  smooth  surfaces  such  as  gla.s9.  One  part 
bismuth  aii<l  2  jmrts  imrrurx  lorms  ;»  ji.-ii*tv 
amalgam.  The  alloy  consiciting  of  i)'.\rc<it'9 
alloy  and  mercnrA'  (v.  ])rt>ce<iing  table)  is  uaed, 
on  nccouiil  of  its  low  ini  ltintr-poinf .  for  r.»kiii^: 
CH«t:j  oi  itniituuii«;{il  pre)>arations.  'i'he  alloy 
is  intntduced  in  the  liquid  state,  allowed  to 
solidify,  and  the  fleshy  part«  dis'^olve^l  solu- 
tion of  caustic  soda.  This  alloy  is  almi  uaed  tui 
silvering  glass  tubes,  &c. 

Slh-ir  has  a  ftront'  aniuit\  for  liv-mulh.  An 
all<j_\  of  equal  i»art8  ot  the  two  metal-,  has  the 
colour  of  bismuth,  is  lamellar,  and  has  a  density 
of  10-700.  i.e.  gre^itrr  than  the  mean  of  the  cofk« 
.•iljlutat  metals  (.Muschenbroeek). 

The  alloy  of  cadmium  40-S  }iarts,  bismuth 
69-2  jjart.s,  melts  at  144*  (Guthrie). 

Bismuth  alloys  with  the  alhali  nutals  ;  thus, 
by  fusing  5  bisnuii  \\  with  4  cream  of  tartar  (fKitaa* 
slum  hydrogen  tartrate),  an  alloy  of  bismuth  and 
pota«.*siura  is  pnnluewl  which  becomes  taniiisheU 
in  air,  lm.s  an  alkaline  reaction  and  taste,  and 
evolves  hydrogen  when  plujiged  in  water. 
Johannis  K'ompt.  rend.  114.  5^)  has  obt&intxi 
an  alloy  of  bismuth  and  sodium,  of  the  formula 
Jli2«ay,  by  the  action  of  a  solution  of  sodium  m 
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liquid  tunmiMiMi  on  Imninith.  Tlie  oompoimd  is 

of  a  blue-Mack  cdlinir  anil  takes  fin«  in  the  air. 

A.  U.  Gallatin  (PhiL  Mag.  U]  38, 57)  has  pre- 
putjd  an  alloy  of  bismiith  with  ammomum{l). 
I  Ft"  t^cattcrod  ammntiiiiin  t  hlor><le  over  bismuth 
(KKiium  alloj,  and  added  water.  Tho  alloy 
■welled  and  again  oootraotod.  On  plunging 
in  water  or  hcatinu.  a  tnixliire  of  hydrogen  anu 
ammonia  was  evolved.  After  drying  in  vactid 
over  sttlphune  acid*  it  evolved  27  volnmea  of 
g»8  Oil  hfNiting. 

BiHinuth  combintas  very  iinperfoctly  with 
irtjn,  forming  alloys  of  diminished  density.  With 
]»IatinuiTi,  pulladium,  t-'old,  and  tellurium  it  also 
ioriuH  aiiovH.  ComiKiuuds  with  ihu  two  latter 
metals  oemr  in  nature.  It  is  remarkable  that 
tho  addition  to  bismuth  of  as  little  ah  0-05  }).c. 
of  tellurium  completely  changes  the  appearance 
of  the  metal,  which  then  haa  a  minutely  oryatal- 
line  straotare. 

Compounds  or  Bismuth. 
Bismuth  forms  two  well-defined  clas^  of 
compounds,  in  which  it  is  a  diad  and  a  triad 
respectively.  There  are  indications  of  the 
exiatencc  of  some  more  hi^^hlf  oxidised  oom- 
poimda,  but,  anaming  their  ezistenoe  to  be 
|>rove<l,  their  constitution  can  l>o  more  easily 
explained  by  the  aasumption  of  a  higher  valency 
for  oa^gen  than  by  amnniing  trismnth  to  be  a 
pentad. 

OxIdM.  Only  two  oxides  of  biamuth,  the 
dioxide  and  the  trioxide,  are  definitdy  known. 
TTie  statements  of  Deichlor.  Ilauser,  and  V  u  im 
•ad  Treubert,  that  bismuthic  aoid  and  tetruxide 
exist*  have  been  eontroverted  by  Gutbier  and 
Bunz  (Zeitflch.  anorg.  Chem.  48,  162;  49,  432; 
60,  210;  52,  124);  Moser  (Zeitsch.  anorg. 
Chem.  00, 33)  stataa  that  the  addition  of  hydro* 
f'en  peroxide  to  a  bismuth  salt  precipitates  only 
bismuth  triojride.  HoUard  (Compt.  rend.  136, 
229}  says  that  a  peroxide  of  the  formula  BijO^ 
i-  tdrraed  during  the  electrolysis  of  a  s(»lution  of 
biHiuuth  sulplmtc,  but  thi»  obtcrvatiou  liu^i  not 
been  confirmed. 

Thetrioxide  and  tho  compoumls  derived  from 
it  are  the  onl)  ones  of  commercial  iin|Kirtance. 

Bbmuth  trioxlde  Bi,0,  occurs  in  nature 
as  hismtUh  ochre.  It  is  he.-t  prepare*!  hv 
heating  tho  subnitrate  of  bL»uuith  until  red 
fatnaa  cease  to  be  evolved.    It  ntay  al.>K>  Ix; 

Ercpared  by  exposing  tho  metal  to  a  red-white 
eat  in  a  muffle.  The  metal  then  burns  and 
forms  the  oxide,  which  condenses  as  a  yellow 
|>owder.  Bismuth  oxide  thus  obtained  is  a 
pale-yellow  amorphous  substance,  which  melts 
at  a  red  heat  to  a  ^lass  without  (  han^e  of  wt  i<:l»t. 
Ite  ap*gr*  ia  9'21  j  it  containa  89  66  p.o.  bismuth. 

The  oxide  can  be  obtained  orystaUine,  and 
has   been   shown   to   he   isodiraorphous  with 
antimony  trioxide  (Muir  and  HutchiQ«on>  Chem.  i 
Soe.  Trans.  1880, 143).  I 

If  i.-i  u>ed  for  glass  and  porcelain  staining  ; 
aa  an  addition  to  certain  fluxes  to  prevent  the 
prodvction  of  colour;  and  in  gilding  ]X}roelain, 
bein;.;  mixed  in  the  proportion  of  1  partoxide  to 
15  parts  of  the  gold. 

The  darkening  of  the  oommeteial  aubstttuce 
on       >  ir  to  light  ia  due  to  the  preoonee  of  a  : 
tra<Hi  ot  Oliver. 

A  bydnted  Hmath  oxide  Bi,0,.H,0  is  pre- 
cipitated aa  a  wliita  powder  on  addition  of  eauatio  • 


alkali  to  a  bismnthous  aalt,  aneb  aa  the  nitvate ; 

but  Thibault  (J.  Pharni.  Cliini.  12,  559)  has 
shown  that  under  these  conditions  the  product 
contahu  appreciable  quantitiea  of  oxy^aoni  nlta. 
By  precipitating  the  hydroxide  from  an  alkaline 
soiutiou  by  the  addition  of  acid,  a  pure  product 
ia  obtained  which  oo  drying  yields  the  pure 
oxide.  It  di.«sf)lves-  in  alkali  in  presence  of 
glyceroL  On  adilitton  of  sugar  to  the  aolution, 
metallic  biamuth  Is  precipitated,  wlulat  amenic, 
if  present,  remains  in  solution.  Lowe  (Zeitsch. 
anal.  Chem.  22,  49^i-505)  reoommeuds  this 
method  for  the  prepaimtion  of  pure  biamuth  for 
pharmaceutical  purpose?*. 

Bismuth  nitrate  Bi(NO,)„oH  J)  \^ prepared  by 
dissolving  bismuth  or  its  oxide  or  carbonate  in 
moderatt^y  .-^tronf.;  nitric  acid.  Tho  concen- 
trated solution  is  lillered,  if  uece.-i^ry,  through 
asbestos,  and  deposits  OQ  cooling  largo  deliques- 
cent crystals  which  are  caustic  and  melt  in 
their  water  of  crystallisation  when  gently  heated. 

When  the  bismuth  used  for  tho  preparation 
contains  arsenic,  excess  of  nitric  acid  8houl(l  be 
used  for  tho  solution ;  the  arsenic  is  thonoxidiHe<l 
to  arsenic  acid,  and  combines  with  its  equivalent 
of  biamuth,  being  precipitated  aa  arsenate  of  bis* 
mnth.  R.  Schneider  (J.  pr.  Chem.  20,  41S-434) 
recotninend.s  the  follou  int;  proportions  :  2  kilos, 
bismuth,  10  kilos,  hot  nitrio  add  (75^  to  W); 
when  the  action  is  Bntshed  the  liquid  is  de* 
canted  from  the  seiliment,  which  contains  all 
the  arsenic.    On  addition  of  water  to  tho  wiu- 

'  tion  a  white  precipitate  of  basic  nitrate  ftdb,  the 
'  institution  of  which  varies  with  the  amount 
of  water  used.    This  was  formerly  icuown  as 

I  magi«tery  of  bigmulh,  and  is  now  called  flake  or 
pearl  vhit' .  *}w  latter  name  being  also  applied 
to  tho  uxvchioridu  ui  bismuth. 

'  For  pharmaceutical  purposes  the  subnitrate 
is  prepare<l  as  follows  :  Dissolve.  2  jwrts  of  bis- 
muth in  4  parts  nitric  acid  u{  sp.gr.  1  -42,  diluted 
with  3  parte  water,  pour  from  deposit,  if  any, 
evaporate  to  one  tlunl  the  hulk,  and  pour  into 
60  parts  of  wau;r,  lilter,  wash  and  dry  the  pre- 
cipitate at  a  temperature  not  above  6S*. 

It  is  a  pearly- white  |)owdor  con«istinj»  of 
minute  cryjitalline  scales.  It  is  employed  as  a 
Hux  for  certain  enamels,  augmenting  their 
fusibility  without  imparting  any  colour,  and  on 
this  account  is  used  as  a  vehicle  for  iiiutallic 
oxides.  For  tho  colourless  iridescent  glaze  on 
porcelain  tho  basic  nitrate  is  rublxxl  with  resin 
and  gently  heated  with,  lavender  oil ;  by  thu 
addition  of  coloured  t»xid(;s,  yellow  and  other 
colours  are  produced.  It  is  also  useil  like  the 
oxide  and  in  the  same  proportion-s  for  gilding 
ixjrcclain,  an<l  to  some  extent  as  a  cosmetic 
under  the  names  &ianc  tU  Jard  and  bianc 
d^Espagne,    It  is  Iar|i:ely  used  in  medicine. 

\Vheii  prepareil  from  impure  metal  it  is  li;ihle 
to  contain  arsenic,  lead,  and  silver;  tellurium 
has  also  been  suspected (niarm.  J.  3,  No.  287).  To 
te~t  for  arsenic,  heat  a  little  of  the  nitrate  in  a 
tube  until  brouii  fumes  oease  to  bo  evolved. 
Add  a  small  crystal  of  potassium  acetate,  and 
n^nin  heat ;  in  presence  of  a  trace  of  arsenic  the 
odour  ot  kukodyl  is  observeil  (A.  Gleuard,  J.  de 
Pharm.  [4]  1,  217). 

Bismuth  chloride  Ui*  I,  This  romyiound 
iii  produced  when  Imeijr  powdered  bi.->muth  is 
thrown  into  chlorine  gas  or  when  chlorine  is 

paaood  over  the  heated  metal.  It  ia  also  formed-.  . 
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by  the  solution  of  blnnnth  in  aqua  ngia  and  ,  allowed  to  oryalalliBB.  91m  pfodaofc  it  diiwilwfiil 


(rvaporaiiun  of  tho  liquid;  or  by  diHtilling  a 
solution  of  the  oxide  in  hydioohlorio  acidt 
otumsing  the  reoeiver  when  dl  the  water  haa 

di«tilTe<i  ovor.  i 
It  ij;  a  whit'C,  easily  fusible  nolid,  wiiich  ; 
ab«>rb8  moisture  from  the  air,  forming  a  crystal- 
lino  livflrato.    By  the  addition  of  water  a  white 
precipitate}  of  ba»iu  chloride  or  oxyohloride  is  , 
IWOduced  corresponding  to  BiOd,  tiumgh  its  i 
composition  vanes  conNid^^rnM',-.  \ 
The  oxychloride  of  bismuth  is.  however, 
usually  prepared  by  pouring  a  {solution  of  tho 
normal  nitrat**  into  a  dilute  .solutinn  of  oommon 
tialt,  forming  uxythJurido  of  bi&nmth  and  godiuni 
nitiate. 

It  a  Tihitc  pearly  powder  kno^Ti  pmrl 
uhiit,  ixud  is  usod  as  a  piiimunl,  and  in  tlic  pre- 

Saration  of  a  very  fine  yellow  pigment  known  as 
Ierira<?e'8  antimony  yellow  (v.  Antimoky). 
Bismuth  chroroate  v.  under  Chromium. 
Bismuth  sulphite,  produced  by  the  action  qt 
sulphurous  acid  on  bismath  carbonate^  or  b: 
double  decomposition  between  a  btemnth  n1 


and  an  alkali  sulphite,  is  a  -white  ervstnlline 
powder*  and  is  used  in  medical  practice  to  check 
int^ittinal  fermentation,  and  in  eases  of  worms. 

I'he  organic  compounds  of  bismuth  In  m  found 
many  applications  in  medicine  and  surgery. 

BinmiUl  nUoilito  is  prepared,  ao(K>rdmg  to 
CViusso  (Compt.  rend^  112,  1220),  by  adding  a 
solution  of  a  neutral  salicylate  to  a  solution  of 
bismuth  nitrate  in  a  minimum  amount  of 
hydrochloric  acid.  Considrrable  quantities  of 
ammonium  chloride  are  added  to  the  solutions 
before  thev  are  mixed.  Hydrated  bismuth 
.salicylate  m{CjB.0j)3AlU()  'is  thus  obtained 
as  a  white  crystalline  powder,  insoluble  in  cold 
M'ater. 

A  better  method  of  prepamtion,  due  to 
Thibault  (Bull.  Soc.  chim.  25,  704),  touaists 
in  treating  tho  bismuth  oxide  obtained  by 
precijtitatioii  from  16  parts  of  bismuth  nitrate 
with  a  Milution  of  10  paxtet  uf  salicylic  acid  iu 


in  080  ^Tarns  glaeial  acelir  irid,  (lilute^I  wWi 
8  litres  of  water,  and  then  mixed  with  a  solataoti 
of  188  grams  crv-stalliaed  galUo  aeid  in  8  UtiCMi  of 
water.  The  pn^>  i+  ite  of  bismuth  gallate  thus 
produced  is  waulutd  live  or  six  times  with  water, 
preased.  and  dried  (Harti,  Fhann.  Rondaeh. 
12,  182). 

Another  method  consists  in  treating  a  m>1u- 
tion  of  bismuth  nitrate  in  nitric  acid  with  a 
solution  of  gallic  acid  in  70  p.r.  alrohol,  nearly 
neutralising  with  sodium  hydruxido  or  Milium 
oarbonate,  and  finally  adding  considerable 
quantities  of  sodium  acetate  or  diluting  larcrely 
with  water.  The  compotmd  is  thus  obtaiiied  a* 
a  yellow  precipitate,  wnioli  it  coUeeted  and  dried 
(Eng.  Pat.  6234,  1801). 

The  empirical  formula  of  the  substance  ia 
BiC^H,©,,  and  Thibault  (J.  Pharm.  Chim.  14, 
487)  considers  that  it  is  really  bismuthogallio 
acid,  adducing  in  favour  of  this  view  the  fact 
:  that  with  alkalis  it  forms  salts  of  which  potaninni 
ly  i  bismuthogailate  K.BiC^gO,  is  a  type. 
It       A  general  method  for  the  preparation  of 


2U0  parta  of  water  and  heating  on  the  water-  |  bismuth  hydrate. 


A  general 

bisniutli  Malfs  of  ornanie  acids  is  the  solution 
of  freshly  precipitated  bismuth  hydroxide  in 
a  Bohttitm  of  the  aeid  (Fisoher  and  GrUtmer. 
Areh.  riiarni.  1894,  232.  460;  v.  also  TeJle, 
ibi<L  1908, 246, 484.  for  the  preparation  of  6miimI4 
loetofs  by  this  method). 

Basle  bkmuth  dlbromohydroxynaphthoate, 
which  has  t>eeu  sugeested  as  a  substitute  for 
iodoform  in  amgiMU  dressings  (0.  Riohter, 
Apoth.  Zeit.  1908,  23,  600).  ia  obtained  by  a 
similar  method.  /9-hydroxynaphthoio  «oid  is 
brominate<l  in  acetic  acid  solution,  and  the 
reer^  vtallised  product  heated  with  bismuth 
hydroxide.  The  salt  is  a  finely  crystalline, 
yellow,  odourless,  insoluble  povmer,  wfajch  in 
unafTertrf!  hy  heatinj;  to  110®. 

Bismuth  chrysophanate  ('  Dermoi  *) 
Bi(C!,.H,0«),  Bi,0,  ?  ) 
a    yi'llowish-lirown    powder,   is.   accortliri;;  to 
Merck,  a  mixture  of  impure  chtysarobin  mad 


bath  till  tho  action  \n  eoriiplete.  The  product 
Ls  (b-cante*!,  washefl  with  cold  alcohol,  and  dried 
at  100®.  It  is  thus  obtained  in  rose-prey 
crystals,  which  are  8t>lulile  without  decomyK»f<ition 
in  cold  alcohol,  ether,  or  in  a  saturated  aqueous 
solution  of  salicylio  acid. 

Martinotti  and  ('omelio  (Bull.  Chim.  Pharm. 
40,  141)  point  out  that  commercial  preparations 
of  the  salt  vary  very  much  in  composition,  the 
amount  of  acid  ranging  from  5  to  67  p.c.,  and 
that  of  bismuth  oxide  from  37  to  79  p.0. 

Kebler,  however,  haa  shown  (Pliarm.  J.  64, 
591)  that  the  aloohoiio  test  of  the  British 
Pharmaeopceia  ie  too  stringent,  as  hot  alcohol 
decomposes  the  salt.  A  more  trustworthy 
method  of  testing  of  bismuth  salicylate  fur  free  |  ray  work, 
acid  consiste  in  extracting  it  with  90  p.o.  bencene  1  Blimi^  OiyMofUbgallate  C«  H  j(  O  H ),  -CO .  • 
and  liltering  tie'  xt  i  i  t  into  dilute  ferric  B iT' Oil ),*  oiroi,' is  prepare<l  by  heating  togtjt her 
chloride  solution  (1  in  ikKX>).  when  a  violet  ring  in  50  parts  of  water  36  parts  bkmntii  ozyiodide^ 
is  jproduced  at  the  jnnetion  of  the  two  liquids  and  18'8  part^  gallio  acid  nntfl  the  pratfaMit  it  ^ 
if  free  1    I     ]      lit.  !  Kreyish -green  powder.  It  is  used  as  *  eubatitttta 

Basic  bismuth  gallate,  knou-n  commercially  \  fur  iodoform* 


Compounds  of  bismuth  with  phenols  ar? 
obtained  by  double  decomposition  between  a.n 
alkaline  salt  of  the  phenol  anda  ndtof  hnhrtnnth, 
8uch  as  (he  nitrate.  Amnn;r  thn«e  that  have 
been  made  cummercially  may  be  mentioned  : 
orphol  (the  tf^naphthol  compound) 

r„Tr,OBi(OH),-*-Bi,0,  +  H,0 ; 
xerojortn  ^tho  tribromophenol  compound) 

(C,H,Br,0),Bi  OH    Bi.O, ; 
Aeleosof  (the  pyrogallate) 

[(',H,(OH),0)j-BiOH. 
An  important  pathological  application  of  Ids. 
muth  salts  is  their  administration  intertiaiiy 
-  order  to  outline  parte  of  the  body  in  RoatKen 
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as  '  dtrmutol,^  is  prepared  as  follows  :  306  grams 
of  ba."ir  hi^muth  nitmte  \^  dis-oK  <■(!  in  328  grams 
nitric  acid  of  strength  li^'^B.,  diluted  with  200 
grams  water.  The  solution  is  filtered  thiough 
-*laaa>wnol»  evaporated  down  to  600  gimnu^  and 


Other  oompounds  of  Usmutb  to  whi(A  trade 

names  have  bci-'i  L'i\rn  rn-c: 

Bismol,  btsmuth  luethvieuedigaliate,  ob< 
tamed  by  tho  general  ttithoafromtSeliydioacide 

and  metayleoediaillio  aoid*  ^ 
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Miorhuol,  bMmuth  borophcnat^?. 

Thioform,  bi  mnth  dithiosalicylate,  u.scd  as 
a  substitute  for  ludutorm  (v.  SrNTUCTic  drugs). 

BISMUTHmiTE  or  BISMOTH-GLANCE. 
Nativu  bismuth  sulphido  Bi^S,,  occurring  in 
m;iGuiar  or  bladcd  orthorhombic  cryntali)  or 
lamellar  masses,  very  like  stibnite  (Sb,S])  in 
appoarance.  In  Qiit'ciishiml  and  JiuHvia  it  is 
found  in  HufTicii  tit  abundance  to  bo  u.scd  an  an 
or-'  I  >n -1.- iiiu; li.  L.  J.  S. 

BISMUTITE.  Baiic  bismuth  carbonate,  con- 
laitung  about  9U  p.e.  Bi^O,  ;  formula  porhaiia 
BijOaCOjHjO.  It  is  a  yellowish  earthy 
ntat-crial,  and  presenting  such  an  appearance  ia 
Hurprisingly  heavy  («pgr.  variously  given  aa 
(i-9  and  7-li).  It  occurs  as  an  alteration  pnxluct 
of  native  bismufeh,  and  in  Boliria  is  an  important 
oro  of  thi<(  metal.  L*  J.  S. 

BISMUTOSE    .  Synthetic  druOB. 

BISSA-fiOii  V.  Gum  rssu(S. 

BISTRE  V.  Pioirnm. 

BISULPHIDE  OF  CARBON  v.  Omhfm 
disulphidet  art.  Gabboh. 

BITTBR  ALHOIID  OIL  v.  BnnsALDiHYDE, 

and  Otls.  Essbntial. 

BITTKB  APPLE  ».  Coukjyntb. 
BmSR  8WBBT  v.  Dvlcakaka. 

BITTER  WOOD  '  Q'  assia. 
BITTERN.   The  mother  liquor  which  re- 
maiiu  after  tiie  eisntalliaatioii  of  common  salt 

from  pea  'vjitf-r,  or  the  watt  r  from  salt  springs. 
It  cuntaiiu  soluble  magnesium  salta,  bromides, 
and  iodides. 

The  samo  term  is  also  appliet^  to  a  mixture 
c*f  equal  parts  of  quftjssia  extract  and  .sulphate  of 
iron,  2  parts  extract  of  Cocculus  indieus,  4  parts 
Spanish  liquorice,  and  8  part«  traaoloy  need  to 
tto|JiU8ticate  beers. 

BitOMJOI.  This  term  includes  a  consider- 
able number  of  inflammable  mineral  substances 
consistinj;  mainly  of  hydrocarbotui.  They  arc  of 
various  < onsistenm,  ficom  thin  fluid  to  solid,  but 
the  solid  bitumens  are  for  the  most  part  liquo- 
fiable  at  a  moderate  heat.  The  purest  kind  of 
fluid  bitumen,  called  naphtha  or  rock  oil,  is  a 
colourless  liquid  of  sp.gr.  0'7-0'84,  and  with  a 
bituminous  odour.  It  often  ooents  in  nature 
U'ith  asphalt  an<l  other  solid  bitumens.  Petro- 
leum is  a  dark'Ooloured  fluid  variety  ooataioiDg 
much  naphtha.  Miltlia  or  ndnera]  tar  is  a  more 

viscid  variety.  The  solid  biturnons  are  asphalt 
iq>v-)i    mineral   iaUow  or  hatchetin;  ekutic 

0CO> 

keriU,  &c. 

An  abundance  of  bitumen  is  found  in  the 
faiand  of  THnidad  at  the  Pitch  Lakes,  and  in 

Mexico.  It  is  supposed  to  be  a  product  of  the 
decomposition  of  vegetable  matter,  and  oonsists 
ehiefly  of  hydrocarlmns  with  vsriahle  quantities 
of  oxrjf  ri  itul  nitrogen  (r.  Pitch). 

BITUMINOUS  COAL  v.  Fubl. 

BUUHM,  BlXm.  Colouring  mattera  of 
annaf to  f^f  Avv\tto). 

BLACK  BAND  IRONSTONE  t;.  Ikon,  Uttu^so^. 

BLACK  BOY  GUM  v.  Bai^ams. 

BLACK  CHALK.  .\  kinil  of  day  contaitiini: 
carbon,  found  in  Carnarvonshiro  and  in  tlie  isle 
of  Islav. 

BLACK  COPPER  t-.  PoppEit. 

BLACK  EARTHY  COBALT  n.  Cobalt. 

BLACK  FLUX  r.  Assayini;. 

BLACKBERRIBS.  The  fruit  of  the  bramble. 
Vol.  1.— r. 


Rubiu  J^iconu,  KSnig  gives,  aa  tiie  avenge 
compositiott: 

Stee  Other  carbo- 

Water  Proieta   add    SusBr  hydratfls  Fibre  Ash 

8H-4      0-5      1-2      4  4       1-8      5  2  Oo 

The  seeds  contain  about  l'2  ii  p.c.  of  a  drying 
oil,  sp.gr.  at  15*  0'9256,  iodine  number  147*8, 
the  liquid  fatty  aeids  -about,  91  p.c.  of  the  oil, 
contain  about  SO  p.c.  of  imolio  acid,  17  j).c.  of 
oleic  acid,  and  3  p.c.  of  linolonio  acid,  whilst  the 
sohd  acids,  chiefiy  palmitic  acid,  amount  to 
about  4*7  p.c. ;  volatile  acids  are  not  present  in 
the  oil.  A  small  quantity  of  phytosteml 
present  (Krzizan,  Chem.  Rev.  Fett  n.  Uarz.  Ind. 
1908,  15,  7).  H.  I. 

BLACK  HELLEBORE  ROOT.  Ritdix  miU- 
hari  nigri.  {Radited'^lUbon  i»oir,  Fr. ;  JSehwane 
yifmewrt^,  <3er.) 

The  r(K)t  of  the  Hdhhonis  uiger  (Linn.)  or 
Christoias  Roue  (Woodvillo,  Med.  Bot.  169; 
Bentl.  a.  Trim.  2).  Blaek  hellebore  and 
the  nearly  relat-  d  .n  < n  li-  llebore,  TfrUeboriM 
viridui  (Limi.),  are  seldom  employed  in  likigland 
except  in  veterinary  medloin©.  They  are  both 
powerful  int<^>stinal  irritants. 

Vauquelin  (Ann.  de  Museum,  8,  87),  Sou- 
beiran  (N.  Traits  de  Ptuurm.  1),  and  FmeuUe 
and  Ca]-rnn  (  J.  Pharm.  Cliim.  8,  503)  examined 
hellebore,  but  uo  dohnite  constituent  of  physio- 
logical importance  was  announced  till  the  dia. 
covery  of  htUrhorin  by  Bai?tick  in  1852  (Pharm. 
J.  12,  174).  Our  knowledge  of  the  chemistry  of 
hellelxjre  is,  however,  chiefly  duo  to  Huaemann 
and  Marme'  (Annalen,  133,  55),  who  show  that 
besides  helleborin,  which  is  a  glucu^ide,  there 
exists  in  both  the  black  and  green  hellebore 
another  gluco^^id'  ,  hdleboreXn.  HelleboreTn  exists 
in  greatetit  proportion  in  the  niger,  but  it  is  also 
the  chief  of  the  two  constituents  in  the  viridit. 

Hellcborein,  when  pur itiefi,  OMnsists  of  proiips 
of  microiicopic  needles  \\hicli  crumble  in  the  air 
to  a  yellowish- white  hygroscopic  powder.  It  hai? 
a  sweet  taste  and  darkens  at  220*^230°.  Water 
and  alcohol  dissolve  it,  but  it  is  insoluble  in 
ether.  Sulphuric  acid  forms  with  it  a  brownish- 
red  solution,  which  changes  to  violet.  Bv  the 
action  of  dilute  acids  it  hydrolyaes  into  glurmc, 
and  a  prey-green  amorphous  ])reci|)itate  of  helUbo- 
retin.  Uelwboretingives  with  conoentratednitrio 
acid  a  violet  solution,  which  deposits  violet  flskes 
on  pouring  into  water.  Helleboroin  gives  no  such 
oolouration  (Thaeter,  Arch.  Pharm.  235,  414). 
Helleborin  likewiie  Mmmes  flie  form  of  white 
shining  needles,  aod  melts  with  decomposition  at 
IfiO^  It  is  inaolnble  in  cold  water,  slightly 
soluUe  in  ether,  but  dissolves  essily  in  boflin^ 
alcohol  or  chloroform.  It  gives  a  cnaracteristic 
and  delicate  colour  reaction  with  sulphuric  acid. 
The  crystals  become  deep-red  and  dissolve  in 
the  add  U)  a  deep -red  solution.  The  taste 
of  helleborin  is  acrid  and  burning.  Dilute 
acids  hydvolyso  it  into  glucose  and  a  resinous 
substance,  heUeboresin,  Helleborcsin  is  in- 
8olul)lo  in  water,  slightly  soluble  in  ether,  but 
is  M  1  i:[ .  1 1-  lived  by  boUing  alcohol.     A.  S. 

BLACKING.  Blacking  for  shoes  is  mentione*! 
as  early  as  1598,  but  it  was  not  introdace<l  into 
England  until  the  reign  of  Charles  II.  It  con* 
sists  of  (1)  black  hone  charcoal  (free  from 
calcium  phosphate,  otherwise  it  is  subsequently 
treated  with  dilute  nilphurio  acid)  and  black 
colouring  matter}  (2)  a  mixture  of  sugar  and 
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oQ,  which,  on  robbing,  imparts  the  gloss ;  and 

(8)  fatty  matter  for  prrsr-rvation  purixws. 

A  liquid  blacking  can  bo  prepared  from  120 
parte  of  ivory  blaoK,  00  puts  mown  sugar,  16 
parts  olive  oil,  ami  HfM)  y>arts  stalo  hcor.  The 
ivory  black,  sugar,  and  olive  oil  are  mixed  into 
a  aaiooth  paste,  and  the  beer  added  under 
OOnstAnt  ptirring  (Hiscox,  1007). 

A  Gtrnian  recipe  is  as  foiiows :  25  parts 
Haneillc8  Hoap  are  dissolved  in  375  parts  of 
warm  spirit  p.r.)  and  40  pnrts  nf  plycornl 
added;  thin  in  iihaketi  and  added  to  a  solution 
of  200  parts  of  shellac  dissolved  in  10(k>  parts 
of  spirit  (05  p.c.)  and  5  parts  nigrosine  in  125 
partri  uf  spirit  added.  The  mixture  is  well 
shaken  in  a  eloeed  Teasel  and  left  for  a  fort- 
night. * 

Liquid  polish.  4  oz.  asplialtuin,  H  fl.  oz. 
turwntine,  3  H.  oz.  of  gold  size,  J  oz.  nigrosine, 
ana  3  fl.  oz.  linsee<l  oil.  The  mixture  is  heated 
until  uniform  and  thinned  dovm  to  desired  con- 
sisU>nce  with  oil  of  tuipeatin*  (Phot.  J.  Dee. 
1908, 738). 

Daff  and  Martinis  chief  blacking  is  obtained 
by  mixing  grmind  aniinnl  charcoal,  sperm  oil, 
raw  fiugar  or  treacle,  and  a  small  portion  of 
▼inemr.   Dilute  snlfihnrio  add  is  then  added 

to  the  nias.H  until  i)itiiiiic.srciio(!  coascs,  and 
the  product  is  thinned  by  tho  addition  of 
vinegar. 

Bryant  and  Jamfs'a  indiarubber  blacking  is 
prepared  by  trituratii^  thoroushly  18  oz.  very 
line  shreds  of  indiambber,  9  Ins.  hot  rapeeeed 

oil,  fiU  lbs.  finely  powdf'r<  <l  animal  charcoal, 
45  lbs.  treacle,  1  lb.  gum  arabic  previously  i 
dissolved  in  iK)  galL  vine^r.  The  whole  ts 
placed  in  a  wooden  N  cssel.  and  12  lbs.  [ 
sulphuric  aaid  added  in  small  quantities  at 
a  time,  and  stirred  for  \  hoar  daily  for  14 
days,  3  lbs.  of  finely  pround  frum  arabic  added, 
and  stirring  continiicd  for  14  days.  If  required 
in  the  )>aste  form,  only  12  ^'-dl.  vinegar  added  and 
Oor  7  days'  stirring  is  sufficient. 

Brunner  makes  a  blacking  by  stirring  10 
parts  of  bone  bUck  ^ith  100  ]>art^  of  gluco.<ie 
syrup,  anfl  5  part'?  sulphuric  acid  added  with 
rapid  stirring  until  tho  mass  is  homogeneous. 
2  parts  of  soda  are  dissolvetl  in  4  jiarts  water, 
and  20  parts  train  oil  added  and  boded  with 
constant  stirring  until  a  thick  liquid  is  formctl : 
the  other  miactnre  is  then  added  with  repeated 
stirring. 

A  chmp  and  good  shoe  blacking  may  be  pre- 
pared by  mixing  1  lb.  of  ivory  black,  1  lb. 
molasseSf  8  tablespoonfuls  sweet  oil,  and  1  oz. 
of  gum  arabio,  dimolved  in  2  quarts  of  vinegar 

and  J  lb.  of  nil  of  vitriol. 

Pattt  blacking.  Mix  16  oz.  ivory  black, 
16  oB.  lampblack,  6  ob.  treacle,  5  os.  vinegar, 
and  4  o/..  sperm  oil.  Mix  and  adil  gradually 
4  oz.  sulphttiio  acid.  When  intumescence 
ceases,  add  ^  os.  of  ifon  enlphate^  6  os.  gum 
arahic,  and  6  OB.  watsT  (Pharm.  Foraniln, 
1908.  378). 

Siidca  of  Ihekinff  of  plastic  oonristenoe  are 

marlr  from  tho  following:  6  oz.  st.-arin,  5  or. 
imraihu  wax,  2|  oz.  carnauba  wax,  24  oz. 
lu.xt  rous  pitch,  and  7  ob.  turpentine  (Fharai.  J. 
Pat.  2564,  11M)8). 

JJiscox  describes  the  following  pa.stc  :  122 
parts  Marseilles  soap,  til  parts  potassium  car- 
Imnata^  600  parts  beeswax,  and  2000  parts 


water  are  mixed  with  oonstant  stirrinc  and 

lf>;i  parts  rook  .  u  i\  (ponxlereil),  61  parts  ltijc 
arabic,  and  1000  ^arts  ivory  black  arc  addru 
with  constant  stimng. 

Boot  polish.  T)\  oz.  ozokerite.  2  Um.  c<  r.t-tn, 
5^  oz.  carnauba  wax.  If  oz.  beeswax,  4  pjijU 
turpentine,  2  lbs.  lampblack,  20  i^nania  black 
anilinedvp.and  perfume  added  if  desired  (Pliana. 
J.  1908,"5U(iJ|. 

SdJ-shining  Hacking.  Dissolve  4  oz.  gum 
arabic,  \\  oz.  coarse  fiiijar.  |  pint  good  hlacL 
ink,  aitd  1  oz.  sweet  oil,  rub  in  a  mortar,  a«iii 

2  oz.  strong  vinegar,  and  a^ld  lastly  1  oc  veetlfieJ 
spirits  (St  icntific  Anu  r.  1903,  39). 

French  shoe  dressing.  32  oz.  vinegar,  8 
logwood,  and  |  oz.  potassium  diohromjate  err 
boiled  and  strainrd  u  hil«t  hot  into  a  mixtiirc  of 
4  uz.  gelatine,  4  oz.  tragacanth.  4  oz.  giyccrul 
and  15  oa.  water*  The  mixture  is  allowed  to 
stand  for  some  houn*:  2  oz.  indirrn  arc  th*^'- 
added,  and  the  whole  trilurattd  m  a,  muiictr 
{Pharm.  Form.  1008) 

Bool-top  liquid.  1  oz.  oxalic  acid.  1  or.  r'mr 
sulphate,  dissolved  in  30  oz.  water.  Ai>pi» 
vsitri  a  sponge  the  leather,  which  has  btt-n 
previously  washed  with  water,  then  waah  ofi 
with  waisr.  Mid  dry  (Workshop  Receipts,  19(«9. 

123)  . 

For  kid  «koe4.  2  oz.  gum  shellac,  1  oa. 
aqueous  ammonia,  8  ox.  water,  and  aniline  Maek 

enough  to  colour.     The  first  two  ini;r«-tli>Ti: 
arc  heated  almost  to  boiling,  and  u-atcr  in 
added  to  make  the  whole  measnre    16  oc. 
(Scirn.  Arner.  1903,  .39). 

Waterproof  blacking.    6  os.  caoutchouc  aod 

3  lbs.  hot  rape  oil  are  added  to  20  Iba  ivonr  Uack, 
15  lbs.  molasses,  and  6  or  7  gall,  vinoear  in  which 
6  oz.  ground  gum  arabic  ha^  been  dissolmii 
then  add  4  lbs.  sulphuric  acid  and  etir  eon- 
.stantly.  Allow  to  stand  for  2  weeks,  then  add 
1  lb.  line  gum  arabic  Stir  daily  during  S 
weeks,  and  bottle  (WorkAop  Reoeipto» 

124)  . 

¥uT  dress  hmtU.  iS  uz.  gum  arabic  aud  2  o*. 
molasses  dissolved  in  2  oz.  ink  and  1  pt, 
vim-gar.  This  is  strained,  and  2  oa.  spinta  of 
w'nw  added. 

BLACK  JACK.  A  mmer*a  term  for  UetMle. 
or  zinc  sulphide  (i'.  Zinc). 

BLACK  LEAD.  The  common  uamc  ut 
plumbago  or  gra|)hit*>  [v.  Carbon). 

BLACKLEY  BLUE  v.  Induunks. 

BLACK  LIQUOR.  Ferrous  acetate  (r.  Acktu 

ACID). 

BLACK  MU8TABD  SEED  OIL  v.  Rare  on, : 

Oils  and  Fats. 

BLACK  TELLURIUM  v.  TncuBiUM. 
BLACK  TIN  V.  Tik. 

BLACK  VARIIBH  or  BLACK  JAPAR  r. 

Varnish. 

BLACK  WAD  v.  MANOANasx. 

BLACK,  WOOL,  v.  Azo>  ooLOtnuKO  wattilrs 

BLANC   FIXE.    Trade   name  for    u'r  .utid 

barium   sulphate,   used   as  a   pigmeut  (r. 

Bakttm).   

BLANQUETTE.    A  kitvl  of  .  rude  swIm.  I,^< 

caustic  than  barilla,  obtawed  at  Aiguc!»>Hart«<> 

by  the  incineration  of  8aU6U$  fcifi. 
BLAST  FURNACE  GAS   ■  Vvr.- 
BLASTING  G£LATINE  AND  POWDEB  r. 

Kxi'losiv  |-s. 

BLAU  or  BLUE  OAS.  ^  (Jt^^g^g^l^^ 
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hydrocarborui,  eg.  propane,  butane,  the  pentanes, 
&c.,  oontainincp  hydrogen  and  mellume,  &o., 
if.  s  Itition  tmaer  proHsuro.  The  prewiirc  sdhi- 
tioii  i:s  tiUetl  into  steel  cylinders,  and  in  tliufl 
Hvailablo  for  tmniportb  UiK<l  for  illuminating 
)i<  atiii;^%  and  {xiwcr  purpoaee  (UaUookt  J.  tkio. 

C  li<  rn.  Iml.  1IK)8.  rjfjO). 

BLEACHING.  Thin  term  .signitie-i  the  art 
■it  <i»-.-itro\ int;  th«'  nattiml  polonr  of  vt^ctuMe 
iiiid  animal  {inxliu-ts  in  suclt  a  maunur  an  U> 
leATO  them  unimpuirml  with  ah  white  an  appear- 
ance as  poiwible.  The  removal  of  certain  other 
natural  or  artificial  impurities  usually  accom- 
paniei  the  bleaching  proper.  The  art  acquires 
its  greatest  importance  in  connection  with  the 
textile  fibres,  cotton,  linen,  wool,  and  dlk;  hence 
special  reference  ^^ill  be  made  to  the  modem 
methoda  of  bleaching  theie  materials. 

Coltim  bleaehlng.  Cotton  is  uraany  bkftehed 
ia  the  form  of  yarn,  thread,  and  calico,  seldom 
a«  looM  cottoa*wooi.  The  natural  impurities 
ooourrinir  in  raw  eotton  amonnt  to  about 
5  p.c,  and  fonsirit  chii'fly  of  pcctic  matters; 
othor  substaacea  present  are  brown  colouring 
niAtter  and  very  minitte  qnantitiM  ol  a  fatty 
acid,  cotton  wax,  and  alhiiminous  matter.  The 
aoilcMd  grey  appearance  of  raw  cotton- wool,  yam, 
aad  thread  10  almost  entirely  dne  to  the  presenoe 
of  these  nat\iral  impurities.  Cotton  cloth  or 
calioo,  however,  is  still  further  contaminated 
with  floor  or  starch,  fatty  matter,  China  clay, 
and  other  mineral  .siihMtanrc?,  all  of  which,  to 
the  amount  of  30-oO  p.c,  have  bcn^n  introduced 
during  the  si^ng  of  the  warp. 

Cotton  yarn  and  thread  bleaehbig.  If  the 
cotton  yam  is  in  the  form  of  *  warps,'  thusc  are 
looady  plaited  by  hand  or  machine  in  order  tu 
reduce  tiicir  inconvenient  length  ;  if  in  tlio  furni 
of  '  hankit,'  thoBc  arc  bleached  separately  or 
linkied  together  in  chain  form ;  weft  yam  is 
som*'timr«  bleached  in  the  form  of  'cops,'  i.e. 
ready  for  tho  apool  uf  the  weaver's  shuttle. 

*Ib/b  several  operations  of  the  bl^u;hing 
process  for  1500  kilos,  yam,  employing  low 
prt^tiisure  kiers,  are  as  follows  : — 

1,  Ley-boil.  3(M)  litres  caustic  soda  (np.gr. 
1*16).  2000  litres  water,  boil  0  hours ; 
wash  in  kier  1  hoar. 

3>  Chemicking.  Bleaching-powder  solution 
(sp.gr.  1*006),  steep  luider  sieve  2  hours ; 
waah  nnder  stevelialF  an  hour. 

S,  Souring.  Sul{)huric  acid  (sp.gr.  1-005), 
steep  under  sieve  half  an  hour ;  wash 
under  sieve  half  an  hour  and  afterwards 
in  washing  machine. 

4»  Soaping  and  blueing.  Soaj>  solution 
amut  6  grams  per  litre,  with  addition 
of  small  quantity  of  indigo-piirple  (indi- 

totin  monosulphonate  of  suda),  steep 
hours  under  sieve. 
&  J}umping.  Pass  through  dumping  ma- 
chine containing  soap  solution  and 
indi^-inirple,  as  in  operation  No.  4 ; 
inuu,  squeeae  or  hyoio-extract^  and 
dry. 

The  first,  seoond,  and  third  operations  are 

r.  |«  :\ted  in  the  case  'of  thread  }>ecanse  of  it.s 
closer  t<'xturc.  For  the  t»ecuad  luy-boil,  'M)  litres 
cauBtic  soda  (sp.gr.  1*16)  and  18  kHoi,  soap  are 
used :  the  chemicking  and  souring  are  exact 
n<petitions. 

The  Iry-Aoil  takes  place  in  huge  iron  boOers 


or  '  kiers,*  a  reprosontation  of  which  is  shown 
in  Fig.  1. 

'I'he  holler  A  has  a  central  i)ufTer  pi])c,  n,  fur- 
nished with  a  bonnet  or  spreader,  m,  at  the  top ; 


Fjg.  1. 

C  ia  a  perforated  false  bottom  ;  D  is  the  lid 
hinged  at  b  aixl  eapahle  of  being  readily  Iift<Hl 
by  means  of  a  chain  and  counterweight ;  f  is 
an  air  valve,  i.  a  steam  pressure  gauge  ;  u  and 
I  are  the  steam  and  liquor  pipes  connected  by 
the  two-way  valvo  K  with  the  pipe  j,  which 
enters  the  kier  immodiat-ely  below  the  puller 
pipe  ;  o  is  the  let-off  valve. 

VVhen  such  a  kier  has  been  charged  with 
yam  and  caustic  soda  solution,  the  lid  is  fastened 
down  and  steam  is  admitted.  The  liquor  below 
the  false  bottom  soon  begins  to  boil,  and  as  the 
pressure  of  steam  increases,  a  portion  of  the  boil* 
in;;  liquor  is  forcibly  eji  cted  up  the  puffer  pipe 
and  spread  over  the  yam.  The  liquor  dnuns 
thxouipb  the  yam,  soon  to  be  ejected  as  before* 
In  this  intcrmitt«nt  manner  the  oiroulation  of 
the  boiling  liquor  is  maintained. 

The  apparatus  for  ohemioking,  souring,  wash* 
ing  under  sieve,  soapinjr  and  Jdueiuj:,  shown  in 
F^.  2,  consists  of  a  stone  tank,  s,  with  per* 
forated  false  bottom  7,  and  communicating  by 
the  vnlvc  r,  with  the  stone  tank  D  below.  Tho 
chain  of  yarn  is  drawn  from  the  kier  and  led 
into  the  tank  K  by  means  of  the  winch  A. 
When  I-  i  ■  suitably  filled  with  yarn,  the  liquor 
in  tank  i>  is  raisc<l  by  the  pump  c  to  the  sieve 
r'.  whence  it  drains  Vhrougn  the  yam  into  the 
well  below,  n^ain  to  be  pumperl  up  as  before  ; 
B  is  the  eccciilnc  wheel  on  n  vuh  iag  shaft  by 
which  tho  pump  is  worked. 

Tho  ♦  dumpinp; '  machine  referred  to  consists 
of  a  pair  of  hi'avy  wooden  rollers  placed  over  a 
largo  wooden  tank  containing  the  soap  solution. 
The  upper  roller  is  covered  witli  coftnn  rope 
and  rests  loosely  on  the  lower  une.  The  yarn  is 
first  passed  tlumugh  the  soap  solution  and  then 
between  the  squeezing  rollers  ;  the  irregularities 
caused  by  the  linking  or  plaiting  impart  to  the 
Upper  roUer  a  constant  jumping  mo^gflgniilbiB^  Google 


468 


BLEACHING. 


thus  effeotmtlly  (deaana  the  y«m  and  ptenes  {  procew  the  preliminary  operatiooB  of  ^mpVM^, 

the  soap  and  \y\nv  into  the  fibres.  I  itUchirig,  and  singeing  have  to  bf*  jx-rf-  rii 


When  hank  yam  in  nut  linked  to  form  a 
chain,  but  treated  as  eoparato  hanks,  '  Mash 

stocks'  ill  wliich  the  yam  ib  Hubjectcd  to  the 
Ixatiiig  attion  of  heavy  Avootlen  haninuTB, 
replace  the  diinipinp  muehine. 

Bleaching  of  yarn  In  the  form  of  '  cops '  or 
*  cross-wound  spools'  ('cheeses').    Thu  cups 


To  recoirnise  each  2)ieet>  of  cloth  ami  lo  trace 
(lamagoB,  Uw  cnd^  are  stani|>ed  with  nirailMn 

and  lett<  rs.  iisnnlly  uitfi  thick  t:a<  tar.  occ&i^ion- 
ally  witli  aiuimc  black.  'ih<'  pieces  are  then 
8titehc<l  togothev  by  machine. 

The  HitKiftTtg  ojK'ration  ic  for  the  pur]>osc  o'. 
burning  oil  the  ioojje  tibroB  on  the  surf  act;  of  tht 


may  be  packed  in  wicker  basketa  or  in  linen  |  oalioo,  auiee  they  inteifen  with  the  produetaoa 

bags  and  boiled  in  an  ordinary  kier,  or  they  are  of  fine  impres^^inns,  and  are  apt  to  ^ive  ri«;  to 
txeatixl  in  special  cop-dyeing  apparatus.  It  is  certain  defects  durinu  the  printing  pruceas.  It 
prefenUe  to  use  »  Kdiitkm  of  aodium  hypo- 1  is  peifonned  by  mpidly  passing  the  doth  in  tkr 

open  width  over  red -hot 
copper  plat«a  or  cylintler--*. 
or  over  a  row  of  Bunsen  g»r 
flamea.  We  may  dis-tini^ish. 
therefore,  between  plaie  sttige- 
i)tg  and  ga^  singeing,  tlir 
former  being  generally  pre- 
fenrad  for  thick  heavy  cloth, 
the  latter  for  ligjhi  thin  olotk. 
mualina,  &o. 

In  |date  dbgeing  it  ia  im- 
portant  that  the  platt-s  be  kept 
at  a  uniform  strong  red  belat 
aaiBoiently  high  to  OTeroome 
the  cottliii^action  of  therapidlx 
moving  doth.  The  best  reaulto 
•re  oliamed  by  meena  of  the 
*  singoin;;  roller,'  \x  hich  con- 
sists of  a  slowly  revolviiu; 
copper  cylinder  through  whj^ 
a  fumaro  flame  is  cf.nducttNj 
In  thia  case  the  cloth  prcsae« 
continoally  against  adillemt 
portion  of  the  red-hot  surface 
of  thu  roller;  the  cooling  actioil 
is  thna  nnluced  to  a  nuniimun. 
and  a  regidar  even  singe  is  the 
result. 

All  singeing  maohinee  ere 

provided  with  lever  arran ce- 
ments for  immediately  re- 
moving the  cloth  from  the 
hot  platt",  or  thi-  en*;  fl/inir 
from  the  cloth,  ut  ca^e  of 
neoessilyi  further  danger  from 
fire  is  avoided  by  oausintr  the 
singed  cloth  to  pass  at  one*." 
between  a  pair  of  rolfen 
moistened  with  water,  <<r 
through  a  small  steam  cham- 
ber, in  order  to  extinguish 
sparks  adhering  to  the  cJoth. 

The   abore  prdiminarv 
operaiion.H  are  now  succeeded 
1^  those  of  the  b]o«chin<! 
proper.    The  following  is  an.  oatUne  of  the 
pn)C('s.>^  at  present  in  us<-  fur  24,000  kilos.  oioth. 
employing  low-pressure  kiers : — 

1.  WMih  after  singeing. 

2.  Lime-boil.    1000  kilos,  lime,  water  about 
37.000  litres ;  boil  12  hours ;  waah. 

3.  Lime  «<mr  or  grey-ixim.   Paaa  tluaQffh 

h\ilrorhli  iric  .ui'l  (-p.LT.  lOlN;  wm£. 

4.  Ley-boils.    1st.  340  kilos,  soda  aoix,  water 
about  37,000  litres ;  boaShooxs. 

2nd.    son  kilos.    so<la    ash,  :wo 
kilos.  lesio,  liK)  kilos,  caustic  aoda 
Vfttsr  S7.000  IHvee;   boa  IS 
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chlorite  in  place  of  a  bleaching-powder  solution. 

Cotton-doth  or  calico  bleaching.  Accord- 
ing to  the  purpose  for  which  the  bleached 
material  is  intended,  we  may  distinguish  between 
the  madder  bleach,  the  nuurkd  thttd^  and  the 
Turkey-red  bleoeh. 

The  madder  Ueidi.  This,  the  most  thorough 

kind  <»f  calico  bleaching,  is  in  general  use  with 
calico -]>r in terH.  It  aims  at  entirely  removing 
every  impurity  which  will  attract  colouring 
nmttrr  in  the  madder  or  ot!i<r  tlyc  bath,  80 
tliat  tho  iinishod  print  may  have  a  pure  white 
ground. 

Before  proceeding  to  the  actual  bhieehing 
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3n].  380  kilos.   Hoda   &tih,   water  I 
37,000  litres  ;  boil  3  hours  ;  wash. 
Chemicking.    Pass    through  bleaching- 
powder  solution  (sp.gr.  1-0026);   pile  I 
2-12  hours ;  wash. 
While-sour.    Pass  through  hydrochloric  I 
or  sulphuric  acid  (sp.gr.  1-01 ) ;  pUe 
1-3  hours. 
7.  Wash,  squeeze,  open  out,  and  drj'. 
1.  Wash  after  singeing.    From  the  singeing 
house  the  cloth  is  passed  through  the  washing 
machine  in  ropo  form,  then  plaited  down  on 
1  ho  floor  and  allowctl  to  lie  *  in  pile'  for  some 
hours  to  soften.    By  this  operation  the  cloth  is 
well  8oake<l  with  water,  and  is  thus  better  pre- 
pared to  absorb  the  liquors  used  in  the  sub- 
sequent  operations.    Should  the  cloth  bo  heavily 


sized,  much  of  the  adventitious  matter  Ls  also 
removed  at  this  stage. 

The  form  of  washing  machine  generally 
employed  is  shown  in  Figs.  3  and  4.  It  con- 
sists of  a  water  trough,  B,  above  which  a  pair 
of  heavy  wootlen  squeezing  rollers,  a,  a,  are  sup- 
port<?tl.  Two  strands  of  cloth  are  washed  simul- 
taneously ;  they  enter  the  machine  at  the  ends, 
pass  between  the  squeezing  rollers,  then  round 
the  roller  R  in  the  water  trough,  again  between 
the  rollers  a,  a,  and  thus  travel  spirally  towards 
the  centre  of  the  machine,  whence  they  an; 
dra\>"n  out  by  a  winch  and  pili><l  on  the  floor. 
A  constant  stream  of  water  from  the  main 
o  enters  at  the  centre  of  the  trough  by  the 
tap  B,  the  dirty  water  (lowing  out  at  Ixith  ends  ; 
C,  C  are  wooden  guide  pegs  to  separate  the  several 


Pio.  3. 


Fio.  4. 


strands  of  cloth  ;  s,  s  are  strong  bra.ss  rings  or 
'  pot  eyes '  through  which  the  cloth  enters 
the  machine,  and  which  can  l>e  set  at  any  angle 
to  regulate  its  tension  ;  K  and  w  are  the  screws, 
levers,  and  weights  for  regulating  the  pressure  of 
the  squeezing  rollers  against  each  other.  The 
action  of  this  machine  is  such  that  the  cloth  is 
continuously  being  soaked  with  water  and  then 
squeezed,  thus  causing  a  vigorous  stream  of 
water  to  flow  down  the  upwanl-moving  strands 
of  cloth. 

2.  Lime-boil  (lime-lrawk,  bucking,  lM)\\king). 
The  pieces  an'  run  through  milk  of  lime  NU|i]>lied 
to  a  washing  machine  of  .snmll  dimensions — 
generally  terme<l  the  '  liming  machine  ' — and  an* 
at  once  drawn  by  winches  into  the  lime  kiers', 
carrying  with  them  the  lime  thej*  have  absorlHti. 
The  cloth  is  plaited  in  regular  foI<bi  and  well 
tramiHrU  down  by  boys,  who  enter  the  kiers.  . 


After  adding  the  necessary  amount  of  wut4T, 
the  tx)iling  ancl  circulation  of  the  liquor  tak<>s 
place  as  already  describetl  in  the  case  of  the 
ley- boil  of  cotton-yam  bleaching. 

The  lime-boil  has  for  its  object  the  decom- 
position of  the  fatty,  waxy,  and  resinous  im- 
purities present  in  the  cloth.  Though  not 
removed,  but  adhering  still  to  the  fabric  in  the 
form  of  lime-soaps,  their  alten^d  condition  facili- 
tates their  removal  by  the  subsequent  proces.ses. 
The  starch  of  the  size  is  nMiioved,  and  the 
colouring  matter  of  the  tibrc  is  modified.  Limo 
is  prefem**!  to  caustic  sotla  Ix^cause  it  is  eheajHT, 
and  mueh  more  effective  in  Ka]X)nifying  neutnil 
fatty  matter  tluin  tho  caustic  or  carlionatt«<l 
alkalis  ;  indeetl,  with  the  exception  of  barium 
hydroxide,  it  seems  to  bo  the  most  energetio 
saiHtnifying  agent  which  could  bo  used  in  cotton 

bleaching.  , ,  , 
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It  is  very  essential  to  hsTO  a  mifficimmr  of 

water  in  the  kii  r,  ^<>  that  it  stands  at  Ifujit  anout 
2  feet  above  the  false  bottom;  otherwise  the 
eloth,  either  at  the  top  or  bottom  ot  the  kier,  is 
very  apt  to  lie  tonderefl,  probably  because  it 
becomes  oxidued  by  the  action  of  the  steam 
upon  the  doth  in  its  limed  condition.  On  the 
other  liiind,  an  exc<>ss  of  wnU  v  in  the  kier  is  to 
be  avoided,  since  then  the  cloth  i«  apt  to  float 
and  become  entangled,  or  damaged  by  rubbing 
nijninst  thf  sidf  ?;  ojf  the  ki*'r  during'  I  lie  Ixiilin;:. 
When  closed  high-pressure  kiers  anct  hve  Hteam 
art*  employed,  the  increa^  in  volume  of  liquor 
liy  the  luiidcnsation  of  tho  steam  raunt  be  taken 
into  account,  and,  it  neeeK^ary,  a  little  liquor 
muHt  U"  aJlonned  to  •^t«cape. 

Of  the  Meveral  varictii  s  of  kier  uliich  hav(> 
Irom  time  to  time  been  iiuroduted  in  practice, 
nwntioB  may  be  made  of  '  Harloivg  kierg.* 
These  nro  always  worke<l  in  pairs,  and  ho 
arrangeil  that  the  top  uf  one  kier  is  connecte<l  by 
a  pipe  with  the  bottom  of  the  ot  her ;  the  pii)C8 
which  enter  at  the  top  and  centre  of  each  kier  are 
contiuui-d  as  perforatetl  pipes  or  '  diatributon* ' 
to  a  little  abfjve  the  false  bottom,  and  then  to 
the  bottom  of  the  kier  ai^  a  stay.  Both  kiers 
having  Ix'en  charged  with  cloth,  the  necessary 
amount  of  water  is  run  into  one  kier  only  ;  high- 
pressure  steam  is  then  admitted  at  the  top,  and 
the  liquor  forced  out  below  enters  the  distributor 
of  lh<'  other  kier  at  the  toj)  and  ]HTiiieutes  thi- 
cloth.  When  all  the  liq^uor  has  been  thus 
transferred,  the  taps  are  reversed  so  that  the 
hteaiii  forceM  (he  lirjuor  in  a  .siinihir  marnn-r  hai  k 
into  the  first  kier.  This  alternating  process  and 
circulation  of  the  liquor  is  conttniMd  for  about 
seven  hours. 

Peudlebury's  arrangement  of  kiers  is  pre- 
cisely similar  to  that  of  Barlow,  the  only  differ- 
ence bcin;j;  that  one  kier  is  smaller  an»!  nerves 
only  to  hold  the  li(iUor  each  time  it  is  forced 
through  the  eloth  contained  in  the  larger  kier. 
The  arrangement  ia  rhrn)HT.  mon*  economical 
as  regards  »pace  required,  and  is  suitable  for 
small  requirements. 

In  tlie  fyjcuum  ki-r  of  Masnn  nntl  others, 
the  circulation  of  the  liquor.-s  is  ellected  by  means 
«if  a  pump.  After  filling  the  kier  with  cloth, 
the  air  is  pumjicd  out  and  the  fioiling  liquor  is 
then  admitted  ;  in  this  uiaiuier  a  more  perfect 
jx III  (ration  of  the  material  by  the  liquor  is 
obtained. 

The  injidor  kier  of  Mather  and  Platt  is 
shown  in  Fig.  5.  a  is  the  kier  filled  with  cloth; 
H,  11  arc  the  steam  pipes;  c  is  the  inject^^r ;  and 
B  the  circulating  pipe  ;  F  is  the  liquor  pipe  by 
which  water  or  other  liquor  is  admitted ;  e,  b  is 
the  draw -off  valve  and  waste  pipe.  When  the 
kier  has  been  suitably  filled  with  cloth  and  liquor, 
steam  is  turne<l  on.  ami.  hy  (hi'  a<tioii  of  the 
injector  c,  the  liijuifi  is  \^  iilulrawn  from  the  kier 
below,  forced  up  the  |>iii<  d,  and  spread  over 
(In  (  loth  at  (i.  Teniixtrarily  ct>lleeting  at  ii, 
the  li(|Uor  is  gradually  ilrawn  thnm^h  the  cloth, 
and  in  this  manner  a  eontinual  circulation  of 
liquor  is  niaintuitK  'I. 

3.  Limt'oour  (gre_\ -.-our).  After  the  imie- 
bnil  the  pieces  are  \\a.s|ii  d,  then  passed  through 
a  vfi^hing  niaehiiie  f<>l  \u(li  dilnd  fi\«lroeldorio 
acid,  ami,  if  cojiveuienl,  at  once  \vrt.^iu"d. 

The  idijet  t  of  the  lime-sour  is  to  deeoin)M>se 
the  insulublo  Jioio-suaps  tixcd  an  the  eloth  during 


the  Hme-boil,  and  to  i^ssolve  and  remove  the 

lime,  also  any  iron  or  other  nuUillic  oxide> 
preheat.  Experiments  by  A.  Scheurcr  show  also 
that  the  use  of  the  lime  •sour  makes  ft  lefc 
essential  that  complete  sajKinification  of  thr 
fatty  matter  should  take  place  during  the  liuMs 
boil  than  would  be  the  case  If  it  were  omitted. 
'Jlii.s  is  So  because  the  free  fatty  acid  li1*erst-ed 
during  the  lime-sour  greatly  tacditates  the 
saponifleatioii  of  any  nndecomposed  neutral  fst 
during  the  succee'im  /  ley-boil,  since  the  soap 
which  the  fatty  acid  then  forms  emulsiBee  thv 
neutral  fat  and  exposes  it  to  the  aetioo  of 
the  alkali  employed.  Hence  the  adoption  o; 
the  lime-sour  is  equivalent  to  8hort<;ning  th» 
time  of  the  lime-boil.  A  continual  flow  of  fresh 
dilute  acid  into  th<-  machine  must  be  maintained!, 
and,  since  it  is  rapidly  neutrali.si  d  by  the  lime,  it 
is  well  to  ensure  a  constant  slight  acidity  of  the 
liquor  by  occasionally  making  acidimetrical  tceto. 
H3'drochlorio  acid  is  preferred  to  sulphuric  ackl, 
because  it  gtVM  the  more  soluble  OsJoiun 
chloride.  The  soured  cloth  should  never  be 
permitted  to  remain  long  exposed  to  air, 
especially  air  currents,  otherwise  the  acid  is  apt 
to  concentrate  in  the  eacposed  portions  and  thus 
tender  the  fibre. 

4.  Ley-boil.  This  operation  takes  place  ia 
the  same  kind  of  kicfs  as  ace  used  for  toe  lime- 
boil.  The  fatty  acids  resulting  from  the  decom- 
position  of  the  Hnie-soap.H  during  th*/  grey -sour, 
also  the  brown  colouring  matters,  are  removed 
during  this  operation.  Its  special  featoiv  it 
(hi-  iis«>  of  resiii-soaj),  Mhieh  greatly  fucilitalcs 
the  n^moval  of  fatty  matter  b^  exercising  s 
purely  meehanioal  emulsive  action,  the  aSab 
])res«'nt  l>t'in:^'  (Ikmi  ahle  raorc  readily  to  -aponify 
the  emulsiheil  fats,  particularly  those  neutral 
fats  which  perchance  have  escaped  the  action  of 
the  lime -boil.  Ordinary  .cnft-soap  acts  in  n 
similar  manner,  but  resin-soap  is  cheaper  and 
better.  A.  Scheurer  finds  by  experiment  that> 
after  caustic  lime,  the  mo?st  rapid  paponifliatiim 
of  a  neutral  fat  si)otte<l  on  a  piece  ot  caltco  u- 
effectetl  when  boiling  under  preMUTO  at  120*, 
by  a  solution  containiiiir  K)  izrams  auhydri<\L- 
cauhtic  i^otla  and  2J  grams  vvsin  per  litre,  lu- 
creasing  the  amount  of  re^in  doi's  not  hasten 
sajwnilieat ion,  though  (his  is  done  by  increasim- 
the  velucily  uf  the  tireulation  of  the  solutiou. 
Inde<Mi,  with  circulntioii  even  a  more  ranid  sa- 
ponification is  effected  with  caustic  aooa  and 
resin  t  han  with  lime. 

The  preliminary  short  boiling  with  scnla  ash. 
which  is  sometimes  replace<l  by  mcndy  soakin;: 
the  cloth  in  a  weak  .sohition  of  soda  ('  sweet- 
ening '),  prevents  tendering  of  the  cloth  by 
neutralising  any  traces  of  aoid  left  in  by  reasoia 
of  instifficient  washing  after  sourmu.    The  boil- 

iii:^  with  sofla-ash  after  the  rt  siii-)ioil  is  for  thi.- 
purpose  of  completing  the  removal  of  fatty 
matters  and  any  undisstdved  resin,  which  other- 
wise  L'iNi'ri'c  (o  hrown  staiii'^.  Inmi?  iliate  rt-- 
movai  of  the  cloth  from  the  kier  and  washing 
is  necessar}  to  prevent  the  production  of  inm 
Htnin.H. 

5.  Chimkking.  The  application  of  thi 
bleaehing-powder  solution  takes  place  in  wai4i- 
iiig  machines  of  the  ordinary  kind.  Init  ]no\i  liil 
with  stone  instead  ot  woo^itit  trouglis,  becau«« 
of  their  groaterdurability.  The  bleaching aotwn 
takes  ^  MsentiaUy  «l»ri.BgJfeJ^«^«^e 
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or  ezpoaure  to  air  of  the  oloth  Mtnnted  with  the 

solution  of  hlt  achi(V^  powder  ;  thn  carhonir  acid 
of  tho  air  liberates  hypuchiuruus  auid,  and  this, 
in  the  proaonoe  of  the  fibre,  at  onee  deoompoM** 
vielcling  hydrochloric  acid  and  ox^'cen  :  in  tho 
moment  of  its  production  thu  oxyguu  oxidises 
uul  destroys  the  traces  of  colouring  niAtter 
present  in  the  fibre,  thiu  giving  it  the  highest 
de^ee  oi  whttene88. 

It  is  necessary  to  evoid  the  use  of  stn>ng 
solutions  of  bleach injr  powder,  othcrwist'  tho 
libre  itself  is  attacked,  oxycellulosc  being  pro- 
duced ;  and  even  il  i  ho  cotton  ia  not  tendered 
tK«  r»"l>y  it  is  -till  aft  t"  auijuirr  lifoua  .stditi.s 
during  aubbftjufut  t»]H.raUuu^  tuiiJluyijd  by  the 


Lime-90ttr.     Hy<lrochloric    acid  (sp.gr. 

I     )  ;  Hteep  2-i  hours  ;  wash. 
First   Uy-boU   or   grey  boiL    240  kilos, 
cansttio  soda  (solid),  about  37,000  litres 
water;  liuil  12  hours;  wash. 
Chemicking.    Bleaching^powder  aolution 
(sp.gr.  1-006);  steep  ^-4  houn ;  wash. 
Second  hij -boil  or  whii  hu'L    240  kUos. 
aoda  ash»  about  37,000  litres  water ; 
boil  12  hoon  ;  wash. 
While  sour.    Sulphuric  acid  (aikgr.  I'D!)  ; 

8teop2-41iour8;  wash. 
TitU  with  blue ;  aqueexe 
(lr>'. 


2. 

3. 

4. 
6w 

6. 

7. 


1< 


oaiioo-printer,  t.g.   steaming,  or  to  produce  finishing  oiK-ralinns  follow—  ^ 


iinoven  nhodes  in  dyeing. 

1$.  W'hitt-aoMr.  This  operation  is  simiiar  to 
tll0  lime-sour  already  <Iie«cribt'd,  vxrrpt  tliat 
sulphuric  acid  is  u.^ualiy  employed  imtead  u£ 
hy<irochlorio  acid,  rhieffy  Ixyaupe  of  it^  lower 
cost.  Its  object  is  to  <looonijK>sc  and  rcinHvo 
traces  of  undeoomjpoeed  bleaching  powder, 
lime,  iron,  and  the  oxidised  oolonring 
matter. 

7.  The  fiiuxl  uxuhing  must  be  as 
thorough  as  possible  in  order  to 
ensxiro  the  reino\,iI    f  all  traces  of 
acid,  which,  if  left  io  t)u' 
cloth,     would  inevitably 
tender  portions  of  it  lurini; 
the  drying  process.  .Vfur 
wnaahing,  the  cloth  is  speci- 
ally sqiicoze<l   l»y  pft.-^-iiig 
through  a  pair  of  he^ivy 
wooden  ndlm,  or  through 
tho  modrrn  proovetl  brasn 
roller  and  disc  machii^c  of 
W.   Birch.     The  cli;an  of 
cloth  then  pasM>s  it  a  hori- 
zontal, loosely 
hluiging  position, 
iHjtwecn  a  pair  of 
rapi<ily  revolving, 

double  •  armed 

winchefi  or  sctitehers,  which 

effectually  shaku  out  the 

twist  from  the  strand.  'J  hus 

opened  outtothof\iJI  width, 

the  cloth  w  dried  by  pa?sin;>; 

over  steam-heated  co})prr 

oylinders,  and  folded*   1  he 

time  nsually  required  to 

complefo  ihi-  rn udder  bleach 

is  four  to  five  days. 
Tbsnailnt  HmsIl  In 

market  hleaching  the  object 
ia  simply  to  give  a  bdliiiuit 
white  appearance  to  the 

calico  or  otln  r  .'^iinllar  niateriul,  to  fU  tlu  Tii  for 
immediate  sale  m  tho  market  as  hoishcd  white 
goods.  It  is  not  neoessary  to  have  the  esJioo 
\\o\\  '  hottomrd  '  I.e.  clnnnsrd  from  all  colinir- 
attracting  impurities,  since  no  subsequent  tlye- 
ing  or  printinit  is  intended.  The  operations 
8r«*  for  thr  most  part  idf-ntical  with  those  <>f  the 
matldcr  bleaehinff  process.  The  modihcationM 
introduced  are  shown  in  the  following  outline 
of  the  pnjceNH,  intend,  rl  f(.r  24,000  kilos,  cloth, 
employ  ing  open  or  low-ureshurc  kiers : — 

L  Limt'hoil.    1440  kilos,  lime,  water  about 
37,000  Utres;  boU  12  hours;  wash. 


e.'j.  NlJirehin^i,  calendtTUi^', 
beeliuig,  sleulermg,  iyjuiv 
bleachers  introduce  a  white- 


snur  between  o|>eratinnH  1  and  5,  and  a  second 
chemicking  between  operations  5  and  0. 
Th»  abeenoe  of  rosin-soap  in  the  ley^boita  is 

char;ieferi-l  ic 

The  Turkey  red  bleach.  This  is  merely  u 
curtailment  of  the  foregoing  procosj^es,  and  is 
speetnlly  intenfleil  for  yarn  or  cloth  to  he  suh- 
goquently  dyed  plain  alizarin-nnl  or  Turkey-red. 
In  it  the  operation  of  singeing  and  the  application 
of  bleaching  }X)wdor  are  oniitfed,  -inee  they 
diminish  the  fulness  and  luiUiaucy  of  the 
Turkey-red  dye ;  the  u.se  of  the  latter  is  to  l)e 
avoided*  iMcauso  it  gives  rise  to  thc_nroduction 
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of  oxyccllulosc.  The  use  of  renin -.sua] >  is  un- 
necessary, and  the  process  is  iimittxi  tu  the 
following  operatioofl : — 

1.  Wash. 

2.  Boil  in  water  2  hours ;  wash. 

3.  Ley-boils. 

Ist.  90    litres    caustic    soda  («p.pr. 

l-3i>),  about  3000  litres  water; 

boil  10  boon ;  wash. 
2ncl.  70  litres  oaiiatk)  aod*  (sp.  gr. 

i  a5);  ditto,  ditto. 

4.  Sour.   Snlphiirio  add  (tp.gr.  lOl) ;  ateep 

2  hour^. 

5.  Wash  well  and  dry. 

The  above  quant  it  irs  of  niaterials  are  in- 
tended for  2000  kiloa.  doth,  with  low-preaaore 

kier. 

The  steamer-Uer  bleacUaf  proen.  The 

bleaching  prooeeses  previoualy  deacribed  have 
been  in  vogue  with  little  ohanjEp  during  the 
last  forty  years ;  minor  modihcations  have 
certainly  been  introduced,  but  the  diief  im- 
provements havtt  always  Men  fai  reepeot  of  the 
meohanioal  appliaaoes  employed. 


In  1SS3  Thorn]>son  patented  a  blear-hini: 
process  in  which  the  ^oods  contained  in  ati 
air-tight  kier  are  submitted  to  the  action  of 
bleaching-powder  aolatka  and  of  oarbonic  acid 
&]  t-pm  ft  td^*. 

In  1884  W.  Mather,  of  the  firm  of  Matber  k 
Piatt,  Manchester,  devised  an  iraprovctl  arrangr- 
mcnt  in  which  the  calico  could  be  parsed  con- 
tinuously tlmnigh  ehambem  or  tanks  eontaiiung 
the  two  npcc»?ary  nccnts  montioncd. 

The  BO-calle<i  Mailur -Thompson  proct^ 
results  from  a  combination  of  the  two  processes 
here  indicated.  With  regartl  to  the  principle? 
of  the  process  there  is  nothing  new,  for  the 
application  of  oarbonic  acid  in  connection  wirK 
bleaching-powder  solution  was  patent<><i  h\ 
P.  F.  Didot  in  1865,  while  the  steaming  of  good^ 
impregnatcKl  with  alkali  was  patented  as  far 
back  as  1800  by  J.  TumbulL 

The  novelty  consists  essentially  in  the  ma* 
chinery  employed,  by  which  tlic  duration  of  the 
bkiadung  pcocess  is  vecy  much  shortened,  and 
otiier  matnial  advantagea  axe  gained. 

In  the  following  year  IfatlMr  introdoeed  tbe 


Fio.  6. 


so^lled  Heamer-kieTf  in  which  the  goods, 

previously  imprejinat*'*!  wilh  dilute  caustic  sfMla, 
wero  submitted  to  tlio  action  of  low-pressure 
steam. 

The  sf  caiiicr  l<i(T  consists  of  a  .stmnf^  wron;.d»t- 
iron  horizontal  boiler,  ono  end  of  which  can 
be  closed  by  a  specially  constructed  sliding  door. 
At  the  side  of  the  kier  stand.s  a  centrifugal 
pump  connectctl  Avith  the  top  and  bottom  of 
the  Kier,  and  also  with  liquor  tanks  beneath, 
so  that  either  boiling  water  or  dilut<'  cau>tic 
alkali  solution  can  bo  .sj)rinklcd  on  and  cir- 
culated through  the  goods.  Figs.  6  and  7  show 
the  general  (b'siiositiori  of  the  .«toanK'r-kier. 

Two  waggons  of  cloth  having  been  run  into 

the  kier,  and  the  door  doted,  ateam  is  admitted 
till  the  pressure  reaches  a  maximum  of  4-5  lbs. 
During  the  steaming  or  boiling  jiroce.ss.  a 
continual  sprinkling  of  tlx-  doth  with  dilute 
caustic  soda  (sp.gr.  1 -01-1 -02)  is  maintained, 
in  order  to  ki>ep  the  cloth  well  saturated  with 
liquid,  and  thut*  ]»r<-vent  oxidation  and  conse- 
quent tendering  of  the  fibro  by  the  action  of  the 
•team*  The  excellent  etreulation  of  the  liquom 
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'  in  the  steanNr>kier  is  a  noteworthy  and  roost 

important  feature,  since  it  greatly  facilitates  thv 
saponiHcation  of  the  fatty  matters  on  the  cotton. 

After  steaming,  the  liquor  is  ran  off.  the  Ider 
is  almost  filled  with  hot  water,  and  tliis  i.-i  tir- 
culatvd  through  the  cloth  by  means  of  the  ccntn- 
f  ugal  pump  for  one  hour.  A  similar  waaliing  with 
fresh  hot  water  takes  jilace  during  another  hour. 

Each  kier  is  proviiled  with  two  pairs  of 
waggons,  so  that  while  the  goods  in  one  pair  are 
beiiiL'  steamed,  the  other  pair  can  bo  emptied 

I  antl  relilleii  a\  ith  cloth  ready  to  be  steamed.  In 

I  this  manner  the  operation  of  steaming  is  ren- 
dered as  continuous  ao  possihie  and  a  Toy  great 
saving  of  time  i.s  efTecU-ti. 

The  following  <Ietails  have  Itcen  fumidicd  by 
H.  K<  echlin,  of  the  Jx>erra<'h  Printworks:— 

To  etfect  the  madder  hlearh  by  the  Miamrr- 
kier  process,  lie  continuous  bleach  with  tin 
apiilication  of  carbonic  acid,  &c.,  is  omittt'^l.  tlu 
ofu<>r  mc-thod  of  chemicking  and  souring  lioini; 
preferred.    Those  who  consider  the  lime-lMiii  h< 

I  essential  may  apply  it  oqual^  wcU  by  moaotf  of 

'  tho  steamcrdkier. 
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The  operations  in  this  caso  aro  as  follows  : — 

1.  Lime-boil  (or  gleam).    Run  throuch  milk 

of  lime,  50  ^nrani!^  per  litre,  and  pile  in 
steamer- Av  ajigon  ;  boil  in  steamer-kier  5 
hours  at  lu  lbs.  pressure,  circiilatinc 
2000  litres  water.  Waah  in  kier  with 
hot  wwtor> 

2.  Sour.    Sour  as  usual  A\ith  dilute  HCI 

(8p.B;r.  1-015);  pile  2-3  hours,  and 
traah. 

3.  Ijey-prepare.    Pass  through  XaOH  solu- 

tion (8p.gr.  1 -005-1 •01}«  heated  to  70^ 
ftnd  pile  in  fltoamer-wap^ 

4.  I/etf-boil  {or   dc(on).    Boil   6   hours  in 

steamer-kier  at  10  lbs.  pressure,  with 
circulation  of  renn-soap  liqoor:  40 
kilos.  Hoda  ash,  l;ilo8.  resin,  100<) 
litres  water.  four  times  (i— 1 

hour  each  time)  with  botUng  w»ter,  and 
tirir'll  i-  'vith  cold  watfr,  in  icier. 

6.  Cliewicknig.  I'ajjs  as  Usual  through  di- 
lute blcaching-powder  adntioa  (ap.gT. 
1-0025)  ;   u  asli. 

(i.  Sour.  PasH  as  usual  through  dilute  sul- 
phuric Mid  (8p.gr.  l-Ol);  wash  imd 
dry. 


Fio.  8. 

I'crfntly  i^ati^factory  rt'sults,  however,  aro 
obtained  by  even  omiUing  the  lime*boil  and 
proceeding  as  foUows : — 

!•  Sour.  Pis  as  usual  through  dilute  H.SOi 
(sp.gr.  1-015) ;  pile  2-d  hows ;  wash 
•nd  sijnoeso. 

2,  Ley  ■  pr> jMiri.    Paas    throiij^di  following 

solution  at  70° :  20  litres  biituluhite 
of  soda  (sp.gr.  I-:]),  20  kilos.  NaOH 
(<<olid  72  p.c.).  1 8()0  litres  wat«r;  .pile  in 
st<*a  nic  r  •  waggons. 

3.  JUeif'ioii  (or  tkam).   Boll  in  steamer- 

ki<T  <►  -S  hours  at  10  lbs.  pro.'isurp,  with 
circulaliuu  uf  renin-soap  liquor :  20 
kilos.  NaOH  (tK»lid  72  p.o.),  40  kilon. 
•oda  ash,  20  kilos,  resin*  2000  litres 


water ;  wash  4  times  (^-l  hour  each 
time)  with  boiling  water,  end  once 

with  cold  water  inlder. 

4.  Chemicking.    An  aboTe. 

6.  Sour.    As  above  ;  wash  and  drj*. 

With  the  exception  of  the  employment  of 
the  8team«r-kier  and  the  use  of  bisulphite  of 
s<oda,  this  procL'ssi  U  essentially  the  same  as  tliat 
employed  for  many  years  with  success  by  Messrs. 
GnSOAiine  I'Mres  of  St.  Denis. 

The  preliminary  souring  process  effects  the 
decomposition  of  any  insoluble  fatty  acid  com* 
pounds  present  in  the  grey  eloth ;  it  removes 
calcareous  or  other  mineral  matter  soluble  in 
acids,  and  modifies  any  starchy  matter  present, 
probably  rendering  it  more  sorabie.  The  addi« 
lion  of  the  snuill  proportioii  of  the  reducing  agent 
bisulphite  of  soda,  along  with  the  caustic  soda 
in  tihe  preparing  process,  u  intended  to  prevent 
any  oxidation  and  consequent  tcnderinp;  of  the 
cotton  during  tlie  stcaiumg  process.  The  Ui>o  of 
resin-soap  along  with  the  caustic  soda,  combined 
with  the  perfect  circulation  of  the  liquor,  is 
very  material  to  the  success  of  this  method  of 
madder  bleaching,  for  reasons  already  stat«xl. 

According  to  H.  Koechlin,  this  method  i'lvcs 
a  perfectly  satisfactory  bleach.  The  white  is 
not  permanently^staarad  ia  «a  «lisMin  dye>bath, 
and  does  not  become  yellow  on  steaming. 

A  noteworthy  inventiuu  of  Dr.  O.  Lunge  is 
the  application  of  acetic  acid  in  connection 
with  Lleacliing  ywwder,  in  place  of  mineral 
acids  or  carbonic  acid.  It  can  be  applied  im* 
mediately  before  or  after,  or  even  along  with, 
the  solution  of  bleaching  powder.  It  liberates 
hypoehlonras  acid  with  formation  of  soluble 
calcium  acetat**.  \\'hen  the  hypoclilorous  acid 
ezeroisee  its  bleaching  power,  it  gives  up  osygcu 
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and  protluces  hydrochloric  acid,  which  immedi- 
ately acts  upon  the  calcium  acetate.  In  this 
manner  the  acstki  neid  is  reproduoed,  sad  is  thus 
ready  to  decompose  fresh  portions  of  calcium 
hypochlorite. 

Hadfield  and  Sumner  patented  a  prooess  in 

which  the  eloth,  afd  r  !ia\inj:  hci  ii  im|M"et;T^ill^•lI 

with  a  solution  of  bleaching  powder,  is  passed 
through  A  box  containing  aoetto  acid  vapour. 

AHoluliiin  of  .sul|ihui Kus  acid  lin-  hecii  used 
l»y  son\e  bloaehi-rM  for  the  iiual  souring  process 
in  place  of  sulphuric  acid,  over  which  it  possesses 
the  advantage  of  liein;^'  an  anticUor,  in  COOSe* 
quenoc  of  its  reducing  action. 

The  WaUk  kier.  In  this  kior,  shown  in  F^. 
B  and  9,  which  is  very  Urgely  «-«lb^i(S,bgig«toogle 
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liquor  b  ciroulated  by  means  of  a  centrifugal 

piiru]),  and  it  i>  luatcd  in  a  (ipocia]  heating 
arrangement  outside  the  boiling  luer. 

In  the  Beniz-Ednuglon  and  in  the  TagUtaU- 

Bi'linntonti'  kiers  tho  hoiling  operation  is  a  oon< 
tinuous  process.  Low  pressure  in  usually 
employed,  and  the  impregnation  of  the  pieces 
with  the  Ixiiling  liquor  in  the  lower  part  cif  tlv 
kiers  is  luilouoa  by^  steaming  in  thu  up^'r  part. 
After  the  boiling  is  completed  the  pieces  are 
plaited  into  wooden  Ikixcs,  in  whioh  they  are 
ulltixved  to  lie  for  some  hours. 

Piece  goods,  Hueh  as  heavy  twills,  Ac, 
\Nhieh  an'  frequently  damaged  (en-ased)  in  or- 
djnar\  bleaching  in  tho  rope  form,  are  treated 
in  the  ojM'ti  width.  Speeul  klen  have  been 
oonstrnctcrl  lur  this  purpose,  tho  principal  one 
being  tliu  Juckson-JInnl  kier  (Fig.  10). 


Pio.  10. 


PMvious  to  boiling  in  this  kier  the  cloth  is 
impregnate<I  with  caustic  s(Mla  ley  whieh  has 
been  used  in  a  former  builirij.'.  For  tliis  ])urposu 
it  is  pa.ssed  through  a  special  batehinLr  macliine 
containing  the  caustic  sodij  ley,  in  wliieh  the 
cloth  travels  over  a  |«.rf<)rated  drum.  Tho 
caustic  scHla  ley  is  forced  through  the  cloth  by 
means  of  steam,  which  is  Muvmi  against  it 
whilst  it  travels  over  the  drum.  Ultimately, 
the  (loth  IB  vound  tightly  and  evenly  into  a 
batch. 

This  batch  is  now  placed  on  a  wagiion, 
which  is  transfeiTod  to  the  horiumtal  boufog 
kier. 

Special  driving  gear  is  provided,  by  means 
of  which  the  doth  is  wound  off  the  batoh  oo  to 
another  batching  roller,  passing  over  a  heavy 
perforated  drum  ivhieh  rests  on  both  batches. 

The  caustic  stxla  liquor  is  circulated  by  means 
of  a  centrifugal  pump,  and  is  showorccl  over  the 
cloth  during  its  passage  over  the  perforated  drum. 

In  this  kier  the  eluth  is  usually  boikd  under 
high  pressure  (about  45  lbs.). 

In  the  preparation  of  soiium  hypochlorite 
solution,  hy  ('lectrolysing  a  solution  of  common 
salt  t\\«»  tyi>es  of  processes  are  employed,  one  in 
which  the  products  of  electrolysis,  vis.  sodium 
and  elilurinc,  arr  not  allowed  to  condjine,  and 
the  other  in  which  they  are  allowed  to  combine 
to  form  sodium  hypocblorite 

l>NaOH+(1,=.-NaO(rr  Naci  )  H,(). 
Tho  latter  process  comes  chieUy  into  considera- 
tion as  regards  the  bleaching  of  textile  materials. 

Tho  anparatus  used  may  be  divided  into  two 
classes,  the  one  in  which  oleotiodw  made  of 


platinum  -  iridium  are  used,  and  the  other  in 

\\lii(h  ear1>on  clrctrodes  (higllly  COmptMBCd 
graphite)  aro  employed. 

u  fhe  Kellner  motralynr,  whieh  belonft  to 

thefonner  kind,  a  centrifnijal  i)nmp  is  eniplovfHi 
by  means  of  which  the  salt  solution  is  repeatedly 
passed  through  the  apparatus  until  it  contains 
from  3  to  5  trrams  of  aetive  chlorine  jx-r  litre. 

in  the  Haas  and  Oettel  electrolyser,  which 
belongs  to  the  latter  kind,  the  salt  solution  is 
electrolysed  until  it  eont^iins  from  10  to  IS 
grams  of  active  chlorine  p<'r  litre. 

Powerful  oironlation  ot  \h--  salt  aofaitaon  is 
ol it  lined  by  means  of  the  hydrogen  gaa  evolved 
during  electrolysing. 

Bleaching  by  means  of  eloctrolytically  pee. 
pared  hypochlorite  solution,  although  employed 
with  advantage  in  s]Xi-ial  cases,  such  as  the 
bleaehinff  of  eops,  is  not  commonly  practised, 
because  it  is  more  expensive  in  ita  application 
than  bleaching  powder. 

The  statement  that  an  electrolytioally  rre- 
pare<l  bleaching  solution  is  more  effective  than 
a  solution  of  bleaching  powder  containing  the 
same  amount  of  active  chlorine,  cannot  be 
confirmed  in  practice. 

Permanganaie  of  potash,  todivm  peroridt, 
antl  hydrogen  juroride  give  excellent  results  in 
bleaching.  Their  price,  as  compared  with 
bleaching  powder,  is,  howevw,  in  most  instanoes, 
prohibit  ive. 

The  history  of  cotton  bleaching  may  be 
briefly  said  to  comprise  the  following  notewocthy 
improvements  :— 

1.  Tho  use  of  chlorine  gas  by  BcrthoOfli  in 
1787,  and  of  hypochlorite  of  Ume  in  1790  by 
Tcnnant. 

2.  The  boiling  with  carbonate  of  soda  in«t<ead 
of  caustic  soda,  after  the  lime-boil,  introduced 

from  America  about  1837.  A  more  effectual 
decomposition  of  tho  limc-soaps  was  thus 
obtained. 

3.  The  adopt  ion  of  the  li me-eouT, as  propoaed 

by  A.  8cheurer-Uott  in  1837. 

4.  The  uae  of  xerin.soap  in  the  ley*boilB 

about  the  '^aine  period. 

5.  The  nitroduclioii  of  liigh-pre.ssure  boilmg 
kiers  about  1844. 

(3.  The  use  of  caustic  alkali  and  resin>8oap 
in  conjunction  with  the  stcamer-kier,  to  the 
exclusion  of  the  lime-boil,  in  1883-84. 

Linen  bleaching.  8ince  the  retted  flax  fibre 
contains  a  much  larger  proportion  of  natuxal 
impuritii  s  than  cotton,  e.g.  2«>-G0  p.c.  of  pectic 
acid,  inrside  fatty  matter,  &o.,  linen  is  not  so 
readily  bleached  as  cotton.  In  the  main,  how- 
ever, tho  methods  adopte<l  ft>r  the  two  fibres  are 
the  same.  Linen  is  bleached  in  the  form  of  yam, 
thread,  or  oloth. 

Linen-yarn  bleaching.  Verj-  frequently  linen 
yarn  is  only  partially  bleached,  the  process  being 
eom|)lcted,  if  necessary,  when  the  yam  has  been 
woven  into  iloth. 

The  folio  winu  operations  are  employed  in 
order  to  obtain  *  halt- white  *  or  cream,  with  1500 
kilo.s.  yam,  usint;  lo\\-|.r<»ure  kiers:— 

1.  Jj*  tf-huH.    Boll  '.i—i  hours  in  a  solution  of 

150  kilos,  soda  ash  ;  wash  andsqoeeir. 

2.  Chitnirk  (ri'l).    Reel  1  Irnur  iu  bleaching- 

powder  solution,  sp.gr.  1-0026;  wash. 

3.  Sour.   Steep  1  hour  in  dilute  snlphnrie 

•^W-  1-006, 
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4.  Ley-boil  {scaJd).  Boil  1  huur  iu  a  iK>Iution 
uf  30-75  kilos.  8oda  Ash  ;  wash. 

&  Cheinick.  lioel  in  a  dilute-  solution  of 
bloacbing  powder,  ap.gr.  i-002a  ;  wash. 

6.  Sotir.  Steep  1  hour  in  dilute  sulphuric 
acid,  sp.pr.  1  -005  ;  watth  well  anil  dry. 

It  ilii-  yam  should  bo  bleacho<l  muro  com- 
pleteily.  th<  II  oporfttions  4v  6,  and  6  arc  repeated 
two  or  tlircf  times,  a«  may  be  foimd  nt^ofsaary, 
with  this  diflerencc,  that  bi-tvu'fii  4  aiul  5  the 
yam  is  '  gras-sitl,'  i.> .  exposed  in  the  Held  to  the 
action  of  the  air,  light,  and  moisture,  for  several 
days.  By  introducinff  Urn  very  gentle  method 
of  bleaching,  the  full  gtiength  m  the  fibre  is 
better  nuuntained. 

The  VMrioua  operations  are  condaoted  in 
apparatus  precisely  similar  to  that  ».'niploye<l  in 
the  bleachinfl  of  cotton  yam,  except  in  the  opera- 
tion of  ohemicking.  Although  steeping  under  the 
f-it  \  (.-  in  dilute  blcaching-po\\d<  r  solution  might 
well  be  employed^  it  is  usual  to  suspend  the 
hanks  <rf  linen  yam  on  reels  in  snoh  a  manner  that 
they  arc-  only  partially  imnii  rsid  in  the  solution 
contained  in  a  shallow  tank.  As  tiie  TVi:U  revolve 
the  yam  beoomes  thus  alternately  impregnated 
^n1h  thr  HoMition  and  fxposied  to  thi-  air.  The 
hbcration  of  hypochlorous  aoid  by  the  carbonic 
aoid  of  the  air  is  advantageous,  wd  the  bleaoh 
ia  more  ( fT«  ctive  and  regular. 

Thf  application  of  acetic  acid,  ah  pruix)i4ed 
\<\  Lunge,  instead  of  this  exposure  to  air,  may 
here  be  Ktmncly  rrcom mended,  since  then  no  in- 
soluble lime  Mill  is  tixcdua  the  fibre,  and  the  sub- 
aeqaeat  souring  is  reduced  to  a  minimum. 

Tn  avoiil  tlic  prcsrnce  of  caustic  liinr,  some 
bleachers  use  hyfxx  lilurite  of  magnesia,  an  pro- 
poaed  by  Hodge,  instead  of  bleaching  powder. 

Linen-eloth  bleaehing.  Thr  old  uu-thod  of 

bleaching  linen  cloth  cuiisisted  in  altcrualLly 
boiling  the  fabric  with  sottttioni  of  sodium  car- 
bonate and  exposing  on  the  grass,  8ucccH><le<l  by 
souring,  and  rubbing  with  solutions  of  soap. 
The  modem  meUiod,  adapted  from  that  em- 
ployed for  calico,  is  given  in  the  following 
rimm^.  It  is  intendecl  for  1500  kilos,  brown 
linen,  using  low-pressure  kicrs.  - 

1.  lAmt-hoil.   Boil  14  hours  with  12G  kilos. 

lime,  2000  litres  water ;  wash. 

2.  Sour.    iSt<  <  p  2-0  hours  in  dilute  hydro- 

chloric acid,  sp.gr.  1-0026;  waah  in 
stooks.  ivm-hank,  wash. 

3.  Lri/  hoih.    First,   boil  8-10  hours  with 

2000  litres  water  contaimn^  resin-soap ; 
90  kilos,  eaustio  soda  (solid),  30  kilos, 
resin,  previously  boiled  together  with 
water;  secondly,  boil  6-7  hours  with 
200O  litres  water,  IS  kilos,  eaustio  soda 

(solid),  prrviously  dis.HoIvetl  ;  wash. 
•4.  Expose  in  Jicld  2-7  days  according  to  the 
w«ather. 

fi.  ('h'ffu-l;.  S'tff'p  t-fi  hoiirs  in  dilute 
lj|<  aching-powder  solution,  tep-gf. 
10025;  wash. 

6.  Sour.    Steep  2-3  hours  in  dilute  sulphurio 

aoid,  sp.gr.  r(H)r>;  wa-nh. 

7.  Ley-hail  («ral(().    Hoil   t-.l  liuurs  with 

2(XKJ  litres  watT.  S  -13  kilos,  caustic 

.siMla  (solid)  ;  wash. 
S.  Kxjtose  in  Jirld  2— t  days. 
9.  Chcmick.    Steep    .'5  .»    hours    in  dilute 

bleaching-powder      solution,  sp.gr. 

1-0013;  wash. 


At  this  stage  the  cloth  is  examined ;  thouc 
pieces  which  are  sufficiently  bleached  arc  souied 
and  washed,  the  rest  are  fiuther  treated  as 

follows : — 

10.  Itid>  with  rubbing  boards  and  a  aolutioa 

of  soft  soap. 

11.  Expose  in  field  2—4  days. 
ISi  Chrmick.   Steep  2-4  homs  in  dilate 

bleaching-powder     sohatioD,  •P<gr< 

l  OOOti;  wash. 
13.  Sour.    Steep  2-3  hours  in  dilute  SUl> 

W}huric  acid,  sp.gr.  1-005. 
ash.  squeejte,  and  dry. 
If  the  linen  is  not  brown,  but  mwle  of  yam 
already  partly  bleached,  the  above  proc(>ss  ia 
much  curtailed,  and  wealosr  liquors  are  employed. 

Tin-  kiers,  chemicking  and  souring  machines 
are  the  same  as  tho.se  used  in  ootton-c^th  bleach* 
ing.  The  washing  is  done  in  tiie  sO'Oalled  wadi> 
stocks  or  by  slack-washini:  machines.  The  latter 
arc  very  similar  to  the  cotton-washing  machines, 
the  ehief  difference  being  that  the  water  tank  ia 
dividod  into  rompart  mcnts,  each  of  \Nhi(  h  holds 
a  few  yards  of  slack  cloth  forming  each  strand, 
before  it  posses  through  the  squeesins  rollers. 

The  *  ruhhinLi;  '  n  frrred  to  is  for  tfif  j)urpo80 
of  removing  mechanically  any  remaining  brown 
particles  of  ligneous  matter  termed  'spnta.*  It 
consists  in  passing  the  chain  of  cloth  through  a 
solution  of  tioap,  and  then  imme<liately  betwi*<*n 
a  pair  of  horizontal,  corrugated,  heavy  lx»ard.<i ; 
thf  upper  lioanl  rests  loosely  upon  the  lower 
one,  and  moves  lengthM  isc  to  antl  fro,  whUo  the 
pieces  pass  between  them  at  right  angles. 

The  oneration  of  *  tum-hanking  '  consists  in 
dibiiiitatigliiig  the  pieces  after  they  have  been 
washed  in  the  stocks,  and  then  refolding  them 
for  a  further  wash,  thus  ensuring  a  thorough 
ckaiuimg  of  every  ))ortion  of  the  doth.  \\Tien 
slack-washing  machine  are  employed,  the 
operation  is  of  course  not  neee.ssar\\ 

The  chemistry  of  linen  bleaching  is  essenti- 
ally the  same  as  that  of  bleaching  cotton.  The 
pectio  acid,  fatty  matters,  &c.,  are  rendered 
soluble  by  the  alkaline  boilings,  and  the  colour- 
ing matters  still  remaining  are  oxidised  and 
destroyed  by  hypochlorites.  The  repetition 
of  these  operations  is  eonsidered  necessary  by 
reason  of  the  largo  jM-rccntage  of  impurities 
prestjnt;  but  it  is  very  probable  that  good 
results  would  be  obtained  hy  adopting  the  more 
rational  plan  of  first  removmg  the  wlinl"'  of  the 
pectic  and  fatty  matters  before  applying  the 
hyfHM-hlorites. 

\  prorr'^-?  f)f  f>iii!in<j:  linen  ufnnl-  pr<  piratory 
to  the  bleaching  has?  txH-n  nat^-uted  by  t  Vosji  and 
Parkes.  The  pieces  are  first  impregnat<Ml  with 
a  solution  of  8<iap,  silirat*-  of  «tidn,  <  /lustic  sofU, 
and  mineral  oil.  They  are  Ihi'n  wound  on  a 
batching  roller  in  a  chHml>or  containing  steam, 
ami  afl'  ruards  steanu-d  for  some  hourv.  This 
is  foUuurd  hy  boiling  with  a  (solution  ot  .>iiiitat«' 
of  soda  or  of  soda  ash.  The  ko<k1.s  are  finally 
wash    !  :  '}:<■':  (T'  !'i      r-  ;  I  \  for  thf  first 'dip.' 

Wooi  scouring  and  tiieoching.  The  Ideaohin^ 
of  w«M)l  never  forms  a  separat<*  industry,  as  in  tht- 
case  of  cotton  and  linen,  and,  althou;<h  in  itself 
of  minor  iin|Mirtunco,  it  is  necessarily  jirenvUKl 
by  t  he  operatitm  of  '  scouriiiji,'  which  is  of 
fundamental  importance  both  to  the  woollen 
manufacturer  and  the  d\er. 

In  its  natural  oomiition  the  'tJigdj^yiGoogle 
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coniaminaU><l  with  15-80  p.e.  of  foreign  matter, 
consisting  partly  of  dirt,  &,c.,  derived  from 
without,  but  mainly  of  certain  fathr  matten 
designated  as  '  yolk,'  secreted  by  the  animal 
from  which  it  is  derived.  This  secretion  is 
separable  into  two  parts — the  one,  '  wool-perspi- 
ration.' is  tohible  in  water,  and  consists  essenti- 
ally of  the  potaasium  compounda  of  oleio  and 
steario  acids  (potaah  aoape),  fto. ;  the  other 
fKjrtion,  tenntd  '  uoul-fat,'  is  in.-oluMo  in  water, 
and  ia  composed  of  cholesterol  and  iao-choloste- 
rol,  which  exiato  p«rtly  in  the  free  atate»  but 
chiefly  in  c ombuution  with  oleio  acid  and  other 
fattv  acids. 

LO0M*WOOl  MOarlBf .   The  objoet  of  eoouring 

wTHil  is  to  reniovr  from  it  the  yulk,  Sec,  sind  thn? 
render  it  mon>  suitable  for  spinning,  dyeing,  or 
blMohtnf;.  Two  methods  of  effecting  it  may  be 
i  iiiplnvf  f !  'Hie  one  generally  aflopted  is  to  treat 
tiu^  \voul  uitli  dilute  alkaline  solutiuna  capable 
of  forming  erniikions  with  the  yc^ ;  the  other 
ITU  !f  i'  to  sul>mit  the  wo(»l  to  the  successive 
actiuii  uf  lat  solvents,  carbon  disulphide,  &c., 
and  water. 

Scouring  with  alkaline  solutions.  Wlien 
carrie<l  out  in  iIk*  most  complete  manner,  this  i 
m<-th(xl  comprises  the  following  operational— 

1.  8U^  leveral  hours  in  tepid  water. 


2.  Scour  15-30  minutes  with  dilute  alkalki-i 

aoitttiona  (aoap,  sodium  oarbonat^  kc, 
at  aboQt  50^. 

3.  Wn^h  with  water. 

mho  stuping  is  performed  in  a  aones  of  lam 
iron  tanks,  m  which  the  wool  is  syvteraatiBaDT 

washed  or  rather  stee]x>d  in  water  ]i(mied  X" 
45",  until  it  is  deprived  of  solublo  matter.  At 
a  rule,  two  or  thne  steeps  with  fnA  water  si« 
found  sufPieient ;  but  it  is  customary  to  i^v-  th-: 
wash- water  through  several  lota  of  wool  until  r 
beeomee  well  saturated  with  *  wool-perspirstkn.* 
It  is  particularly  iulvantageous  in  the  ca?*? 
w  ools  rich  in  yolk  {t.g.  Bueooa  Ayrea  wool,  &c.  \. 
since  it  prerenta  too  rapid  soiling  of  the  eeoariD;: 
bath  and  consequent  staining  of  tho  wi>oI.  tr^l 
thua  it  tenda  to  ensure  more  complete  scouring. 
By  evaporating  the  waste  steepmg  Uqoon  to 
dr^'ness,  and  csJcinixig  the  residue,  a  ^o<  m1  quality 
of  potassium  carbonate,  containing  very  iittk 
sodium  salts  and  snitftble  for  glaaa  naan&e- 
turers,  ia  oVtained. 

The  scour  tug  atid  wojihin*/  of  the  wool  in 
order  to  remove  the  remaining  '  wool-fat '  is  bc»t 
IHjrformed  by  the  aid  of  so-called  wcx>I -scouring 
machines,  one  of  wliich  (J.  &  W.  McNaught's) 
is  shown  in  Fig.  11. 

It  conaiata  of  a  Jaige  rectangular  trough,  a. 


with  a  light  frame,  b,  suspended  over  it  by  chains 
and  oarrying  a  series  of  transverse,  flmd»  vertieal 

rakes  or  coni!)s,  c. 

Tho  wool,  cither  in  its  raw  condition  or  after 
steeping,  ia  spread  evenly  on  the  moving  endless 
apron  or  feeder  D  ;  it  is  thu<«  rontinnoualy 
introduced  at  one  end  of  the  truugh. 

By  suitable  mechanism  the  fram<>  i.n  low  ered, 
and  tho  'hooI  is  at  once  pressed  beneath  the  8ur- 
face  of  tho  scouring  liquor  by  the  jK-rf  orated  tray 
or  sieve  B.  When  tho  frame  is  sulBciently 
Ittwered,  it  movent  forward,  the  rakes  gently  carry* 
inp  tho  wool  towards  the  other  end  of  tho  trough. 
Wh(  n  t  he  forward  stroke  is  completed,  the  frame 
in  lifted  up,  the  rakea  rise  vertically  out  of  the 
liquid,  and  the  frame  returns  to  its  original 
]>OBition.  By  these  sureessi\o  movements  the 
wool  is  slowly  paasod  through  the  8Coorin|^  liquor. 
At  the  delivery  end  it  is  carried  up  the  inclined 
]>lane  F  by  the  rakes  fixed  on  tlie  »niall  frame 
which  is  hinged  to  the  larger  one.    Having  been 

flushed  over  the  ridge,  the  wool  alipe  down 
>etwc  »  ti  (lie  squeezing  rollers  H,  H,  ready  to  be 
I>as8ed  through  a  second  ainiilar  moehiuc 

Tho  working  of  tho  machine  m  above  de* 
lilied,  is  suitable  for  l?otrtny  and  other  fine 
eJttiv^t -6  uf  wool.  WJieu  \v<i«liing  low  t'a|x>.  River 
riate,  and  similar  wools,  which  contain  much 
iltrt  lUid  s;inil.  an  additional  movement  is  given 
to  the  rakea  nhiie  m  titc  liquor.    Thiii  m  cilovlvd 


by  having  tho  rakes  fixed  in  a  second  frame,  oo. 
wnteh  xeoeives  a  slight  backu-ard-and-forwaid 

movement  by  means  of  tho  rod  o  and  the  cam  K 
during  the  inward  movement  (^f  ihe  main  fr«iiiie 
BB,  to  which  it  is  attaehed.  By  this  means  the 
woo!  is  slightly  opened  out  and  a^itAttnl.  and  the 
sainl  and  dirt  fall  through  the  perforated  gralmg 
LL.  \\  hen  the  icoiinng  liqoor  beoomea  tc<o 
soiled  for  further  use,  the  steam  injectors  w 
are  brought  into  action  in  order  to  stir  up  all 
8iHliment,  and  the  dhrty  liquor  ia  run  off  by  tiM» 
plug-hole  K. 

For  a  complete  arrangement  there  should  be 
at  least  three  such  machines  placed  in  line,  so 
that  the  wool  passes  automatically  irom  one 
to  the  other.  The  ftnt  contains  more  or  leaa 
soiled  seourini;  li()uld  uliich  lias  l>een  |ir<;viinisly 
used  in  tho  second  trough ;  the  second  coataioa 
fresh  scouring  liquid ;  and  the  third  a  oontinaal 
flow  of  clean,  eold.  or  ]iref<  rably  t«  i>id  waft  r. 

The  choice  of  »<eouring  agents  dependii  upon 
tho  character  and  ([uality  of  the  wooL  For 
fine  histroiis  wools  and  xuch  as  are  poor  in 
yolk,  a  mild  scouring  agent  ithouid  l>e8eleote<l.  f  tf 
Hoa]>,  ammonia,  ammonium  carbonate,  *lant,* 
&e.,  that  is  to  sav,  aj^ents  Mhich  are  r.ipablt'  ttf 
removing  the  yolk  with  tho  least  injur}'  to  tiie 
fibre.  The  liest  soaps  to  use  are  tnoae  whiHi 
arc  most  soluble  and  least  liki  to  cfintnin  any 
traco  uf  cauiitic  or  carbonates.!  ^totaah  or  6oda. 
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Should  tliMO  injtifknis  cafisfitumtfi  be  proBcnty 

tHo  soap  solution  may  Im>  do-alkalisod  l)y  tho 
addition  of  a  small  quantity  of  h)oracio  acid  or 
ammoninni  efaloride,  thun  ^  ieldinf:;  the  lew  in* 
jtUrioTiH  alkali  borates  and  aniiuonia,  rf>i^r(iv«-ly. 

Putash  soapH,  beiiig  \*^ry  ant  to  contain  excess 
of  allndiy  dioald  bo  critically  oxamiaed.  An 
excellent  and  very  soluble  soap  may  be  lettdily 
made  from  oleic  acid  and  caustic  soda. 

Although  a  perfectly  neutral  soap  does  not 
always  effect  a  rapid  and  complete  removal  of 
yolk,  still  it  is  better  to  adopt  it,  since  one  can 
alwAjm  ftdd  the  proper  qoantaly  of  other  agents, 
r.g.  .«u^lium  oarbonate,  ammonia,  too,,  when 
iicc(»8arv. 

ITor  low-clai^  wools  containing  a  lar^^e  ]  >t  > 
pcjrtion  of  yolk,  and  wlu-n  cheapness  is  a  dcai- 
(^leratum,  sullicieutly  i-atisfactory  rcsuiU)  are 
obtained  by  the  proper  use  d  aodium  carbonate 
free  from  caustic  fwxla  or  other  injurious  im- 
purity. SuitaiAe  soilium  carbonate*i  are  sold 
undor  such  commercial  names  as  refined  soda 
ash,  Solvay  soda,  concentrated  crystal  soda 
(Bruoner,  Mond,  ft  Co.),  crystal  carbonate 
(Gaakell,  Deacon,  A-  ("o.),  Ac. 

It  is  impossible  to  ^ve  precise  data  with 
respect  to  the  concentration  and  temperature  of 
tho  scouring  solution  to  l)e  employe<l,  sinee 
thmo  vary  somewhat  aooordiiut  to  the  character 
of  tlie  ivool  operated  opon.  u  the  best  results 
are  to  bcobtaine<l,  the  .solutions  must  always  be 
applied  as  dilute  and  at  as  low  a  temperature 
(not  afaore  60*)  as  is  consistent  with  the  complete 
ranoval  of  tho  yolk. 

The  waste  scouring  liouors  are  collected  in 
large  ttnln  and  neutnwsea  with  sulphuric  acid ; 
the  liberated  fatty  aciJs  are  sold  to  oil  refiners, 
who  by  distillation  obtain  purer  products, 
suitable  for  making  soap. 

Scouring  with  volatile  liquids.  This  method 
is  still  only  in  an  experimental  stago.  Mechani- 
cal diflleofties,  tiie  fear  cf  fire  and  explosions,  the 
first  cost  of  the  scouring  agent,  &c.,  seem  to  have 

ftrcventcU  the  general  adoption  of  this  process, 
ts  advantages  are  that  the  wool-fat  is  more 
completely  removed  than  by  th»>  emulsion 
method,  and  the  wool  itself  is  not  injured.  A 
cortatn  degree  of  SQccess  has  been  obtained  by 
tlie  mfthocl  proposed  by  T.  J.  Mullings,  and 
tried  on  n  lar<^e  scale.  It  consists  in  submitting 
tlia  Wool  to  the  action  of  carbon  dLsulphide 
in  a  closed  centrifugal  machine  until  the  whole 
of  the  wool-fat  is  cUssolved,  then  expelling  the 
Holvent  by  means  of  water,  and  not  as  heretofore 
by  heat  or  steam,  which  always  leaves  the  wool 
with  a  yellow  colour.  The  wool  mutt  afterwards 
be  washed  in  warm  water  to  remove  wool- 
perspiration  and  other  impurities.  The  wool 
detnsed  fas  this  maimer  is  said  to  be  sbonger, 
capable  of  spinning  finer  yarn  and  with  Ii'.s.s 
waste  and  at  lees  cost  than  if  scoured  by  the 
aribury  method  with  soap. 

Tlie  .same  principle  is  adoi)t^<l  in  Iho  process 
of  Singer  Si  Judell  of  Adelaide,  who  employ, 
howenar,  a  more  daborate  and  more  penect 
apiiaratus,  whereby  the  scouring  is  made  con- 
tinuous. The  raw  wool  is  placed  on  a  feeding 
apron  and  carried  along  between  two  broad 
endless  ban<ls  of  wire  gauze,  first  through  a 
succession  of  fourteen  tanks  containing  carbon 
disulphide  and  then  through  five  eontainin<: 
vatar,  all  mitaUy  enoloaed.  The  wool,  still  held 


between  the  wire  gauze  bands,  then  pa.s8e8 

between  hut  rullers  in  ii  st rani-lu'ated  dryinj^ 
chamber  and  emerges  in  a  scoured,  washed,  and 
dried  condition.   Arrangements  for  automati* 

rnlly  rolliHJting  tho  dirt  which  settli  s  from  tho 
carbon  disulphido,  fur  separating  the  latter  from 
the  water,  distilling  and  returning  it  to  the 

scouring  tanks  with  the  lea.st  i>ossiTile  loss,  are 
all  provideil  for  by  ingenious  devices,  and  the 
general  arrangement  seems  eminently  typical  of 
the  methofl  oi  scouring  wool  to  l>e  adopted  in  tho 
future.  It  is  said  to  have  been  worked  with 
success  in  Avstnlia. 

Woollen  yam  seonring.  The  objcM  t  of  scour- 
ing woollen  yarn  is  to  remove  the  oil  with  wliich 
wool  has  been  impregnated  by  the  spinner. 
Preeif>ely  t!u<  sn!7ie  nfjents  are  used  as  for  loose 
wool,  but  tho  machinery  employetl  is  necessarily 
di£Ferent. 

Those  yams  which  have  a  ten<lency  to  curl 
up  Ineau.se  tiiey  have  been  liiglUy  twisted  are 
submitted  to  tho  preliminary  operation  of 
'  stretching  ' ;  it  also  prevents  them  from  shrinlL* 
ing  during  the  subsequent  scouring  process. 

The  hanks  of  yam  are  suspended  on  tha 
arms  uf  a  strong  iron  frame  and  tightly  stretched 
by  means  of  screws.   Thus  oharge<l,  the  frame  is 
immersed  in  boiling  water  for  a  few  minutes. 
After  changing  the  position  of  the  hanks  on  the 
arms,  the  operation  is  repeated,  the  yam  is 
allowed  to  cool  in  the  stretched  condition,  and 
i  is  then  removed  ready  for  scouring. 
1      The  seotiring  of  yam  is  effeeted  eiUier  by 
hand  or  by  maohiiie.    In  the  first  ease  the 
.  hanks  of  yam  are  suspended  on  wooden  rods 
I  plaoed  aeroes  a  reotangtdar  sleamoheated  tank 
containing  the  scouriii<^  liquor.    During  a  period 
I  of  15  to  2U  minutes  tho  rods  are  swiped  to  and 
ho  by  hand,  one  by  one,  each  hanlc  being 
'  frequently  turned  in  onler  to  expose  every  jxtr- 
I  tion  to  the  action  of  the  liquor.    The  yam  is 
I  washed  in  another  tank  in  the  same  manner. 
Yam-scouring  machines  are  to  Ih"  met  with 
in  several  forms.    A  very  effective  one  consists 
of  a  rectangular  tank,  c,  having  several  rollers 
above  and  below,  and  a  pair  of  squeezini:  rollers, 
A,  B,  situatctl  at  one  end.    Tho  hanks  of  yam, 
linked  together  bv  means  of  string  loops,  are 
passed  oontinnonsly  through  the  soouriog  liquor. 


Fio.  12. 

and  are  then  washed  In  a  similar  madiine 

{see  Fig.  12). 

I      Woollen-cloth  scourhig.   Woollen  cloth  is 
i  also  scoureil  for  the  puri>oso  of  removing  tho  oil 
;  with  which  th<'  yarn   is  impreenate<l  by  the 
j  spinner.    Tho  (qnTation  con.sists  in  ptiiwing  the 
I  cloth  as  an  endless  band,either  in  the  strand  form 
or  in  the  open  width,  through  the  scoiirinij  liquor 
;in<i  tlien  through  a  pair  of  stjuee/.ing  rollers, 
l  or  thick  woollen  cloths,  flannel^  ftc,  aoonr* 
I  ing  in  the  strand  is  preferred,  sinoc  a  certain,  , 
*  Digitized  by  Google 
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amount  of  felting  takes  place  and  tho  cloth 

acfjuircs  a  ln-ftor  handle.  Fnr  worsti'il  goods 
aiul  such  as  art*  liable  tt)  tTfast*,  scouring  in  th<i 
o|H'n  wiiltii  is  prefnmble. 

I'i;;.  i;{  Hhiiws  a  section  of  E.  Keni|M''s 
luachtne  ior  this  purpose,    it  couMiMtsi  of  two 
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aquecxiug  rollers,  a  and  b,  placed  above  the 
^Rooden  troufrh  c  oontabiin;;  tne  aeonring  liquor. 

The  mill  r  d  serves  to  draw  the  cloth  fr«)ni  the 
squeezing  rollers,  and  causes  it  to  fail  in  regular 
folds  u]M>n  the  inclined  plane  n.  This  is 
covered  with  corrugatwl  xinr.  tho  grooves  of 
which  run  longitudinally,  in  onler  to  reduce  the 
friction  of  the  cloth,  and  to  prevent  the  latter 
from  inoviiit:  to  citlirr  side.  The  up]H  r  jmrt  of 
the  inclined  plane  is  hinged  at  r,  so  that  the 
inolinatikm  of  this  part  can  be  regolated  to  Huit 
(liffen*nt  qualities  of  cloth,  and  to  ensure  that  it 
always  slips  donii  in  regular  folds  without  any 
tendeooy  to  fall  over  or  beoomo  blocked.  The 
perforate<l  w  ater- j>ij)es  a,0  are  for  the  porpOM  of 
washing  the  clotli  after  »couru)g. 

IWmiiIiIbc  of  WOOL  After  scouring,  the  wool 
still  possesses  a  faint  yellow  tint,  toremove  which 
is  the  object  of  the  bleaching  projier.  Tho  agent 
almost  universally  employed  in  sulphur  dioxide, 
either  in  the  form  of  gas  (gas- bleaching)  or  in 
solution  (liquid-bleaching).  With  hydrogen  per- 
oxide a  more  permanent  white  is  obtained,  but 
it  ia  still  too  expensive  to  admit  of  extended 
application,  but  it  serves  as  an  excellent  bleach- 
ing agent  for  certain  fine  materials. 

Gas  bleaching,  ttovlnc.  or  iulpharini,  consists 
in  exix>8ing  the  scoured  and  washed  woollen 
material,  wixilo  still  wet,  to  the  action  of  sulphur 
dioxide  in  a  briclc  duimber.  Yam  or  thick 
cloth  is  suspended  on  poles,  the  snlphor  (6-8 
p.c.  on  tho  weight  of  wool)  contained  m  an  iron 
pot  is  ignited,  the  chamber  door  is  closed,  and 
the  material  is  then  left  exposed  to  the  aotion 
of  the  t'lis  fur  six  or  eight  hour-,  or  even  over- 
night. Thin  cloth  is  generally  pa^ised  in  a  con- 
tinuous manner  through  a  simiur  chamber  pro* 
vided  with  rollers  a1io\e  and  below.  The  cloth 
in  the  open  width  enters  through  a  narrow  .slit 
at  one  end  of  the  chamber ;  it  pa.sHes  in  a  zig- 
zag course  under  and  over  tho  rollers  to  the 
further  end,  then  retunis  and  passes  out  by  the 
aame  slit.  The  sulphur  dioxide  is  prepaxed  in 
thi'  .stove  itself,  or  it  is  prinluced  in  a  -separate 
furnace  and  le<l  beneath  the  }HTf orated  lloor  of 
the  chamlN'r.  Aooocding  to  the  app4>arance  of 
(he  fabric,  it  is  passed  through  the  bleaching 


chamber  one  or  more  times.    Fig.  14  gives  a 
sectional  view  of  the  nulphur  stove  rar  the 
'  continuous  bleaching  of  cloth. 

In  llquid-bleMhing  the   wooQeo  material 

is  iininerseij  and  iuovlhI  a(H)ut  for  several  hour* 
in  a  solution  ot  sulphurous  acid,  or  m  one  con- 
taining sodium  bisulphite,  and  acidified  with 

I  sulphuric  acid.    One  may  also  steep  the  wool. 

I  tirat  in  a  solution  of  sodium  bisulphite  and  thun 
in  dilnta  mlphiitio  aeid,  and  repeat  the  opera- 
tions as  often  as  may  be  necessan.'.  Th*-  liquid - 
bleaching  process  has  not  met  with  that  general 
acceptance  to  which  it  seems  entitled. 

After  bleaching,  the  materials  are  well  watched 
and  tinted  blue  or  bluish- violet,  e,g.  witli  retinwi 
indigo,  indigo-extract,  aniline-blue,  methyl 
violet,  &c.,  in  order  to  oounteraot  the  yeUowish 
tint  iriiioh  is  so  liable  to  return. 

The  bleaching  action  of  sulphnrou.s  acid  is 
most  probably  due  to  its  roduoing  properties. 
Aoeoraing  to  thia  view,  tiie  sulphurous  aeid  takes 
up  oxygen  from  tho  water  pres. ut.  whih-  thu 
liberated  hydrogen  combines  with  the  colouring 
matter  of  the  wool  to  form  a  colonrlew  leoeo- 

,  ooni)X)und.  Another  explanation,  however,  ij 
that  a  colourless  sulphurous  acid  compound  is 
formed.  Frequent  waahing  of  the  wool  wHh 
alkaline  solutions  reetotes  tho  yetlrtw  eulour. 
It  seems  evident,  however,  that*  the  velluwiqg 
influenoo  of  alkalii  is  largely  due  to  their  further 
action  u|X)n  the  wool  .suo.stance  iUelf  sinei-  thev 
cause  the  wool  eventually  to  become  yellower 
than  it  was  before  bleaching. 

Bleaching  with  hydn^^en  i>eroxide  is  efftTlcd 
by  steeping  the  wool  for  several  hours  in  more  ur 
le8s  dilute  solutions  of  this  liquid,  made  slightly 
alkaline  by  the  addition  of  ammonia.  The 
simultaneous  action  of  light  accelerates  and 
improve*  the  bleaching.  The  vdiite  is  verv-  good 
ana  permanent,  probably  because,  in  this  case, 
the  colouring  n)atter  is  destroyed  by  oxidation. 
Kxcessivc  bleaching  by  this  method  gives  the 
wool  a  harsh  feel.  Lunge  recommends  a  siij^ht 
treatment  with  hydrogen  peroxide  of  sulphur- 
bleached  wool  in  order  to  oxidise  and  thus 
render  innocuous  traces  of  sulphurous  acid  not 
removed  by  washing.  A  very  dilute  solutioa  of 
sodium  hypochlorite  and  cJipoMice  to  air  will 
ofiect  tho  same  purpoMi 

Bleaching  of  wool  with  hydrosuli^ute  of  soda 
has  been  suggested  by  F.  V.  Kallab.  It  is 
inepared  by  Mlding  zinc  powder  to  a  solutioii 
of  bisulphite  <rf  soda.  The  sine  is  precipitated 
by  addiuL'  milk  of  lime. 

Silk  scouring  and  hleaching.  The  raw  a3k 
fibre  ooQsistfl  esseotian^  of  two  ■abeteneet, 

fihro'inf  and  sfricine.  The  former  c(,n-Tif ut<'S 
the  central  portion  of  the  fibre,  and  may  bo  re- 
garded as  the  fibre  proper,  while  the  latter  reaides 

principally  in  the  external  part  and  readily 
remove<l  by  water  and  especially  allcaline 
solutions. 

Raw  Kilk  is  harsh,  stiff,  lu.strelcss,  and  mote 
or  les.s  unsuitable  for  dyeing,  but  when  the  ex- 
tenial  sericine  or  ailk<glae  is  removed  It  beeomes 
soft  and  lustrous,  and  acqniroe  aa  iaonaaed 
affinity  for  colouring  matters. 

Tlu"  object  then  of  scourins;  is  to  remove  the 
silk-^due  from  therawsilk.  It  is  effivte<l  t>v  tlic 
two  o(K'rations,  '  etrippnuj  '  and  '  botling-o^. ' 

Stripping  cr  mnfwmning.  In  order  to  rr- 
movo  oaloanow  or  other  mineral  matter  apimkic . 
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in  dilute  acids,  it  \^  \m  II  liriit  to  rin.sc  tho  silk  in  oxide,  rendcml  alishtly  alkaliae  with  &mmoai& 
m  tepid  bath  of  diluti;  hydrochlorio  acid,  and  i  or  with  silicate  of  soda  or  bomx,  nntil  it  is 
then  wash.  The  hanks  of  silk  an-  llicii  hung  on  I  sufficiently  lilcai  hed.  A  more  rapid  nnd 
smooth  wooden  rods  aii<l  worked,  as  in  woollen-  '  effective  method  is  to  stAxn  tho  silk  in  a  some- 
yam  sconring,  in  a  Koa^-bath  hentod  to  al>out  friiat  stronger  Bulution,  then  wring  out  the 
jiO^  -Or)**  for  .iImiuI  20  minutes.    A  uecond  und    excess  of  liquid,  and  steam.  Tho  operations  may 


even  a  third  balU  uuiy  bo  usotl  with  inisan- 
t«gc.  Long  working  in  one  bath  is  not  good, 
r<»p«  cially  for  silk  int<'iide<l  to  be  wliitf,  since  the 
silk  (libruiue)  is  apt  to  attract  .sonio  ot  the  colour* 
hug  matter  at  first  removed  along  with  the  silk- 
irltie.  and  it  is  afterwards  vrry  dinicult  tn  remove. 
With  yellow  silk  this  point  must  be  careluliy 
attended  to. 

Durinji^  tho  stripping  oj>eration  the  sciioiQe 
at  first  swells  up  and  makes  the  silk  somewhat 
;;^Iutmoii'<,  but  sf)ou  it  dissolve's  oil  mid  leaves  tho 
fibre  soft  iind  lustrovu.  Tht)  wai>te  itoapy  liquors, 
stroTiLfly  iiti])reguftted  with  i»ericinp.  are  care- 
fully pres< Tved  and  liiul  an  iinport  iiit  uh<-  in  silk- 
c^yeiog  uiLdor  tho  Qiime  oi  *  bttii&i-vjf  liquor.^ 
When  a]i])lyiiir;  the  ooAl-tercolonra,  it  serves 
to  retanl  lh<-ir  attraction  by  tho  silk,  and 
Uniut  eneoree  the  produotioa  of  eveu  or  level 
eoloon. 

After  .'^tripping  silk  in  riii-<'d  in  wati  r 
COM  twining  a  »maii  proportioa  of  soap  and 
eodiofn  oarbonete^ 

BoU i'to-'^ff-   'Hie  object  of  this  operation 

is    to  tuujph'to 


the  removal  of 
thf'  !*ilk-t:bi<>  and 
thxm  give  the  »ilk 
■Jl  tbelnatnt  and 

!>r)llian<'y  of 
which  it  is  cap- 
aldo.  Tlje  hanks 
i>f  silk  are  tied 


be  repcate<l  until  the  silk  i«i  sufficiently  bli-achetf. 

Tinting  of  silk.  Bk  ac  h<  1  silk  is  finally  tinted 
or  dyetl  in  dilirato  sliadcs  of  blue,  purplish-blue, 
croam  colour,  &u.  Tor  (jure  white  it  is  usual  to 
dyothe  nlk  in  a  very  dilute  solution  of  a  suitable 
coal-tar  colour.  .\ft<  r  tint  in-j,  the  silk  is  sliirhtly 
,  rinsed  in  \vat<'r  and  drie<l  in  a  inoderatoU'  warm 
i  and  i5.i.i  l^-  ri' M  :-.'i'Vi'.  J.  Hfl» 

i     BLBACUUiG  POWDER  v.  Cblobinb. 


4»f  ootton  or 

hem]>,  j^'eiurally 
cailrd  '  iK)ckets.' 
;i!ul  thesr  are 
buUcd  for  one  t<» 
thr«<«    hours  in 


copper 

The  silk  is  then  well  rinsed  in  a  weak 


<  p  pc  n 
boilers. 

topid  solution  of  oarbonato  of  soda,  and  finally- 
in  cold  water. 

liuriiig  the  operations  above  described. 
Jmpanow  and  Chineiie  sOks  lose  18-22  p.c.  in 
WBij.       1-  :   ;  ■  'i     "    '      2'>-;{0  p. 

Bitching  01  Siiic.  riie  actual  bleaching  ot 
■Bk le effected  by*  xpt^smu the sooored silk,  while 
htill  in  tlH>  wet  s1atr,  to  the  a<tioii  ot  sidj»lnir 
gas.  Tliu  uptiratiuu  i»  prwi»eiy  tsimilar 
to  ttte  atoving  of  wooL 

In  certain  casrs,  ujtli  sn-eallod  '  -ou]i]r  ' 
miikt  the  itoviog  is  precedixi  by  a  preliminary 
Ueaohiog  m  aqm  rtgia,  dilttted  to  sp.gr.  1-02 
ai\d  ln!ated  to  20°--,'ij'j°.  The  silk  is  rinsed  in 
tiUB  soliition  for  H-15  minutes  until  it  acquires 
m  |tfcaniah',L:rry  eolotir,  and  then  at  once  washed 
AvHl   in  eold  \valrr.    .\  dilute  solution  of  the 


BLENDE,  from  Blend' n,  C-r.,  to  dazzle. 
Native  zinc  sulphide.  It  u^sually  coiitaiiui  iron 
sulphide  which  gives  it  a  black  colour,  whence 
the  name  Black  Jack  applie<i  to  it.  An  im- 
{wrtant  ore  of  zinc.  Tho  sulphur  it  contaiu-*  is 
occa-sionally  <itiliH«d  in  the  manufarture  of  sul- 
phuric acid-  (For  descriptions  of  burners  for 
this  purpose,  v.  J.  Soc,  Chem.  Ind.  3,  (>31  ;  4,  54.) 

BLEU  DIRECT  or  DIPHENYLAMINE  BLUB 

V,  T&Lrii£KyL»£TUAliB  COLOURINU  MATTERS. 

BLBir  FLUORBSGBNT  C,  ,H ,Br.N/)j( N H , ). 
A  ool.^urhig  matter  obtained  by  Woaelsky  and 
Bcucdikt  in  1880  by  toeating  diaxoreeomfin 
dinolved  in  potanrinm  carbonate  with  bromine 

and  precipitatinLT  by  an  a<  i(l.  Soluble  in  l>oiling 
water  with  a  nnl-violet  colour,  giving  a  fiuor> 
esoent  green  aolntion.   Dyee  mile  and  wool  blue 

with  brownish  lluorescence  (W<'..  Nky  and  Bene- 


KMnalied  *  chambar-cryestai^ '  of  tiio  siuiphuric  j  dikt.  Monatsh.  6,  605 ;  Ber.  ISSu,  18  ;  Ref.  7(i). 

BtSa   DB   OARANOE.  Artiiioial  ultra. 

marir- ■  '  ■  Ui.rn \^T \KrsE ;  Pir.MEXTs',. 

BLEU   LUMIERE  v.  TuiruKxvLM£THAinD 

COLOVRTWO  MATTKK*. 

BLEU  DE  LYON.  BLEU  DE  NUIT.  BLEU 
DE  PARIS  r.  Tiupuknylmetuank  culouulno 
MATTBiw.  Digitized  by  Google 


iMBid  nanofaotiire  may  replace  the  aqua  regia. 

The  bloftchini;  of  silk  wnh  hvdro^^cn  ]»  rnvntr 
ia  flptadaaihr  beiiiig  more  and  more  adopu>d, 
m/j^SdaOjtmt  l>nnr  nlk  and  other  wild  silks. 
Indoctl,  for  these  silks  no  other  nxilmd  u\ 
ia  BO  •atitiiac'iory.  Thu  aiik  is  steeped 
>  48nl9  wuition  of  hydrogr  u  p<  r- 
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BLEU  MARIN. 


BLEU    MARIlf   V.  TRiPUNninnrHANx 

CfM  1^*  >rATTER.S. 

BLEU  DB  SAXE  v.  Cobalt. 

BLEU  M>LUBLB  v.  TBiraxNTLMrrRANR 

BLIND-COAL.  A  Scotch  term  for  aiitiira- 
citc. 

BLISTER  STEEL  v.  Irux. 
BLOCK  FUEL  v.  Fuel;  aimt  Pm-H. 
BLOCK  TIN  V.  Tnr. 

BLOOD  is  a  nVhly  albuminous  fluid  which 
holds  in  suspension  large  numburs  of  corpU8cle8. 
The  fluid  medium  in  which  tho  oorpusoloa  float 
is  I  il!  I  the  |)lf»<ima.  or  liquor  sar}{juuu'i.  In 
round  iigurt'H,  tho  i)la.su)a  contaiuH  alioiit  10  p.c. 
of  solids,  of  which  protein.s  comprise  8,  extrac- 
tives 1,  and  innrtranic  salts  (the  principal  one 
being  sodium  ohiuride)  tho  remaining  I.  The 
proteins  are  all  coagalaUe  by  heat,  and  are 
namwl  serum  alhumin,  Kornm  globuliti,  in\(l 
fibriuogcn.  'Iho  la^jt-nnincd  it*  the  loaat  abun- 
dant (0-4  p.c),  but  confers  upon  tile  blood  its 
characteristic  power  to  clut  or  coagulato  whon 
it  is  shod.  When  ahed,  the  bIoo<l  rupifUy 
l)ecome8  viscoun,  and  then  sets  into  a  jelly  ;  the 
jelly  contracts  and  squeezes  out  of  the  clot  a 
straw-coloured  fluid  called  serum,  in  which  the 
shrunken  clot  then  floats.  Tho  formation  of 
threads  of  a  solid  protein  oailed  fibrin  from 
fibrinogen  is  the  essential  aet  m  ooagulation  ; 
this  with  tho  corpuscles  it  cntuncrlt's  con^itilutes 
the  olot,  and  serum  is  plasma  minus  the  fibrin 
whioh  it  yields.  The  following  aebeme  ahowa 
tho  niatiotiships  of  tho  constitnenta  of  tlia 
blood  at  a  glance  : — 

Blood/P^*""""- fibrin  L,  . 
^corpuj*ifca  r"^' 

In  round  figures,  the  blood  contains  60-fi5  p.c. 
of  plasma,  and  35—40  p.c.  of  corpuscles.  The 
oorpuBoles  are  of  three  kinds,  the  red  corpuscles 
or  erytfurocytea,  the  white  or  colourless  cor- 
puscles or  leucocytes,  and  some  vorv  small 
partidee  aJao  oolourleas,  which  are  oa&ed  tho 
blood'platelets. 

The  subject  of  blood  clotting  has  been  the 
battlefield  of  numerous  opjposing  tbeoriea*  but 
the  view  now  generally  held  is  that  the  conversion 
of  fibrinogen  into  fibrin  is  due  to  the  actin  (  f 
an  enzyme  called  thrombin  or  fibnn-fermeut. 
This  agent  takes  origin  from  the  platelets  and 
white  corpuscles  ;  it  is  first  shed  out  from  them 
in  an  inactive  form  caUod  thrombo^en  ;  throm> 
bogen  is  converted  into  the  aobve  ensyme 
fhronibin  by  tho  oonibinc*!  action  of  the  calcium 
salts  of  the  plasma  aud  of  au  activating  agent 
termed  thrombokinase,  which  originates  nom 
th(     I]   of  the  blood  itself  and  of  the  other 

tisoues  u(  the  body. 

The  white  or  colourlcsH  corpuscles  are  typical 
nTir-lcnted  animal  eoll''  which  have  been  differ- 
entiated mlA}  varieties  by  their  staining  re- 
actions, the  number  of  their  nuclei,  and  their 
hcat  of  origin  (lymphoid  tissue,  and  r<^I  b<»ne 
marrow).  Their  most  im|)ortaut  prujxrty  is 
their  power  of  amoeboid  movement,  by  which 
th«"y  innist  atid  .subsequently  digest  foreign 
particli'f*.  They  act  in  tliis  w  ny  an  i»cavenger8 
(phagocytes),  and  thu.s  confer  protection  against 
pathogenic  organisms  (bacteria,  &c.). 

The  red  corpuscles  are  much  more  numerous 
than  the  white,  averaging  in  man  6*000,000  per 


fserum 


oubie  raiHimetre,  or  4<XM500  ted  to  each  white 

corpuscle.     It  is  the.se  which  give  the  re<l  colour 
to  the  blood.    They  vary  in  aizo  and  structure 
in  different  groups  of  the  wntebvateii.  In 
mammalia  they  an-  biemicave  fi  xc<-jit   in  th*- 
camel  tribe,  whero  they  are  biconvex)  uoa- 
nucleated  disos,  in  man  x  i\6  inch  in  diameter  ; 
duririf;  fa'tal  life  nucleated  rod  corpu.'^elfs  arc, 
however,  found.    In  birds,  reptiks,  amphibi», 
and  fishes,  they  are  biconvex  oval  discs  with  a 
nucleus;   they  are  largest  aniouL;   tho  aniplii- 
bians.    Their  most  important  and  abundant 
constituent  is  tho  pigment  hemoglobin.  In 
in\  t  rtebrat^s  this  n\-<piratory  ])igm(mt  is  uhuaU  v 
atiM'nt,  and  when  jin  st  iit  i.s,  with  few  except  ion>* . 
in  solution  in  tlu-  plasma  and  not  in  spt'cial 
corpuscles.    In  other  invertebrates  its  place  in 
taken    by   other   respiratory    pigmetitx,  for 
instance,  by  the  i;reatt  p^pnent  which  contains 
iron  anil  is  eailcd  chlorocruorin  (hi  certain  worms), 
ur  by  the  blue  pigment  which  contains  copper 
and  is  termed  luemocyanin  (in  certain  crus- 
taceans and  molluscs).    The  vast  majority  of 
invertebrates  have  colourless  blood  containing 
only  colourless  oorposcles.     Hiemoglobin  con- 
tains 0-4  p.c.  of  iron  ;  it  and  certain  of  it:* 
derivatives  give  characteristic  absorption  spectra 
which  form  one  of  the  best  tests  for  blood.  It 
is  termed  a  conjugated  protein,  consistiDg  of  a 
protein  (globin)  in  oommnation  with  the  iron 
containing  material  termed  hnnoatin 

(C„H  ,N,FeO,) 
Hsmoglobin  is  crystal] mablc,  but  hsematin 
has  not  yet  been  obtained  in  crystalline  form. 
By  boiling  dritnl  blood  with  a  little  .niKlium 
chloride  and  glacial  acetic  acid,  the  character- 
istic brown  eiystals  of  h»matin  hydrochloride 
or  hffimin  are  readily  obtaineil,  and  this  is  the 
best  chemical  test  for  blood  ;  it  cau  be  performed 
quite  readily  on  a  microscope  didb.  By  treat* 
ment  with  acid,  an  iron-free  dorivativo  of  hse- 
matin is  obtained  called  hematoporphyrin,  and 
in  the  body  certain  iron-free  derivatives  some- 
what similar  to  haematoporphyrin  are  formed ; 
these  constitute  tho  pigments  of  the  bOe.  By 
the  reduction  of  hft'mato{H)rphyrin,  methyl - 
propyl^yrrol  is  obtained,  and  the  siime  sub- 
stance is  oht^ed  also  from  phyUnporph>Tin,  a 
derivative  of  chlorophyll;  thi.s  i.s  an  mten-siiuLt 
fact,  as  il  indicator  a  near  zelationship  between 
the  principal  pigments  of  the  animal  and 
vegetable  worlds. 

During  life  the  blood  is  in  constant  move- 
ment (oiioulatioo),  and  it  is  owing  to  this  eir« 
cumstancc  that  it  .supplir-s  the  tis-^mes  with  both 
nutriment  and  oxygen.  The  products  of  pro- 
tein and  carboh37tinite  digestion  pass  directly 
from  the  alimentary  canal  into  tho  blood-vessels  ; 
tho  fat  reaches  the  blood  indirectly  by  the 
lymph -at ream.  The  blood,  however,  does  not, 
except  in  the  f=p!rt-n,  actually  bathe  fhr  ti-^iue 
elements;  the  muidlc-man  lx.*tvvceu  blooii  and 
tissues  is  a  fluid  called  lymph,  which  exudes  from 
the  blood  thronph  th<*  tliiTi  walU  of  the  eapiUarv 
blood-vessels.  The  iym|)h  thus  supplies  the 
tissoes  with  material  for  their  repair  or  f<*r 
storage;  it  also  removes  from  the  ti.ssuis  the 
waste  products  of  their  activity  ;  it  is  cuUccte<l 
by  lymphatic  vcsseb,  which  converge  to  the 
main  l^-mphatic  channel  called  the  thoracic  duct. 
This  opens  into  the  largo  veins  near  to  their 
enttaaee  into  the  heart,  and  tl{;fgii(|gb^^i|^dj^k 


BLOOD. 


481 


returned  to  the  blood,  and  the  WMtte  produote 
a  ro  then  conveyed  to  the  variottt  Olgans  (lungs, 
kidnoyis,  akin)  by  whioh  tJwy  «»  disoluuged 
Iruiu  the  body. 

The  function  of  blood  as  an  oxygen  carrier 
is  dependent  on  the  presence  of  ha-nioglobin. 
Oxygen  pa,ssos  by  diHuiiiou  into  the  bluoU  ot 
the  luni^,  and  ia  (hah  aoaad  by  the  pigment, 
with  'wnich  it  forms  a  loose  compjimd  called 
oxyheemoglobin  ;    this  bright  •  red   arterial  or 
oxygenated  blood  pasties  to  the  heart,  and  is 
thence  propelled  by  the  arteries  all  over  the 
body  ;  in  the  tissues,  where  the  oxygen  tension 
is  vtTV  low,  uxyhaemoglobin  is  dissociated,  and 
the  oxygen  pawtea  into  the  plaama,  and  again 
reaches  the  aotval  tiaroe  eleneints  vid  the  lymph. 
The  reduction  of  oxyhK'm '      ''  in  (.hnngcs  thf: 
colonr  of  the  blood  to  the  darker  tint  which  it 
has  in  the  veiiia,  by  whieh  veaMb  it  is  eanied 
l>jvok  to  the  heart  and  sent  to        lungs  for  a 
iresh  supj^y  of  oxygen.    The  venoua  bkxxi  ia 
also  rich  in  earboajo  seid,  whidi  finds  an  exit 
from  the  blood  in  the  lungs  into  th-  f  xpired 
air.    it  should  be  noted  tnat  hsmoglubin  is 
not  the  carrier  of  Mrbon  dimdde ;  that  Is 
carritxl  msialy  ss  esrbonntes  in  the  blood- 
pl&sma. 

The  amount  of  res^)iratory  oxygen  earned  by 

the  blood  pigment  is,  1-34  c.c.  oxygon  per 
gram  of  haemoglobin.  Thu»  can  be  replaced 
by  equivalent  amoant«  of  such  gases  aa  earbon 
monoxide  or  nitric  oxide.  These  cf  rn pounds 
are  more  stable  than  oxyhiemoglohm,  and  the 
gas  is  not  removable  by  the  tissues  ;  hence  in 
coal-gas  ]X)i.soning  the  colour  of  the  blood  is 
cqutJly  bright  iu  arteries  and  veins,  and  the 
canae  of  death  is  oxysen  starvation* 

The  foregoing  outline  of  the  composition  and 
uses  of  the  blood  from  the  physiological  point 
of  view  can  bo  amplified  by  the  stucly  of  any 
standard  textboolt  ol  pbysiolQgy  or  physiological 
chemisUy. 

Passing  now  to  the  technical  and  commercial 
aspect  of  the  case,  the  use*^  of  the  blood  come 
mainly  under  four  headingu :  (I )  as  food ;  (2)  as 
manure;  (3)  as  a  clsnfying  sgent ;  and  (4)  as  a 
drug. 

(1)  As  food.   Blood  as  such  is  only  used  as 

food  by  savages,  and  attempts  have  been  made 
to  tttiiiae  dried  detibrinated  blood  as  a  com- 
nereial  food  n*odtiot  without  any  great  snooesa 

It.  lunvever,  forms  an  important  ii instituent  of 
certain  articka  of  diet,  of  which  Black  pudding 
and  the  Gennan  BIntwunt  (Blood  sauiace)  are 

the  beat  known.  In  the  preparation  of  these 
pig's  bloud  is  most  commonly  employed,  and 
they  are  of  high  nutritive  value.    (For  the 

composition  of  various  kiiuls  of  Blut\\"ur»t,  «ee 
Konig,  Chemie  d.  mcnochl,  ^'ahruiigs  und 
Genusamittel.  Berlin,  1904.  525 ;  Pott.  Handb. 

d.  Tior-Enmhnm-.  iii.  513.  1900;  E.  Sehraidt, 
L'  hrb.  d.  pharni.  ('hem.  li.  2,  lH3a,  lUUl.) 

(2)  Ah  manure.    Dried  blood,  the  so-called 

H!mi-„1  . nT*nl  (Hlutniehl),  i-^  '-xtensively  nse<l  u?> 
manure,  and  may  be  placed  directly  on  the  land, 

er,  more  frequently,  is  mixed  with  snperphos- 
phatee.  It  is  a  brown  powder  with  a  glue-like 
timell,  and  must  be  kept  in  dry  places  to  avoid 
putrefaetion.  It  is  valuable  on  account  of 
iugh  percentage  of  nitrogen  (11-8)  and  of 
phosphorus  (1-2  p.ou).  Numerous  patent  ma* 
nures  contain  a  osrtetn  iKDPiirtion  of  blood. 
Vol.  L— r. 


( For  details,  see  Konig,  I.e.  496  ;  Merck's  Waren- 
Lexicon,  5th  ed.  art,  •  Blut.') 

(3)  As  n  darlpjing  mjrnt.  Bloo<l  is  employed 
in  the  same  uay  aa  milk,  gelatin,  and  albumin 
are,  liH  a  clarifying  agent  for  wmes,  ayrupe.  and 
similar  liquids,  in  th»*  proportion  of  lr>()-200  e.c 
of  blood  per  litre.  The  clearm^  actiuu  is  ilue  to 
the  proteins  present,  but  used  m  this  \^ay  there 
is  considerable  dan||cr  of  infection,  as  also  is  the 
case  for  milk.  Dned  blood  or  the  dried  blood- 
albumin  is  therefore  preferable.  Blood-albumin 
is  prepared  from  the  serum  drained  off  from  the 
clot ;  the  product  is  really  dried  serum,  as  the 
protein.s  are  mixed  with  the  other  constituents 
of  tliat  fluid,  and  the  word  *  albumin '  is  used  aa 
synonymous  with  *  protein,*  and  not  in  the  oorreet 
chemical  sense.    It  has  the  advantajic  i»f  being 


considerably  cheaper  than  egg -albumin,  for  the 
total  Uood  of  an  ox  will  y^d  700-800  grams 

of  the  dried  pnKluct,  a  good-siz'-d  calf  will  yield 
340-400  grama,  and  a  sheep  about  200  grams 
(ses  HeroK,  he.  art.  *  Bhitalbnmin  *). 

(4)  The.  therapeufir  hm(.d  of  blood  and  ■■^'r urn. 
The  hieh  nutritive  value  of  blood  makes  it  a 
valuable  drug  in  the  treatment  of  ansemia,  and 
certain  patent  medicines  sold  under  the  name 
of  hiematogen  consist  very  largely  of  blood 
mixed  with  suitable  flavouring  and  preservative 
agent".  A  still  larger  practical  use  of  blootl 
]>ru<liict.->  (serum  therapy)  has  been  the  outcome 
of  work  on  immunity,  fai  which  the  names  of 
Richet,  Ehrlich.  Bohring,  and  Ruux  may  be 
mentioned  as  those  of  pione^rd.  Those  inte- 
rested in  pnd)U*m.s  of  immunity  should  constilt 
ctirrent  handi)ooks  of  pathology  'I'he  follouini^ 
does  nut  pretend  to  du  more  than  give  a  .sketch 
of  the  main  facttf,  and  the  example  selected  of 
the  usefulness  of  the  metho<l  is  that  in  which 
scrum  therapy  has  been  the  mo^t  successful, 
namely,  the  treatment  of  di))hthcria.  The 
animal  body  is  protected  against  its  foes  by  a 
variety  of  mechanisms,  ami  against  our  micro- 
scopic (bacterial)  enemies  the  most  potent  of 
these  is  the  action  of  colourless  blood  corpuscles 
(phagocytosis).  This,  however,  is  asdated  in 
certani  cases  by  the  j)re8ence  in  the  fluid  part 
of  the  blood  of  chemical  subetancoa  which  have 
received  a  variety  of  names;  for  instanoe,  *  baete- 
riolysins '  are  substances  which  actually  kill 
bacteria  ;  '  agglutinins  *  are  substances  which 
clump  the  baeleria  together  and  render  them 
immobile;  '  i«])sonina '  are  substances  which 
render  bacteria  an  easy  pcey  to  leucocytes,  either 
by  adding  something  to  them  to  make  them 
tasty  or  removing  something  from  them  which 
makes  them  distasteful ;  and  '  antitoxins  '  are 
substanoss  which  neutralise  the  poisons  or  toxins 
which  are  pnxluced  by  the  bacteria.  There  is 
very  little  accurate  chemical  kuuv\  l<  dge  of  the 
composition  of  these  various  matertalg ;  they 
are,  however,  as  a  rule,  destroyed  by  a  high 
temperature,  and  are  probably  piottnn-like  in  . 
nature.  The  amount  of  these  substances  in  the 
blood  may  be  uicreased  by  certain  .stimuli,  much 
in  the  same  way  as  the  epidermic  becomes  thick- 
ened m  the  result  of  manual  labour.  The 
administration,  for  instance,  of  ^rnall  do^es  of 
the  toxin  Anil  produce  an  exce,si<ive  production 
of  the  antitoxin  which  siK'citically  neutralises 
the  poison.  Substances  M'hich  in  this  wa^ 
stimiuate  the  production  of  thee^nattual  anti* 
dotes  «M  spoken  of  m  genetnl  tsnns  a^^l^fljj^ 
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If  the  l>aciili  wkiuh  produco  diphthuruk  are 
groAMi  in  a  suitable  medium,  they  produM 
tho  diphtheria  toxin  much  in  the  same  way  as 
yeast  will  produce  alcohol  when  grown  in  a 
solution  of  sugar.  If  a  certain  small  dose  of 
this  poison  is  injected  into  an  animal,  it  will 
produce  death,  and  that  is  called  the  lethal 
dose.  But  if  the  animal  receivea  a  Bmallerdose, 
it  will  recover ;  a  few  daya  later  it  will  stand  a 
larger  doM  «ad  reoover  man  quickly ;  this  is 
continued  until  after  many  successively  increas- 
iiu;  doses,  it  will  finally  withstand  without  ill 
emots  an  amount  equal  to  maay  kthal  doMs. 
The  animal  is  now  iuiTnuno  against  diphtheria, 
for  the  administratioa  of  the  toxin  (or  antigen) 
has  oaUed  fortli  an  exoeariTo  prodootum  of 
antitoxm,  and  the  blood  remains  rich  in  anti 
toziu  for  a  considerable  but  variable  time ;  the 
■emm  obtained  from  the  blood  of  tiie  imnnmlMd 
animal  is  then  employed  for  injecting  into  other 
animals  or  human  beings  sunering  from  diph- 
theria, and  rapidly  cures  tho  diweaBe.  Hw  lione 
is  the  animal  6cIect«<I  for  the  preparation  of 
antitoxin,  and  the  suooess  of  the  new  treatment 
in  ndnoing  the  death-rate  from  what  used  to 
be  considered  a  terrible  disease  is  one  ol  tlie 
wonders  of  modem  medicine. 

(6)  MUetBananu  usu  of  blood.  Blood  is,  or 
has  been,  employed  in  a  mirnhnr  of  indnstrial 
processes,  but  it  will  be  buliiuirut  iieru  just  to 
numerate  a  few  of  them :  thus  it  has  been  used 
as  a  medium  for  paints  (Johnson,  Eng.  Pat.  82,  | 
1883),  in  the  preparation  of  adhesive  cemeuts,  u« 
a  precipitant  of  sewage  in  the  alum,  blood,  and 
da^  process,  and  in  the  manafaoture  of  pure 
animal  charcoid. 

Tcets  for  blood.  It  is  often  necessary,  in 
medico-kttal  praotioe^  to  bo  able  to  identify 
Uood-stamt  on  gannenta  and  instrnments.  u 
the  blood  is  fresh,  a  microscopic  investigation 
reveals  the  presence  of  corpuscles,  and  mi 
aqneoos  estraot  will  show  the  typical  absorption 
band.-<  of  hremoglobin  with  the  s})ectroscope. 
The  best  chemical  test  is  the  formation  of 
hmnin  orystals  already  deeeiibed,  wad  is  given 
hy  4|1lite  email  quantities  of  blood,  even  if  it  is 
Old  and  diy.  When  the  blood  is  dry,  and  small 
queatitiet  only  an  paweont,  the  most  delieate 
spectroscopic  test  consist*  in  dissolving  it  in 
dilute  potash  with  the  aid  of  heat,  and  then 
adding  •  drop  of  a  reducing  agent  eneh  as 
ammonium  sulphide ;  the  two  absorption 
bands  of  hiemochromogen  are  then  seen,  one 
about  half-way  between  the  D  and  £  lines, 
and  the  other  jiut  on  tiie  blue  aide  of  the  £ 
line. 

Human  blood  can  only  be  dit^t  i  hed  with 
certainty  from  the  bluod  of  other  animals  by 
the  su-callcd  '  biulugical  reaction.'  The  injection 
in  auooeffiiive  dosoa  <rf  blood  of  nother  epecics 
into  an  animal  acts  as  an  antigen,  and  canoes  t)ie 
development  in  the  blood  of  the  injected  animaL 
of  a  specific  *  precipitin  ' ;  the  addition  of  the 
blood  to  the  serum  cl  the  animal  which  furnished 
tibe  injected  blood  oanses  a  precipitate ;  and 
8uch  a  precipitate  docs  not  form  except  between 
the  blood  of  the  two  raeciee  of  animal  used  in 
the  experiment.  TUs  nae  been  applied  to  tho 
case  of  human  blood,  by  tuking  a  rabbit  and 
ejecting  human  blood  into  it.  'i'he  serum  of 
~  Mbbit  will  then  give  a  precipitate  with  the 
y  of  man  (and  to  a  lees  extent  of  the  IniglMr 


apcsi),  and  with  tho  blood  of  no  other  species  of 
animal.  The  test  is  extraordinarily  delicate, 
and  will  detect  human  blood  that  has  been  dried 
for  months,  and  even  when  it  is  mixed  with  the 
blood  of  other  animals.  W.  D.  H. 

BLOODSTONE.  A  popular  name  for  the 
minend  heliotiDpe,  a  Tariety  of  ehlJoedony 
(SiOf),  showing  l>rjf:lit-red  sjxjI/.-;  on  a  (l;irk-L:rreu 
ground.  It  is  muck  used  for  the  engraving  of 
ring-stonee  and  seeb. 

Tho  same  name  has  aho  been  used  for 
hematito  (FegOg),  being  a  translation  of 
af/i&Ti'Tqf.  so  oftUed  beoftun  tlie  ooJonr  of  tbe 
powdwed  minanl  li  like  tiutt  of  dned  blood. 

U  J.  8. 


given  to  » 
the  puddling 


nr.  An  <dd  term  for  aa  icon 


iron  after  it 
I&UH}. 

BUN)m 

furnace. 

BLOWN  OILS  V.  Oils  and  i-ATs. 
BLOWPIPE  V.  ANALYSIS. 
BLUBBER  OILS  v.  Oils  and  Fat*;. 
BLUE,   ACETIN,  Coupler's  bliu:  [p.  Ikdu- 

links). 

BLUE,  ALIZARIN.  This  name  U  given  to 
dwzyatUhraqutiione-qmtujline  CiyHyNO^,  and  its 


XMraqutiion 


(f.  ^\L1ZAKI.n  ASD  allied  COLOCHI  NU  M  V  I  IKBS). 

BLUE,  ALKAU.  NICHOLSON  S  BLUE  or 
SOLUBLE  BLUE  V.  TBiPHsmnjfvmAirx  oolovr- 

ISQ  MATTEKS. 

BLUE,  ANILINE.  GENTIAN  BLUE,  OPAL 
BLUE,  NIGHT  BLUB,  UOHT  BLUB,  or  IIO 

BLUE  V.  TliU-HKKYLMETXUlIS  COLOUBDVO  MAX' 

TBBs;  also  AsnjSB  blub. 

BLUB,  ANTWERP,  v.  Vmwam. 

BLUE,  AZO-,  r.  Azri-  fOl.iSUKINi,  >TATT}:n>-. 

BLUE,  AZODIPUENYL,  ACETIN  BLUE, 
OOUnSR'B  BLUB.  IMDUUN,  FAST  BLUB  S. 

BLUE,  BASLE.  TolyUiim$th^laminophent>- 
tolyliminmiaiaUhaaimnm  dUprtfe  CatH,^«a 
{v.  AzrKHS  Aia>  OOMUBOTO  iiARns  dbbvid 
raOH  THSM). 

BLUB,  BAVABLUI,  v.  TMnEsmMwrnum 

COLOXntTKO  MATTERS. 

BLUE,  BENZIDINE,  v.  Azo-  coLOinuMa 

BLUE  BLACK  v.  Azo-  ooLorRiKo  maxisBS. 

BLUE,  BLACKLEY,  v.  Indulines.  

BLUE,  BR]LLL'\NT  COTTON,  METHYL 
BLUE,  METHYL  WATER  BLUE.  8oia  mU 
of  iriphenyl-B-rosanilindriiulphoinic  add  (v. 
Tbm'jiln V i.M i: ; liAN t:  cOLOUBUVO  MATnMl 

BLUE,  CERULEAN,  v.  PtnMBirre. 

BLUE.  CHINA,  WATER  BLUE  6  B 
EXTRA,  OPAL  BLUE,  COTTON  BLUB, 
MARINE  BLUE,«.l'BiminrLimHaxniooi;A>i»- 

m<i  .MATTEIia, 

BLUE,  CHINESE,  or  PRUBSIAB  BLUB  «. 

Cyanides  ;  also  Piomekts. 

BLUE,  COBALT,  v.  Cobalt;  also  Pioaucxiv. 
BLUE.  COTTON,  ft  TupnRumAn 

COLOUBIIIO  MATTEBS. 

BLUE,  COUPIER'S,  v.  IVDUUHis. 

BLUE,  CYANINE.  t-.  I^cmim^ 

BLUE,  DiPMENYLAMINE,  BLEU  DIRECT 
Triphenyl'fi^nmmSUm  hydrochloride  (»  Ttt* 
nmuamuMM  €OU>«saia  apflR^  Google 
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BLU£-£THYL£NB  v.  Tmoinjrs  ooloubimg 


BLUE,  FAST,  MELDOLA'S  BLUE,  NEW 
BLUE,  NAPHTHYLEIIE  BLUE.  Chloride  of 
d  trn-^kylphmyi'ammtmdiati'fi-netfiMhosetttine  (r. 

OXAZINB  OOLOURrjfG  MATTEBS). 

BLUE,  FLUORESCENT,  v.  Bleu  fluobes- 
oj£:xT. 

BLUE,  GENTIAN,  SPIRIT  BLUE  0,  OPAL 

BLUB,  BLBU  DB  MUTT,  BLEU  LUMIERE, 
FIMS  BUIB,  V.  TEiPHjBfTMnrnmra  coLouit- 

IK«:  MATTERS. 

BLUE,  INDIAN,  v,  FioMssis. 
BLUE,  INTBRSB,  v.  Pioifnm. 

BLUE  TRON-EARTH.  An  earthy  blue 
▼Miety  of  the  mineral  viv^ianite,  a  bydratod 
ferroas  fliospliate  Fe,P20g,8H,0,  often  found 
a  ^-  a  h]uf'  po'ivdrr  fi'if  rii.^t iii^L'  vegetablo  remains 
ui  bog-ux>u  ore,  peat,  and  clays.        L.  J.  S. 

BCin,  LBftCHV, «  ftoMSHm 

BLUE  LIGHT,  BLEU  LUHIERE,  LYONS 
BLUE,  OPAL  BLUB,  BLBU  DE  NUIT  v.  Tbi- 
ruaoniMxnuam  oolouwokq  lunns. 

BLU^  MBTHYLDIPHENYLAMniB 

C3,H„N,C1 

obtained  in  1874  by  Girard  bv  tho  action  of 
oxalic  add  upon  i&bthyldiphenylamine.     Or  by 
flu-  .iL'titjii  '.if  co|iper  Mit:-jit{^  (Bardy  and  Dusarl). 
Ur  with  chioranil  (Uoigy).   Ho  longer  made. 
BLUB,  HBTHTLBlre;  v.  Tteotrnra  ooiovs- 

MATTERS. 

BLUE,  NEUTRAL^  v.  Jizaxm  axo  oomvb- 
nro  MAinm  vmnrno  iw>m  nm. 

BLU^  MILI^  v»  OxAzira  counninio  mav- 

TSBa.   

VLVE,    PARD,   V.  ThiPBSiryLaunnBANB 

COLOrBlXO  MATTBBS. 

BLUE,  PRUSSIAN,  v.  CvAiiinEd ;  ako  Pia- 

SCENTS. 

BLUE,  QUINOLINE,  «.  TtoHnrvLiUTBAVE 

COLOUBnTO  MATTXBS. 

BLUE  RED  V.  Azo-  coloubuto  matters. 
BLUB,  RESORCIN,  or  LA€1I0IDjC|,H^0«  ? 

jj(C,H,(OH), 

I  A_? 

by  WeoelBky  and  Benedikt  in  1880.  by 

the  action  of  sodium  nitrlt«  on  resoroui.  Bhur 
violet  powder  soluble  in  water.  Soluble  in 
nloofaol  with  bine  OOlour  and  dark-green  fluores- 
oeooe.  Uaed  an  indioatoc  in  alkalimetry 
(q.v.). 

BLUE,  SAXON,  v.  Cobalt. 

BLUE,  VICTORIA,  v.  TammtutmouMM 

rOt.OLii]>c;  MATl'KBS. 

BLUE  C0PPBBA8,  BLUE  STONE,  or  BLUE 

VITRIOL.    Copper  sulphate  {v.  C^dppkr). 

BLUE  GUM  TREE.  The  Eucalyptus  glo- 
bulus (Labdll.),  H  tn-c  common  in  Taamania  and 
fcSouth-EastfiTt  A\i^itralia. 

BLUE  JOUJi.  A  variety  of  Huor-tipar  found 
in  Derbyshire,  and  vaload  for  makiiig  amamcntal 
articles  (v.  Calcium). 

BLUiB  LEAD.  A  term  applied  to  galena  by 
miners  to  diafengitiih  it  fram  wluta*leaa  ove^  or 
carbonate. 

BLUB  PIGMENTS  v.  Piomemts. 
BOBBINITE  V,  Exi'L<J3ivBS. 
BOD¥  VABN18H  v.  Vabsuo, 

An  explosive  oooaiiting  of 


probably 


eolmuring' matter  oh' 


potassium  nitrate,  62-6.5  pts.  :  charcoal,  17-19| 
pte. ;  eoli^nr,  pts.,  copper  stdphate  and 

ammonium  sulphate,  13-17  pt.s. 

BOG  BUTTER.  A  substance  xeaembiiug  adi* 
pooere  (q.v.),  ocoasionally  found  in  peat  in  Ireland 
and  elsewhere.  (For  liat  of  chemical  and  physioil 
constants  of  a  sample  of  bog*  butter  found  in 
Tyrone,  v.  Raddiffe  and  Ibddooks,  J.  Boo.  Cham. 
Iful  1907,  3.) 

BOGHEAD  COAL  v.  Pabapiok. 

BOGHEAD  NAPHTHA  «.  Pasamr. 

BOG-IRON-ORE.  An  impure  iron  hydroxide 
of  rectnit  formation  in  bogs  and  marshes.  It  is 
referable  to  the  mineral  spedes  linionite  (2Fe,0„ 
3H,0),  and,  in  fact,  this  name  (from  a 
meadow)  \vas  at  fir»t  applied  to  this  material, 
which  18  known  in  German  as  RaaQoeiseiutein 
or  Wie.seiierz  (nioadow-ore).  Tt  is  8omotimt« 
placed  under  the  species  huiuilo  (from  A/u*^,  a 
marsh),  to  which  the  formula  Fe,0„3H,0  ie 
assigned.  It  con»Min-i  JO-TH  p.p.  Fej.O„  some 
silica  and  organic  matter,  uiul  often  phosphates 
in  considerable  amount.  The  material  ha«i 
been  deposited  by  tho  oxi'lHti<iT!.  through  the 
agency  of  alge  and  bacteria,  ot  chalybeate 
waters,  it  is  dug  in  shallow  pita  in  the  peat* 
botts  of  Ireland,  the  production  amonntiug  to 
a  few  thousand  tons  per  annuxu,  and  is  mainly 
used  for  the  purification  of  coal-gas.  llie 
Swediah  lakeniree  (qdmalm)  are  of  the  same 
natme.  l.  J.  S. 

BOG  MANGANESE,  wad,  or  earthy  manga* 
nese  jo.  Makqa«b8b). 

BOHBHIAW  BOLE.   A  yellow  variety  of 

hi-l-  ('/.v.). 

BOILED  OIL.     Linseed  oil  (tt;  Liksbbd 

OIL). 

BOILER  INCRUSTATIONS  AND  DEPOSITS. 
The  use  of  certain  kinds  of  feed  water  in  boilers 
leads  to  th«  formation  of  a  deposit  which, 

settling  i  n  iIil^  t  i  t  turns,  tubeti,  and  furnace 
crowns,  hardens  there  and  gives  rise  to  an  iu- 
omstation,  wiiloh,  by  dieoking  the  tranmiHioii 
of  heat  to  the  water,  oatues  waste  of  fuel  and 
damage  to  tho  plates. 

No  snoh  thmg  exists  as  an  o&soltileZy  pure 
natural  water,  the  nearest  approach  to  it  Wiug 
rain  water  collected  from  a  dean  country  water* 
shed.  8uch  water  is  the  besb  natural  kind  Uwt 
•an  be  used  in  generating  steam,  its  only  draw- 
baeii  bein^  that  it  exerts  a  solvent  action  upon 
metal  fittmga. 

Trm-porary  hardness. — Rain  water  iu  falling 
thruugh  the  atmosphere  dissolves  only  gaseous 
matter,  which  is  again  driven  out  on  heatii^;, 
and  the  collection  of  impurities  by  tlio  wnt<^r 
from  an  engineering  point  of  view  commences 
only  when  the  rain  comes  in  contact  with  tho 
soil.  The  rain  wat<?r  falling  on  tho  groimd 
penetratcii  the  top  and  subsoil,  which  contain 
decaying  vegetation,  giving  rise  to  carbon 
dioxide.  The  water,  as  it  slowly  filters  through 
the  soil,  becomes  saturated  with  the  gas,  and, 
bearing  it  in  solution,  penetrates  the  earth 
below.  Here  it  meets  with  such  substances  as 
common  salt  (sodium  chloride),  compounds  of 
maguesium,andcalciumsulphate,  small  quantities 
of  which  the  water  disnolves  partly  by  its  own 
solvent  powers,  and  part  ly  bv  tho  agency  of  the 
dis.<olve<l  carbonic  acid.  The  chief  siibstanoe 
dissolved  bv  the  aqueous  soiutioa  of  oarbon 
dbndde  is  ehalk  or  eatoium  oarbonalMgiilBirii  tt^  Google 
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a  le«B  extent  the  oarbonfttes  of  nrngnetiuin  and 

iron.  TheHo  art'  converted  into  Holublo  bicar- 
bonfttee,  which  readily  dissolve  in  water,  and 
endow  tiie  water  with  Uie  property  known  ah 
'terniKirnry  hardness.* 

The  ohara«t«ristic8  of  hard  water  are  too  ^  eli 
known  to  need  desoripiion.  The  hanbeas  due 
to  di^Bolved  bicarbonate  of  I'mr  i  waid  to  be 
temporary,  because  anything  which  will  break 
up  tilts  salt  and  take  away  the  earbcm  dioxide 
wnich  enables  it  to  remain  in  the  soluble  form, 
will  throw  down  insoluble  calcium  carbonate; 
rendering  the  water  far  toller.  On  boiling  a 
hard  wator,  the  bicarbonate  is  r1econi)xjsf<l.  the 
hot  water  no  longer  holds  the  carbuu  dioxide  in 
eolation,  and  the  calcium  carbonate  deposits  and 
foriii.s  the  '  fur  '  in  the  kitchen  kettle  or  the  far 
more  serious  boiler  deposit,  which  is  one  of 
the  gieateet  troubles  with  which  the  steam  user 
has  to  cont<'nd,  and  which  incrfftKPs  antl  thickens 
until  at  length  a  thorough  clean  out  u[  the  boiler 
has  to  tidDB  idaoe. 

Permanent  hardntss. — When  the  temporary 
hardnc^  lias  been  removed  from  water  b^' 
boiling  or  other  means,  it  is  found  that  there  is 
another  kind  of  hardue!*.s  which  .still  remainf, 
aiid  this  is  called  '  ucrmaiient  liardnes-s,'  because 
it  oaiinot  be  got  ria  of  by  those  processcH  \\  hich 
serve  to  soften  water  rendered  '  nard  '  by  blear- 
buuate  of  lime.  Permanent  hardness  in  nvater 
is  due  to  calcium  sulphate  (sulphate  of  linu-  or 
gypsum)  and  to  the  ohlorido  and  sulphate  of 
magnesium,  substances  which  are  dissolTed  by 
the  solvent  power  of  the  water  itself,  and  these 
oaa  be  removed  oolv  by  distillation  or  by  the 
use  erf  some  ohemfcju  means,  which  will  convert 
these  soluble  salts  into  insoluble  bodies. 

The  hardness  of  a  water  is  expressed  in 
degrees,  one  degree  of  hardness  representing  the 
soap-destroying  power  imparted  to  one  f;allon 
of  it  by  the  presence  in  solution  of  one  grain  of 
chalk,  so  that  a  water  Is  said  to  be  of  ten  degrees 
of  hardness  when  it  contAinn  10  ^'rairis  of  chalk 
per  gallon  of  water,  or  its  equivalent  iu  other 
lime  and  magnesium  salts. 

Forwafion  of  tl(]>o<iit. — The  scale  f  imiim 
constituents  in  natural  waters  are  calcium 
bio«rbonat«,  ma^esium  bicarbonate,  ealdnm 
sulphati  ,  hvid  sihca;  whilst  waters  which  con- 
tain sulphates,  chloridee,  and  nitrates  of  magne- 
siuin  auo  aid  in  the  produetion  of  scale  by  de- 
composition nnioTit:  t  lh'  rn  i-lves.  In  tracing 
the  lormation  of  e>caie  ii  Mill  be  well  to  consider 
the  actions  which  lead  to  the  depositioii  in  the 
case  of  each  ingredient. 

Calcium  carbonate,  which  is  generally  the 
most  abnndMit  constituent  of  fresh-water  scale, 
is  formed,  as  pointed  out  above,  by  the  decom- 
position of  soluble  calcium  bicarbi>nate  with 
escape  of  carbon  dioxide  and  deposition  of 
practicallv  iie^luble  calcium  carbonate,  whilst 
calcium  »uluiuite,  which  is  the  most  important 
fector  in  me  hardening  of  scale,  is  deposited 
from  Mater  eontaininj:  it  by  a  totally  different 
aut  ot  aclionij.  Calcnim  sulphate  is  dissolved 
by  the  sdveat  j»ower  of  the  uater  it-8t^lf,  and  not 
Ity  the  agency  of  carbon  dioxide,  and  therefore 
the  mere  act  of  boiling  water  at  ordinary 
presstires  iloes  not  suffice  to  cauae  its  deposition. 
The  solubility  of  calcium  sulpliate  vanes  very 
considerably  with  the  temperature,  aa  is  shown 
by  ths  foUoiring  ^gures  ^— 


100  [larts  of  pure  wHt<*c    DUsoIts  i 
at  a  temperature  (4       of  calcium 
r*.  (?>.  BUiphate 

32  0  0-205 

41  6  0-219 

63-6  12  0-233 
U8  20  0-241 

86  30  0-249 

95  35  0-254 

104  40  0-252 

122  50  0-251 

140  60  0-248 

m  70  0-244 
176  80  0*239 
194  80  0-231 

212  100  0-217 
It  will  be  seen  that  calcium  hulphat<;  mo^t 
soluble  in  water  at  95**F.  (36X.),  one  part  of  the 
salt  being  dissolved  by  approximately  400  parts 
of  water ;  and  inasmuch  as  the  solubility  of 
tins  salt  is  eoiiftidcrablv  decreased  at  212'F. 
( lOO'C ),  if  a  sat  ursted  solution  at  he  he«tetl 
up  to  10<W.  i)recij)itation  of  a  portion  of  the 
calcium  sulphate  will  take  ])!ftce,  whilst  at  the 
temperature  existing  in  high-prewore  boileta,  it 
beeoines  insdnUe  taid  is  afi  precipitated. 

The  presence  of  magnenium  hydroxide  i;i 
boilers  is generaUy  ascribe  to  the  mutual  deoom- 
podtlon  Of  tbe  water  and  magnesium  chloride, 
which  give  ri-se  to  magnesium  hydroxide  &\vl 
bydrochlorio  acid,  the  action  being  accelerated 
by  the  presence  of  raetalUo  iitm,  thus : 

Magnesiam  Magncsiam  HydrtK-hloile 

chloride  Water  hydroxide  acid 

MgCl,    -f    2H,0    -»    WfefHO),  -f  2HC1 

When  sea  water  is  evaporated  in  contact 
with  a  large  surface  of  metaUio  iron,  no  ehiortde 
can  be  detected  in  the  distillate  until  four-tifili** 
of  the  water  has  been  distilled  over,  whilst  if  the 
sea  water  be  eyaporated  out  of  contact  with 
iron,  it  can  Ik"  taken  nearly  to  dr^-ness  without 
any  decomposition.  At  the  high  temperature 
and  pressure  in  marine  boilers,  the  decomposi- 
tion of  magnesium  chloride  takes  place  ;  but 
a  much  la^gjer  proportion  of  the  magnesium 
hydroxide  is  formed  by  the  decomposition  of 
ihi  magnesium  carlKuiut--  first  <!  >j><)sited  fr<>iri 
the  water  in  contact  w  ith  the  heated  tubes,  and 
also  by  the  action  of  magnesium  chloride  in  the 
sea  ^^ate^  ujxin  the  deyK>8ite<l  calcium  carbonate, 
which  react  upon  each  other,  forming  soluble 
calcium  ohionde  and  mMnesium  hydroxide, 
which  is  priH-ipitated,  carboii  dioxide  at  thm 
same  time  escapmg. 

The  substances  referred  to  form  the  chief 
'"OTi  tituents  of  the  boiler  ficilc  frnm  ^^b<^to■rt•r 
water  it  may  be  deposited,  ctithuujjh  tracui>  ot 
other  bodies  may  be  formed  b\  local  impurities  in 
the  water  uhwI.  The  chief  differences  in  tK:)iKT 
scale  are  due  to  varialiuiLs  iu  the  proportions  uf 
the  calcium  carbonate  and  sulphate. 

CumffOfitioti  of  frmh  and  salt  imtrr^.  -  Vrtish 
water  18  very  variable  iu  cumposjition,  but  it.>« 
chief  saline  ooiiilituent«i  are  the  carlKuiates 
calcium  and  magnesium  held  in  solution  l>\ 
carbon  dioxide,  together  with  the  sulphates  uf 
these  metals,  and  traces  of  common  salt. 

Although  sea  water  is  only  river  water  con- 
centrated by  the  evaporative  power  of  the  Kun':^ 
rays  during  I«)ng  ages,  yet,  owing  to  the  dopo.vi. 
tion  of  calcium  carbonate  during  the  flow  of  thf 
Htct  and  ito  utilisation  by  certain  forms  of 
marin«  U£«,  the  ptmtage  fj^gill^ 
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is  rednoed  to  a  men  tnoe,  whilst  cominon  n»1t 

has  become  tho  most  important,  cnnstitu  nt. 
Coloium  and  magneaium  sulphateu,  togothcr 
with  magnesium  ohlmnde,  ara  ftbo  pmsent  in 

The  lullowing  analyses  will  give  an  idea  of 
the  wide  differenoes  wdaUng  bettreen  fewah  and 
nit  water: — 

SAtTB  ntSoM  TrriN-  IN-  River  a.vd  Sba  WAflB: 

Blver  water  Sea  water 


.  10-80 

.  300 

;}o.26{ 

.  1  25 

.  0-58 

.  1-80 

.  0-27 

.  2-36 


3-9 
03- 1 
124-8 
220*6 
tmce 
H-4 
1850- 1 
trace 


Calcium  carbonate 
Calcium  sulphate  . 
MagneHiuin  sulphate  . 
Magnesium  chloride  . 
Ma^nenium  carbonate 
Silica  .  . 

So<Hum  chlnridf 
Oxideii  of  iron  and  alumina 
OilgMiio  matter  . 

When  marine  boilers  were  worked  at  com- 
paratively low  pceeattre«,  aea  water  waa  nearly 
always  employed,  but  on  tho  ihtiodiiotidQ  m 
hij/h- pressure  tubular  boilers,  the  qiirintify  of 
deposit  formed  was  so  serious  and  the  amount 
of  labour  required  to  removo  the  inemetation 

'rom  l>*'t\vfH'n  the  tubes  so  con- if!(  raM  ■  that  it 
became  imperative  to  diaoontmue  the  utie  of 
sea  water,  and  to  tiee  cUatilled  water  for  the 
Ixjilers,  oomdmsing  the  8t<>am  after  uso  and 
returning  it  to  the  boiler,  and  making  up  any 
lowi  with  freeh  water. 

Distilled  water  is  frof  frnni  (li-solvrd  solids, 
but  the  condenser  wat<'r  aiway.s  contains  some 
of  the  lubricants  from  th*'  engino  (tylinders. 
Whi-n  animal  and  vegetable  oils  were  used  for 
iubricatinff,  this  condenser  water,  added  to  the 
usual  boi^  feed,  caused  a  large  amount  of 
damage  to  the  boiler  plates,  on  account  of  the 
superheated  »teani  decomposing  the  oils  with 
libetation  of  fatty  acids ;  but  with  the  minttal 
oila  employed  for  lubricating  at  the  present 
daj',  this  trouble  is  to  a  great  extent  obviated. 

Nature  of  river  and  9ta  water  eUtponts. — 
Owing  to  the  jpreat  difference  between  river  and 
iM  water,  VMiations  are  found  in  the  nature  of 
the  deposits  from  them,  as  is  shown  by  the  fol- 
iowinff  analyses  of  inonutationa  in  boilen  using 
river,  DTRckish,  and  sea  water  respectively : — 

River  Braddsh  Sea 


[  oalofuD  sulphate,  for  that  salt  sepsiates  out  in 

I  a  fine  needle-shaiwd  crystallino  form,  which, 
aided  by  the  magnesium  hydroxide,  binds  the 
deposit  into  a  hara  mass.  On  the  other  hand, 
a  dopostt  Consisting;  of  oalcium  carbonate 
without  an^  sulphate  forms  a  soft  powder, 
whidi  remams  suspended  in  the  water  for  some 
timr ,  an  1  nhich,  as  it  f^ettlcs  in  the  form  of  a 
mud,  admit-s  uf  easy  removal  by  the  use  of  the 

I  sludge  cock  ;  but  if  calcium  sulphato  is  present, 
the  haninoss  of  the  ncale  is  so  jjTPat  as  to 

I  neccHiiitato  tbu  utus  of  a  cliisel  and  hammer  to 
detach  it  from  the  plates  and  tubes,  tending  to 
injure  the  boiler  and  shorten  its  life. 

I  On  concentrating  sea  water,  three  stages  of 
deposition  may  be  traced : 

j       1.  Deposition  of  basic  magnesium  carbonate; 

2.  Deposition  of  calcium  carbonate  with 
I  remaining  traces  of  the  basie  magnesium  oar> 

I  bonate  ;  and  finally, 

3.  Depuiiition  of  the  calcium  sulphate. 

The  following  table  gives  the  variation  in  tho 

saline  constituent^  m  the  remaining  liquid: — 


1-09 


1  225 


Calcium  carbonate 
Oridnm  sulphate 
Ma^esium  hydroxide 
Sodium  chloride  . 
fiflioa  .       •  * 
OxiHi^  of  mm  and  alu 
mina 

Organic  matter  . 
Moisture  • 


76-86 

2-60 
0-46 
7*66 

2-  90 

3-  20 


43^6  0-97 
34*78  8S-53 


4-34 
0-66 
7-58 

3-44 

4  16 


3-39 
2-79 
1-10 

0-32 
ttaoe 

5  00 


lOtHW  100-00  lOOHW 

These  may  be  taken  as  typical  deposits,  and 

"how  that  the  incrustation  from  fresli  water  may 
be  looked  upon  as  impure  calcium  carbonate 
with  small  quant  it  i(>8  of  other  compounds ;  that 
with  a  mixture  of  fresh  ami  salt  water,  tho 
deposit  consists  of  nearly  eciual  ])art^  of  calcium 
carbonate  and  sulphate,  whil-^t  sea  water  gives 
practically  impure  oalcium  sulphate. 

Tbe  condition  and  physical  properties  of  the 
dqpodt  ave  laigdiy  amoted  by  the  pvesenoe  of 


Density    .        .  l  105 
Sodium  chloride  2-6521  4-4  2i  >l   l-i^rm  23-8680 
Calr.nm  sulphate  0-1306  0-2176  0-3916  ml 
Calcium  car- 
bonate       .  0-0103  0-0171     Mil  nil 
Magnesium  car- 
bonate        .  0-0()H5  0  0032     nU  nil 
Magn<^ttm  ohlo- 

ride  .  0-2320  0-3866  0*6960  2*0880 

Magnesium  sul- 

I^ate  .  .  0  1 890  0-3160  0-54i70  1 -71110 
If  the  sea  water  bo  concentrated  above  a  den.sity 
of  1-226,  tlio  sodium  chloride  commenct>R  to 
crystallise  out. 

Two  causes  affect  tho  deposition  of  tho 
calcium  sulphate  during  the  concentration  of  tho 
sea  water :  nrst,  although  it  is  more  soluble  in  a  di- 
lute solution  of  salt  than  in  fresh  water,  it  reaches 
its  maximum  solubility  at  a  density  of  1-033, 
and  after  this  |K)int  concentration  of  tho  saline 
solution  diminishes  the  amount  held  in  solution. 
The  oaldum  sulphate  is  insoluble  in  mturated 
brine.  The  secoml  cause  affecting  the  deposition 
is  due  to  the  density  increasing  as  the  tempera- 
ture rises;  the  higher  the  temperature,  the 
smaller  is  the  amount  of  calcium  sulphate  which 
tho  water  can  hold  in  solution,  so  that  when  a 
temperature  of  284''-^02*F.  (140*->150*C.)  is 
attame<],  it  becomes  insoltthle  both  in  sea  and 
fresh  water. 

Under  ordinary  conditions  it  is  ouite  possible 
to  boil  sea  water  without  the  (U«j)<jsition  of 
calcium  sulphate,  if  care  be  taken  that  its 
density  does  not  rise  above  1-00,  but  in  a  boiler, 
preR.<njre  and  consequent  raising  of  the  boiling- 
point  come  into  play,  and  act  uuon  the  calcium 
sulphate  in  solution  in  exactly  the  same  way  as 
concentration  and  increase*!  temperature,  so 
that  even  in  the  old  form  of  low-jiressure  boiler 
most  of  the  sulphate  was  deposited,  whUst  in 
the  high-pressure  boilers  now  in  use.  every  trace 
of  the  .sulphate  will  be  prccipitatinl ;  and  hence, 
owing  to  the  impracticability  of  getting  at  the 
tulx^s  in  such  boilers,  it  is  impossible  to  use  sea 
water  in  them,  so  that  they  require  to  be  fe<l 
with  fresh  water.  Even  the  fact  of  diluting  the 
sea  water  with  distilled  water  to  reduce  its 
density  does  not  overcome  this  difficulty,  .ho 
that  When  thioqgh  a  bieak-down  in  th^j|^  Google 
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plant,  86*  w»ier  has  to  be  uaed,  m  alight  m»]»  is 

Rurfi  to  l>o  formed.  When  a  snlinr  solution 
ooaUiamg  calcium  »uluhato  is  hefttcd  under 
prettRue  or  oonoentnira  imtU  oaloium  ralphate 
DOjLrins  to  dfj^Kisit,  thf  scparntinn  will  rontirnie 
even  after  the  soiution  hka  cooled  down  or  the 
pponKure  mnovedt  and  calciniii  aalplute  when 
It  has  been  dcpo^^itr^  ]  rmder  pressure  or  high 
temperature  from  sea  water,  even  if  the  density 
of  tat  water  is  normal,  redixsolves  only  at  a  rate 
so  extremely  8,]o\v  that  it  may  be  looked  upon 
as  practically  insoluble. 

Thia  iwut  ia  doe  to  the  mode  in  wliloh  the 
sulphate  separatee  from  sea  water  under 
pressure.  Calcium  sulphate  occurs  naturally 
as  gypsum  Cb4S04,2H,U.  When  calcium  sul- 
phate is  <lf>|X).sito(l  from  sea  wat^r  it)  a  boiler, 
it  comes  down  in  small  orj'stals  of  the  coaipoai- 
tion  2CaS04,H,0,  whilst  after  deposition  in  the 
boiler  and  in  contact  ynih  the  heated  plates  and 
tubes,  it  loses  all  the  Milter,  changes  its  crystal- 
line form  to  long  needle-tdiapetl  crystals,  and 
becomes  anhydrite  CaS04,  and  in  tbia  l<Hcm  it 
binds  deposits  into  a  httm  mass. 

Means  of  preventing  incrustation. — ^The 
imi)ortanco  of  gottiqg  rid  of  boiler  depoeitB  aad 
of  keeping  the  plates  as  clean  as  possible  has 
1«'<1  to  iiinumorable  met  hods  Ix^in^;  tried  for  the 
prevention  and  removal  of  incrustations. 

With  a  very  hazd  water  or  one  containing 
ingredients  which  cause  deposits  in  the  boilers, 
it  is  impossible  to  do  much  good  in  the  boiler 
itself,  and  the  best  way  is  to  treat  the  water 

before  it  is  put  into  the  ^inilrr  by  somr  purh 
rapid  methoKi  of  precipitation  and  tiltratiuu 
as  the  Forter  Clarke  prooess,  but  any  such 
proce^  to  be  effective,  care  must  be  taken  not  to 
overdo  the  softening  by  adding  too  much  of  the 
precipitaaie,  as  an  «raeas  of  eatoiiUB  hydroxide 
m  the  water  gives  rise  to  as  much  trouble  in 
the  boilers  as  if  the  ordinary  lime  salts  had 
been  present. 

It  is  quite  possible  to  treat  even  sea 
water  as  to  make  it  axuilablc  for  Uiilers,  and 
experiment  haa  .-hi ami  that,  using  sea  water 
M>  1r»'a(cd,  a  boiler  v  hieh  had  been  kept  stcaniinp 
conimiiously  fur  a  month,  wkuii  ojjened,  was 
fODn<l  to  ho  in  perfect  wmking  order,  but  in  this 
case  also  the  sea  water  cannot  be  tr«  ate<l  in  the 
tioilers  themselves,  otherwise  very  heavy  deposits 
would  be  formed. 

In  fresh- water  boilers  incrustation  can  to  a 
certain  extent  be  prevented,  or  at  any  rate 
diminished,  by  the  addition  of  substarie^  which 
will  prevent  the  calcium  sulphate  binding  the 
calcium  carbonate  into  a  hara  mass,  and  these 
{'o-called  anti-inomstatoia  may  be  divided  into 
two  classes : 

1.  Thoeo  whidt  have  some  deilnite  chemical 

action. 

2.  Those  which  are  purely  mecbanioal  in 

their  action. 
In  saline  jinti-iiK  ni--tafi<r;-i  sodium  carbonate 
in  one  form  or  another  generally  plays  the 
principal  part.  Its  action  is  to  convert  the 
calcium  tsulphate  and  magne-Iiini  chloride  into 
carbonate,  and  at  the  same  time  tu  keep  the 
water  in  an  alkaUne  condition  so  as  to  prevent 
any  dantat^e  from  acidx. 

dOdom         Sodium  Caloiink  Sodinm 

sulphate         carbortAte         estbOBSte  iQlpbate 

Oi80«  +   a^tOy*  "  »  Na^« 


With  the  removal  of  the  calcium  eolpliato  the 

calcium  carbonntr  K  prr-ripitjit'Od  in  a  soft  and 
powderv  condition,  and  is  easily  blown^uff  by 
the  sludge  cock. 

Other  alkalis  and  alkaline  ;-;ilt  are  a!-., 
employed,  amongst  \\hioh  may  bo  mentioned 
ammonium  chloride,  which  decompoeee  ibp 
calcium  erirboaate  in  the  Iwiler,  forming  soluble 
calcium  chloride,  whilst  the  ammonium  car- 
bonate volatilises  with  tihe  steam. 

Although  acid  mixtures  have  been  reco— 
mended,  ^'ot  it  is  evident  that,  oven  if  they  tuv 
effective  m  remoN-ing  the  scale,  they  must  have 
a  detrimental  effect  on  the  boiler  plates. 

Feed-water  heaters  act  to  a  certain  extent  in 
softening  the  water  supplied  to  a  Ix^r,  and  thus 
aid  in  reducing  incru.station  ;  hs  much  as  50  p.c. 
of  the  caloiunv  carbonate  m  the  water  will  o£t<*n 
be  found  deposited  as  mud  in  the  unpmheatw. 

In  the  anti-inerustators  which  have  mere  I  v 
a  mechanical  action,  some  act  by  offerui^ 
siirfaces  on  which  the  deposits  will  ftma  in 
preference  to  depositing  on  the  plates,  as  in 
the  ease  of  fibre  orushee  or  bundles  suspende<i 
in  the  boiler,  and  which  can  be  easily  with- 
drawn; whilst  the  bulk  of  them  consist  td 
finely  divided  organic  mattw  of  an  insolubl<> 
ch:ita(-(er,  which,  by  Fettling  with  the  depoflit, 
prevents  the  crystallisation  of  the  ^Kiuni 
sulphate  binding  the  mass  into  a  hard 
anil  all'-ni;,:  tri'--  .-Imli^'i;- runk  to  get  rid  of  the 
I  looiie  deposit.  Spent  tan  is  a  good  example  ai 
I  tUa  daas  off  an1a>inonMtator  aa  not  only  dcMw 

it  prrvrnt  binding  of  the  deposit,  but  it  «!.<•• 
blackens  any  scale  that  exiiits  by  the  formation 
of  tannateotiron,Bo  making  the hofler look  clean. 

Deposits  caused  by  lubncanfs  rnlrrir.q  hnil  r  _ 
As  before  mentioned,  many  of  the  incouveoieQces 
arising  from  the  une  of  animal  and  vegeAabte 
oils  can  bo  avoided  by  the  employment  of 
mineral  oils  as  lubricants,  but  witn  the  intio* 
duction  of  high-pressure  steam  even  minetml 
lubricants  used  itx  the  cylinders  have  become*  a 
source  of  trouble,  as,  when  uaetl  Ux>  freelr  or 
when  they  are  not  of  good  <|nality,  they  m^y 
give  ri.«e  to  a  danperotis  form  of  deposit,  atoi 
M'ith  high-spet-d  engines  give  a  great  amount  <>{ 
trouble  in  the  boiwa. 

In  1878  the  furnaces  of  the  s.s.  Ban  High 
and  the  screw  tug  hh  Dif^n  collapsed  without- 
apparent  reason.  The  ot}l>  « hie  to  the  c«tx>to 
was  a  certain  amount  of  oily  deposit  which  had 
formed  on  the  tope  of  the  furnaces,  and  the 
result  of  experiments  made  by  Mr.  Dunlop,  ot 
I  Port  Gla«|gow»  showed  that  this  oil,  which  hAti 
found  its  way  into  the  boiler  from  the  cylinders, 
w&a  .so  bad  a  conduct  or  of  heat  that  its  formation 
on  the  plates  allowed  them  to  get  overheatetd  ; 
they  ware  thus  unable  to  withstand  the  pressure 
of  steam  in  the  boiler,  and  collapsed. 

Instances  of  eolla])«^:i  from  oau«e>s 
boeaneinereasingly  fre<iuent,  no  laai  tiian  thirty 
oecurrina  ^vithin  a  few  years.    Tlie  causes  who  '} 
occasioucsd  them  were  not  at  hrst  s^t  appaxent ; 
I  the  soale  upon  the  famaoe  tope  wneve  the 
'  cnllapse  had  taken  place  was  not  only  freo  from 
oti,  but  perfi<ctly  harmless  both  in  quantity  and 
[  quality.   On  closer  inveetigatioiwit  was  evident 
'  that  this  .srrslc  svBS  not  in  the  rondition  in 
which  it  wo-s  tormed  originally,  as  the  depoait* 
from  the  bottom  of  the  boiler  tubes,  from  tli# 
I  bottom  of  the  fumaoee  ''"l^^jny^  £S&^ 
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tbe  boiler,  were  rich  in  oily  matter,  and  it  was 
impossible  that  the  furnace  tops  could  have 
oecaj>ed  being  coatod  during  this  deposition, 
fixpeiiment  soon  pointed  out  the  reason  for 
this  anomaly,  and  revealed  the  actions  which 
lui'l  taken  place. 

In  a  case  which  waa  thoroughly  invest^ted, 
tliA  piotsuM  ftt  wlikAi  tho  boibn  wwb  wof ksd 
w  .La  80  lbs.  \<QT  square  inch,  cormnotlding  to  a 
temperatuie  of  311**^.  (Hl'^k  vwoh  waa  flo 
far  oeloir  tiie  boflfaig>poiat  of  tfeo  httvioaat  tliat 
it   ^^  fis  evident  th  it  it  had  not  rliBtilled  in  the 
uBual  waT.   Experiment  ahowed  that  the  fact 
fhm/b  •  Innieaal  liBd  a  hi^ier  bofling-point  tliaa 
the  temperature  of  thr  ?t^ra,  is  no  guarantee  that 
uo  oil  will  enter  tho  boiler,  as  under  the  influence 
of  stoam,  heat,  and  pressure  the  hydrocarbons 
o(  high  boilin^^-point  break  up  into  simpler  Ones 
boiliog  at  lower  temperatures.    Having;  thus 
found  its  way  into  fm  boikr,  the  particles  of 
oil  coalesce  and  form  a  scum  on  tho  mirfaco  of 
the  water,  with  no  tendency  to  sink,  since  the 
specifio  gravity  is  aboat  0*889.   Small  particles 
of  calcium  sulphate,  whieh  i'?  nearly  nhvay.'? 
present  owing  to  small  iealcagcs  of  sea  water 
in  the  condensers,  adhere  to  this  Miun,  and, 
boconiing  cojitfd  ^vith  oil,  stick  to  one  another 
and  to  any  suriacc  with  wliich  thev  come  in 
contact.   Tha  {Mutifika  thus  ooatM  with  oil 
have  tho  same  specific  gravity  as  the  water, 
and  Tiao  and  fall  with  the  oonvectioa  currents, 
sticking  to  any  surface  against  which  they  strike, 
and  in  this  way  depositing  themselves,  not,  as 
in  common  incrustations,  on  tho  upper  surfaces, 
but  also  on  the  under  sides  of  the  tubes.  The 
deposit  BO  formed  is  a  bad  conductor  of  heat, 
and  its  oily  nature  tends  to  prevent  intimate 
contact  between  the  water  and  itself.  ^\1hen 
this  occurs  on  the  crown  of  the  furnaces,  over> 
heating  of  the  plates  Is  the  oonsequenoe,  and  the 
deposit  b(%;ins  to  decompose  by  heat,  the  lower 
layer  m  xt  t  ho  plates  giving  oS  gases  which 
blow  up  t  he  greasy  layer  and  render  it  porous, 
thus  making  it  a  still  worrio  conductor  of  heat. 
The  plate  then  becomes  heated  to  redness,  and 
beiiig  uoabb  to  withstand  the  prnflore  of  steam, 
coUapaes.  During  the  last  stages  of  the  overheat- 
ing the  oily  matter  has  decomposed  thoroughly 
aim  buns  away,  or  rather  is  distilled  off,  leaving 
behind,  aa  an  apparently  harmlens  deposit,  tho 
solid  narticlee  round  which  it  had  originally 
formed. 

This  oily  deposit  wiU  more  likely  bo  produced 
with  fresh  or  distilled  water,  owing  to  the  low 
dmiiiy  enabling  the  deposit  to  settle  more 
4|iuc1dy ;  it  is  evident  also  that  when  this  oily 
MUm  has  been  formed  in  the  boiler  it  is  dangerous 
to  blow  off  without  first  using  the  seam  cocks, 
as,  whilst  the  water  is  sinkinif,  the  scum  clings 
to  the  surfaces  of  the  furnaces,  &c.,  and  on 
iUliBg  with  Inih  water,  remains  there,  causing 
rapid  collapse.  A  remarkable  instance  of  this 
occnrred  in  the  ca«o  of  a  large  vessel  in  the 
Eastern  trade,  in  the  boilers  of  which  an  oily 
scum  had  formed.  The  ship  stopped  at  Gib- 
raltar, and  the  engineer  blew  out  his  boilers, 
filling  up  with  fresh  water,  with  the  ronult  that 
before  the  ship  had  been  at  sea  tea  days  most 
of  the  furnaces  had  come  down. 

Under    some    conditions    tho  oilv 


sou  tn 


coagulates  with  the  solid  partioks  into  a  thin 
cake,  whUi  ainke  ami  ionu  a  patdi  on  the 


crown  of  the  furnaces  at  one  spot,  the  result 
bein^  the  formation  of  a  '  pocket '  by  tho  local 
bulgmg  of  the  plate. 

In  these  oily  deposits  copper  is  sometimes 
found  in  considerable  quantity,  due  to  the  slight 
solvent  action  of  the  mineral  oils  upon  copper 

and  its  alloys,  usod  in  the  £ttin^of  the  oyliiidecs 
ittd  eondeoser. 

Experiments  with  such  deposits  have  shown 
that  even  if  they  are  only  one-sixteenth  of  an 
indi  in  thieloiess,  the  fumaoe  crown  can  be 
heated  to  rednr  whilst  ,.  ith  an  oxy-hydrogen 
flame  the  metal  can  be  burnt  through  in  a  thin 
wroiight>iron  plate. 

Experiments  upon  thn  pr  urr  of  plates  to 
transmit  heat  bring  out  the  effect  of  oily  deposits 
in  an  eztnofdinery  way,  as  it  has  been  skown 
that  merely  wiping  the  surface  of  a  plate  with 
a  groaay  ra^  hinders  the  transmission  of  heat  to 
a  very  oonoderable  extend  and  that  a  thin  film 
of  oil  is  as  prejudicial  as  a  ooaple  of  inchea  of 
boiler  scale. 

In  connection  with  the  question  of  deports 
caused  by  lubricants  entering  the  boiler,  it  may 
be  stated  that  tho  chief  essentials  of  a  good 
lubricating  oil  are  that  it  shall  be  a  pure  mineral 
oil,  and  that  its  distilling  point  in  steam  shail 
be  higher  than  that  of  the  steam  in  the  cylinder. 
Snoh  oils  can  be  readily  obtained,  bnt  as  tho 
process  of  extracting  the  low  boiling-point  oik 
is  expemsivc,  their  price  is  necessarily  high. 
Any  lubricant  which  requires  animal  or  vflgetahle 
oils  to  give  it  body  should  be  rejected. 

Mineral  oils  are  not  fats,  but  hydrocarbons — 
compounds  of  carbon  and  hydrogen — differing 
widely  from  animal  and  vegetable  oils»  wiuoh 
are  liable  to  be  decomposed  with  liberation  of 
fatty  acids.  Tho  fatty  acids  are  set  fr<^e  by  the 
action  of  high-pressure  steam,  and  attack  iron, 
copper,  and  copper  aUoya  with  great  readiness, 
forming  metallic  soaps,  and  thus  cause  serious 
damage  to  both  boilras  and  httings.  Another 
objeouon  to  aaima^  and  vegetablo  oils  is  their 
tendency  to  ozidisc,  focming  a  gammy  resinous 
substance. 

Thu  pnnfeniion  of  oily  depotiUi. — Hie  general 

metbi  )'l ;  adopted  to  prevent  the  ror.r1en'?er 
water  introducing  oily  matter  to  the  boiler  are : 

1.  Cleansing  the  steam  in  an  exhaust  steam 

separator. 

2.  Passing  the  condenser  water  tlirough  a 

feefwater  filter. 

The  great  advantage  of  the  former  method 
in  that  most  of  the  oily  matter  is  abstracted 
before  the  condensers  are  readied,  and  greasing 
of  tho  condenser  tubes  is  prevented,  ana  as  the 
action  of  tho  grease  is  to  prevent  proper  contact 
between  the  water  and  the  metal  surface,  the 
lo88  of  condensini?  power  due  to  a  small  quantity 
of  oil  is  very  great,  and  may  cause  a  losn  of  from 
8  to  16  p.0.  in  eflloienoy  after  a  few  honis* 
steaming. 

lu  these  exhaust  steam  separators  the  rate 
of  flow  of  tho  steam  is  reduced  by  leading  it  into 
an  enlarged  chamber,  and  causing  it  to  impinge 
on  surfaces  to  which  the  oily  particles  aonere. 
There  are  several  types  made,  and  the  results 
are  satisfactory,  but  the^  do  not  alway^^  ensure 
freedom  from  traces  of  oil. 

Feed-water  filters  may  be  either  mechanical 
scrubbers,  in  which  coke,  charcoal,  sawdust, 
omihed  qnute,  orothcf  inert  material  ezporing 
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ft  large  Burfarc.  may  be  used,  or  they  may  be 
surface  filters,  in  which  tho  water  passeH  through 
cloths  fixed  on  frames,  aod  theae  filters  may  be 
fixed  between  the  feed  pump  ami  huilt  r,  in  which 
case  they  are  Tin«ler  heavy  pres.suie  ;  or  they 
may  be  used  gravity  filters  before  the  feed 
pump  is  reached,  in  which  case  filtration  is 
carried  on  more  slowly  and  tho  separation  is 
far  more  satisfactory,  tho  drawback.  }iu\\ever, 
being  that  they  ocoapy  more  space.  It  has  been 
found  that  to  ensure  complete  separation  of 
the  oily  particles,  it  is  highly  advantageous  to 
add  small  quantities  of  alaipiiuum  sulphate  to 
the  condenser  water  in  a  treatment  tanx  before 
filtration,  as  this  causes  (•oaguliif  ion  of  the  fine 
particles  of  oil  emulsified  ia  the  water»  and  loads 
to  their  easy  separation  in  the  filter*  V.  B.  L. 

BOIS  PIQUANT  BARK.  The  bark  of  Zan- 
ihorylum  carxbaum  (Lam.),  and  Z.  PerrolUiii 
(D.C).  Used  hi  France  as  a  febrifuge  (Heokel  a. 
Schlii_  1  I'hftfTcn,  rc.m])t.  rend.  98.  990). 

BOLDO.  A  shrub,  Fcumua  boldus  (Molina), 
belonging  to  the  Jfont'mt'oeect,  growing  in  the 
Chilian  .Andes.  Thr  l  irk  i.-?  used  in  tannir  .:,  tho 
wood  makes  a  good  charcoal,  and  the  bark  aud 
leaves  contain  a  gloooeide  Cu^j^^fit^  lueful  as  a 
hvpnotic  and  cholifogue  (Qiapoteaa,  Oompt. 
rend.  98,  1052). 

BOLE*  (Bol,  Ger.)  A  ferruginous  clay -like 
substance,  of  rod,  brown,  or  yellowish  colour.  It 
is  not  plastic,  and  when  thrown  into  water 
falls  to  pieces  with  emission  ol  Streams  of 
minute  air-livdible.^.  It  Hum  an  unctuous  feel, 
aud  some  varieties  atlht  rc  to  the  tongue.  When 
cut  it  presents  a  shining  streak.  Before  the 
blowpipe  it  fuses  to  a  yellowish  or  white  enamel. 
lt«  composition  is  ver\  Miriable,  but  its  usual 
limits  are  from  41  to  47  p.c  SiO„  18  to  25  p.c. 
AljO,.  and  24  to  25  p.c.  H,0,  with  a  proportion 
of  Fe^Oj,  which  may  reach  12  p.c.  It  will  be 
noticwl  that  the  percentage  of  water  is  higher 
than  in  clays.  The  Fettitol  of  Freibei^g  in 
8axony  occurs  in  mineral  veins,  and  contains 
only  a\>o\ii  3  p.C.  of  AljOj.  Tlie  boh-  of  Siolpen 
in  iSaxouy  is  a  yellowish  substance  contain  mg 
onlv  a  trace  of  Fe.O,.  Ramroelsberg*s  analysis 
'Vneldc<l  SiO„  4.')  ;  Al  O,.  2214;  (  aO,  3-9; 
H,0,  25-86.'  In  tho  '  bole  of  Siuone  '  (sinopite) 
from  Asia  Minor  the  SiO,  faUs  as  low  as  32  p.c 
The  ancienl.-<  obtained  this  material  from 
Cappadocia,  and  used  it  as  a  red  pigment.  It 
was  also  employed  in  mediome  as  an  astringent 

(«,  I-KMM\N  KAKTHl 

The  ftiliowing  is  an  analysis  of  bole,  occurring 
m  granite,  at  Stcinkirehen,  Bohemia; — Dried 
at  Too*'  it  vieldwl  SIO 46-73 :  ALO,,  2(M7  ; 
Fe  O3,  12-3*4;  CaO.  i  H4  ;  MgO,  1-31;  K,0, 
0-9'8;  MnC),  (1«28 ;  loss  on  ignition,  10-53 
(G.  Starkl.  Verii.  fc.  k.  Qeolog.  Reiohs.  Vienna, 
1880,  279). 

Bole  is  frequently  foimd  as  a  product  of  tho 
decomjvosil  ion  of  I)!i.-altir  rocks.  Thus  the 
sheets  of  La^alt  in  N.E.  Ireland,  representing 
Tertiary  lava-flows,  are  8eparat4>d  by  partings  of 
bole.  associatiKl  with  lithnmarire.  bauxite, 
pisolitio  iron-ore,  and  stam-  ot  lignite.  The 
Antrim  bole  is  do.scribe<l  as  u  poor  variety  of 
aluminous  irt»n-ore  (Tate  and  Holden.  Quart. 
Jour.  Geol.  Soc.  20.  1870,  155;  0.  H.  Kinahan, 
Jour.  R.  Cieol.  80C.  Ireland,  16,  1886,  306; 
P.Argall,  t^«/.  98).  L.  J.  8. 

BOLOGNIAN  PHOSPHORUS  v.  BABiini. 


BOLOGNTAN  STONE.  A  native  variety  of 
bauuiu  .-uijilidtii  found  as  luxiulxu  masM^ 
embe<lded  in  clay  near  Bologna;  when  (vrtiaily 
reduced  to  sulphide  )iy  calcination  with  charooaJt 
it  exhibits  phos])horescenco  (r.  Bakictm). 

BOLORETIN  r.  KKstsrs. 

BOMBICESTOROL  v.  Sterols. 

BONE.  Bony  tissue  may  be  either  compact 
as  in  the  shafts  of  the  long  bones,  or  spongA'  or 
cancellated  as  in  tho  flat  Umes  of  the  skuJI  and 
in  the  extremities  of  the  Ions  bones ;  here  an 
external  compact  layer  encloses  a  mass  of 
spongy  bone  or  diploe.  From  the  embryoki^Mal 
point  of  view,  bones  mav  be  divided  mto 
eartilage  boned  and  membrane  iKines.  Tlie 
cartilage  bones  are  those  which  in  embryonic 
life  are  preeeded  cartilagbioua  prefigure* 
ments;  the.'^e  comprise  the  majority  of  the  h<'rit»i» 
in  the  body,  and  include  all  the  long  bones  ezoe(4 
the  clavicle.  In  the  oaae  of  membrane  bones 
(for  histancpjthe  flat  bones  of  the  cranium),  tlj<-rc 
is  no  such  preliminary  cartilaginous  pretigure- 
ment.  It  must  not,  however,  he  supposed  that 
in  the  cartilage  honen  the  carti'riz-  is  convcrtwi 
into  bone  ;  for  here,  as  in  the  cauien  where  there  is 
DO  cartilage  present,  the  tme  bony  tiame  is 
laid  down  oy  the  agency  of  certain  cells  tfrnn^l 
osteoblasts  in  the  connective  tissue  sheiath 
(periosteum)  of  the  bone,  and  the  caciOaKe 
when  present,  after  undergoing  a  certain  amonnt 
of  calcitication,  is  then  entirely  eaten  awa\  hy 
certain  large  celk  called  osteoclast.s.  In  the 
cartilaginous,  as  distinguished  from  the  hr.ny 
or  teleostean,  fishes,  the  replacement  of  the 
cartilage  by  true  bone  does  not  occur. 

Bone  i.H  dt  po.sitwl  in  concentric  lamtnn,  the 
majority  of  the  layers  encircling  the  channels 
called  Haversian  canals,  in  which  the  blood* 
vessels  lie.  The  living  elements  in  bone,  the 
bone  cells,  lie  in  spaces  between  the  laminie. 
and  these  spaces  (lacunfe)  intercommunicate 
by  minute  canals,  in  wliioh  lym]^  flows  and 
maintains  their  nutrition. 

'J'he  chemical  materials  present  are  organic 
and  inorganic.  The  oi^^anio  materials  are 
proteins  and  nnclefn  derived  from  the  bone 
cells,  a  ^tn^1Il  liintity  of  an  ela.>*t in-like  snl>- 
stance  which  forms  a  lining  to  the  Haversisa 
canals,  and  a  mucoid  or  glucoprotein ;  but  the 
]inn  [1  11  ii.  inic  matt-rial,  .■sometimes  misname*! 
bone  cartilage,  is  better  termed  ossein.  Oaaeta 
IB  identical  with  the  collagen  of  oonneetive  tiarass, 
and  like  it  yield.**  ^'el»i(iri  on  hoilini;  «  ith  water. 
If  the  inorganic  salts  are  dissolved  out 
mineral  acioi,  the  ossein  remaina  as  an  claaUc 
mass  which  pieaenrea  the  original  shape  of  the 
bone. 

The  inorganic  constituents  remam  ae  the 
so-calle<!  hone  earth  after  the  bone  is  completely 
calcined ;  it  consists  chiefly  of  calcium  ph«Mph«t^. 
but  also  oontaina  oaloium  carbonate,  and  small 
amounts  of  magnesium,  chlorine,  and  fluorine. 
Gabriel  (Zeitsch.  physiol.  Chem.  18)  stst» 
that  potMsium  ancl  sodium  also  occur.  Tnm 
of  iron  come  from  the  blood  in  the  hone,  and  of 
sulphate  from  chundroitin-sulphuricucid(MdrQer, 
ibid.  23). 

Investigators  diflFer  as  to  the  manner  in 
which  the  inorganic  substances  are  c<)nd)iin<l. 
(.'hlorine  anil  fluorine  are  present  in  the  r-nnif 
form  as  in  apatite  (('aFl.-3('a,P,0,).  tn<i 
according  to  Gabriel,  tho  remaining  minrral 
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cunstituents  form  the  combination  3(Ca,l*jO^) 
C^CO,.  He  gives  as  the  siniplcfjt  expression 
for  the  composition  of  the  ash  of  bones  and 
t«eth  the  formula  Ca,{P04),+  Ca4HP,0,,+  H:0, 
in  whkh  2-3  p.o.  of  the  lime  is  replaced  by 
magnema,  potash,  and  soda,  and  4-6  p.o.  of 
the  phosphono  acid  by  carbon  dioxide,  chlorine, 
•nd  fluorine. 

Zalcsky's  analyses  (Hoppe-Seyler'a  Hed. 
CSiem.  Untersuoh.  19)  show  how  cloaely  bone 
earth  agrees  in  composition  in  difFcrcnt 
The  figuna  rejMreaent  parte  per  1000. 


Tor-  Oulnea- 
toUe  pig 


Oalcium  phosphate 

HagiK-sium  phoqlMte 

fSa    oomMiMd  with 
CO..  FI.  and  01 

oalcuilDC)  . 


87t*8 
ID'S 

70>a 


Tho  varif>us  Umi-s  of  the  sk(;leton  differ  a  good 
dettl  in  the  proportion  of  water,  organic  solids, 
and  inorganic  aolida  iriiieh  they  contain.  This 
depends  to  some  extent  on  the  admixture  of 
marrow,  blood-veescls,  and  other  formations 
from  which  it  is  diffienlt  to  entirely  free  the 
o«3wx)U8  ti.wie  proper.  The  quantity  of  water 
in  fresh  bones  thu«  varies  from  14  to  44  p.c., 
and  of  fat  between  1  and  27  pio.  The  quantity 
I  if  total  offranic  subfitance  varies  from  30  to 
52  p.c.,  the  remainder  beinj;  inorganic. 

The  marrow  is  from  the  chemical  point  of 
view  mainly  fat;  its  oelJs  yield  protein  and 
nucieoprotein. 

On  a  rough  average^  it  may  be  aaid  that  two- 
thirds  of  the  solids  consist  of  inoigaiiio  and  one* 
third  of  organic  compounds. 

With  rt-ganl  to  tne  minute  compoeition  of 
bones  at  dineient  aaes,  we  have  no  very  accurate 
information.  Vbit  found  in  dogs  and  Brubacher 
in  chil<ln>n,  that  the  water  in  the  skeleton 
decreases  and  the  aah  inoieasos  with  advance 
of  yeais.  Oiaffenbef^er's  observations  on  rab- 
bits confirmed  this  view. 

A  great  numy  experiments  have  been  made  to 
determine  the  mfluenee  of  food — ^for  instance, 
rich  or  p<K)r  in  lime  salts — on  tIh-  ronijxjsition 
of  bone,  but  the  results  have  been  douotful  or 
eontnMlictor}'.  The  attempts  to  sabstitate 
other  alkaline  earths  for  lime  have  al^o  given 
uncertain  rosulto  (see  U.  Weiske,  Zeit.  f.  BioL 
31 :  also  Hammanten'e  Physiol.  Chem.  tnmslated 
by  Mandel). 

A  large  number  of  data  have  also  been 
published  regarding  the  vaiiatioiiB  in  ehemioal 
compos^ition  m  different  di-neases  of  \y<mc.  Thus 
in  exostoses  the  inorganic  material  is  usually 
faiereaeed;  in  rickets  and  osteomalacia,  the 
proportion  of  water  and  ossein  to  bono  earth  is 
raiM>d.  The  view  that  lactic  acid  is  res|>oitsible 
for  the  washing  out  of  lime  salts  from  bones 
in  rickets  is,  however,  usually  discriHlited. 

The  somewhat  rare  condition  of  a  curious 
notein  (called  Bence-Jones  protein,  after  its 
oiaooverer)  in  the  urine  is  almost  imarinbly 
associated  with  bone  disease  (osteomalacia,  or 
maUgnaat  neir  giovtha).  This  protein  in  many 


of  its  eharactem  resembles  a  proUoso,  but  is 
probably  ck  rivt  d  from  the  mucoid  of  osseous 
tissue  (Rosenbloom.  J.  Biol.  ("hem.  1910,  7, 
14;  Williams.  Bio.  Chem.  J.  1910,  5,  225). 

On  heating  out  of  contact  with  air,  bono 
evolves  a  large  quantity  of  volatile  matter 
(v.  Bone  oil)  which  contains  ammonia,  p>Tidine 
bases,  pyrrol,  nitriles,  &c.  A  black  residue  is 
left,  consisting  of  the  bone  ash  in  association 
with  carbon,  which  is  called  animal  charcoal  {q.v. ). 

The  industrial  uses  of  bone  are  very  nunu  rous 
and  involve  a  large  import  trade ;  not  onlyis 
the  bone  itself  made  mto  many  utendls,  Irat 
the  materials  ma<le  from  the  bone  (charcoal, 
bone  aah,  gdatin,  &c)  are  put  to  many  uses. 

Thus  animal  ehaicoal  or  bone  blaok  it  em* 
ploycil  in  many  chemical  o|K'rationfl,  in  lOgar 
refining,  as  a  polish  for  silver  work,  &o. 

Bone  BMU  and  bone  ash  are  eicteniiTBfy 
employed  at  manure,  and  in  the  prepantioo  01 
the  superpboiphates  of  oommeroe. 

The  gelatfai  hi  an  impure  form  is  oaed  in  the 
prfj)arfttion  of  pajx-r,  silk,  furs,   &c.,  and  the 

i>urer  varieties  are  also  put  to  numerous  uses, 
or  tnstanee,  ae  a  clarifying  agent  in  the  prepara- 
tion of  wines,  beers,  liqueurs,  for  food  in  the 
preparation  of  soups,  jellies,  and  pudilings,  in 
the  making  of  photographic  films,  and  in 
Bacteriology  for  the  jireparation  of  culture 
me<lta.  (See  Merck's  Waren-lycxikun,  arts. 
*  Knochen,'  '  Knochenasche,'  *  Knochenkohle,* 
'  Knochenol' ;  H.  Ost,  liehrlnuh  der  Chem. 
Technologic,  0th  e<l.  1907,  '  Knochenmehi,' 
187.  '  Knochenleim.'  621 :  Dammer,  Handbueh 
<i.  (  hem.  IVc'hnologie,  ISdS,  ^  ait.  /  Knocbott- 
verarlj<'ilung,'  254.) 

I'he  mention  of  gelatin  as  food  laggcsts  a 
wortl  on  its  nutritive  value.  It  is  easily 
digestible  and  assimilable,  and  so  is  much  em> 
ployed  in  invalid  cookery  ;  nevertheless,  it  has 
hmg  been  recognised  that  it  is  of  inferior 
nutritive  value.  If  animals  receive  gelatin  as 
their  sole  nitrogenous  food,  they  waste  anel  die 
more  rapidly  tlun  if  nitrogenous  food  is  mtirelv 
withheld  from  them ;  still,  when  mixed  wiA 
other  proteins,  less  of  the  latter  is  sufficient  to 
maintain  life.  Recent  investigations  on  the 
chemistry  of  proteins  have  shown  that  gelatin 
is  destiliito  of  the  tyrosine  and  tryptophaiu* 
groups,  and  these  groups  appear  to  bo  of  special 
value  or  even  inmspenaable  for  tisme  repair; 
the  prt'viouslv  puzzlmg  behaviour  of  gelatm  in 
nutrition  is  tkus  explicable.  W.  D.  U. 

BONB  ASH  V.  Boini  and  Fnmnns. 
BONE  BLACK  v.  Akimal  charcoal. 
BOME  EARTH.   The  calcined  residue  of 
bones,  consisting  chiefly  of  calcium  phoephate 
(f.  Bone). 

BONE  FAT  ia  the  fatty  matter  contained  in 
the  bones  of  animals,  and  is  praotically  a 

duct  in  the  process  of  working  up  bones, 
it  be  for  the  manufacture  of  bone  char  or  for  the 
production  of  glue  and  gelatin.  In  either  of 
these  manufactures,  the  *  degreasing '  of  the 
bones  precedes  all  further  manipulations. 
Bones  from  head,  ribs,  shonlder  blades,  &c., 
contain  from  12  to  13  p.c.  of  fat,  whilst  the 
'marrow*  bones  the  largo  thigh  tMmeH, 
contain  as  much  as  lS-20  p.c.  Formerly  i>one 
fat  was  produced  by  boiling  the  broken  boncs 
with  water  in  open  vessels,  and  allowing  the 
hot  liquor  to  stan^  so  that  the  fat  cg^jIS^j^oogle 
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on  the  top  and  bft  damOMd  oS.    In  the  case  of 

frouh  bonce,  the  recovered  Tvone  fat  had  a  white 
to  yellowish  colour,  a  faint  odour  and  taste, 
and  the  coneistt-uct*  of  l)utter.  When  putrid 
bones  were  employed,  the  bone  fat  pMsed, 
according  to  age  and  state  of  docomposttion 
of  the  organic  matter  in  tlu-  bones,  through  all 
gradations  from  a  white  fat  to  a  duck  rancid 
fat  of  a  very  disagreeable  smelL  The  boiling- 
out  process  allows  only  about  urn-  luilf  of  the  i 
fat  to  be  recovered.  The  small  yield,  and  the 
nniaaaoe  oonneeted  With  the  preparfttkNt  of 
thf>  bone  fat  forced  the  manufacturers  to  treat  I 
the  boaea  with  steam  under  pressure.  The 
broken  bones  were  placed  in  a  cage  fixed  inside 
ail  autoclave,  and  were  heated  therein  with 
open  steam*  under  a  pressure  of  2  to  3  atmo- 
sphem.  The  bone  fat  ao  obtained  ww  of  the 
same  quality  as  that  prepared  by  the  former 
fvoceaa.  The  beat  bono  fat  obtainable  in  the 
market  is  at  present  prepared  by  Hub  process, 
especially  in  the  large  packing  houses  of  the 
United  states  and  South  Am«noa»  where  the 
bones  are  worked  up  in  the  fresh  stata.  They 

are  first  >vfishrMl  in  '  bone-M-n'-'hitio:  mnrhin.  ' 
These  are  cyluidera  uHuaUy  10  feet  long  ami 
3  fiMt  to  4  feet  in  diameter,  btiilt  up  from  iron 
bars,  1  inch  apart,  fixed  into  two  cast-iron 
heads.  They  are  driven  by  chain  and  sprocket, 
and  rotate  slowly,  making  about  ten  jravolutionsi 
per  minute,  'i'hrough  the  entire  length  of  the 
drum  there  us  a  hinged  door  niadu  of  bar», 
which  allowB  the  filling  and  emptying  of  the 
cylinder.  The  machines  are  usually  set  at.  an  > 
angle  to  facilitate  the  washing  and  empiyiug 
operations.  Some  manufacturers  oven  n<8ort 
to  steeping  the  bones  in  a  solution  of  sulphurous 
acid  in  order  to  obtain  a  whiter  fat  (as  also  a 
better  glue)  than  unbleached  bones  afford. 
Xbe  yieM  of  bone  fat  in  the  steaming-out  process 
xmder  pressure  is  ooasfdmably  higher  (by  about 
50  p.c)  tlian  in  the  boiling-out  process  in  open 
vessels,  so  that  from  bones  oontaining  12  p.c.  of 
fat,  8  to  9  p.c  can  be  recovered. 

Bono  fats  of  this  quality  can  be  bleached, 
but  only  the  beat  kinds  are  likely  to  yield  a 
flood  fMroduet.  The  higher  the  percentage  of 
free  fatty  acids,  the  greater  ia  the  difficulty  in 
bleaching.  In  fact,  products  oontainiog  more 
th^  00  p.c.  of  free  fatty  aojds  eonld  mtherto 
not  be  bleached  successfully. 

The  highest  yield  of  bone  fat  i&  obtamod  by 
treating  the  bones  with  an  wganio  solvent, 
whereby  the  animal  tissue  remains  uninipaired, 
so  that  the  whole  of  the  glue-yielding  organic 
Mubstances  can  be  converted  into  glue  aftei  the 
fat  has  been  removed.  The  solvent  used  in  bone- 
extracting  workii  is  almost  exclusively  petroleum 
ether  or  Scotch  shale  oil,  boiling  between  100**  and 
130"*.  Proposals  have  been  made  to  use  carbon 
tetrachloride  or  ckluro-  compounds  of  ethyleue 
and  ethane.  Experiments  with  earbon  tetaea- 
chloride  have,  however,  been  abandoned  as 
unremunerative.  Extraction  with  '  bcnzin  '  or 
diale  oSk  takes  place  in  iron  digesters  under 
preflsore  or  in  open  apparatus.  The  fat  obtained 
by  the  extracting  process  is  dark-brown,  and 
has  a  very  penetrating,  unpleasant  smell.  In 
addition  to  a  considerable  amount  of  free  fatty 
acids,  it  contains  lime-soap,  calcium  Uetate, 
calcium  butyrate,  and  hydrocarbons  from  the 
'  benftin '  which  cannot  be  fully  removed  even 


by  pndonged  steaming.  Hitherto,  thm  kind  of 
fat  has  not  been  treated  successfully,  ami  even 
when  some  immediate  improvement  was  ob- 
tained, the  colour  and  also  the  unpleasant  smell 
'reverted'  after  a  short  time.  A  patmt  by 
Volland  (D.  R.  P.  222669)  claims,  however,  to 
bleach  extiaeted  bone  fat  by  mnanii  of  bamm 
peroxide. 

The  bone  fat  obtained  by  the  boiling-cmt 
I  or  steamina-out  process  can  be  use<i  for  ^^oap 
I  making ;   tlie  fat  obtained  by  the  extriicting 
prooees  is  utterly  tnuoitable  for  that  purpose  in 
I  this  coiuitr\%  on  account  of  its  rank  aincll. 
On  the    continent,  however.  Huch  benxin- 
extraeted  fat  is  used  np  for  soap  in  small  quant*> 
ties,  especially  when  the  price  of  fatty  material 
is  high.    The'  bulk  of  bone  fat  is,  howeTer,  used 
in  candle  works,  wtrani  it  is  hydrol3rsed  in  an 
autoclnve  niid  subsequently  subject M  to  tlio 
usual  acidifying  and  distilling  prooesde^ 

Bone  fat  is  an  important  article  of  oommeroa. 
The  chemical  compositimi  nf  bone  fat  lies 
midway  between  that  of  marrow  fat  and  tallow. 
On  accoimt  of  the  large  amount  of  fatty  acid 
rontnined  in  bone  fat,  this  fat  must  be  examiae<l 
by  special  methods,  for  which  the  reader  is 
referred  to  Lewkowitsch,  Chemical  Tsdmology 
and  Analysis  of  Oils,  &c.,  ii.  623. 

Bone  oil,  fattv  bone  od  (nut  to  be  confounded 
with  Dippel's  oil),  is  the  liquid  portion  erf  bona 
fat  which  is  sometim»>«  prepannl  in  the  same 
manner  as  tallow  oii  is  obtained  from  tidlow. 
Bone  oil  is  used  as  a  lubricant,  and  in  the 
'  leather  industries  replaces  neat's  foot  oil  in 
I  ho  preparation  of  *  fat  liquor '  and  other 
emulsions.  If  such  bone  oil  is  free  from  fatty 
acids,  it  reprosente  one  of  the  beet  iahrioatinig 
oils  on  account  of  its  very  low  *  oojd  testb* 

J.  L. 

BONE  MEAL  v.  Fxbulisxbs. 
BONE  OIL.   Awhua  cil ;  DippeTs  oU ;  OU 

nf  hartshorn  ;  Ohum  iniiinnh:  empi/Teurnaticum  ; 
Oleum  comu  c&rvi  Oleum  Di^feUi,  {Kmxk- 
eiwl,  Thierol,  Ger.)  The  prodnot  obtaoMd  by 
.li.-.t':]!;nL^  y,(>nrs  in  tho pMpsntbo of  boM  blstt 
or  animal  charooaL 

The  bones  are  first  boiled  in  a  lai^  quantity 
of  watrr,  v  hich  removes  the  great.or  part  uf  the 
fatty  matters  ;  they  are  then  roughly  dried  and 
are  sobjeoted  to  diy  distillation  m  iron  retorts, 
similar  to  those  iise<!  in  the  maniifncturr  rf  coal 

fas.  Bone  black  or  animal  charcoal  remains 
ehind  and  bone  oil  distils.  The  products  ol 
di.stillation  arc  conducted  through  lor.^  iron 
tubes,  which  act  &s  condensers  and  lead  into 
receivers,  where  the  crude  bona  oQ  eoDaela, 
together  with  ^^'ate^.  Tlio  {ra'«e«j  are  then  pfls^ed 
into  a  separator  contaming  sulphuric  acid  to 
retain  aiiUBOiiia*  and  can  afterwards  be  used  for 
heating  ]"»nr]X)8ee,  or,  if  pft«'''ed  through  purifiers, 
for  illufiuuation.  Tho  crude  oii  is  separated 
from  the  aqueous  distillate  and  is  subjected  to 
redistillation.  The  aqueous  liquid  consists  of  a 
solution  of  ammonium  sulphide,  ammonium  thio- 
cyanate  and  cyanide,  ammonium  carbonate,  and 
small  quantities  of  verv  volatile  organic  baeee. 
This  is  treated  with  sulphuric  acid  and  afterwards 
distilled  with  slaked  lime.  Tho  distillate,  on 
treating  with  solid  potash,  yields  large  quantitaea 
of  ammonia,  whilst  some  ouv  bases  separate  oat, 
and  are  afterwards  worked  up  with  the  bases 
contained  in  the  crude  oil.  This  ia^er  is  a 
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dark-brown,  nearl}'  black  liqni«l.  having  a  foetid, 
ino8t  oflfenflive  smeU,  and  a  Kp.pr.  0-97(). 

On  Bubieciing  it  to  redistUlatioo  it  bogins  to 
boa  at  8(r,  iHien  qnantitiM  of  ammonia  come 
over  together  with  an  oil.  The  temperature 
twM  very  gradually  to  about  260^  From 
180*  vpw»t&  large  qoantitiea  of  ammonhim 
cyanide  and  aramonitim  carbonate  sublime  over, 
and  care  has  to  be  taken  to  prevent  the  con- 
denwr  being  stopped  up.  A  Uaok  lesinoiis 
tar  remainR,  which  is  omplojod  in  making 
Brunswick  black. 

The  foDowinff  rabstanoee  have  been  ieolated 
from  ]xme  oil  ny  fractional  distillation  com- 
bined with  txeatment  •with  acids  to  separate 
bneio  ffom  non- 


Ch  iV f  conM  it  nis 
£otyxo>nitnle 
Vabro-idtrile 
Hexo-nitrile 
laohezo-nitrile 
l>BO(^niMle 
Palmito-nitrfle 
Stearo>nitrile 
I^rrrol 

Methyl-pjrrrol 
Dimethyl -pyTOd 

Hydroovbons 


Subsidiary  constiktUlii 
Meth|Viamine 
Bthylamino 
Anilino 
Pyridine 
Methyl-pyridine 
Dimethyl-pyridino 
Qninoline 
Phenol 
Propionitrile 
Valeramide 
Toluene 
Ethyl -benzene 
Naphthalene 


(WekM  and  Olamidaai,  Ber.  13,  66). 

As  to  the  formation  of  the  various  compounds 
in  bone  oil,  the  nitriles  are  formed  by  the  action 
of  ammonia  on  the  fatty  acids,  pyrteA  and  the 
p3nrrol8  are  the  products  of  decomposition  of  the 
aelatinous  sabetancee,  and  pyridine  and  its 
oerivativea  are  condensation  products  of  acruleib, 
fn)m  the  dry  distillation  of  the  fats,  with 
ammonia,  methylamine,  &c. 

FyiToL  That  portion  of  the  non-basic  part 
of  bone  oil  boiling  at  98**-150°  contains  pyrrol 
and  its  homologues.  That  above  150°  contains 
dimethyIp>Trol.  The  fnotion  140°-150'*  consists 
of  a  mixture  of  homopj-rrols — i.e.  mothylpyrrols. 
To  separate  the  a-  and  /3-  derivatives,  the  mixture 
is  converted  into  the  potassium  oonpoond 
by  fusion  with  potash,  and  heated  in  a  current 
of  carbon  dioxide  to  200*.  Two  isomeric  homo- 
pjTTol  carboxylic  acids  are  formed,  which  differ 
in  the  solubility  of  their  lead  salts.  a-Uomo- 

Itjrrrol  carboxylic  acid  melts  at  169*5%  and  its 
ead  salt  is  very  soluble  in  water,  differing  from 
the  /i-acid,  which  melta  at  142-1'*,  and  forms  a 
slightly  soluble  lead  salt.  The  acids  obtained 
respectively  vieki  on  distillation  with  lime  the 
corresponding^  mefchylpynola.  a-H6mopyrrol 
boOa  at  148*  mder  YoU  mm.  ucoesure,  and 
^-homopyrrol  at  143**  at  743  mm. 

The  oonstitutifm  of  pyrrol  is  represented  as 
follows  s— 

CH=CK 
CH=CW 

the  poeitions  2  and  6  and  S  and  4  being  known 
as  the  a-  and  0-  positions  respctivelv.  It  boils 
at  130M31%  and  its  mmv.  is  0-9762  at  12". 
Refrmotive  Index  fi,)«>l'0OT4  (Gladstone,  Chem. 
8oe.  Trans.  1884,  246).  It  is  slightly  soluble  in 
water,  readily  soluble  in  alcohol  and  ether.  It 
is  a  weak  base,  and  is  only  slowly  dissolved  by 
dSnta  noids  in  the  ooU. 


By  the  action  of  iodine  on  potassium  pyrrol, 
tetriodopyrrol  is  formed,  which  Ofystallises  in 
yellowish>browa  prisms  and  deeomposee  at 
about  140*.  It  aets  like  iodoform  as  an  anti- 
septic, and  is  known  as  ifulol.  It  has  the 
advantage  over  iodoform  of-  being  free  from 
smelL 

Pyrrol   has   Imk'h   sj'nthDsisod   by  iiasning 
acetylene  and  ammonia  through  red-hot  tubes: 
2C,H,-fNH,=C4H«NH-fH, ; 

also  by  distOUnff  the  ammonium  salts  of  mneio 

and  saccharic  acids.  Succinimide,  on  heating 
with  zinc-dust  containing  zinc  hydrate,  ajsc 
yields  pyrrcd 

CH,— CO  CH— CH 

j         ^NH+2Ht-l  NkH+1H,0. 
CH-— 00  CH=CH 

Potansium  dissolves  in  pyrrol  with  the  forma- 
tion of  potassium  pyrrol  C4H4NK,  a  substance 
insdnUe  in  ether  and  decomposed  by  watw  Into 
pyrrol  and  potassium  hydroxide.  This  sub- 
stance  rousts  with  alkali  iodides  to  form  substi* 
tnted  pyrrols ;  e.g. : 

K-MethylpyrroU  Ofi^VMrn^ :  boib  at  IIS* ; 

8p.gr.  0-9203. 
N-Bthylpyrrol  C«H«N<CaV| ;  hoOs  at  ISl* ; 
8p.gr.  0-9042. 


N-Phenvlpyrrol  C4H4N-C,Hj,  obtained  by 
distilling  the  anilides  of  mucic  and  saoohario 
acid.s,  melts  at  62°.  The  homolopnes  of  pyrrol 
contained  in  bono  oil  are,  however,  ail  substi- 
tuted  in  the  group  C.H4. 

By  the  action  of  benzalchloride  on  pyrrol  in 
presence  of  sodium  a  phenylpyridino  is  obtained 
in  which  the  phenyl  is  in  the  meta-  position  to 
the  nitrogen  (Ciamician  and  Silber,  Ber.  20,  191 ). 

By  re<iucing  pyrrol  with  zinc  and  acetic  acid 
A*  p\Toline  i.s  produced  (Ber.  1901,  3962). 
Electrolytic  reduction  to  the  same  subetanoe 
may  be  effected  by  suspending  pjrrrol  in  dilate 
sulphuric  acid  in  the  cathode  coll  of  an  electro- 
lytic apparatus,  the  cathode  being  le^d,  and 

E'assing  a  onrreot  of  dsnidly  1  amp.  per  sq.  cm. 
[oniolog\ies  may  be  liniiluly  fednoea  (IX  R.  P. 
127086,  1902). 

Naseent  hydrogen  oonvetts  pyrrol  into  pyro> 
line  C|HjNH,  a  liquid  boiling  at  91*  which  dis- 
solves easily  in  water.  It  yields,  with  nitrous 
acid,  a  nltrosoamfaie  C4HaN-N0,  in.p.  37*, 
and  on  heat  in  with  methyl  kkUdo  givw 
mothyipyrroline  (Ber.  16,  1636). 

FyiTol  is  readily  oxidised  to  malmmide 
which  forms  faintly  \tllow  ervHtaLs, 
melting  at  93°,  and  readily  yields  a  dibrotnide, 
melting  at  SS9*  nnder  the  innuence  of  light  and 
bromine  water  (Atti.  R.  1904,  (v.)  i.  489). 

The  action  of  formaldehyde  and  meihyUne 
chloride  on  pyrrol  is  described  by  Piotet  and 
Rilliet  (Her.  19<)7.  1106). 

By  the  action  of  clUoroJonn  in  absolute  ether 
on  the  potassium  derivatiTe  of  pynol,  ehloio* 
p>Tidino  is  obtained. 

Pyrrol  derivatives  condense  with  aldehydes 
under  the  following  conditions:  (1)  When  the 
derivatives  contain  at  least  one  hydrogen  atom 
combined  with  a  carbon  atom  of  the  nucleuH. 
either  in  the  a-  or  fi*  position  ;  (2)  when  both 
a-  and  fi-  positicms  are  occupied  by  substituents, 
no  combination  oecnrs  even  if  the  iminio  hydroger 
is  piessat;  (3)  pynol  *»iv»^5gHlfW!l5^ogle 
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mom  than  one  CH  group  in  t  ho  ring  may  oom* 
bine  with  aldehydes  in  mojecukr  pEOportioilB 
(Btr.  1902,  1647). 

CH  is  olifaimvl  by  dis- 

Rolving  pyrrol  in  10  ji.c.  .Hu!y)hunc  aci«l,  ailuw- 
iti;:  the  mixture  to  st&i  l  I  2  houn,  and  then 
di^tiilii^ia  ateftm  after  adding  exce!v<  of  sodium 
hjdroxiaa  THethyl  indole  prepami  by  this 
procepg  in  a  vLscid  ill-smellinff  mL  boi&ur  «t 
(JJ.  R.  P.  126489/. 
Pyrrol  may  also  be  converted  into  indole 
by  H-solving  in  dilute  hydrochloric  acid, 
adding  slight  ezceas  of  ftrnmooia,  filtering, 
eztiacting  the  filtrate  twice  with  ether,  and 
lieating  the  tripyrroline  obtained  in  the  extract 
to  above  300*.  when  indole  and  pyrrol  result 
(Ber.  1894.  476). 

PjTTol  mny  be  converted  into  MramflhyUve 
diamiim  as  lollows.  On  treatment  with  hydcoxyl* 
amine,  a  solid  compound,  probably  the  dioxime 
of  Buccinal(^ph^  rip,  \n  formed,  and  lliis,  by 
reduction  with  sodium  and  abetulute  alcohol, 
yidds  tetramethylene  diandne. 

J^jrnol  tlerivativcR  of  the  eonatittttioii 
JCtO.C-O^CMe 

HC=.CPh 

\km  been  syntlueiied  from  the  three  nitro- 
anilineB  ])y  the  aotiim  of  etbylpheoaoyl  acetate 
(Ber.  1907,  1343). 

In  addition,  a  large  number  of  pyrrol  deriva- 
tives hafl  been  synthesised  t)v  Pa  il  i"i:ul  firaikoiT 
(Ber.  1890,  1086,  and  also  Ber.  1680,  668,  3166). 

The  physiolojeical  action  of  pyrrd  and  its 
derivatives  is  char  i  t(  ri.>jefl  by  their  paralysing 
action  on  the  peripheral  nerves  connected  with 
t  he  mechanism  tl  the  heart.  By  the  introdnetion 
of  a  side  group,  such  ax,  for  in<itancc,  the  in- 
active pjTidine  ring,  the  physiological  effect  in 
greatly  intensUled.  The  aetiOD  of  1. methyl 
pyrrolidine  re^embleH  that  of  nicotine,  atrojjine. 
or  cocaine,  as  might  be  anticipated  from  their 
cimilarity  <rf  oonstltutioii  (Ghem.  Zentr.  1902, 

Chioro-  and  Bromo-  Pyrrols.  Sulphuryl 
chloride  in  excess  acting  on  an  ethcrepl  solution 
of  pvTTol  at  0"  protlucps  pentachloropi/rt  ol  in 
nearly  theoretical  yield ;  b.p.  209"  or  142"/ir)  lum. 
If  two  molecules  onlv  of  sulphuryl  chloride  are 
usotl,  followed  by  bromine  (2  mols.),  chioro- 
Mbromopyrrol  C^NHBraCl  is  obUined,  which 
separates  from  light  petroleom  in  huge  priematic 
masses  of  a  pink  colour. 

Sulphuryl  chloride  (3  niols.)  followed  by 
bi  n  mint;  (1  raol.)  gives  dkhlorodihromopyrrU 
C«HJ<Cl»Br,,  which  crystallises  in  large  shining 
Make  decomposing  just  above  100'  ((iazz.  c  him. 
itaL  1908,  313). 

TrttMonmwidtriymopyrrtA        \  >NH 

(  Bi:CCK 

may  be  obtained  by  the  action  of  sulphuryl 
ehloride  and  bromine  on  ethernl  Bolutn>n  of 
pyrrol  atO".  It  i  r\ stallijses  in  monoclinie  prisms 
withydlowish-rcdrcaex,  turning  hrown  at  106% 
anci  melting  and  deeompoeing  at  118*  (Oazz. 
chim.  if  if.  1902,  3r^  :   1W4,  ii.  178). 

The  dimethylpyrrol  conUined  in  the  fraction 
of  !)one  oil  boiling  above  180'  baa  been  obtained 
eynthetioally  as  ioUowi :  By  the  aetion  c<  am- 


monia on  discetosuccinic  ether,  the  ether  of 
dimethylpyrrol  dicarboxylic  aci<l  is  obta^ied. 
This,  on  saponification,  yieltis  the  acid.  and.  on 
heatinff,  carbon  dioxide  is  6plit  off,  leaving  dj- 
methylpynoL   It  has  the  compoaltion 

I  > 

(•H=C-CH, 

and  is  an  almu.st  colourless  oil  boiling  at  165^ 
It  is  very  volatile  with  steam,  ooloori  a  pine 

splint  an  inten-i  rr*l,  and  yields  on  boilifi-  Mjr'. 
acid.s  a  pyrrol-mi  .ximiiar  to  other  pyrrui  humo- 
logue.M. 

Pyrrolcarboxyllc  acids  C4(NH)H,eO,H.  The 
a-aoid  is  obtained  from  a-homopyrnj  by  fusion 
with  potash  or  by  the  action  of  tetnelilotide 
of  rnrbon  and  alcoholic  potash  on  pyrroL  It 
meit.H  at  191%  and  differs  from  the  fi-  aoid  in 
forming  a  soluble  lead  salt.  On  Iteating  vith 
aoetio  anhydride,  the  substance  pyroooll 
C4H,=N— (50 


CO 


I 


CO— N=C'4H, 
is  formed,  which  is  a  product  obtained  by  dla> 
tillinggelatine  (Ber.  17,  103). 

/3-Pyrrolearboxylle  acid  is  formed  by  toeing 
3-methylpynol  with  potash.  It  cry8taIli<*A<  in 
fine  needke,  melting  at  and  fornLs  an  io- 
aoluble  lead  salt. 

K-AeetylpyROl  aU^N-CgHfO,  obtained  by 
the  aotioo  of  aeetyl  ohionde  on  potassinm  ptttoI, 
i>  nn  oil  boiling  at  17S°,  It  i.s  dec<-ni]«,^-sl  \>\ 
alkalis  into  pyrrol  and  acetic  a^id  (Ber.  IG,  2362). 

CAeetylpyml  C«H,(C,H,0)(NH)  is  formed, 
together  with  the. foregoing,  by  acting  on  jjvrrol 
with  acetic  anh^'dride.    It  melts  at  du^'  and 
boils  at  220%  but  is  not  deeompoeed  by  alkalkL 
Pyridine  \>  rrmtained  in  that  fraction 

of  the  ba.sic  oils  of  bojic  oil  which  boils  below 
120®,  but  is  also  found  in  smaUer  qoantitiee  in 
the  higher  fract  ions.  It  can  be  separated  in  thew 
by  means  of  its  picrat*  C5H,N,C4H,(NO.),OH, 
which  melte  at  162®.  It  id  not  easily  aeted  on 
by  oxidising  agents,  and  can  be  pep.irat^d  by 
this  means  from  the  other  comi)onents  of  the 
fraction. 

It  is  forminl  from  all  pyridineoarboiylio 
acids  hy  distilling  Mith  lime. 

The  foUoving  ate  some  of  tbe  cyDtlietie 
methods  Iot  preparing  pyridine  Mid  ita  homo- 

logues 

1.  Acrolein  ammonia,  on  heating,  givec  off 
water  yielding  methylp%'Tidine 

C,H,NO-C,H4(CH,)N+H,0. 

2.  The  same  compound  is  formed  by  Inuinig 
allyl  tribn)mide  w  ith  alcoholic  ammonia  at  260^ ; 

2r3H,Br,  t  NH,=C,H,(CH,)N^HHnr. 

3.  Glycerol  and  acetamide,  on  beating  with 
|dioapiiQnie  pentozide,  yield  raethvlpx  ridtne 
(Ber.  16,  628). 

4.  Potassium  pyrrol,  on  heating  with  chioro- 
form,  yielils  chloropyridine. 

r.,  Ethyl  aeetoacetate,  heated  with  aldehxde 
amuioaia,  gives  dihydrocolUdine  dicarboxylic 
ester 

;g«}+CH..CH<OH^ 

«CVH,N(CH,),(fO  AH,),  +  3H,0 
(Ber.  17,  mi),  D^ze^  by  Google 
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By  liMtting  »  mixture  of  glyeenl  and 

MDDlonium  phosphate,  a  mixture  of  a  large 
nilBlber  of  p\Tidine  ba*H*H  in  furtueU.  jS-methvl« 
/Mihyl,  proMbly  /3*propvl,  pyridine,  besiaes 
pyridine  itself  and  ht)nini()^'ucs  of  thf  diazine 
C1H4N,,  have  been  reco^jnisttl  (SStoehr.  J.  pr. 
Chem.  1892,  20). 

Pyridine  iH  a  liquid  with  a  pungent  smell, 
miBoible  with  water ;  Hp.^fr.  0-9855  at  15",  and 
O'Q044  at  4°  ;  and  boils  at  115-2°,  7(K)  ram.  It 
forms  A  hydrochloride  t'jHjN.HC'l,  and  a  platini- 
chloride  (C',H.NUCl),R('l4.  Sodium  am&kam 
yidda  pi  p  e  r  i  a  i  n  e,  t.e.  hexah^'dzopyridlne,  which 
IS  reconverttMl  into  pyridine  on  oxidation.  It 
forms  an  ammoaium  iodide  with  alkyl  iodides, 
mmI  vith  chlonuMtio  Mid  •  pyiidiii«-b«tAfiM 

C.H,Il<^'^;>Oa  ByllMMtibDofaodiiimon 

pyridine  a  dipyridine  C,oH,,N,  is  obtained,  an 
oil  boiling;  at  280''-2817744  mm.,  which  on  oxi- 
dation with  permanganate  yields  («onicotinio 
acid.  Together  with  (lipyridinc,  a  botly  p-i\'\- 
pyridyl  ia  lonnad  JNt'.U4-C5U«N,  which  melts 
atll4«Middistibat804o.  ItalwyiekbiMmieo. 
tinic  acid  un  oxidation,  and  on  n-duction  with 
tin  and  hydrochloric  acid  forms  »«onicotiue, 
wltkh  melto  at  78*  (Ber.  16,  423). 

The  iHorneric  nx'dipyridyl  is  obtained  from 
m-dipyridyidicarbox^lic  acid(by  oxidising  phen- 
aattirmine).  It  boui  at  998*,  and  yvSn»  on 
reduction  with  tin  and  h\  drochloric  acid 
nicotidtne  C.,H.4Nm  which  boils  at  288'*  (Ber. 
16.  2621). 

P^-ridine,  whon  passcl  together  with  hydro- 
gen over  reiluced  nickel  at  160''-lt(0**,  yields 
am  via  mine,  not  piperidine^  and  tiiis  in  poor 
yield.  Athiirhcrtemperaturenanimouia,  {viitaiic 
and  lower  hydrocarbons  are  obtained  (JSabatier 
and  Mailhe,  Compt.  rend.  1907,  784). 

Pyridine  may  atlvantageously  \h'  employed 
as  a  halofiun  carrier  in  halogenation  of  aromatic 
compounds  (Oo«  and  Colmi,  Ghem.  800.  Froc 
1908,  15). 

The  compound  of  pyridine  with  methyl 
iodidflh  when  added  to  a  solution  uf  the  neoee- 
8an>'  amount  of  iotline  in  akohol,  is  converted 
into  pyridine  methyljK'tit iodide  C,HjN(Mel)l4, 
melting  at  47*5".  VariouH  other  {X'ricxlideH 
are  described  by  Proscott  and  liowbridge 
(.1.  Amer.  Chem.  Soc.  1895,  859). 

Double  compounds  with  sine  btomide, 
nioltel  biomido,  oopner  bromide,  and  dUver 
iodide^  are  fbraed,  out  ate  ratiier  unstable 
(Gompt.  rand.  1891,  622). 

Tne  ph^KiolcMcal  action  of  pyridine  is  similar 
to  that  of  pipendine.  trat  noce  energetie.  Both 
jirotluce  j»aral\Hi.H  of  the  motor  nerves,  by  their 
effect  on  the  motor  centres.  There  aie  abo 
destmetiTe  eheai^  in  the  blood  curpusclee,  and 
}>aralysii<  of  the  heart,  esjiecially  in  pyri<line 
uuisoning  (Chem.  Soc.  Ab»tr.  1891,  603). 
It  is  excreted  «e  methylpvridvlammonium 
hydroxid.-  (("hem.  Soc.  Abf«tr. 'l8fl:{.  ii.  544). 

The  double  compound  of  uyridinu  with  silver 
nitrate  AgN0,*2C\HtN  hu  nieen  recommended 
by  Witt  as  a  ripeniiu;  agent  for  photographic 
emulsioDs  (J.  Soe.  Chem.  Ind.  1904,  236). 
Leppe-Oamer,  however,  dooiea  that  it  has 
any  advantagPH  over  the  ocdiituy  ammonift 
npening  {ibid.  190(i.  197). 

Sulphurous  acid  e^iteni  of  p^Tidine^  which 
mej  M  obtained  by  heating  undar  a  xeflnx 


oondenaer  with  exoen  of  a  bisidphite  sointion, 

are  useful  in  thi-  projMirafinn  of  dycHtuffs,  and 
are  also  used  as  medicaments  (1>.  SL  P.  ^638). 

On  heating  pyridine  with  concentrated  sal- 
phuric  acid  to  300*.  /9-pyridine-siil phonic  acid  is 
obtained.  The  sodium  salt  of  this  acid,  distilled 
with  potassium  cyanide,  yields  ^'pyridyl 
cyanide,  which  on  hydrolyait  fonns  niootinio 
acid. 

Pyridine  may  lie  estimated  in  aqueous 
solution  by  heating  with  excess  of  gold  chloride 
and  dilutv  HCl,  eva[)orating  to  dryness  and 
heating  the  ppt.  after  repeated  waning  with 
pure  tu-y  ether.  The  ppt.  ha.s  the  composition 
C,H|N-llCI  AuCl,  (Compt.  rend.  1903,  324). 

Pyridine  can  be  repmaented  as  a  benzene 
ring  m  which  one  CH  group  is  replacwl  by  nitro- 
gen according  to  the  following  scheme  : — 
4 

y 


5  0^*^0  3 


or 


"V" 


The  positions  2,  6,  and  3,  6  are  known  as 
ortho-  and  meta*,  and  4  as  1^  para-  position. 

Hence  thre<'  mono-  derivatives  of  pyritlino  are 

rtsible.  The  position  of  the  substituting  groups 
these  isomerides  has  been  proved  by  means 
of  the  phenylp>Tidine8  obtaine<l  from  the  naph- 
thaquinolines  (Monatsh.  4,  437  ;  Ber.  17,  1518)* 
Hydboxy-  Dk&ivativks  of  Pybidikk. 
The  three  possiUe  hydimcjrpyridinee  are 
known  : — • 

a-Hydroxypyridlne,  a-pyridone,  by  diaiiUiug 
the  silver  salt  of  hydroxy(|uinulinic  acid  ;  melts 
at  107°,  an<l  ix  eolouretl  re<l  by  ferric  chloride. 

/3-Hydroxypyridine  in  formed  from  the  /3-8ul- 
phonic  acid  by  fusing  with  jiotaHh.  It  melts  at 
123°.  and  is  also  coloured  red  by  ferric  chloride. 

7  Hydroxypyridlne  or  •v-pyridone  (which  is 
probably  not  a  hydro  .xyl-  out  a  carbonyl-  com- 
pound) is  obtained  from  hydroxypicoknic  add 
with  evolution  of  GO*.  It  melts  at  148°  or  at 
62°  in  the  hvdrated  form,  and  in  coloundyellow 
by  ferric  chloride  (Ber.  17,  Rof.  1(39). 

Pykidikx  Monocabboxvug  Acij>8 
(76NH,(CO,H). 
a-FyiNHllMirboxylic  Mid  (2-  or  ortho-), 
picolinie  aeid  was  first  obtained  by  oxidising 
a-picolinc.  It  ia  easily  soluble  in  water,  crystal - 
li.ses  in  whito  neeiUe.s,  melts  at  137°,  and  sub- 
limes. By  the  action  of  sodium  amalgam, 
ammonia  is  jriven  off  with  the  formation  of  an 

acid  ("gHgO,   1  V      ri  liiic  arid). 

iS-PyiUlneearboxylic  aeid  (3-  or  meta-),  called 
MftcohMie  acid  from  the  fact  of  being  first 

obtaiMe<l  by  oxidising  nicotine,  is  also  obtained 
from  3-mvthyl-or  ethyl -p^iridino,  from /l-pyridyl 
cyanide,  and  from  three  diearboxvlio  aoids 
of  |)\Ti<liue  dniiiiolinic  aeid,  cincnomeronic 
acid,  and  i«ucuichomerouio  acid),  which  on 
heating  give  off  carbon  dioxide.  It  crystallises 
in  needlcH  and  melts  at  232*. 

>-Pyridine€arboxylie  aeid  (4-  or  para-),  mo- 
niakinic  acid  is  obtained  from  ctnchomeronie 
acid  ami  2  :  4-pyridinedirar>x>xyIie  acid  on  heat- 
ing. It  meltH  at  299*5'^  with  8ubliiuation  or  at 
315*  m  a  closed  tube^  and  ecystallisse  itom  hot 
water  in  needlsa 
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Sftwnl  of  those  acids  have  bioii  prepared 
either  synthetically,  e.g.  by  heating  komanio 
acid  C«H404  with  ammonia,  or  from  the  dicar- 
boxylic  aeids  by  splittiqg  off  1  nwl.  of  Oftrbon 
dioxide  (Ber.  17,  680). 

KomenAmlnlc  add  C.NH,(0H),C0OH,2H,0 

i»  ubtaiued  by  boiling  komcnic  acid  C^H^Oj 
with  ammonia.  It  dicompoaes  at  270**  into 
o«i>boa  diozido  aad  diliydioxypyTidin«b 

FYamm-moMaaoxxuo  Aohm  CtNH,(C02H),. 

QuinoUnle  aeld  {afi-  or  2  :  3  )  is  formed  by 
oxtdisiDg  Qoinol^e.  It  deoompoees  and  «of temi 
ftt  19(r-19S*»  MdidifiM  at  200*,  and  nulta  aaain 
•t  281^  It  dMompoMa  on  Wting  into  oacbon 
difNodd  and  aiootiiuo  acid. 

diMkoiiwraiite  aeld  {fiy-  or  3  : 4-)  b  formed  by 
the  oxidation  of  fht  quimnc  alkaloids  with  nitric 
aoid«  or  from  ^■y-methylpyridiuecarboxyUc  acid 
on  oxidatfon  witii  pstinangaiiata.  It  melts  at 
259*,  decompoainfr  into  <  arbon  dioxide,  7-mTi- 
diuecarboxy^  acid,  aad  tiome  nicotimo  acid. 

Laddlilto  Mid  («y  or  2 : 4.)  is  obtained,  to- 
gether with  some  t«ocinchomeronic  acid,  by 
oxidiHing  lutidiue.  It  melts  at  239*'-240*' 
(Voigt,  Annalen.  228,  54).  235**  (Ladenburg, 
^Vnnalen,  247,  27).  dccompcsirifj  into  oarbon 
dioxide  and  7-pyndinecarl>iix\ liu  acid. 

laochiehomeroBle  aeid  (/Sa'-)  melts  at  23G% 
decomposing  into  oarbon  ilioxide  and  nicotinic 


etii|i 

(HaD«nab  and  Wmm, 


of 

acetoaoetate  and  ai 
Ber.  19,  284). 

Tb»  acid  obtained  by  ozidiaiiiff  oo11idiDe> 

monocarhoxjlic  acid  co'stalliaes  Mith  2  mole- 
cules of  water  and  melts  at  110*.  The  dried 
acid  molts  at  156**  (Annaltn,  22^),  133). 

Pyridlne-pentaearbozyUe  aeid  C«N(<?0,H)» 
from  trimethylp}rridine-dicarboxylio  acid.  C>y«* 
tallises  from' water  with  SH^O.  DeoomposN 
without  riM'lHng  about  200**. 

HAU^fGKN  DkBIVATIVBS  OF  PvBXULNE. 

a-Chloiopyridiite  results  from  the  action  of 
I*C1,  on  a-hydroxypyridine ;  is  an  oil  W*f^  at 
166**/7U  mm.  (Ber.  1891,  3150). 

$-Chloroj)yridine.  By  the  action  of  chloro- 
form or  carbon  tetrachlori<ie  on  potaanvm 
pyrrol  (Ber.  14, 1 153)  is  an  oil ;  b.p.  148*'/743  mm. 

Dichloro*  and  trichloro- pyridine  are  known. 

A  dibromopyridina  had  been  obtained! 

by  acting  oa  oolltdina^iioarboxyiio  acid  with 
facomine  and  afterwards  removing  the  oarboxvl- 
groups  (PfeifTcr.  Her.  2(>.  1349).  It  is  idcnttoii; 
with  that  obtained  by  acting  ou  pyridine  with 
bromine  (Hofmaan,  Ber.  12.  988). 

HoMOLoavEs  ov  Pybidike. 

PlcoUne  {a-mdJiylpyridiut )  C'sXH^fCH  Thj^ 
ba^e  is  8e]>arated  from  that  purtiuu  ut  hnita/n 
oil  whic-li  boils  between  130**  and  145**.  On 
subjecting  this  to  redistillation,  ihf  inxatcr 


aoid  (Werdei  and  Herzig,  Wicuer  Akad.  B.  1879,  i  part  of  the  oil  comee  over  betwt-en  133"^  and 
826).  I  139**.   It  is  not  poflsibie  to  effect  a  wiKiration 

DlcarbOXyliC  acid  (3^'-)  or  DlnlCOtlnic  acid  if  the  ba.ses  by  means  nf  fractional  dtslil- 
ii^  heating  to  150°  ^-pyridine  tetracurhoxyiu  iation,  but  a  diiierence  m  the  ^kululidity  of  tha 
add  ofatalned  by  oxidising  the  lutidincarboxylic  |  platinum  salts  of  tlie  two  bases  fmnisiiea  a 
acid,  prepared  by  the  condensation  of  Mobutalde-  .  menn?i    of    neparating    them.     According  to 


nyde  ethylac'ctoaretate  and  ammonia.  The 
acid  doc!^  not  melt  at  285*  (Hantisoh  and  Weiss, 
Ber.  1886,  19,  284. 

DicarboxyUc  acid  (oa  -)  or  DlpleoUnle  acid. 

Obtained  by  oxidising  2  :  0-dimethyl  pyridine. 
It  niehH  at  243**  (Epst^jin,  Annah'n..231,  32). 

H.YOBOX¥P1ir&IDDrK-DI0AKB0XVU0  ACIDS 

C5NH,(0H)(C0,H),. 
HydroxyquinoUnic  acid  [oH :  (CO,H),= 
(a':a:^)l  By  fuaiog  quinolinic  acid  with 
potash.  It  bladcens  without  melting  at  254* 
(Ber.  IG,  2158).  Heate.l  with  water  to  195**  it 
decompoees  into  carbon  dioxide  and  hydzx)x>'- 

t^^Tidineoarboxylio  aoid.  Its  sil?er  salt  on 
leating  yields  a-hydrorypyridine  (Rer.  17,  590). 

Ammonioehelidonle  acid  is  obtained  by  heat- 
ing dieUdonio  aeid  with  ammonia. 
PzBIDnix-TBiCAaBOXYi.1*  A(  IDS  CjNH,(COjH)j. 

a/9>-Triearboxylio  acid,  Carboclnchomeronlc 
Mid,  is  formed  by  completely  oxidi&ing  the 
quinine  allcaloids,  also  from  7-methylquinoline 
and  from  7  'piinoUnecarboxvlic  acid.  It  loses 
IJlljU  (01  tryjitaliirialiou)  at  115*'-120*,  and 
nielt«,  if  qoiekly  heated,  at  260**  (Annalen, 
204.  308). 

a^/j  Triearboxylic  aeid,  oarbodinlcotinic 
acid,  is  obtained  from  /9-quinolinecarboxylic 
ecid.    It  melts  at  323**  (Annalen,  241,  11). 

llie  six  trioarboxvlio  aoi^  theocetacally 
possible  are  known  and  cluaaetenaed. 

PyBtnXHK-TETRAOABBOXTfilO  AOtM 

C,XH(C0,H)4. 
ajBa'/r^MnMuioxyUo  add.    By  oxklising 
the  tatidinedioacliosgrlio  aoid  formed  by  the 


l«idenbiug  (Ber.  1885,  47 j,  cummurcial  piooline 
consists  of  three  bases:  a-methylp\'Tidine,  a 
httle  /3-mcthylpyridine,  and  probably  oa'-di- 
mcthylpyridine.  The  same  observer  (Ber. 
1885,  61)  has  also  noticed  the  presence  of 
p}'ridine  in  this  fraction.  It  mia  be  separated  by 
means  of  its  picrate,  Mrhieh  mdts  at  162*. 

Picoline  boils  at  1 28-8'  760  mm.;  Ls  an 
optically  inactive  oil,  and  on  oxidation  yields 
pioolinio  add  (v.  mpra). 

5  Methylpyrldlne  boik  at  143-5**,  and  on 
oxidation  yklds  nicotinic  acid.  It  also  diffisn 
from  the  a^Lerivative  in  being  slightly  I«vo> 
rotatory.  I^ndolt  shows  this  vn^x  t  t  o  be  doe  tO 
errors  m  manipulatioQ  (Ber.  I88t},  157). 

7-Metliylpyi1diiit  does  not  appear  to  be 
contained  in  bone  oil.  It  has  hccn  obtaine'l 
s^'nthetically  by  the  action  of  heat  on  acrolcMin- 
ammonia,  and  also  tnm  allyl  tribromide;  h.pw 
143  r  760  mm. 

ricOLiKK-MnxoCAnnnxYLlc  AOM 

PteoUneearboxylio  add  {pyridint  a  tHdhjfl-y 
carboxylic  aeid}  is  formed  from  uvjtoaic  acKl, 
the  product  of  condensation  of  pyruvic  acid 
and  ammunia.  If  .sublimes  without  mellui^, 
and  ^elds  ou  oxidation  s :  y-pyndinedioar- 
boxylio  add. 

37  Methylpyridlne  carboxylic  add 
(CU3  :  COaH«  Y :  ^)  is  obtained  by  hieating 
methylquhiolinio  acwl  to  180M8iP.   It  fl 
at  212**  (Ann.  Hum.  PIiv^.  [5]  27.  493), 
yields  on  oxidation  oiuchomeronio  acid. 

Six  of  tin  ten  Bomibto  aieolina  bmmmm 
ta*ja,  Mid.  »  k»n»  »d  «a^§«|?a^oo8l( 
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Plcx>uifa-DiCABBoxvij:cr  Aciua 
C,NH,(CH,)(CO,H),. 

MfUiylqitlnolinie  add  ((CO,U), :  CUt««^rV 
By  oxidising  7-methylquinoline  with  perman- 
ganate. It  melta  at  186^,  giving  carbon  dioxide 
and  7-methyl-/8-pyridine-carboxylio  »oid. 

Uvitonie  add  r(CO,U), :  CH,=aYa']  ia  the 
condensation  product  obtained  from  pjTUvio 
acid  and  {dcoholic  ammonia.  It  melts  at  274^, 
splitting  up  into  oarbon  dkudde  and  piooliae« 
oarbozylio  add. 

PleoUne-dlcarboxylic  acid,  from  aldehydinc, 
the  oondeaBation  product  of  ettaylideoo  ohJoxide 
aad  aldflliyde  aminonla.  It  taUimia  aaaOy 
nithout  melting.  / 

Three  other  iaomeridw  are  icaowii. 

A  jriooUiia-telnMMrbozylio  add  '  is  abo 
obtainable  from  the  dioarboxylic  acid  of  collldine 
by  oxidation  of  the  methvl-  groups  with  perman- 
gaoate.  LatidinOiitefaaroozylio  add  is  formed 
M  an  intermediate  product. 

Latkllne  {dimeiiMlpyridint).  The  bases  hav- 
ing this  ooMtitutfco  axe  mainly  oontajned 
in  that  portion  of  the  basic  oil  boiling 
between  150*-170**.  After  redistilling,  it  is 
aeparated  into  the  two  fractions  160*-160^ 
and  leO^-lTO".    The  position  of  the  methyl 

rups  in  these  two  fractions  is  determined 
means  of  the  oxidation  products  formed. 
The  first  fraction  yields  on  oxidation  Mocin- 
chomuronio  acid,  which  melts  at  236**.  On 
haating,  oarbon  dioxide  is  split  off  and  nicotinic 
acid  is  formed.  From  this  is  inferrwl  that  the 
position  of  the  two  methvl  groups  Is  ad.  The 
ni^er  fraction  yidds  lutkiinio  acid  on  oxidation, 
and  this,  on  heating,  gives  Monicotinic  acid,  from 
which  it  follows  that  the  methyl-  groups  have  the 
positions  07.  All  the  acids  give  pyridine  on 
distillation  with  lime.  According  to  the  re- 
searches of  LadenbuTK  and  Roth  (Ber.  18,  40), 
the  fraction  139'*-142^  also  contains  a  lutidine, 
whidi  was  aepacated  by  meaas  of  the  mercuric 
eldorkie  salt,  mdting  at  186*.  This  was  de- 
composed Vfith.  potash,  and  distilled,  when,  j 
alter  drying,  aa  oil  was  .obtained  whidi  boiled 
a»  14S*-14^,  and  yielded  on  oxidation  with  per- 

maogaaate  a  dibasic  acid  which  is  identical 
with  that  obtained  from  svntheticai  lutidine 
prepared  by  oondeniinflr  <mmamic  aldehyde, 
ethyl  acetoacetate,  and  ammonia  (Epstein, 
Annalffli,  231, 1).  Its  8p.gr.  is  0'd645,  and  b.p. 
148*. 

Iha  oomtitntioii  of  tho  ^.Intidina  is 


ohlorioaoidoftlleba8e8boilingatl58''-160^  The 
salt  has  the  composition  C7H,N,HC'l,2HgCa,, 
aiidmdtsatl27''.  On  distilling  with  potash,  the 
salt  is  daoompoaed,  and  tiia  iMse,  after  drying, 
boils  at  167*.  Its  ap.gr,  is  0-9493iit0°_'4**.  It  yields 
a  pyridine-dicarboxylio  aoid  on  oxidation' with 
permanganate,  and  UM  add  mdts  at  286*.  Tliis 
is  known  as  a-lutidinio  acid  or  oy-p>Tidinc- 
dic&r  boxylic  acid,  since  on  heating  carbon  dioadde 
is  given  off  and  tsonioofeinio  aoid  is  fonnod. 
Hsnoo  arlntidjna  has  the  compodtion 

GH. 

\ 


(Ladenburg  and  Roth,  Ber.  18,  013). 

CoUldinH     {y-coUidiru,  trimethylpjfndine) 
C;»NH,(CH,), 

may    be   prepared    by   distilling  ooHidine 

dicarboxylic  est<.T  (obtained  by  oxidising 
the  condensation  product  of  aldehyde  ammonia 
and  ethyl  acetoacetate)  witii  Uma.  It  boils  at 
171M7S*,  and  haa  the  constitution 

CH, 
/\ 


O 


CH, 
GH, 


(Ladenburg  and  Koth). 

LiitldiB«*monoearboxylic  acid  {aa  dimethyl- 
nicotinic  acid).  Obtained  by  distilling  lutidine- 
dioarboxylio  acid  (Weiss,  Ber.  19,  1308).  It 
otystallises  in  fine  needles  melting  at  160°. 

Lotidloa-dlnrlWiyUe  add.  Obtained  by  the 
oondensation  of  Mobutylaldehyde,  ethyl-  aceto- 
acetate, and  ammonia  (Engelmann,  .Xiutnlen, 
281,  61 ;  HantzBoh  and  Weiss,  Ber.  1»,  284). 

Lotidioe-trlearboqrlle  add  is  formed  by  the 
ojddation  of  oollidinMiioarbozylio  add  with  per* 


m'Ul0nDB{til'4mtltiyljjyridine).  Separated 
byaddingnisnario  dikddatoasohitiimin  Igrdro* 


A  base,  CaH.,N,  has  been  isdated  from 

the  fraction  of  bone  oil  Iwiling  between  170* 
and  180°,  but  this  has  been  shown  by  Weidel  and 
Pick  to  be  a  2-niathyl-4-ethylpyridme  from  the 
fact  of  its  giving  on  oxidation  lutidinic  acid  melt- 
ing at  219*.  The  base  is  more  soluble  in  cold 
than  in  hot  water.  Its  sp.gr.  is  0-9286  at  16  8°  ; 
it  boils  at  177-8°/758  mm.  (Weidel  and  Pick. 
Monatsh.  6,  656).  These  authors  are  of  opinion 
that  Anderson's  coUidine  (Phil.  Mag.  4,  9, 146^ 
214)  was  impure.  The  base  does  not  form  any 
crystallised  salts,  and  is  not  identical  v,-ith  any 
synthetical  coUidine. 

A  Idehydine  {2-meihyl-b-dkylpyridine ).  Formed 
by  the  oondensation  of  ethylidene  ohlorido 
with  ammonia  (Diirkopf,  Ber.  18,  921).  It  boUs 
at  176°,  and  has  Bp.gr.  0-9389  at  0°/4°. 

CoUidine  dlearboj^Ue  Mid  is  obtained  bv 
oxidising  hydrocollidine-dicarboxylio  acid  with 
nitrous  add.  Tlie  ether  of  the  latter  aoidis  the  pro* 
dnot  of  oondensation  erf  eth  vl  aoetoaoetato  with 
aldehyde  ammonia.    It  yields  on  hcatuig  with 

lime  saV^niDot'^ilPTnclin^  yields  by 

snooesdve  ozidatuni  of  the  methyl-  ^rou^s  by  per- 
manganate the  following  cartx)xylio  aoida : 

Lutidine-trioarboxyUo  acid 

q,N(CH,),(00,H)„ 

PiooUne-tetawaibo^jFiia  aoid 
C,N(CH,)(CO,H)„ 

Pyridine -pontacar  boxy  lie  acid  C,N(CO.H)j. 

If  one  carboxvl-  group  be  removed  from  the 
original  acid  and  then  it  be  oxidised,  the  following 
acids  are  suooeeaively  obtained: — 

From  ooUidine-monocarboxylic  aoid 
C,NH(CH3)3C0,H  the  acids  lutidine-dicarboxyliu 
add  C,NH(CHa).(CO.H)„  picoline-tricarboxylio 
add    C,NH(CH,)(COjH)3,  pyridine-tetracar- 
boa^ic  acid  (',NH(CO,H),. 

V^orldine,  hexahydro-pyhdine,  is  obtained 
in  onttll  quantity  by  the  rodnotioQ  of  pyiidina 
with  tin  and  hydiodiloiio  add  (^^||«  gjp^oogle 
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1881,  14,  1S6U).  A  better  ymld  u)  ubtauud  bv 
I K  rating  in  absolute  alcoholic  solution  with 
uodmni.  It  may  be  prepared  from  pyridine 
in  96  p.c.  >ield  by  dectrolvtio  reduction 
(£.  Merck,  ]*>  ]r  P.'  90308;  Piv,  Eng.  Pat. 
21471).  It  may  abu  be  prepared  by  neating 
piperine.  obtained  from  pepper,  with  toda  Mbm. 
it  in  a  liquid  smelling  likt-  pepper  and  ammonia, 
boiling  at  106'7°,  sp-gr.  0  «810  at  0*.  Bliscible 
in  all  proportions  with  wftter.  It  oombinoa 
with  qumones  to  form  dyea. 

lUi  combination  with  hydroquinone,  p>T0- 
oatechin,  and  several  other  phenohi,  hah  been 
]Mitentc-d  by  Joavph  Tomer  &  Co.,  Ltd.  (D.  K.  P. 
984435). 

An  account  of  the  physioIoKical  action  of 
piperidine  an<l  allied  compounds  is  given  by 
U'olffenstein  <Ber.  34,  2410).  Ito  ohemioal 
n  actions  have  been  the  subject  of  special  study 
by  Oechsner  (Bull.  8oc  chiin.  43,  177J. 

Piperidine   guaiaoolftte   p^repared  by  the 
action  of  j)ipf'Xidine  on  guaiac(.il  disaolveil  in 
benzene  or  petrokum  melta  at  79*8".   It  is  | 
Qiied  in  llie  tmitment  of  i^thisis  (Phum  J.  | 
It^nT,  Si),  and  i«  im]K>rtant  as  r  mbining  the  | 
pruuertieM  of  a  strong  vascular  and  nervine 
fODK — piperidin»-~witK  an  antiiieptic  guaiacol 
(Tunnicliffe,  Chem.  Soc.  Trnn^   IS'IH,  145).  I 

Various  derivafciveti  of  piperiduie  have  been 
sj-nthemed  by  Ahnu  (Ber.  1806^  2278). 

MmUm.  ^ee  Qunrouin. 

GoLOVBiiBo  Mavtmbb  9IKV1D  isoN  Boxni.oiL 

Basm. 

1.  From  Pyrrol.   A  red  dye  may  be  obtained 

from  pyrrol  by  treat in^  cotton  cloth,  after 
dipjping  in  a  weak  alcoholic  solution  of  bitter 
idmona  oil  (bennldehyde),  with  alcohoKo 
p^VTTol  solution,  hydrochloric  acid,  ferric  cli!  ii  i  li  , 
and  eently  warming.  A  black  colour  is  obtauuxl 
by  subetitnting  cinnamon  oil  (cinnamic  aldehyde) 
(C:hcm.  Zeit.  1890,  348). 

Pine  wood  may  be  dyed  red  by  moiHtening 
with  hydrochlofio  aoid,  and  treating  with  the 

vapour  Hf  pyrrol. 

Pyrrol  blue,  may  be  oblainetl  in  two  varictiei) : 
(a)  by  mixing  p.vrrol  and  isatin  (1  mol.  of  each) 
In  sulphuric  acid,  yielding  the  'A'  variety; 
and  (ft)  by  operating  in  acetic  acid  under 
specified  conditions,  when  pjrrrol  blue  '  B '  is 
ootained  \\ith  a  certain  amount  of  A.  Pyrrol 
blue  B  hati  a  nu-tAllic  lustre,  and  is  much  k-^s 
scrfublo  than  p\rrol  blue  A.  Pyrrol  blue  A 
cannot  be  acetylat«-<l,  but  nn  trr  ttijv^'  |i\riiline 
sulutiuu  Milli  iMX-tic  anhydride  a  Aniall  ttiiiuuut  uf 
the  pyrrol  blue  B  derivative  is  obtahied.  This 
•oetyl  derivative  dissolves  hi  8ulphuric  acid 
to  a  magenta  solution,  which  rapidly  ciianges 
to  a  coratiower  blue,  owing  to  the  fonnation  of 
a  ilipulphonic  acid.  Tliis  acid  is  very  noluble 
in  water  and  dyes  silk  blue  (Liebermaim  and 
Hiiwe,  Ber.  1905.  2H47  ;  we  abo  Ber.  17,  1034). 

2.  From  P^ldlne.  Pyridine  dye«tuff«j  may 
1m;  obtained  by  diazotitiing  aminobcnzyl- 
p^Tidine,  and  combiniiig  with  the  usual  com* 
ponents.  Aminubeneylpyridine  is  obtained  by 
reducing  the  nitro-  oompound  prodnoed  by  the 
condensation  of  nitrobenryl  chloride  aii<l  pyri- 
dine baaea.  Theee  produota  dye  tannin- mor> 
danted  cotton,  or  wool  and  cotton  from  «n 
a(  id-bath  f  Furb.  vurm.  Blouter,  Lueius  and 
Bruning,  Eng.  Pat.  4645). 


When  mixtures  of  pyridine  (1  mul.)  and 
aromatic  amines  (2  mob.)  are  acted  upon  by 
cyanogen  chloride  or  bromide  dyestufifs  aie 
formed  practically  quantitatively  and  verj-  pure, 
with  the  elimination  Jl  moL  of  oyaoamidf. 
They  crystalliae  well,  and  Tary  from  yellow, 
through  (»ran^'  in  !  ri-<\,  to  violet,  and  d\-e  silk 
in  ahMies  shoMiug  tine  fluoroecenoo ;  audi  aoma 
show  marked  afmtity  (or  munofdaoted  eottoo. 
The\  are  soluble  in  water  with  difficulty,  more 
reatiih'  in  acetic  acid  and  alcohol,  and  in  pyiidiae 
(W.  KSnig,  J.  pr.  Chem.  1904,  106). 

3.  From  Piperidine.  The  quinonea  i  lxnio-, 
tolu-,  naphtha-,  phenanthra>quiaoneej  intetmcb 
with  pipmdine,  yielding  cokmnng  mntim  wUek 
are  reacRlv  changed  by  acids  and  alkalis.  The 
compound  with  benzoquinono  CfHg0s(NC'2H,»), 
forms  thick,  ivddish' violet  prmnt  with  blue 
reflex,  melting  at  178**.  Neutral  or  alkaline 
solutions  arc  olood-red,  acid  ttolutions  caxuune 
(Lachowicz,  Monat«h.  1888.  505). 

J  sat  in  Mm  is  derived  from  piperidine  a* 
foUoM8 :  Dipipcridyl  isatin  is  prepare«i  bv 
heating  an  alooholio  eolation  (rf  laatin  ( 1  mol. )  win 
(2  mob.)  pip«Tidine  on  the  water-bath  for  an 
hour,  and  ci^'staiii.sing  from  alcohul.  Isatin 
blue  results  nom  heating  this  compcNind  to 
]2n°-160°  in  a  current  of  air,  or  by  agitAtins 
witii  acetic  anhydride  at  00°  for  some  time  and 
pourmg  into  vat<r.  It  forma  indi^-blue 
solutions  in  alcohol,  ether,  or  acetic  and,  and 
iici  insoluble  in  benzene  or  chloroform.  It 
nmy  be  heated  without  change  to  MUt^,  Y.ui  m 
completely  decomposed  at  230**  (Soiiotteo« 
Ber.  1891,  1366). 

/)-Aminoj)henyl  })i[»cridine,  which  may  be 
compared  with  jp.aminodimethyl  miiKw*, 
reacts  in  many  oaaea  in  a  similar  way  to  this 
compoinul.  When  oxidised  with  n  {)riniarv, 
Hcoondary,  or  tertiary  amine,  indamimit  vanriog 
from  blue  to  green  are  produced.  Oxkussd 
in  the  presence  of  ineta-diamines.  coropoandji 
mav  be  precipitated  by  means  of  xiuo  chloride 
which  dye  cotton  Une. 

With  phenol,  when  oxidi:jed  with  the  theo* 
rotioal  quantity  of  potassium  ferricyanide,  a 
bloe  indophenol  is  obtained.  With  n*]Atliei8 
violet  colours  n*snlt.  Other  colours  are  also 
described  by  Lellmaan  and  C^ellcr  (Ber.  1888, 
2287). 

/wV^mffffi'.— Anderson,  Trans.  Rov.  Soc.  Edin. 
Iti,  4t>3;  20,247;  21.219;  21,671';  AnnaJen, 
70.  32  ;  84,  44  :  94.  358  ;  105,  335  ;  Weiik4, 
Sitz.  Ber.  70.  s:r  :  80,  443  ;  S2 1  :  si.  .",12  ; 
90,  972;  Cmnunan,  Ber.  iU04,  42UO-42iKi ; 
BMnberger.  Ber.  1891,  1758;  and  in  general  the 
pa]H*rx  of  tlie  following  :  Ciamician.  I)»'nnstt><lt, 
Hook'enrrff  and  van  Dorp,  Liebermanu, Oechsner 
dc  I  '  ''lun  I-;,  ;iui  1  W'ci'Icl. 

BONE  PHOSPHATES  t.  Fkrtiusers 
BOOKUM  or  SAPPAN  WOOD.    .An  ladiAn 
u ood,  the  pro<luct  of  Cmtolpima  Soppan  {Ubul.), 
Uned  in  clveiug  reds. 

BOOI^AH  NUTS.   I1ie  fniH  of  Pyr 
inacrophyUa  (Benth.),  I»clonjimg  to  the  Euphur*' 
biacete.    Used  in  tpanning  (Holmes,  Phann.  J. 
[31  8,  3B3). 

BORACIC  or  BORIC  AOID  v.  BoioV. 
fiORAClTE  V.  Bo&UK. 
BORAL  «.  SywTMTio  drvos. 
BORATES  V.  B<.iKoN. 

BORAX.  ^  a  minora],  borax  (^laJ^^O^ 
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lOH^O)  is  found  as  an  efflorescence  and  a^  luunu- 
ciiiiic  crystals,  eoniotimes  of  considerable  ^i^c, 
ou  the  shores  of  the  salt  lakes  of  Tibet  ami 
California.  In  San  Bernardino  and  Lake 
count  ii-s  in  California  there  are  several  places 
known  «•  *  £orax  Lake ' ;  but  most  of  the 
lK»mtfl8  eommerciAlly  ndned  in  this  region 
l»olonp  to  other  apecii-s  (ukixitc.  colfuuinitf,  lic. ). 
The  Tibetan  depoaitA  extend  from  the  lake- 
plain  of  Pogli*  in  the  wnt  to  tlie  Uiket  of 
lV-ngri  Nur  in  the  cast,  and  foriiif rly,  since  very 
early  times,  much  crude  material  was  exported 
trnderthenunooftanoaL  (v.  Bobov.)  L.J.8. 

BOBDEAUX     V.    AZO-  C  Or  orHfNO  MATTKBS. 

Lambert  (Zeitach.  anal.  Chcm.  22,  Afi)  deteota 
this  djre  in  innea  by  precipitating  with  baaio 
load  acetate,  and  extracting  the  precipitate 
^ith  alcohol;  the  red  solution  thua  obtained 
is  turned  yellow  by  alkidis.  Wool  heatod  with 
the  win*'  «i1hdra\v<j  it.s  colouring;  mattora, 

Beilier  (J.  rhariii.  (.'him.  [6J 14,  7)  describes 
a  method  of  dftrrmining  quantitatively  the 
amount  of  this  dve  in  v  ;n(\s. 

BORDEAUX  MIXTURE  v,  Plakt  srsAYb. 

BORNEO  CAMPHOR  v.  GaimiOBS. 

BORNEOL  t'.  Camtoobs  ;  Terpexes. 

BORNEO  TALLOW  is  a  generic  Urm  for 
a  laxgo  varit-ty  of  fats  obtained  from  the  kernels 
of  a  nnnilxT  of  plants  bt'Ionping  to  thf-  Diptero- 
carpua  faniilj',  such  a.s  Shona  dtnopUra  (Burck.), 
Shorea  a/ptera  (Burck  ).  Hopta  tupera  (de  Vriese), 
Fentacme  siamensi'i  (Kurz),  all  of  width  art- 
indigenous  to  thu  8uuda  Islands,  ludo-Cliina, 
find  the  Malay  Stat«s.  All  the  fkta  dutnA 
from  these  trees  are  also  in  commerce  known 
under  the  native  name  of  Minjak  1  augkawaag 
(Tangkawang  Fat).  Minjak  Tangkawang  repre- 
■enta  a  mixture  of  at  least  six  fats,  obtained  from 
fix  varieties  of  trees  known  to  the  natives  as 
T.inf:;kuwan(i  toengkoel,  T.  rambei,  T.  lagar 
(these  trees  iiavo  a  diameter  of  more  than  3  ft.), 
T.  goentjang  (growing  in  swampy  regions,  and 
reaching  a  heijiht  of  22  ft.,  whilst  tht-  tlianu-tfr  of 
the  trunk  rarely  exceeds  6  inches),  T.  madjan, 
T.  terindak. 

The  fat  h  j)rt'piir<'<l  by  (ho  nativos  in  a 
very  erode  manner.  In  the  '  wet  proccHs '  the 
fraftt  aro  placed  in  baskets,  immened  in  water, 
and  left  therein  for  from  30  to  40  days.  After 
that  time  the  shells  are  removed,  the  kernels 
are  split  into  four  parts,  and  these  spread  on 
boanti,  exposed  to  the  sun  to  dry.  The  drifd 
fruit  is  then  pounded,  boiled  with  water,  and 
the  liquid  fat  skimmed  off  and  moulded  in  the 
intemodes  of  T)aiulK>o  stems ;  hrnt-o  thf  com- 
mercial .Kanipk-jj  have  a  cyliudncal  i^hapu. 
The  *  tiry  ])rooe8s  '  consista  in  cutting  thu  kernels 
iuid  di^cs  immediately  after  the  fruit  has  been 
<  <  Hfctfd,  drying  the  discs  by  exposure  to  the  sun, 
and  i4ub»>quentiy  pressing.  The  fat  obtained 
by  the  dry  process  yieldfl  the  best  prodnrt, 
\\  hich  i»  largely  ust-d  for  edible  purpust'si  iu  thu 
l-^t.  The  Shorea  fruit  (erroneously  also 
<le»cril)od  in  the  Straits  StttlcnH-nts  as  Illiju- 
Nut)  had  been  occasionally  shipjK-d  to  Kurope 
and  endeavours  have  been  made  tu  convert 
it  Into  a  '  chocolate  fat,'  but  as  the  harvest  is 
a  remunerative  one  only  in  intervals  of  several 
\'ar>i,  this  manufacture  has  been  abandoned. 
Borneo  tallow  contains  considerable  quantities 
of  stearic  acid.  Samples  ezamiixed  in  the 
writer's  laboratory  contained  as  mnch  as  66  p^c. 
Vol.  L—T, 


of  stearic  acid.  'riio  fat  melt*  at  aa^-ilO"  an«l 
liquefies  completely  at  42°.  The  insoluble 
fatty  acids  have  a  high  melting-point,  viz.  53 °- 
54**,  and  seem  to  consist  of  66  p.c.  of  stearic 
acid  and  34  p.c  of  oleic  acid. 

The  fata  from  Shorea  Ghvsbertiana  and 
from  laoptera  bomensis  have  been  described 
recently  as  Enkabang  fat  and  Toglam  fat 
respectively  (Brookes,  AnaiyBt»  1909,  206). 

J.  L. 

BORNESIT  V.  Glvcosidks. 
BORNITE,  A  sulphide  of  copper  and  iron, 
of  importance  as  an  ore  of  eopper  (Co  45-71  \>.c.]. 
On  a  freshly  fractured  surface  the  colo\ir  is 
dark  bronze,  but  this  quickly  tamishea  to  purple 
or  deep  reddish ;  henoe  the  names  purple 
coppf-r-ore,  variegated  coj)per-ore,  erubetieite, 
and  the  Comtsh  miner's  name  horse-flesh-ore. 
Further  alteratimt  prodnces  a  Uaok  sooty 
coating.  The  massive  ore  is  always  nmeh 
intermingled  with  oo^per'pyiites!,  and  even  the 
rarely  occurring  oabac  or^nrtalfl  usually  oontain 
a  nucleus  of  copper- p^Titrs.  Thr  exart  coni- 
positiuu  of  the  mineral  has  therefore  long  been 
doubtful ;  analyses  by  B.  J.  H^mrington  (1903) 
of  carefully  selooted  iiiatcrial  gave  the  formula 
Cu5FeS4.  This  is  the  bornite  of  W.  Haidiuger 
(1845):  bomita  of  F.  S.  Bcudant  (1832)  is  an 
obfioletf*  ^nonym  of  tetradjmite  or  telluric 
bismuth.  L.  J.  S. 

BORNTVAL.  Pharmaceutical  name  for  thc^ 
i^ovalerianic  ester  of  borneol  C,aH,,O.C,H,0, 
a  liuijiid  Huid  tsmelling  like  valerian,  insoluble 
in  water,  freely  soluble  ia  alcohol  or  ether : 


b.p. 


pr.  0951  at  20*,[D],3 
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BORQ  GLYCERINE.  An  antiseptic,  puleiiled 
by  Barff  (D.  R.  P.  18108 ;  Eng.  Pat.  6906, 
1884) ;  prepared  by  heating  92  parts  glycerol 
with  62  parts  of  boric  acid  at  200*.  It  is  a 
yellowish,  tran.Hiiarent  substanic,  soluble  in 
alcohol  and  in  40  parts  of  water.  Used  as  a 
preservative  for  fruits  and  wines  (J.  Soo.  CTiem. 
Tnd    1.21};  4.  3C2). 

BORON,  a.   At.  wt.  11-a   An  element 
usually  redconed  among  the  metalloids,  although 
it  presents  analogies  to  the  metals,  an<l  has  been 
placed  by  Etard  (Coropt.  rend.  91,  627)  at  the 
head  of  the  vanadium  group,  mtermediate 
befueen  the  placcf<  of  phosphorus  and  carbon  ; 
is  a  triad  in  most  ot  its  loiown  combinations, 
but  iii  also  capable  of  acting  as  a  pentad  (Miohaelis 
and  Becker,  Ber.  13,  58).    Never  occurs  free; 
I  usually  as  boric  acid,  and  in  several  minerals,  as 
i  borax  or  iinad,  boracikf  kffitroboraaie,  rhodizittf 
I  sd.asoUn,  borocalcite,  boronatrocakitr,  and  boiryo- 
liie,  and  in  small  quantities  in  Jicfiorl,  datolitf, 
iourmaliM,  apt/rite,  and  axiniit. 

The  element  was  first  isolated  by  Qay-Lussar 
and  Th6nard  in  ISiih,  by  heating  boric  oxide 
with  potassium.  According  to  Wohler  and 
l>eville  (Ann.  Chim.  PIivh.  [3]  r)2.  63),  it  may  be 
obtained  by  mixing  00  gruiu^  oi  .scKlium  in  small 
pieces  with  100  grams  of  ^powdered  boric  oxide 
in  an  iron  crucible,  covenng  the  mixture  with 
a  layer  of  30  grama  ignited  sodium  chloride  in 
tine  powder,  and  heating  the  whole  to  redness. 
After  the  completion  of  the  reaction,  ^vhich  is 
very  violent,  the  mixture  is  stirred  with  nn  iron 
rod,  until  the  8odi<ini  and  sodium  cliloride  are 
fused,  and  carefully  poured  into  dilute  hydro- 
chloric aoid,  and  tlw  teddue  washed  with  water 
oontafaiing  ammonium  chkride  (^Jj^i^gftlfey  Google 
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it  •abseqaently  removed  by  alooliol)  Mkd  dried. 

Roron  can  al.su  lx<  obtairic-^i  hy  hfatirifi  [X)ta8sium 
boroduohde  with  potassium  (Berzelius),  or 
mAgnesinm  (WShler  koA  Deville) ;  by  th« 
electrolysis  of  fused  boric  oxide  (Davy) ;  by 
reducing  boron  trichloride  by  hydrogen  (Dumas) ; 
by  fasing  borax  with  amorphous  phosphorus 
^DrageiulorfTi  :  liy  heating  boric  oxide  with 
magnc-tiiuni  and  tifaliag  thu  re«iduu  with  dilute 
hyurochlnric  acid. 

Woliler  and  Deville'«  method  gives  a 
pruduct  cuntaiiiing,  iu  additKni  to  boron, 
compounds  Cf  boron  with  sodium,  iron,  and 
hydrogen,  and  boron  nitridr.  The  best  mothod 
ii  thttt  of  Moissan.  Pure  and  dry  boric  oxide 
is  intimately  mixed  mth  as  muck  magnesium 
filings  as  will  suffice  to  reduce  one-thira  of  it. 
The  mixture  is  placed  in  an  earthenware  crucible 
in  a  furnace  at  a  bright-rod  heat,  when  the 
reaction  proceeds  at  once  rather  violently. 
Heating  is  continued  for  ton  minutes  and  the 
mass  alTuweil  to  cool.   The  middle  portion  of  the 


wiUuMit  appimnt  vobtiliwlioii  (Britioh  TImw- 

son-Houston  Co..  Eng.  Pat.  1107,  1907). 

Pure  boron  is  a  ohestnui-ooiourod  ponviUi 
whioh  oui  be  oompwwwid  into  m  Hiny  eoo- 
Kistent  solid.  It  has  a  density  of  2-4i>,  and  l- 
infusible  at  the  temperature  of  the  olectrio  w. 
(Moissan);  it  is  tasteless*  odonrlBM,  ataicin: 
the  fingers  --troncrlv  ;  bocom«^  densfr  on  Wui: 
he&Uxl  iu  a  vacuum  or  in  ga^iee  which  havt-  o§ 
action  upon  it ;  not  oxidised  «i  onAsoiiri 
tem]«Tfitiir<>«  in  either  air  or  oxyjn*n  :  heattv 
m  air,  it  minis  with  a  reddish  light,  tormixig  B.< 
and  BN ;  bums  with  dazzlmg  brightaet»K  u 
n.xvpen,  forminji  B_,0,.  Boilinj:  »at«T  has  : 
acliou  on  it,  but  it  is  readily  oiidi.-fd  by  ^trui^. 
mtcio  acid  in  the  cold,  and  by  sulphuric  aciti 
when  heated.  Wlion  heated  to  reilnoHs  w:t-h  tbr 
alkaline  !>alts  of  oxyacidit,  yields  an  alkalui- 
bor;ito,  the  formation  being  frequently  atteadt^i 
with  incandescence,  and  in  the  case  of  nitre  wit  fa 
explosion.  Heated  with  pota^  it  forms  • 
tassium  borate  with  liberation  of  hydrogen,  an'i 


nuMp  which  is  of  areddiah  oolour»i>  meohaaioally  ^  leducses  the  ohlondee  of  lead,  gold,  mercury « ami 
flepavated  from  the  nrronndinff  black  portion   rilver,  and  sulphide  of  l«ftd,  cnloride  or  aulphidp 

aH  completely  as  ]K)s.-iible,  aiul  boiled  with  a  of  boron  beim:  f<>rme<l  f\Vohl<  r  and  Devillc. /.«■ 
latge  ezcesti  of  dilute  hydrochloric  acid  which  and  Annaleu,  106,  72).  Heated  iu  mtragrn,  >t 
ntaovm  tlie  borks  aoid  and  boridee  of  magn«Bhiin.  forms  white  bofoa  nitride.  It  deoompoeos  aitric 
The  magnesium  borate  is  removed  by  n  [h  Ued  oxide  at  a  red  heat,  buniin*;  brilliantlv  and  fonu- 
boiling  with  Bfcrwig  hydrochloric  acid  ;  and  the  ,  ing  boric  oxide  and  nitride,  but  apparently  ha* 
tilioft  (rMoHlag  mm  the  diaintegratton  of  the  no  aetion  on  nitrons  ozkle. 

crucible)  by  heatinc  the  residue  m  a  f  latitnn  i  Crystalline  boron.  Tliis  varii  t  s  h;is  nover 
vessel  with  hydrofluoric  acid.  The  retmluu  in  been  obtained  in  a  htate  of  purity,  but  alway» 
washed  by  deoantation  with  w»ter  and  dried.  '  contains  »  small  proportion  of  oarbon  or  ala- 

It  is  then  approximately  pure,  but  still  contains  minium  or  both.  It  may  Ix-  r  I  t  lii  '  -l  by  placinr 
a  small  quantity  of  n  magnesium  borido  which  8  |)arts  of  aluminium  uit'h  10  p&rttv  u(  iumni  bone 
oannot  be  got  rid  of  except  by  fusing  the  ]tfodaot  aoid  in  a  gas<«arfoon  omoible  filled  up  with 
with  alK)ut  fifty  ti nil  s  its  wei^lit  of  Ixjrio  Oadde,  ignited  charcoal  and  placed  inside  aiiotlj-r 
and  repeating  the  above  operation!*.  crucible  oi  graphite  which  is  heated  to  1501'", 

Moron  haa  been  produced  by  Weston  and  for  five  hours.  Tho  alnminiam  is  removed  fip(HB 
Ellis  (Trans.  Fnra<lay  Soo.  1907,  170)  by  the    the  resulting'  mas-=  bv  means  of  fairlv 


action  of  aluminnim  powder  on  boric  oxide. 
If  2  rads.  of  boric  oxide  to  2  atoms  of 
aluminium  are  used,  the  chief  product  is  boron. 


.s-tronr 

Boda,  and  the  residue  is  then  budud  out  with 
hydzoohlorio  and  hydrofluoric  acids.  Hie  re- 
sidue contains  some  alumina  which  is  '^rpnrmtt^l 


but  with  a  smaller  proportion  ui  boric  oxide   mechanically  as  far  as  po^ble,  and  completely 


alnmininm  boride  is  pvoduoed  to  *  laige 

extent. 

Boron  may  be  prepared  eli  c truly liciilly  as 
follows  :  A  fused  metallic  borate  is  eicctrol^'sed 
between  carbon  poles  separated  so  as  to  prevent 
tho  boron  floatmg  to  the  cathode.  By  the 
use  of  a  high-current  density  at  the  anode 
sufficient  heat  is  generated  to  e^tect  the  rcduct  ion 
of  the  borio  oxide  which  o6l]e<yUi  there  (U.  »S.  Pat. 
785902). 


by  glacial  phosphoric  acid.  Crystals  may  alsx 
b(-  obtained  by  heating  2  parts  of  fus.^l  and 
pu\sdorwl  borax  with  1  pitrt  of  niagne&ium. 
A  comm(rcial  process  has  been  patented  bv 
KUhn  (fhem.  Zontr.  1904,  i.  fit).  Honin  coro'- 
pounds  are  mixed  with  sulphur  and  aluminium, 
and  tho  mixture,  which  bums,  ignited.  Ckjntafe 
of  boron  are  found  in  the  rcsultmg  mas»,  and  hjt 
separated  from  it  by  extraction  with  wat<^, 
which  fleoomposea   tho   aluniiuium  «>ulphide. 


(Jommercial^  hoion  is  purified  by  grinding  i  forming  aluminium  hydroxide  and 

bono  oxide  j  leaving  the  crj-stala  of  Iwron. 


the  product  obtamed  by  heating 

and  magnesium  with  hydmi  hl.>ric  aei.l,  an<l 
quickly  pouring  ofi  the  upper  liquid.  This  ; 
contains  matter  in  niRpeMion  which  holds  j 
a  higher  proportion  itf  impurities  than  do<'.<5 
the  residue  at  the  bottom.  This  process  of 
*  fractional  deoantatiott'  is  repeated  several 
times.  Tho  residual  boron,  which  may  still 
contain  boron  hydride,  magnesium  boride, 
boric  oxide,  and  a  borate,  is  compressed  into  a 
thick  «»tick  or  enke,  and  h.  nted  to  1200*  in  a 
vacuum  electric  furnace,  which  either  volatilises 
or  diwoeiatcs  all  these  im))uritic.s.  Tho  pure 
Imron  i.s  then  nu'lte<l  down  in  llio  arc  in  a 
current  of  inert  gas,  preferably  h^dropen.  The 
result  ins  lK>ron  is  a  deiiso  Bolid  Kubstance  which 
oonducttf  electricity  and  is  completely  fusible 


The  hardist  variety  of  cr\'jftalline  borrm 
contains  2-4  p.0.  of  carbon  (Wohler  an  !  I>t  vUlr. 
Joly).  It  consfats  of  metallic-tooking  im^cJ 
which  are  black  awl  opaque,  or  red  in  Vf«ry  tbia 
sections.  It  is  only  oxidised  with  very  gn>.at 
difficulty  in  oxygen,  and  in  air  no  change  takei 
place  oven  at*2(MK)'*.  Mopcu  jotash  or  ieai 
chromato  oxidises  it  with  inoaodesoonoe,  but 
fused  potassinm  nitimte  doaa  not  afhct  it. 
*  Boron  diamonds  *  of  the  comJ>l>^it  ion  n,,C,AI, 
are  colourless,  transparent  prisms  (Hampe) 
the  tetragonal  syBtem,  and  a  still  wm  hi^Ui 
refracting  variety  ims  pr^ared  by  WfiUcr  anil 
DeviUe. 

Boron  may  be  introdnoed  into  aleel,  tad  titf 


BORON. 


499 


joon  btadicd  by  Osmond  (Compt.  rend.  110, 
112,  and  346),  bv  Moisaan  and  Clharpv  (ibid. 
120,  130),  and  by  L.  Guillet  {ibid.  \U\  1049). 
Boron  steels  aro  obtained  either  by  huating 
imorphoua  boron  with  reduced  iron  in  a  current 
>f  hydrogen,  or  by  adding  oiystaliino  boron  to 
lite  molten  metaL  On  hardening  by  heating 
'M  a  known  terap>erature  and  Quenching,  boron 
iteel  behaves  like  a  high  grade  hard 
wrbon  ateel  m  regards  increase  in  tensile 
rtrrngth,  whilst  thf  Himinution  in  extension  is 
aot  0O  aetki.  The  haidnees  of  boron  steel  is 
not  nuon  affected  W  heating  and  quenching. 
Thr  special  eflfect  of  lx)ron  appears  to  hv  to 
;x>muiuiuoate  to  the  steel  a  high  teoMlo  strongth 
trnther  Ukuk  aokiial  hardness  when  the  metaT  is 
heated  and  qucnchixl. 

Bonm  rapidly  reduces  maoganeoe  oxides  in 
the  deotrie  famaioe.  With  excess  of  oxide 
prodncts  containing  up  lo  07  p.c.  manganese 
may  be  obtained  which  are  soft  enough  to  bo 
filed.  With  exoesa  of  boron*  hafi^,  graanlar 
Kubrttancrs  rosiilt,  rnntnining  unto  20  p.c.  boron. 
i<Vom  thesic  a  definite  boride  MnB  may  be 
isoUted.  It  is  a  orystalUne  metallio  powder 
attHck»'<l  by  halogens  and  oxygen  at  high 
temperatures,  and  by  alkali  hydroxides  and 
carbonates  a  red  heat.  Water  or  steam 
sl<)\vl\  decomposes  it  with  evolution  of  hydrn^M-n 
(Buut  du  Jassonneix,  Compt.  rend.  139,  12U9). 
The  same  author  has  obtained  very  similar  results 
with  nn>I\lHlenum  dioxido  an<i  boron  (Compt. 
rend,  li'i,  l&J) ;  and  has  also  prepart«d  Imu 
definite  lx>rido8  of  chromiam  ('rjB,  and  OB, 
by  fusing  together  chromium  and  boron.  Th<  y 
are  Teiy  stable  towards  reagents,  especially 
the  formtr.  ljut  are  decomposed  by  fused 
alkalis,  and  by  ohlohne  at  a  red  heat.  They 
aT«  solnUe  in  hydrofhioric,  hydrochloric,  and 
fonccntratfd  .suI])liiirio  acids  (Compt.  rend. 
143,  1149).  The  same  author  has  also  prepiu-cd 
nitB,  NiB^  Oo,B,  and  €oB,  (Ooinpt.  rend.  145, 
140);  ana  horides  of  /.inoiiiuin.  LhrdiiHurii, 
tun^ten,  and  molybdenum  have  been  prepared 
by  Taek«r  and  Moody  (Chem.  Boo.  Ptac  1901, 
129). 

CoMFomrns  ow  Bobov  with  Nok-iotaluo 

Elxmxnts. 

Bonmi^  B(NU,),  is  formed  together  with 
tmraoniam  chloride  by  the  action  of  ammonia  ' 
un   boron   trichlorido   at   a   low  tenpsntufe  ' 
(Joannis,  Compt.  rend.  135,  llOti). 

BoffsMe  B,(NH),  is  a  spongy  white  masB 
insoluble  in  inoNt  .soI\  onts.  On  heating  it  begins 
to  give  ofi  ammonia  at  125°-130%  and  is  oom- 
I^ctely  transformed  into  baton  nitride  at 
^liihtiy  higher  tempt>ratiii  -  It  is  prepare<l  by 
heating  the  compound  o{  boron  teisolphide  and 
uuBonin  B,S„6NH,  for  some  time  at  llftMfiD* 
in  n  r  iirrcnt  of  hydroKoii  or  dry  aninu nia  (Stock 
aiiti  BliX,  Ber.  1901,  3039  ;  and  Joaunu»,  Couipt.  : 
l«Qd.  136,  1106). 

Boron  carbide  B,C  fornix  i  xcoodingly  hard 
shininjj  black  crystals  which  aro  capable  of 
polishing  diamonds.  It  may  bo  obtained 
niaiwive  by  fusinj^  together  boric  oxide  and 
carbon  in  an  olectno  resistance  furnace  and  ' 
<u<jhng  faiiiy  mpidly  (&  A.  Speny,  U.S.  Fat. 
869114). 

bhaped  biockb  ut  Lkjiou  carbidm  an:  obtained 

^  infMiiiig  tiw  body  of  tlio  blook  in  pore  I 


carbon,  embedding  this  in  powdeied  carbide,  and 
firing  in  an  eleotno  fumaoe  (BSlling,  Eng.  Pat. 
6693,  1906).  Modifications  of  this  process  have 
also  been  patented  (Additions  (2)  Sept.  30, 
1904,  to  Fr.  Pat.  353017). 

Boron  nitride  BN  is  a  white,  mnnrphous, 
bulky  |K>vvik?r.  It  is  infusible,  iui^uluole  in 
water,  and  gent-rally  somewhat  inert  to  reagents, 
but  Stock  and  Blix  (Ber.  1901,  3039)  havu  do- 
scribed  another  mo<Lification  which  l^^  c  houiically 
much  more  active.  It  may  be  obtained  mixed  with 
^t^j  burning  boron  in  air  ;  or  by  the  action 
of  nitrogen  on  a  niixtiin;  o£  boric  anhydride 
and  carbon  heated  to  redness  (Wohler  and 
DeviUe,  Aim.  Chem.  Phys.  p]  52.  8t).  It  is 
best  prepared  by  the  action  ul  ammonium 
chloride  vapour  on  a  porous  mass  of  calcium 
phosphate  and  borax  or  boric  oxide  heated  to 
bright  redness,  afterwards  extracting  the  cold 
maiis  w  ith  hydrochKiric  acid  and  water,  and 
dryii^  the  residue  of  BN  in  a  vacuum  desiooator 
(Moeser  and  BIdmann,  Ber.  1902,  S3S) ;  or  by 
allowing  boron  broiiiiilc  to  drop  int<j  liquid 
ammonia,  and  heating  the  pcecmitaied  jnixture 
of  bozamide  md  bor&nide  to  7oil^  in  a  minent 
of  ammonia  g»s  (Stook  and  Hollo,  Ber.  IfiOS, 
2095). 

Boron  m^llMoNsS,  forms  fine  white  needles 

of  denyity  alxvut  l-fjo,  which  nu-lt  at  310".  IL 
is  volatile  in  hydrogen  without  decomposition. 
It  has   been  carefully  studied  by  Hoissan 

i Compt.  rend.  115,  203).  Tt  may  be  jjrepared 
)y  heating  t<»gether  sulphur  and  amorphous 
boron  (Wohler  and  Deville);  or,  better,  by 
heating  forroboron  in  a  stream  of  dry  hydrogen 
sulphide  at  400°,  and  jiurifying  the  resulting 
product  by  dissolving  out  the  sulphur  with 
carbon  di.'iulphide  (llofnmnn,  Zeit.  angew. 
Ukuu).  1906,  1362].  Thti  latter  procesiji  m  much 
cheaper  than  the  otht^r. 

Boron  trichloride  BCl,  is  a  colourles;*,  very 
mobile,  i-elractive  liquid  which  fum^  in  the 
air.  8p.gr.  l^SSSatO";  h.i».  18-23<*  (Rognault). 
It  is  drcompoMtvl  by  water  with  formation  of 
hydrochloric  and  boric  acids.  It  is  prepared  by 
passing  dry  ohiorino  over  amorphous  boron,  and 
coUectmg  the  vapours  in  a  U-tube  immersed  in 
a  freezing  mixture.  The  product  is  purified  by 
shaking  with  meconiy  to  t«move  ohMnme,  and 
by  fractionation. 

Boron  tribromlde  BBr,  resembles  the 
ehloride  in  physical  properties.  It  is  prepared 
in  the  same  way,  substitating  bromine  for 
oUorme,  or  by  treating  »  radJiol  mixture 
of  r  a  i  M>n  ond  Ixnio  oxide  wilk  bromine 
vapour. 

BorieoxMo  B,0;,  may  be  obtained  by  burning 

boron  it)  oxvgtri,  or,  more  easily,  by  .strongly 
heating  boric  acid,  when  it  melts  at  57 7**  to  a 
viscid  mass,  cooling  to  a  oolouriess  brittie  glass 
of  sp.gr.  1*83.  Non-volatile,  and  hence  cajiabh: 
of  expelling  carbonic,  nitric,  and  solphuric  acids 
from  their  salts  at  a  red  heat.  Soluble  in  water, 
forming  boric  acid. 

A  blue  glass,  '  boron-ultramariue,'  of  colour 
varying  with  the  duration  and  intmaity  of 
heating,  and  with  tlio  proportion>i  nf  the 
ingredients,  is  made  from  tiodmm  su]j)hidi-  and 
boric  anhydride.  It  is  stable  in  air  and  imly 
^H^htlv  soluble  in  water  (J.  Uoffmann,  Zeitaoh. 
angew.  Chem.  1906,  1089). 

Boito  or  BoiMla  aeU.    Sa  *B^|||(BH«iby  Google 
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Bmnbenii,  Sai  mnoUmsm  mlhoU.   Bono  oadda 

forms  three  hydrates  i 

Orthoboric  acid  B,0,-3H,0=H,B0,. 
McUboric  acid  B,0a  H,0=H,B,04. 
Pyroboric  acid  2B,0,  H,0=H,B40^ 

Boric  aoiil  appears  to  be  a  dibasic  acid,  and 
most  of  iU>  may  be  rt^ganltnl  t^n  derived  (roui 
niotaboric  or  p^Toboric  acid.  Both  these  are  so- 
I  illf'H  '  weak  ru  i  l'^.  Thi'ir  f-alts,  when  ^*oIuble, 
iiavc  usually  uu  Hlkaiuie  roactiun,  even  when 
aoatainiag  esoen  of  bfnio  acid,  ukd  am  deootn- 
posed  even  by  carbonic  acid. 

Boric  acid  is  fotmd  free  in  nature  in  iiiauy 
volcanic  distriot«u  In  Ontral  Italy  it  ia  pro- 
duced on  a  largo  scale  in  the  territories  of 
four  communes  :  Puniorance,  Maana  Marittima, 
Castcl  Nuovo  di  Val  di  O-cina,  Mouticri,  all 
in  the  province  of  'J'uscany,  the  nearest  ship- 

{)ing  point  being  Leghorn,  to  vhich  place  it  is 
jrought  li\  railroa*!  from  V'olterra.  It  also 
occoxB  ia  the  extiaot  orater  of  »  voloMio  on 
one  of  the  Lip»ri  Islandu,  and  in  the  enter 
of  Rtr<  II  '  '  li,  an  active  \(>lf  uii<>  on  another 
island  of  the  same  group,  near  i>icilv.  Volcanic 
emaDfttioiiB  oootaininit:  borie  ada  occur  in 
Nevada,  in  California,  and  Nova  Scotia.  It  exists 
in  solution  in  the  mineral  M-aters  of  Wiesbaden, 
Aachen,  and  Kraaluailied,  in  Germany ;  in  the 
mud  volranoes  cf  t],.  Colorado  Desert,  in  San 
Diego  county,  C'alitornia  ;  in  the  water  of  flevcrai 
ininera]  springs  in  Tehama  county.  Oalifomia. 
In  smidler  qn mtit  ies  it  exista  in  aea  water  and 
in  t  he  a^h  oi  many  plant«. 

SassoliH,  or  ToBoan  borie  acid,  is  n&vet 
produced  in  t)ie  pure  state,  but  is  always  asso- 
ciated with  impurities,  both  soluble  and  in- 
aalublei  It  differs  comtidcrably  in  quality,  some 
parcels  containin*.'  80  p.c.  of  cryf«tallis«i  acid, 
while  others  yield  ouiy  75  p.o.  The  following 
analjaea  Aow  ila  genwal  oompoaition : — 

Aiui^ies  cf  cmie  Tuaom  ftonc  oetdL 
Borie  acid  B.O, 

«r^^  S  coinbinod  . 

^  hygroscopic 
Ammonium  stdphate  (NH.),804 
Sulphate  of  alumina  and  iron 
Calcium  stUphate    .       ,  . 
Mairneaium  svdphate 
8ouium  sulphate 
Sodium  chloride 

Sand  

Sulphur  .... 
Orgauio  matter 

IWW  liK>(K> 

An  analyttia  of  an  average  sample  taken  iroin 
fiOOOtomaihowt  it  to  be  oompoBea  asfoUowa: — 
Oystallised  boric  acid  BtOa,2H«0  .  . 
Uygroaoopio  water  • 
Anumminm  sulpliate 
Ma^L'iiesium  sulphate  . 
Iron  and  alumina  .  . 
SuDid,  oigaiuo  matter*  Ao. 


to  tiie  ooHli  of  Gopiapo,  are  4iie  plaee*  irtdeli 

have   provtnl    most   successful  commercially. 
The  crude  nukterial.  known  as  tiza,  occuxs  in 
I  both  places  in  lagoons  or  troaghs ;  theee,  fwetnaf 

j  of  bemg  entirely  filled  with  common  salt,  as  t- 
usually  the  caae  in  the  desert,  con  tain  zone»  *Jt 
layers  of  boxooatrooaloite,  alt«nuitjii|f  with 
layers  of  .salt  and  nlt\-  earth.  The  lagoons  "t 
Maricimga  are  e«>i)maUxl  to  eover  3,000,OU' 
aq.  melna.  The  raw  material  contains  on  tfar 
averap^n  nbfiut  25  p.c.  of  Ixiric  acid,  htit  h\ 
wajshiiig  unti  ealeination  it  may  be  raiaed  U> 
56  or  00  p.c.  The  rou^^hly  purified  boranaCffK 
calcite  is  8hipp4'd  to  Kn^land  and  Germany. 

A  borate  of  lime  (rhodiziU)  U  ini|M>ruki  troei 
the  West  Coast  of  Africa. 

Pure  boric  aeid  is  casilv  nhtainwl  hx  tri-atiog 
a  solution  of  3  parts  bora.v  ni  12  j»rts  lic  .t  uatrr 
with  1  i>art  sulphuric  aeid.    On  ccxilinix,  Uyir 
acid  separates  out ;  it  is  recrvstalli^ed  Jn>m  hoi 
water,  dried  and  fused  to  expel  Lracea  of  sulpbun- 
[  acid,  and  again  recrystalii»ed  from  watcf.  ]i 
!  forms  white,  translucent,  monoclinic  I»min« 
i  (Kenngott),    which   have   a    mother -<>f- pear; 

luift  re  and  are  unotuouB  to  the  tooclk.  Sphgr. 
j  l'4U  at  l^^ 

Borie  acid  eyaporafee  fre^y  m  a  current 
I  <if  steam.    Tlie  l<>s«  sti^tained  L\  evaporating 
'  an  aqueous  solution  is  0-28  p.o.  of  the  watrr 
evaporated,  equal  to  2*8  lbs.  for  everA  1  <  h  i  i^alkin.*. 

The  sululiility  of  bfirie  acid  m  «Ht»r  ha* 
been  determined  by  Ditte  (Conipt.  ravL 
1069),  bnt  his  results  are  mobalMy  low.  Hcr 
Uld  Knoch  fiii'l  (  '  1 1  'rfiTanlv  hieher  \  aIu**N  at 
IS"",  20",  25%  and  2tj^  The  Qguree  of  BnuMk* 
and  Firnhaber  (Arch.  Pliarm.  7,  60)  also  differ. 
The  result'^  obtained  by  Na«ini  an<l  Agene 
(Zeitsoh.  physikal.  Chem.  1909,  69,  4S2)  arc 
quoted  below : 
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Boric  acid  ocoom  oQ  the  West  Coast  of  Sonth 

.\u)eriea,  priiu  ipally  in  the  form  of  boronatro- 
calcite  {ukxUe^  or  Itayesine),  and  ia  found 
thvoughoat  the  province  of  Ataeama  and  in 
porUoua  of  ChilL  Asootan  and  Uarionnga, 


The  solubility  of  boric  aer  I  r-.  watT  is 
lei^*ned  (nut,  .stated  in  v.inoui  piacc^. 
increased)  by  the  presence  of  h\firoohloric  acid 
(Her/.,  Chem.  Zentr.  lfHi3,i.  and  of  .-uli-Kunr 
nitric,  and  acetic  acida ;  but  t4U-t4vric  acid  U*^ 
the  opposite  effect  {ibid.  755).  Boric  acid  i." 
soIuMc  in  alcohol  and  volatile  oils.  A  c<jl<l 
saturated  wlutiou  coloura  litujus  a  wine-red  :  a 
hot  saturated  solution  gives  a  bright-red  colour. 

CrystaUised  boric  acid,  heated  to  100*, 
converted  into  H,B,04  (Schaffgotach,  J.  1S51». 
71 ),  and  into  HjB^O,  at  160*  (Mere,  J.  pr.  Chem. 
99,  179;  Kbelm^  and  Bouquet,  Ann.  Oiim. 
Phys.  [3]  17,  eS).  At  a  stronger  beat  the 
froths  vi]i.  parting  wifli  its  water  and  formim.' 
boric  anhydride  as  a  fused  viscid  maas,  aolidityin:; 
to  a  fissnred  riass  on  eooHn?. 

Boric  acid  is  extensivcfv  u.sc+1  in  medicin' 
aa  an  antiaeptio ;  and  as  a  food  pr«sorT»tiTe  it 
ia  alio  v«qr  widely  employed.  It  ia  also  em- 
ployed for  giaaiog  porci^  [fgi||gdlg^"¥!»8^ 
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of  glass  and  cortAin  pigtnentH,  and  for  soaking 
the  wtoks  of  stearin  CMuUe^i. 

The  effect  of  borir  acid  in  plazcfl  is  to  incrcARO 
their  hardnosM  and  their  fui«ibility,  and  to 
modify  tlie  coefficient  of  (>xi>an.Hion.  A  small 
amount  nf  lH»ric  acid  lowers  thn  ex{>an8ion, 
\%  hilst  a  largo  quantity  produces  an  incroaiw. 
This  effect  is  explAmed  by  Grenet  (Compt.  rend. 
1  '23,  H!»i)  lo  be  due  to  tho  fact  that  when  the 
prujportion  o(  basjo^  tt>  boric  acid  is  high,  dcvitri* 
fi4Mtion  occurs,  whilst  when  the  boric  acid  is  the 
Trior©  important  const  if  iu>'it,  tho  ctK-nifient  of 
(>jcpAusion  tends  to  approximate  to  that  of 
bono  Mid  itwlf,  which  w  higher  than  th»i  of 
Any  p!a«». 

It  has  also  Ke^'u  proposed  to  use  buric  acid 
in  the  proporatiLtn  of  nitric  acid  from  Chili 
saltpetre,  so  tis  to  obtain  borax  as  a  b3--product. 

Industrial  extraction  of  boric  add.  The 
occurrence  of  the  sal  sedativum  of  Homberg  in 
the  water  of  the  Tusciui  laffoons  appears  to 
have  been  first  noticed  in  1777  hy  Hofer,  a 
Flonntini'  apothecar\',  and  it.s  extraction  was 
begun  about  1815,  and  to>day  a  laiso  oart  of 
the  boric  acid  oi  eommeroo  is  demea  from 
t  lio  layooji.s  nrnr  Monte  Rotondo,  Lago  Zolforeo. 
8a88o,  and  Lardercllo»  in  the  Maremma  of 
Ttwcany,  inclosing  both  natural  and  arlifioial 
\  -  ni  Tlio  sojjicmi  or  jets  of  stiam,  which 
niton  rise  in  thick  oolumns  to  a  considerable 
height,  contain  only  tracM  of  IxMrto  acid,  hot  triien 
tlK'.«<'  are  oondenst-^l  in  the  wator  of  tho  lagoons 
thia  becomes  gradually  charged  with  the  aoid 
which  is  obtained  from  the  flomtion  liy  evapora- 
tion. 

To  obt«tn  the  borio  acid,  the  soilioui  are 
surrounded  by  basins  of  roo^  mMomy,  several  | 

<if  which  arc  arranpf>d  in  steps,  one  above  the 
other,  in  such  manner  that  the  contents  of  each  i 
i>a8in  can  be  led  by  gravitation  into  the  baain  \ 
i>elow.    Fresh  water  from  a  neighbouring  sjirin^' 
in  conducted  into  the  uppermost  batiia,  Mhilsi  j 
the  gases  and  vapours  of  the  fumaroles  rise  | 
through  the  wntf-r  from  beneath,  orcasionaliy 
\v  ith  such  violence  as  to  eject  the  water  to  a  ^ 
height  of  several  feet.    After  twenty>foar  hours  i 
the  water  in  the  first  basin,  which  is  generally 
muddy,  is  allowed  to  pass  into  the  second  basin, 
the  first  being  recharged  with  fresh  water.  j\fter 
another  twenty-four  hours  the  second  basin  is 
discharged  into  the  third  and  the  first  into  the 
second,  tho  Mtond  and  follo«in!_'  basins  being 
also  built  round  soffioni.   After  having  paBsea 
through  four  or  five  of  tiiese  basimi,  the  smntion 
rs  passed  into  rortantnlar  reservoirs  in  wliieh  } 
the  suspended  matter  is  deposited  on  standing. 
VVom  these  it  passes  into  a  series  of  leaden 
'  vaptirutintr  }>an>'.  jilaecd  in  couples  one  a)>ovc 
ihe  other  in  the  form  of  a  tenaoe.   These  pans 
ate  heated  by  the  gases  and  ▼apovrs  of  soffloni 
which,  on  account  of  their  situation,  arc  other- 
iriso  useless — by  a  method  first  adopted  by 
Ootint  Lanibwel  in  1816.   The  evaporatmg  pans 
aro  square,  a^u  nt  ]  ff;o*  !( f>j»  and  9  feet  square, 
and  are  supported  on  wotxion  beams.    The  solu- 
tion is  heated  in  these  for  twenty-four  hours 
ontil  it  ha'<  f^ttained  a  density  of  1017,  when  it 
is  decant^ti  into  a  second  series  of  \>&iis,  where, 
^fter  another  twenty-four  hours,  it  attains  a 
density  of  1-034,  and  is  linally  decanted  into  the 
last  four  pans,  where  it  is  evaporated  to  a  specitio  | 
gnvHj  of  KH.  I 


I      The  temix^raturc  nadually  increase,  being 
in  the  Brst  pans  about  60*  to  70*,  in  the  following 

'  panx  about  76*,  and  in  the  last  as  high  as  80*. 
In  all  these  pans  a  j)rc<iipitAtion  of  gypsum 
takes  place,  which  requires  to  lie  removed  from 
time  to  time.  When  the  solution  in  the  la^^t 
pans  has  attained  a  density  of  1-07,  it  is  run 
through  funnels  into  the  cnv'stailising  vats,  oon< 
sisting  of  woo<len  tubs  lined  with  lead.  After 
twenty-four  hours  the  crystallisation  is  complete, 
the  mother  liquor  is  tlien  decanted  oif  and 
added  to  the  evaporating  pans  a  few  hours 
before  the  completion  of  the  concentration.  The 
crystals  are  drained  in  baskets  placed  under  the 
ervstallisinp  vats  for  twenty-four  fionrs.  and  are 

j  spread  out  ou  the  bottom  of  a  large  (ir\mL,'  oven, 
which  is  likewise  heated  by  the  vapour  from 
the  soffioni.  The  layer  of  crjrstala,  which  is  two 
or  throe  inches  thick,  is  stirred  at  intervals  to 
assist  the  dr^'ing.  This  is  complete  in  twenty* 
four  hours.  An  improved  form  of  evaporating 
apparatus  consists  in  decanting  the  solution  in 
the  reservoirs  from  which  the  snspendett  matter 
lias  depositefl  into  a  pan*  and  thence  rooning  it 
into  a  slightly  inclined  trough  made  of  sheet 
lead  with  tin  -  dtres  turne<l  ujiwanls.  Tlie 
trouflh  has  an  uudulatory  form,  is  suuported  on 
^sooden  sleepers,  and  heated  by  the  sofltoni 
vapours.  The  solution  of  iKiric  acid,  after 
passing  through  this  heated  trough,  becomes  so 
concentrated  as  to  be  ready  lor  crystalliiation. 

Artificial  sofTioni  have  been  bored  to  a  depth 
of  200  feet  in  the  vicinity  of  the  Monte  Rotondo* 
The  chief  works  are  at  Monte  Cerboli,  Laiderello, 
San  Foderigo,  Castel  Nuovo,  Sasso,  ^Tonte 
Rotondo.  Lustignano,  Serranzano,  Lago,  and 
San  >^iuardo,  each  of  which  has  fcom  8  to  35 

lagoni,  100  to  200  fi^t  in  diameter  (Flsyen, 
lud.  Chem.  transl.  bv  Paul). 

The  borio  acid  thus  obtained  is  far  from 
pure.  Analyses  of  different  samples  b\  I'ayen, 
V'uhl,  and  Wittsteia  show  that  it  contains  from 
74  to  80  pi.o.  cx^n^tallised  borio  add,  from  4-5  to  7 
p.c.  of  hypTOspojjic  water,  ammonium  and  map- 
nesium  sulphatcij  H-14  p.o.,  together  with 
gypsum,  clav,  sand,  sulphur,  orgaoio  matter, 
and  free  acids  and  ammonia. 

The  origin  of  the  boric  acid  in  the  soffioni 
is  not  understood.  Dumas  suggested  that  it  is 
formed  by  the  deoompoeition  by  means  of  water 
of  a  bed  of  boron  sulphide  formed  at  some 
depth  below  the  surfaee.  BoUey  (Annalen, 
08,  122)  supposed  that  it  is  {noduoed  bv  the 
action  of  a  lM>t  solution  of  ammonium  eluoride 
upon  the  liorates  contained  in  the  earth.  Acconl- 
ing  to  Warington  (Chem.  Oasette,  1854,  419). 
WSMer  and  Deville  (Annalen,  105,  00).  and 
Po])p  (.\nnalrn,  Suppl.  8,  1),  its  formation  i*i 
probably  due  to  the  action  of  water  upon  boron 
nitride. 

Dieulnfait  has  found  boric  acid  in  regions 
where  there  are  no  visible  manifestations  of 
voioanio  action,  and  concludes  that  it  is  of 
aqneoTis  oripin,  and  derived  from  the  waters 
of  ancient  seas  (Compt.  rend.  100,  1017,  and 
1240). 

Of  late  years  the  importation  of  boracitc 
from  South  America  and  colemanite  from 
California,  and  also  some  Persian  ores,  has  had 
a  considerable  effect  on  the  Italian  infliistry. 
Besides  the  obvious  method  of  separating  the 
bono  aoid  from  thne  oicb  by  acidifio^^ Google 
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crvMtAlliflAtion,  othor  proccws  are  tuwd  for  its 
extraction. 

One  prooesa  oonsisto  in  grinding  the  boi»to 
of  lime  or  oleidte  to  mi  impHlpnUe  {Kju'derand 
tfttftt  int;  it  with  8ul|>huruu8  acid. 

A  large  u  roughl-iroii  tank,  oixoulM  iu  lihapo 
and  eg^-onded,  is  lined  with  Hoot  nlieet  lead  ;  it 
w  providwl  with  a  cover  and  still  head,  inoohani- 
oal  agitator,  and  fteam  piped.  It  is  first  of 
all  ohai>ged  about  half  full  with  water  or  weak 
liqueur  fruni  a  i»ri'vi<>iH  ojn  i  itii  n.  Tho  li(juor  iji 
then  boiled,  and  the  powdenxl  borate  fed  in  by 
means  of  an  Archimedean  eoraw. 

Snlphur  is  then  burnt  in  an  adjoin  in  f  nraaco, 
an<l  ihc  sulphurous  gas  is  injoctcxl  by  means  of 
a  peculiarly  oonetmoted  lead  injector  into 
boiling  liquor.  A  syxTial  type  of  Kulphur  burner 
for  this  pnueHa  in  piiU'iit*.'*!  bv  the  American 
Borax  (V>.  (U.S.  Pat.  809550,  IDOtl).  The  gas 
\n  ^^  holly  absorl)f<l  Ity  the  calcium  borate, 
whicli  itself  in  hliphtly  soluble  in  water,  boric 
aeid  and  calcium  sulphite  being  formed.  The 
steam  Rrt?<inn  from  the  operation,  contnininp 
boric  acid  vapours,  passes  from  the  still  head 
through  a  condenwr  in  orrler  to  prevent  any 
1«>88  that  wonld  occur.  Wion  the  oprration  i" 
complete,  the  hUmm  and  gati  uru  tdiut  uti,  and 
the  contents  of  the  pan  allowed  to  settle,  which 
occupies  about  ten  hours.  The  clear  boric 
acid  liquor  is  then  ran  cither  into  vats  made 
from  \»"hite  sugar  pine,  or  of  onlinary  wood 
lead*lined»  whrae  the  borio  acid  crystallise^) 
ottt.  llio  mother  liquors  are  then  drawn  off, 
to  hv  usetl  over  again  if  not  too  highly  impreg- 
nated with  foreign  aaitat  or  still  further  treated 
for  the  reoovery  of  the  ealeinm  sulphite  and  the 
•light  jK*rtH'nt«ij,'e  uf  boric  arid  thi  \  <  i  ntain. 

Bigot  (J.  Hoc.  Chem.  Ind.  IHW,  830)  obtains 
it  by  heating  together  borate  of  oddum  and 
ammonium  Hulphat*-  in  n  r  l  ^ed  ve^^w!.  The 
ammonia  driven  off  is  condensed  and  collected, 
and  the  borie  acid  obt^Md  by  extrtetion  of 
the  residue. 

Anothw  method  is  to  treat  boracite  with 
•odium  bisulphate,  a  by<produet  in  niMo  acid 
manufacture.  Tho  two  are  dissolved  in  thoo- 
reticai  quantities  iii  water  to  a  density  of  15° B. 
at  100°.  The  solution  is  filtered  and  oonoen- 
tmtffl  to  30*B.  On  t<K)ling,  the  boric  acid 
crystallinefi  out  and  very  pure  .«odium  sulphate 
IB  obtaine'l  hv  concentration  <  t  ihc  mother 
liquors  (Uuidibeig,  Chem.  ZeiU  1907,  31, 
Rep.  48). 

(  honal  Douilhet  &  Co.  (1).  R.  P.  110421, 
1899)  protluce  boric  acid  by  taking  advantage 
of  the  fact  that  when  a  borate  is  Iwiili-d  with 
ammonium  « liloride,  amnioaiiia  and  boric  acid 
are  produce*!.  If  the  concentration  is  too  high, 
there  is  a  tendency  to  recombination  ;  the 
boric  acid  is  therefore  remove<l  frequently  by 
crystailiaation  from  portions  of  the  liquid,  the 
mother  liquors  being  returned  to  the  main  volume. 
Bv  this  proccHs  it  is  (■laim<><l  that  98-99  p.c.  of 
tile  boric  acid  in  combination  is  recovered. 

In  another  prooeis  chlorine  is  paRf«d  into 

AvatiT  at  70°  containing,'  fiin  ly  juiudf-rcd  calcium 
liorate  in  suspension.  Calcium  chloride  and  chlo> 
rate  and  bono  acid  are  produced.  The  borie  aeid 
is  f'-movi  d  ti\  I  (X .ling,  and  the  nuifhfr  liiiunrs 
used  tia&m  untU  sufliciently  concentrated  for 
eonvenwnt  extraetion  of  the  ohkmte  (G.  C. 
Mooc«,  Eng.  Pat.  20384,  1890). 


MXTAUJC  Bi'RATXS. 

Borates  are  obtained  by  tine  aotion  of  boric 
acid  on  metallic  oxidee  Or  their  salts,  in  either 

the  dry  or  wet  way. 

In  soAution  borio  aoid  is  a  vonr  wmk  arid. 

Ix  in^  <'xjK'lled  by  almost  all  arids  m>n<  its  <''m 
bmatioiuj,  partially  so  even  by  carbonic  atwi 
hydrosulphttrio  aeida   A  bo3i^  eonoentcatod 
.solution,  however,  !     tii]i  wes  carlxinatea  aad 
soluble  sulphides  and  luangauese  sulphide 

In  the  dry  way,  at  high  temperatures,  it  i*  • 
capable  of  dooompoaiiig  the  taloM  ol  aU  noir 
volatile  acids. 

Alkaline  liorates  are  M>lublc  in  water,  but 
arc  precipitat<'d  ''^  ak-ohol.  The  r^Tnainin:: 
borates  are  insolviljle,  or  very  spariuj^ly  ^^lubli- 
in  water.  The  soluble  borates  produce  precipi* 
tAtes  In  solution.**  of  salts  of  calcium,  iiariuni, 
strontium,  nickel,  and  cobalt,  and  of  ferric 
salts,  whioh  are  readily  miIuUd  ta  ammonium 
chloride. 

Anhydrous  burat«3M  arc  produced  by  fuatui^ 
together,  in  a  suedal  furnace  at  1380^'<-1400*  ■ 
for  thrfje  hours.  Doric  oxide  with  the  necessary 
quantity  of  oxide,  carbonate,  or  nitraie  uf  the 
metal.    With  Urge  excess  of  boric  acid,  lithium, 
potassium,  sodium,  rabidium,  casMum,  thallium, 
and  silver  produce  clear  fusions  which  either 
crystallwe  or  leave  clear  glass?*^  on  coolinj;. 
Cuprous  oxide,  and  oxides  of  lead*  biamuth. 
antimony,  arsenic,  titanium,  molybdenum,  and  i 
tungsten    proiluce   elfvir   fusions   at    th©    high  I 
temperatures  whioh  lotm  emulsiootf  on  oooltng. 
The  oxides  of  ealoinm,  strontium,  faarium, 
magnesium,  zinc,  oatlmium.  manganese,  iron, 
cobalt,  and  nickel,  do  not  give  homcHpmcoiis 
fusions,  but  st^parate  into  two  la  vers  (W.  diHVller* 
J,  8oc.  Chem.  Ind.  190S.  ir>8). 

Borates  have  also  been  prepared  eiectrolvti- 
call^-  by  Levi  and  Oaateilaai  by  eleetmlysln^: 
bone  a<  id  and  an  alkaline  earth  chloride  in  ■. 
special  type  of  divided  cell  (J.  8oc.  Chem.  Ind. 
1909,248). 

AnUBMllnin  borates.  L(iitnUit< 
(NH.),B,.0,„5H,0 
occurs  in  the  Tuscan  lagoons  in  small  or3rstal- 
line  rhn:iilM  i  lal  plates  (l)'Achiardi,  Chem.  8*jc. 
AbiU'.  ilKK),  GOO).  Atterberg  (ZeiUKh.  matorg. 
Chem.  1906,  48.  3ti7)  distinguishea  a  dAonU 
(NH,)2B407,5H,().  ery^Ullising  in  tetngonal 
pyramids,  besides  t  ho  pentaborate 

(NH,),0,6B,0,.3H,0, 
crystallising  in  rhombic  double  pyiuiida  |>ns 
vio\i>-1'-  i»r<'|<rtr»Hl  }\y  Rammelsl>ertr. 

Calcium  borates  t^,BgO,,.  Tht'To  art*  thr«-*^ 
varieties  of  oaloiam  borate,  which  correspond  to 
the  three  varieties  of  calcium  carbonate,  c*lc 
bpar,  marble,  and  chalk — viz.  boraciie  or  pandrr- 
mite,  cokmaniff,  and  pricite — each  found  in 
different  parts  of  the  world  in  largo  quantiti««s 
and  of  a  well-defined  and  c<mBtant  composition. 
Meyerhoffer  and  van  *t  Hoff  (Annaicn,  351.  10t» . 
in  attempting  to  prejpare  compounds  of  aiaiiUi 
oomposition  atrtifloiaUy,  have  obtained  sev«ra! 
other  ealeium  borate's.  The!*o  authors  a.-^^igr. 
I  difilerent  oompoiutions  to  colcT^taiute  and  pander 
I  mite.  Bometie,  in  outward  i]  i  •  iranoe,  clos^lv 
T'' -f  inVt!"'~  ;\  -T'.ow-whit-e.  tiji>--L'r  Hiiu>l  jnarl'''- 
coitmanitt  is  of  a  crystalline  nature  like  calc  qksr, 
^J^f  ^^^S^sl^klB^^l  ^l^^^mi^^  ^ft^D^^l  ^h^K^^  ^^^J^SIfc  ^b^BIPHft^^^^l  ^fc^J^^B^^ 
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soft,  t  halk',-  minr-rnl  of  a  cnhosivn  nattirc,  easily  caVinni  borates.  rllfTorinL'  only  \n  their  oompoai- 
rubbed  u*  powder,  and  rosembling  chalk.  |  tiun  in  respect  to  the  water  of  combination, 
Chemioally  speaking,  thcfjr  are  all  nydrated  i  thetr  oomporitHm  being  given  in  teUe  bdow. 


Bork  acid  B,0« 
Ume  CkO 
Water  HiO 


Cii^,0|,.4Aa. 

CegBgO|,«eAiii. 

65-S 

63*3 

60-9 

48*8 

S7-8 

88a 

144 

18-3 

SI** 

86*1 

10(M> 

10(M> 

100*0 

100<0 

Boraoite  faae  been  extensively  mined  at 
Sultan-rhftin,  in  the  district  of  the  Villayet  of 
Brousa   in  A.^ia  Minor,  fortj'-five  miles  from 
Plunderma,  a  port  on  the  Sea  of  Marmora ;  the 
principal  deposits,  as  far  an  yet  known,  exist 
near  the  Tschataldga  Mountain,  in  long.  28^  2" 
oa»t  of  Greetnvifh  aiui  lat.  40°  north.  The 
SoBurlu  river  runs  from  the  Tijcliatald^a  Moun> 
tain  to  the  Sea  of  Marmora :  it  is  partly 
navigated  to  a  jHjint  calli  f!  Mohalitch  ;  the  field 
ia  aittiated  in  a  beain  of  Tertiary  age,  surrounded 
by  volcanic  roeks,  whieli  vary  from  granite  on 
the  cast  to  trac-h^ie  on  the  north,  and  columnar 
ba^t  on  the  west.   Several  basaltic  lulls  and 
dyke*  protrude  in  different  portknu  of  the  bndn, 
and  the  presence  of  hot  and  mitural  springs 
further  testifies  to  the  voloanio  influences  which 
have  been  at  work,  and  in  whioli,  doubtless, 
originated   the   boracic   mineral.    The  latter 
occurs  in  a  stratum  at  the  bottom  of  an  enormous 
bed  of  gypsum  ;  its  great c  r  Hp.jrr.  probaMy  im- 
]M-IlinK  ft  downwards,  while  the  wliole  mass  was 
y«^t  in  a  Hoft  Htate.    Several  feet  of  clay  cover 
the  gypsum  bed,  which  is  here  60  or  70  feet  thick, 
though  in  places  it  attainH  to  double  that  tliiok- 
nesr.    The  i>uratc  strata  vary  in  depth,  anci  havo 
lieen  proved  for  a  vertical  distance  of  45  feet. 
TTie  mineral  exists  in  closely  ])a(  ked  nodtiles  of 
very  irregular  size  ami  Hhayw,  and  of  all  weights 
up  to  a  ton.    It  it  easily  separated  from  the 
1  lark -coloured  gypsum  in  whicti  it  is  embedded, 
and  a  number  of  people  are  employed  at  the  pit 
mouth  in  picking  and  selecting  the  material.  It 
is  aokl  on  a  bans  of  40  {ko.  borio  acid,  whioli 


would  be  equal  to  Ts-.l  j).c.  of  the  pure  calcium 
borate  with  n  ve  molecules  of  wa  t<:'r  f  !a  2B ,  O , , ,  5  Aq . , 
the  remainder  consisting  of  caluiuii)  t^uiphato  ami 
other  impurities. 

Borate  »par  or  colemanite  has  been  exten- 
sively mined  since  1883  at  Calico,  in  San  Ber- 
nartlino  county,  California,  462  miles  south-east 
pi  San  Fraaoisoo.  The  geol(^oal  formation 
of  the  euirounding  hille  o<msist8  of  black  lava, 
sandst-ones  of  different  colours,  gypsum,  steatite, 
and  calcium  carbonate ;  it  is  found  in  veins  and 
fleams  from  2  feet  to  8  feet  in  thfeknen,  in  some 
casfs  dipping  at  an  angle  of  36*,  and  at  othi  r 
running  into  the  hillsides  almost  honzontaliy. 
Itfl  o  (Mour  and  streak  is  white'milky  to  trans' 
parent ;  hardness  3  !>  4  ;  sp.gr.  2-4  ;  before  the 
blowpipe  it  exfoliates,  decrepitates  violently,  and 
melta  imperfeeUy  after  considerable  heating; 
it  im})nrts  a  redaish-j'ello^.v  rnlour  to  the  flamOf 
whic  h  changes  to  greeu.  Tho  fragments  are 
obseund^'  rliombic  and  pulverise  easily ;  it 
is  \\  lioHy  soluble  in  hot  hydrochloric  acid ; 
I  front  the  tM>lution  boric  acid  crystallises  on 
I  cooling.  Lustre  of  the  mineral  is  vitreous  to 
adamantine.  The  \cins  ai\d  s<-anis  are  inter- 
j  spersod  with  niassci*  of  calcuiin  carlnjuate  and 
magnesium  silicate,  from  which,  like  the  bora* 
cite,  it  has  to  }>o  ]iicki'd  and  sclt>cte<l. 

Its  formula  Ls  C4i2B,0|,,5Aq. ;  it  '\&  sold  on  the 
basis  of  40  p.o.  bono  aoM.  Average  samples 
from  the  bulk  vary  in  composition  from  33-8 
p.c.  borio  acid  up  to  41-2  p.c. ;  the  following 
analyses  may  sotvo  m  examiilea  ol  the  general 
oomposition > 


BoBAia  Spar. 


CompuQcnt  parts 

s 

4 

5 

^Calcium  borate  Ca«B,0,i5Aq.  . 
Calcium  carbonate  CaOOa         •  » 
Ineotnble  matter  SiO,             •  • 
Remaining  imparities  HgO,  ko. 

— 

86*2 

16-3 
10-6 
7-0 

15-1 
104 
4-8 

78-0 
11-6 
8-9 
4*6 

78*00 
8*75 
7*10 
8*18 

80*80  ! 
7-17  \ 
7-60 
4*48  ! 

1000 

1000 

100-0 

100-00 

10000 

*s  to  bock)  aoid  .... 

as^pwo. 

86^p.o. 

38'2p.c 

39*89.0.  j  41*2  i».a 

Borate  spai  is  abo  found  in  tho  neighbourhood 
of  Fnmaee  Creek,  Inyo  county,  Calwomia ;  its 

outward  appearance  is  frccjiiently  so  exactly 
like  ealo  spar  as  often  to  be  mistaken  for  that 
minerd.   Fricite  has  hitherto  not  been  eo  ex> 

tensively  mined  a-  fi  irn  it  -  i^nd  colemanite;  a 
mine  of  this  mineral,  however,  exi.sts  at  Lone 
Bench,  Cheteo,  Curiy,  oounty  Oregon,  from 


which  source,  since  the  first  caxgo  was  extracted 
by  E.  L.  Fleming  in  1888,  eevend  hundred  tone 
have  been  takrii.  It  is  found  embedfled  in 
boulderH  of  different  size,  the  nodules  varying  in 
weight  up  to  one  ton.  It  is  of  a  soft  ohdky 
nature,  purely  white,  can  be  easily  rubbed  to 
powder,  but  is  of  a  cohesive  chanoter;  it  is 
very  soluble  in  sulidiuroue  acid,  hydrochloric 
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aoid,  or  aoetio  acid,  yifldiag  bono  Add.  The 
following  Kulym  from  bulk  shomi  it»  oompoit- 

tion : — 

Boric  acid  BtO,      .       .       .  44-24 


Lime  CaO 
V\  aUr  H,0  . 
Magnesia  MgO 
Silica  SiO,  . 


30-91 
2300 
0-65 
1*20 


100<X> 

Bi  chiliU  \s  a  o«Ioiuiii  bomto  fomid  ia  the 

lagooiia  in  Tuaoany. 

lu  coropoettioti  is  repnaentod  by  tlie  formulA 

CaB^Oj.SHjO. 

BoronatrocaUiie.  Vkxile,  tiza,  coUonbaM*, 
hayeaine  Ca,B«OuNa,B40,,16H,0,  is  a  soft, 
fibrous,  silky  niiiR-ral  of  a  orilliant  white  w  hen 
pure,  generally  iound  in  nodules  of  a  yeiiowiuh* 
whiu^  colour,  vwying  in  size  from  that  of  a 
Brazil  niit  to  a  potato.  This  curious  miniTnl  ^  fiy 
first  fuuad  in  tho  lutru  bods  of  Peru  in  .small 
quantities,  and  was  examined  by  Ulex  in  1836. 
It  was  di-icoverpd  in  Tarapaca,  30  miles  from 
Iquique,  under  the  crust  that  covers  the  nitrate 
of  soda  beds.  It  has  since  been  discovered  in 
Chile,  Bolivia*  Galifonua,  Nevada,  Nova  Scotia, 
and  Persia. 

Ita  oompoaitkm  w  eoneUmt,  ooataining,  when 
pure: 

Boric  acid  BjO^  .  .  .  43*1 
Lime  CaO  ....  13-8 
8oda  Na,0  .  .  .  .7-7 
Water  H,0      ....  36-4 

100-0 

The  nodules  are  frequently  found  incrusted 
wiih  a  coating  of  iodium  tnlpliato  and  salt, 
from  which  caii<«f»  thp  percentage  of  boric  acid 
in  largo  parcelij  varius  cuusiderably,  the  average 
being  from  18  to  25  p.c. 

chile  has  hitherto  been  the  principal  source 
of  supply  of  this  borax  raateri&L  Ulexite,  when 
iti  a  state  of  fine  division,  is  diflBenltly  sohible  in 
boiling  water. 

Calctuin    burosHicate.     Dofciite  {HowlUe). 
A  sibceous  bomte  of  lime,  colour  white,  streak 
white,  opaque,  of  a  chalky  nature,  found  at 
Calico,  San  Bernardino  county,  California,  and 
at  Brookviile,  Nova  Scotia,   Gompoeition : 
Boric  acid  B^Oa      .       .  .44-22 
Lime  CaO      ....  28-69 
Silica  SiO,     ....  15-25 
Water  H,0    ....  11-84 

lOOHW 

Copper  borate  is  readily  obtained  liy  treating- 
a  soluble  borate  in  solution  with  copper  chloride  , 
or  sntphate.   It  is  blue,  and  used  in  certain  | 

oil  paints  an  1  rtl  j  in  tlie  eolourinf!^  of  |X>rcelain.  : 
Iron  i>orate.    A  hydxatod  borate  of  iroo^  i 
fo^ontle  Fe,0,.3B,0,.3H,0.  is  found  in  the! 
Tn^if.Tti  lajroons.  ' 

Lead  boratea.  By  mixing  conoeutratod  . 
solutions  of  lead  nitrate  and  Irarax,  the  mota-  | 
homte  Pii  l'.r)_!,.II_0  is  precipitftt<xl,  and  bv 
thi-  u»r  ot  ttoiitiion.s  u{  smaller  eonceni  rat  ions 
Ru«e  obtained  many  basic  salts.  'ITiey  all  iiu  It 
on  .'itronp  hratinjr  to  colourless  or  light-yellow, 
highly  relructive  glasne.«,  tho  hardness  increas. 
inp  with  the  boron  content.  Glas-ites  may 
be  obtained  by  fusing  together  lead  oxide  an^  ' 


borie  aeid  in  any  proportions  greater  th*n 

0-O72r>  equivalent  of  PbO  to  1  cqmv.ilont  BjO,. 
but  below  this  limit  an  chiuIaiuu  U  f«>riu«rd  oj 
cooling. 

Ml^eslum  borates.  Stassfuriite  {Szatbt!^ii>  u  ^ 
This  mineral  occurs  cr^'stallino  and  Dia.98ive,  . 
colour  white^  streak  white,  fracture  oonchoidal 
uneven,  subtransparent,  translucent,  lu?tn- 
vitreous  inclining  to  adamantine,  hanlneKU  T. 
sj).gr.  2-83,  pyro-elcctric,  soluble  in  acids.  I: 
is  found  at  Sta8.«furt,  PruMia,  embedded  in  th* 
kaiuito  beds,  the  composition  l>eing : 

Boric  acid  BjO,  .  .  ,  ^'33 

Magnesia  MgO  .  .  .  27-0:{ 

ClUorino  CI     .  .  .  .7-91 

Magnesium  Mg  .  .  .  2*73 

ICXHW 

It  is  also  found  in  nodulee  in  grey  limestone 
at  Werksthal,  Hungary,  and  at  Danbury,  Oao- 
nectieut,  Unit<'d  States. 

SuMCxiU  is  a  bydrated  bo»te  of  manganese 
and  maeneBla  found  in  Sussex  eonnty.  New 
Jeiwy,  Unite<l  Stafe.-!.  Tourinalive,  found  in 
diffniuit  parts  of  the  world  in  difierent  coloors, 
also  contains  a  small  peroentage  of  borio  aeid. 

Potassium  borates.  AtterlxTi,'  di.stinj^i^hi - 
five  different  potassium  borates :  a  monoborate 
K,0.B,0,.3H,0:  three  diborates  K,0,SB,0, 
crystiilfi.'^iiig  with  4,  5i,  and  m'-l-  nl- :>  of 
water  respcKjtively :  and  Laurent's  pentaborate 
K,0,6Ba09,8H,0  (Zeitsob.  anoig.  Qtum.  10011, 
367). 

Sodium  borates.  Tho  only  oominerciaUv 
important  compounds  are  sodium  diK>orat'e 
{v.  Botox)  and  the  perborate  (r.  Pr  r^-orTfr^). 
The  mctaborate  NaB0j,4H,0  Ls  leailiiy  ttbtained 
by  fusing  together  the  necessary  proportions  of 
borio  aoid  and  sodium  carbonate,  and  ocyatal. 
lisinjET. 

Sodi  uw  dihoTtUn',  or  Borax.  Borax  occurs  in 
tho  crude  state  in  what  are  t«nne<l  hornr 
marshes,  which  axe  generally  the  U/lU>m»  ot 
dried-up  lakes,  or,  where  tincal  is  found,  lakes 
that  are  nearly  dried.  The  crude  borax  in  tho 
former  iuhtanccs  is  found  lying  on  the  surface 
of  tho  plain,  of  a  peculiar  greyish-yeliou 
colour,  having  a  depth  of  from  1  inch  to  18 
inches.  It  is  generally  associated  with  other 
substances,  both  .'Soluble  and  insalah|%  tha 
table  of  analyses  (p.  606)  fihows. 

At  Jagadhri  m  Novlliem  Ind^  37  nflsa 

S.E.  of  Uraballa,  there  is  u  borax  refinery,  the 
product  of  which  is  shipped  to  Calcutta.  The 
quantity  of  tincsi  miq  noraz  obtained  from 
the  districts  of  lli-  Himalayan  Mount.iins 
amounts  to  about  2000  tons  per  annum.  The 
tmcal  deposits  are  of  very  andent  origin,  la 

North  Ameri<a  there  are  no  le?;n  than  fen 
deposits,  five  of  them  bemg  in  the  ^taie  of 
CsJifomia^t  Salme  Valley,  Fnmaoe  Oesk,  and 

.\rniacora  (in  Inyo  connty),  Slate  Rarge  (in  Saa 
Bernardino  coimty),  and  Lower  Laki  (in  Lake 
county);  the  remaining  five  arc  in  the  State  of 
Nevada  at  Rhodes,  Tc-els  Mar-ih,  Columbus, 
and  Fish  Lake  (in  Esmeralda  cuuniy),  and  Salt 
WeUs  (Carson  Lake,  ChurofaiU  count^ji 

Borax  waf  first  accidentally  diseovrrerl  Jn 
California,  in  1S:56,  by  Dr.  John  A.  Vtjat<ih.  since 
which  time  the  different  deposits  mentioned 

have  been  developed,  and  the  available  aupptv. 
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CSoMFOsmoii  OF  GEusa 


1 

o 

— ' 
♦ 

— 

Wat.  T  .... 

• 

37-68 

40-8 

Saod  ood  iuaolublo  nrntter 

* 

18-00 

10-d 

Sodium  aaboDAfte 

• 

6>10 

Sodium  sulphate      ■  • 

♦ 

0-26 

0*1 

Sodiam  chloride 

• 

0-50 

<K 

Oaleiani  etrbooftte  . 

• 

9*28 

2^ 

ATan;ncv?ium  carbonate  . 

• 

2-26 

0-4 

Oxide  of  iron  and  ftlomioA 

• 

1-62 

1-4 

lOIHX) 

100<0 

I  i  • 


Is  prarticully  unlimited,  and  U  soU-ly  roculatod 
1^  the  demand.    The  exports  of  i>orax  from  | 
Amerioa  have  fnorcMed  very  greatly  of  lato 
jmn.  And.  to  n  Inr^'o  extent^  bftvo  taken  the  i 
plaoo  of  the  Italian  product.  ' 

OoramerauUly,  btmur  is  vsliied  by  evaporating 
to  (^r^Tir-^  n  kiin-.^-ri  weight  of  tho  sample  with 
hydruchlonc;  acid,  and  estimating  the  chloride 
vohnnetrically  in  the  residue  with  silver  nitrate,  j 
Any  chl  >riili:»  presftit  in  thv  saitipli  n  ?  impurity  I 
is  estimated  separately  and  aiiowod  for,  tho 
pednMmtsge  of  borax  hmng  calftnlatsd  firoin  the 
oqaation 

Na  ,B  jO  7  +  2  H  ( 1  +  5   jO = 2KaCl  ^  4  H  jBO,. 

Proptrlies, — Borax  forms  two  varieties  of 
erystals,  (1)  ths  ieeohtfirtttet  yrhUsh  is  produced 

by  aUowing  solutions  of  V'  rax  t    crvHtallisi'  by 
cooiiiu  down  to  tho  ordinary  tuinperature ;  (2)  i 
oeto4e3r»l  benm,  whidi  is  a  pentahvdrato  iriiioh  | 
Heparates  out  when  tlie  solntioo  is  attowod  to 
crystalliie  above  SOP. 

1,  Ordinary  or  pritmaHo  borax  Na,B4,0,, 
lOHfO  forms  largr  transparont  inonrM^linic 
prisma  with  truncaUxi  lateral  edges.  They 
•fflonsoa  when  extx>8ed  to  tba  air,  have  a  ratiier 
sweet  eoolin?  alkaline  tastf",  and  a  sp.gr. 
of  1*75.  When  heated  they  melt  in  their 
water  of  ciystallisation.  swell  up,  and  leave 
a  porous  spongy  mass,  called  burnt  or  calcined 
borax  (borax  nsia),  antl  fuse  at  a  rtxi  heat  to  a 
OOkmrlsBS  anhydrous  ^las.-i  (vitritifd  borax)  with 
ft  sp.jrr.  of  2-30,  which  gradually  absorbs 
water  from  the  air,  rt-forming  j[>rismatic  borax. 
At  62°  the  decahyditite  anaofijoes  tnuisiticm 
into  the  iM-nt«hydrate. 

When  borax  is  distillfil  with  methyl  alcohol, 
aboat  50  p.o.  of  the  boric  ac-i<i  comes  over  fairly 
readily,  and  on  longer  treatment  nearly  60  p.o. 
From  the  liouor  remaining  in  the  flask*  crystals 
of  NaB()„6(3HtOH  sepsnte  (Potonike,  Analyst, 
1902,  M). 

Borax  disiolves  in  ^ter,  but  is  insoluble  in 
alcohol.  Tlic  oqueou.s  solution  has  an  alkaline 
reaction*  and  chaages  the  colour  of  an  alooholio 
BOhitikm  of  toraierio  to  brown ;  a  small  quantity 
of  a  mineral  atid  restores  tho  original  yellow 
colour,  but  a  lar^'er  qtiantity  liberates  boric  acid 
In  soffieient  quantity  to  ])rodnoe  the  oharaoter* 
initio  brown  eolouration.  Tho  f  I'o  ^ini;  deter- 
minations of  Its  solubility  arc  thu«e  of  tiom 
and  van  Wasener  (Amsr.  Chioi.  J.  1903, 
346) 


AX  imoM  tBM  Mai 


s 

4 

6 

>  6 

1 

7 

6 

2*10  '  OSHIS 

a 

!  88*30 

A  SPA 

45*20 

1406 

39-24 

/\  K  mm 

25-7 

25*88 

16*46 

43*80 

12*80 

1*20 

33*0 

1  2*40 

8-80 

7*16  I 

16*10 

5-50 

84*3 

1  18*70 

18*30 

2^6  1 

1910 

0-35 

0'5 

8'2o 

JU"_  J 

34-00 

0*fiO 

0-7 

,  15-40 

28*20 

0-40  , 

0-70 

2-0 

1  0*60 

0*80 

0*30 

0-30 

0-6 

0-30 

0*50 

0-30 

0-22 

0>1S 

1-3 

1  0*17 

0*20 

0*10 

10<M10 

10(M) 

iboHDO 

100<>0 

I 


100  gram<  TTjO  dji.  100  grains  H,0  dls- 

«olve  of  ariliydruus  Bolve  of  anhydrous 


borax  Na|B|6y 

borax  NatB407 

f><*  . 

1*3  oram 

,  60' 

.  19-9  grams 

21 -S® 

,  2<* 

t  l(f 

.  24-4 

30*  . 

.  3-9 

80» 

.  31-4 

46'  . 

.  81 

90* 

.  40*8 

50'  . 

.  10*6 

1  100* 

.  82*3 

55*  . 

.  14-2 

At  the  temperature  of  27°,  borax  solutions 
hold  1  lb.  of  borax  to  the  imperial  ftaUon,  and 

have  a  spgr.  of  1  050,  or  10*'rw.  The  general 
crystallising  strength  is  l-itiU  8p.gr.,  or  32*Tw;, 
when  Ao  Mlution  holds  6  Ibfl.  of  borax  to  the 
gallon,  rry.st^llisation  commencing  at  O.i  r)® 

Borax  i.s  easily  decomposed  by  acid.H.  Hydro- 
chloric acid  loaves,  on  evaporation,  sodium 
chloride  and  frtM>  l»orio  acid.  Cdrhnnic  arid  in 
absorbed  by  a  noluliou  of  borax  from  the  air,  and 
no  borax  is  precipitated  on  tho  addition  of 
al'nhr  1.  Saturated  with  sulphuretted  htfdro^m 
and  uuxcd  with  alcohol,  the  liquid  separatt^  un 
the  addition  of  ethier  into  two  layers,  the  lower 
oontaming  sodinm  sulphide,  the  upper  free  boric 
acid. 

It  forms  double  salts  with  arssniooa  acid 

of  the  empirical  formula 

3Na,O0B,U,-5AatO,-r  lUAq. 
(Schweiaer.  J.  1860,  257).    With  soiftttm  fluoride 

it  forms  sodinm  fluoborate.  When  1  pt.  far- 
tario  acid  is  mixed  nith  2  pts.  of  a  hot  solu- 
tion  of  borax,  boric  acid  separates  out  on 
cooling.  If  tho  tartaric  acid  be  increased,  the 
separation  of  boric  acid  likewiijy  increases  up  to 
a  certain  point,  after  whioh  it  dimitii'-liej,  and 
ultimat<'ly  i.s  no  lonpf^r  sp|mrat<yl.  Acid  tartmtr 
of  pulassium  forms  a  double  salt  with  borax. 
Silicic  aeki  is  insoloble,  or  nearly  so,  in  sdntions 

of  horaT. 

Benzoic,  tartaric,  and  gnllic  acids  dissolve 
more  reatllly  in  borax  than  in  water.  Many 
fatty  aoids  and  r(»sins  dissolve  as  rea^lily  in 
borax  as  in  alkaline  leys,  the  borax  behaving 
like  a  mixture  of  boric  acid  and  free  soda. 

At  a  red  heat,  however,  the  boric  acid  in 
borax  readily  dissolves  and  unites  with  metallic 
oxides,  forming  a  fusible  glass  of  a  dmiblij  salt, 
which  property  renders  it  of  great  use  in  solder- 
ing ana  in  metalhir^oal  operationB  and  fai  btow> 
]iip»  analysi.-.  the  chi-^^^ca  thii  '  formed  often  ex- 
hibiting characteristic  colours.  It  is  used  also 
in  the  preitaration  of  eadly  fusible  glass  flozse 
for  and  glaie.,  ^.^^^^^  Google 
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%  Odahedral  borax  ^fBtOj^SHfO  In  ob- 
tained bv  allowing  a  sa(iiratf<!  solution  of  borax 
to  cuol  ^own  to  abuut  (K>^  in  a  warm  place  and 
removing  the  crystah. 

The  f  ry.s(jils  an-  ro;^ular,  transparont  cx't*- 
liecira,  harder  than  the  ordinary  borax.  They 
have  a  oonohoidal  fracture  and  a  0p.gr.  of  1  -8. 
They  do  not  chanue  in  dry  air,  but  absorb 
moiBturo  very  reamly  and  become  prismatic. 
l%«y  fme  more  readily  than  the  firismatic 
oiyttals,  and  with  less  intnmescence,  and  with- 
out aplitiing.  Octahedral  borax  is  therefore 
better  adapted  for  soldering  and  ae  a  flnz  than 
common  borax,  and  the  smaller  quantity  of 
water  (a  difiere&oe  of  17  p.c.)  diminishes  the  cost 
of  tnaaport.  The  priMmatic  variety  ia^  how- 
ever, generally  preferred,  probably  beoftttie  it  ia 
cheaper  weight  for  weight. 

llM  eommonedt  impurities  in  borax  are 
{^odium  carbonate  and  nmnl!  quantiticK  of 
chlorides  and  Hulphatea  uf  .  iium,  calcium,  and 
magnesium.  U  is  oooaaionnlly  a<lulteratcd  with 
earthy  matter8,  nhnn,  and  !<o<lium  chloride.  It 
should  dissolve  in  two  parts  of  boiling  water  and 
should  not  effervesce  with  ftcid».  'J'he  aqueous 
solution  should  not  be  rendered  turbid  when 
treated  with  an  alkali,  or  with  barium  chloride 
or  silver  nitmte  in  preaenoe  of  nitric  taeUL 

The  nuuui^un    teraar/bwm  boric  moid. 

This  industry  is  chiefly  associated  with  the 
production  from  the  Tuscan  lagoons.  The  crude 
acid,  packed  in  large  casks  weighinu  about  13 
cwts.,  on  arrival  at  the  lK>rax  works  is  tir.-t  of  all 
manipulated  in  the  caaka  tbemaelves.  For  this 
jiurpose,  the  oaak  in  plaeed  on  what  n  termed  a 
i4liilaj^e,  the  head  taken  off.  the  acid  loosened 
with  a  apade  and  treated  with  small  quantities 
of  water  for  ihc  purpose  of  wadiing  out  the  sol- 
phates  (if  rttiinioniu  and  magnesia,  which,  on 
account  of  their  greater  aolubility,  easily  sepa- 
rate from  the  Um  solnble  borio  add,  the  wash- 
ings  1  rin  -  used  for  the  recovery  of  the  ammonia 
and  magnesia  they  contain,  whilst  the  aoid, 
which  formerly  contained  88-40  p.o.  BjO.SAq. 
or  equivalent  to  128-.'>  p.c.  borax,  is  brought  up 
to  a  strength  of  9tt-67  p.c.  B,0,3Aq.  or  equivalent 
to  148'87  p.c.  borax.  The  acid,  after  draining 
f(»r  tw  enty-four  hours,  is  then  pinf .  H  ;n  wicker 
baskets  and  trautifernHl  to  the  saturalurd.  These 
are  made  of  wrought-iron  f  plat€^,  having  a 
diameter  of  10  feet,  ecc- ended,  height  9  feet  H 
inches,  provided  with  lioppcr  an(i  swivel  dis- 
charge, still  head,  inspection  glasses,  run-off 
.•^toji-eocks,  and  connectoil  by  steam  ])ipeF  with  a 
perforated  iron  coil  in  the  bottom  of  the  pan  for 
the  ])urp0M  of  boiling  the  borax  liquor  with 
injected  steam.  There  is  also  a  manhole  with 
movable  cover.  When  the  saturator  is  n-adx 
for  charging,  liquor  is  pumped  in  to  the  in  f  t 
of  4  feet,  or  2300  gallons,  which  is  then  hoilcd 
with  steam  and  soda  ash.  Anhydrous  Kuciiuuk 
carbonate  is  then  added,  about  23  cwts.  bi>ing 
generally  rcquiretl  to  tJO  cwts.  of  acid.  When 
the  soda  ash  is  all  dissolved,  the  manhole  lid  is 
placed  on,  and  the  boric  acid  is  put  in  by 
degree:*  through  a  hopper,  half  a  hunilretlweight 
at  a  time.  At  each  addition  of  acid  a  brisk 
ebullition  of  carbonic  acid  takes  place,  which 
paaaes  along  the  atill  head,  and  after  being  de- 
prived of  ite  aminoni*  nay  be  utilised  for  making 
bicarbonate  of  soda. 


After  the  salnrator  has  teoetved  ite  charge  of 

soda  ash  and  acid,  the  liquor  is  thorouLdily  !>ii!<^ 
for  five  hours  and  allowed  to  settle,  iu  order  thai 
the  solid  imparities  may  sabaide.  Thia  gene- 
rally oetnpn-:  from  eicfht  to  ten  hours,  after 
which  the  liquor  in  run  into  iM'ge  wrougbt- 
irou  vats  12  feet  long,  6  feet  wtde^  4  feet  deep, 
into  which  the  wires  made  of  iron,  teehiiicAUy 
called  '  straps,*  are  auapended  over  imm  of  wood 
laid  across  the  top  of  the  vat.  The  liquor  on 
cooling  crystallises  on  the  wires,  side^,  and 
bottom  of  the  vat,  and  when  the  temperature  ha^ 
faUen  to  26**  (80**F.),  the  liquor  is  siphoned  olT 
from  the  vat«,  and  men  get  in.  and.  by  the  aid  t»f 
iron  bars  terminating  in  a  chLiclled  end,  lust 
remove  the  crystallised  borax  from  the  atnpa. 
then  cut  up  the  borax  rrt'^tallising  on  the  bottom 
of  the  vat,  and  latitly  knock  down  the  aides. 
This  borax  is  not  of  sufficient  purity  for  the 
market,  and  is,  therefore,  subjected  to  a  second 
refining,  and,  if  necessary,  bleaching.  Fur  thi:t 
purpose  a  series  of  pans*  called  refining  paoK,  am* 
employed ;  they  are  also  of  wrought  iron, 
circular,  9  feet  diameter,  egg-ended,  8  Icet  deep, 
open  at  the  top  and  provided  with  eradfes  of 
wrought  iron  perforat<Hl  with  holes,  suspenile^l 
by  iron  chaiuii  from  a  patent  block  overhead  in 
such  a  mumer  as  to  be  raised  or  lowered  in  the 
pans  as  required.  The  pans  an*  boiled  with 
steam  issuing  from  a  perforated  pipe  in  the 
bottom.  They  are  first  half  filled  with  w  ater,  or 
some  of  the  clearest  liquor  from  a  previous 
operation,  and  when  the  liquor  is  boiling  crude 
borax  is  thrown  into  the  cradle  and  allowed  to 
diasolve*  The  right  amount  of  borax  is  te»t«^i 
by  means  of  tiie  Twaddell  hydrometer,  which 
should  read  30®  when  the  Ii<pior  is  of  the  rf<^!iire<l 
strength.  About  $  outs,  of  sodium  carbonate  ii 
added,  and  a  littie  chloride  of  lime,  and  the 
whole  thoroughly  boilinl.  The  .saturatetl  liquor 
is  then  allowed  to  settle  in  the  pans  for  ten  houn. 
covwB  being  placed  on  them  to  prevent  the 
liquor  chilling  ;  the  pans  are  run  off  into  viits  of 
similar  size  and  shape  to  those  employed  in  the 
first  process,  and  the  bornx  allowed  to  cryatelfise. 
uhich  takes  six  days.  Upon  the  expiration  ^^f 
that  time,  the  liquor  is  siphoned  off  to  a  well, 
made  by  sinking  a  wroaght>iran  tank  in  the 
pr  n.ii  !  below  the  level  of  the  vats,  and,  if  impup', 
i.H  puui})od  up  to  the  refining  pans  to  be  used  over 
again,  and  if  snfRciently  pure  is  pumped  to  boil* 
ing-down  ]»ans,  to  be  concentrated  to  such  a 
degree  as  to  yield  a  further  crop  of  borax. 

The  liquors  from  the  first  vato  are  alao 
ptimpod  to  the  hoiling-do\ni  pans,  where  they 
likewise  undergo  a  ])roee»a  of  concfntration. 
These  boiling*<fown  jtans  are  made  of  wrought 
iron,  and  ar<'  cri^ynMe  of  holding  alxHlt  4O00 
gallons.  They  an-  provided  with  dry-steam  coiU, 
and  are  sopsnor  to  other  means  of  concentra- 
tion from  thn  fart  thnt  thev  are  completelv 
under  control,  ami  tho  evaporation  of  the  liquor 
can  be  regulated  as  fast  or  as  dow  as  may  be 
necessary.  The  liqunrw  in  these  pans  are  concen- 
trated until  they  rtiach  a  sp.gr.  of  1  -300,  or  GO* 
Tw.,  iriien  they  are  run  off  into  vats  to  yield  tirtt 
a  emp  of  borax,  and  then  upon  reaching  a  t<»m- 
IK-rature  of  80*F.  they  are  siphone<l  off  into 
other  vats,  where  they  ytel<l  a  cnm  of  Glaober 
salts,  or  sodium  sulphate,  after  which  the  liquors, 
being  rich  in  sodium  carbonate,  are  used  again 
in  tbs  satvraton  for  making  up  a  frc<<h  hatch  u^i 
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Imrax  with  acid  aiid  soda  ash-  The  mothor 
liquorfl,  tAtong  in  ooainoii  «ftlt  and  w«ak  in 

HCMlium  oarlionate,  are  furth  r  r nncontrated  in 
jacket«Hi  pans,  where,  on  continued  boiiing,  the* 
Bait  falls  to  tho  boMom,  is  ooUeeted  by  mean^' 
of  rakf's,  atul  fishrd  out  with  ]>prfi>rate<l  scoops 
provided  with  long  wooden  hantiit^ii,  and  tho  salt 
IS  Indled  into  iron  baaketa  set  over  the  pans  and 
allowrd  to  drain.  By  this  moans  all  thr  salts 
contained  in  the  soila  ash  and  boric  acid  aru 
aaved,  and  nothing  is  run  to  waste. 

Tlic  wasliin^'.s  from  tho  boric  fiwsiil  in  the 
lirst  prucctss,  containing  the  ammooiuin  sul- 
phate and  magiu.Hiiwn  snlphate,  are  collected 
together,  and  jJaccd  in  a  wrought-iron  still  pro- 
vided, with  a  dry-steam  coil.  Tho  roouisito 
amount  of  aodiani  oarbonate  is  then  added,  and 
tho  ammonium  carbonate  is  distilled  ofT,  yield- 
ing a  highly  concentrated  and  very  pure  carLntn- 
ate  of  ammonia  liquor,  which  is' cither  aokl  in 
that  !<!tato  or  utilised  for  inM.lting  tii0  purest 
volcanic  ummonia  salts. 

The  borax  from  the  re6ned  vats,  consisting 
of  the  strapH  and  sides,  is  carried  to  the  packing 
ruoin,  tliert;  to  be  picked,  selected,  and  packed 
in  casks,  whilst  the  borax  bottoms,  not  being  in 
the  form  of  merchantable  borax,  are  refined  agiain. 

Mnmijncture  of  bordx  from  horatf  of  lime, 
Tho  mineral  ia  lirst  crushed  in  a  sUm» 
breaker,  fho  fisa  of  jam  being  8  inobfls  and 
known  as  No.  4,  easily  capaMe  of  cru.sUiiit; 
12  tons  in  twenty -four  hours.    As  the  mineral 
panaw  through  it  is  taken  up  by  an  elevator  and 
run  throuph  millstones,  30  inches  in  diameter, 
and  placed  by  the  aide  of  the  crusher.  There 
are  two  pain,  one  grinding  fresh  ore  and  the 
other  gnndin^   the   tailings.    The  millstone}* 
deliver  the  powdered  ore  into  another  elevator, 
which  pastes  it  through  a  bolting  or  sifting 
machine,  10  feet  long  and  30  inches  in  diameter, 
baring  octagonal  sides,  the  bolting  cloth  being 
of  silk  known  as  No.  8.    As  considerable  tine 
and  impalpable  dust  arises  from  the  sifting;,  it  is 
kept  duun  by  means  uf  an  exhaust  fan  blowing 
the  dust  into  a  dost  room.    The  tine  minertl  w 
conveyed  by  means  of  an  Archimedean  screw 
and  elevator  into  bins,  each  holding  a  certain 
quantity  and  placed  OTCT  tha  saturators.  Those 
are  wrought-iron  tanks  capable  of  holdintr  a 
charge  of  2500  gallons,  and  provide<l  with  suit- 
able agitators  and  either  dr>  or  Mot  steam  coibi, 
the  bottom  of  the  saturators  heing  conncK-ttnl 
by  ^-inch  wrought-iron  valves  and  pipoH  to  a 
powerful  ]>uinp  for  the  pur}M)so  of  renio\  ing  the 
contents  of  the  saturator  when  desired.  The 
saturators  are  grouped  topether  in  sets  of  four 
for  facilitating  ue  lixiviatton  of  the  cont4mt8  by 
means  of  repeated  waahinga,  after  the  first  de- 
composition of  the  mineral.    The  saturators, 
as  in  the  case  of  the  manufacture  of  borax  from 
borie  acid,  are  fint  charged  with  liquor  and 
brought  to  the  boil;  a  charge  of  soda  ash, 
Uhunlly  about  30  ewts.,  being  put  in,  which  is 
sufficient  to  decompose  three  tons  ol  the  borate 
of  lime  which  is  gradudly  added  after  the  soda 
ash  i.s  all  di.sMolved.    The  H<Mla  a.sh  gradually  (  iil 
completely*  decomposes  the  seaquiborate  formuig 
ealcium  oarbonate,  borate  of  soda,  iad  biborate 

of  8oda  : 

C^tB.0,i+2Na,CX). 

==2CbOOi+Ka,B40,+2NaBO,. 


MUx  boiling  five  hours  the  atoam  ami 
affitatom  are  stopped,  and  the  muddy  liquor 

allowod  to  settle  for  ten  hour?--,  after  which  time 
tho  clear  suiM>mataut  liquor  is  nm  oS  to  vats  to 
crystallise,  and  the  residue  is  apain  washed  with 
weaker  liquor  from  the  sjifurilor  previoji^ly 
washed,  the  operatk>n  bouig  repeated  of  boiling 
and  washing  with  the  gradually  weaker  liquors 
from  the  other  saturators  m  rotation.  ^  By  the 
time  tho  mud  has  received  eight  washings,  tho 
last  bcmg  with  water,  the  whole  of  the  borax 
ill  hu's  c  111  en  rrrr-ovcd,  and  the  chalk  which  is 
left  is  then  pumped  through  an  iron  tilt<  r  i)ress, 
which  completely  preaseB  out  the  remaining 
weak  liquor  and  leaves  the  chalk  in  a  solid  oako. 
which  is  generally  thrown  to  one  »ide,  being  too 
impure  for  any  purpose.  The  first  liquor  run  to 
the  vats  contains  tho  biborate  and  l>orato  of 
soda,  together  with  carbonatti.aud  sulphate  of 
soda  in  solution.  The  biborate  of  soda  or  borax 
cryst«l!i.s<s  out  after  cooling  in  the  vats  for 
about  iiix  days,  leaving  the  borate  of  soda  in 
solution.  Thw>  liquor  is  then  siphoned  oflF  into 
the  well  and  pumped  to  tho  boiling-down  pans, 
where  it  undergoes  tho  proc(»3  of  concentration 
until  it  reaches  a  sp.gr.  of  1'350  to  1*400  (70* 
to  80*Trw.),  when  it  is  run  off  into  vats  and 
allowed  to  throw  a  further  crop  of  borax.  The 
mother  liquor  is  now  of  a  syrupy  consistence, 
and  is  pttmpe<l  into  a  dooomposingtank,  where 
carbon  dioxide  is  blown  through  it.  ThefoMoirfng 
decomposition  takra  place  : — 

4NaBO,  +  rO,=Xa,B,0,  }  Ns,CO, 
The  borax  falls  to  the  bottom  of  the  tank  in 
a  finely  divided  state,  whilst  the  sodium  car- 
bonate reiuaiii-  i:i  ■  ulut ion,  and  can  f>r  rd  over 
again  in  tho  saturators  for  the  first  operation. 
The  lelining  of  the  borax  hom  the  first  proce^  is 
the  same  as  that  f  in  ployed  in  the  boric  acid 

SrooesB,  and  tlu  i  t  rc  need  not  be  further 
escribed.   The  only  preoantlon  necessary  is  tho 
addition  of  a  little  bicarbonate  rf  sxla  in  the 

rs  to  dMompose  any  borate  ot  soda  that  might 
associated  with  the  bora&  Three  tons  of 
borate  of  lime  produce  2* tons  of  borax  and  1  ton 
of  borax  in  the  state  of  mcta  borate  uf  suda.  Meta- 
bcncate  of  soda  may  be  formed  by  mixing  the  con- 
centrat©<l  solutions  of  borax  and  caustic  soda 
together  in  their  equivalent  quantities,  and 
evaporating  to  70*Tw.  : 

Na,B40,-|-2NaHO=4NaBO,  +  HjO 
from  which  tho  metaborate  of  sotla  crystallises 
in  neetUc-shaiwd  crystals  having  the  formuhk 
NaB0„4H,U. 

100  parts  of  metaborate  of  soda,  when  de- 
composed by  <»rbonic  acid,  produce  65«6  parts 
of  borax  and  34-4  ])art8  of  sodium  carbonate; 
about  30  owta.  of  borate  of  soda  thus  produce 
20  cwta.  of  borax. 

The  following  procf  .->  i-  used  by  Mius.soii, 
Gembloux,  and  Tilli^,  Brussels.  An  am- 
monium salt  is  treated  with  lime  in  a  distiUing 
column  and  tlu'  ammonia  set  fit '  Is  pa.ssed  into 
water  contained  in  a  dkeater,  and  tho  digester  is 
then  charged  wilh  oarbonio  or  sulphurous  acid. 
Till-  digester  is  gently  heated  atid  v  ^idermite  is 
introduced.  It  is  then  closed  and  wore  strongly 
heated  for  several  honni,  whilst  the  contents  are 
mechatiically  agitate!  ui  !  are  transferred,  when 
tho  action  is  complete,  U)  filter  presses,  whence 
the  liquor  passes  to  a  reaetioa  «l»p^ber  whej^J^Qg[c 


608 


BORON. 


18  agitated  with  sodium  chloride  and,  after  ing  hills  consist  of  granite,  marbh',  tioivimite. 
Addition  of  a  little  ftminoiua,  is  discharged  into    black  lava,  and  felspar,         eomposition  of  1^ 


cry  stall  isers.  After  removal  of  the  borax  which 
crystallises  out,  the  mother  liquor  is  used  instead 
of  mter  in  tin  succeeding  ui>eratloii.  After 
several  operftlinTi<<,  the  motber  liquor  requires  a 
special  treatuieut. 

In  \\m  process,  an  ammoaiam  biboruti  is 
first  obtained  by  the  ammonium  carbonate 
treatment  of  calcium  borate,  and  from  this  am- 
monium salt  borax  is  obtainttl  by  double  de- 
oompoeitioii  with  sodium  chloride.  Boronatro- 
oaloite  may  be  used  instead  of  jiandermite  if  the 
I«00eBs  is  slightly  mwlified. 

Mamtfacture  <>f  hortir  fmin  uhxtti\ 

Borax  ia  manufacturod  from  this  mineral  at 
ilie  variouB  deposits,  and  also  in  England, 
FraiK  C,  and  Germany,  U>  which  places  it  is  ex- 
ported from  Chile  aad  California,  aeleoied  aud 
packed  in  saolcR. 

The  first  ojKTivtion 
material  to  a  state  of  fine  division,  and  for  this 
}>uri>ose  a  mill  ia  naed  so  eonafarueted  as  to  tear 
the  ooratc  to  pieces  instoad  of  grinding  it,  which, 
owing  to  its  iibroua  silky  nature,  is  found  pre- 
feraUe. 

The  borate  is  then  mixed  with  its  proper 
proportion  of  soda  ash  and  bicarbonate  of  soda, 
or  soda  ash  and  boric  acid,  having  r^ard  to 
the  fact  that,  if  ii^sooiateil  nmeli  pypsum,  a 
proportionate  additional  allowance  of  »oda  ash 
mnat  be  made,  as  the  gypsum  decomposers  the 
sodium  carbonate,  forming  sodium  sulphate 
and  chalk.  The  composition  of  ulexite  being 
Gla,ikOi,'Na,|B40.,  it  requires  one  equivalent  of 
bicaroonate  of  soda  and  one  equivalent  of  car- 
bonate of  soda  to  deconipose  it : 
2<CajB,0„NajB40j)  +  2NaHC03-|-2Na,C03 

These  ingredients  are  all  mixed  together  in  the 
dry  state.  The  process  adopted  is  similar  to  the 

processes  already  described — nnmcly,  that  of 
latst  boiling  the  liquor  in  the  saturator,  then 
gradually  addhig  the  crude  material,  boQing, 

Settlini:,  lixivintintj. 

100  parts  of  the  ulexite,  testing  43  p.c.  borio 
aoid,  require  10  part«  of  bicarbonate  of  soda 

and  12  parts-  of  carbonate  of  soda,  for  its  oon* 
version  into  117  parts  of  borax. 

Manufacture  ofhorax/ram  crude  borax. 
This  branch  of  the  industry  is  generally 
carried  on  at  the  borax  marsh.  It  may  be 
desirable  to  give  a  de.M.rji)liuu  of  the  Saline 
Valley,  Inyi<  county,  Califonua,  where  the  most 
exten-ive  deposit  of  nrifural  bomx  exi.Hts  in 
North  America,  before  entering  into  the  details 
of  refining. 

The  valley,  situated  on  the  custrm  slope  of 
the  Sierra  Nevada  Mountains,  11  milva  from  the 
("arson  and  C'Olondo  railroad,  is  18  miles  long  and 
12  miles  wide,  surrounded  with  mountainous  hills 
which  ailord  no  outlet,  and  therefore  the  ViiHty 
may  be  said  to  bo  the  bottom  of  a  dried-up  lake. 
At  the  point  of  deepest  depression  an  area  of  over 
l(KM>  acres  is  covered  w  it  h  crude  borax  from  6  to 
18  inches  in  depth.  The  colour  of  the  crude 
material  a^  it  lies  upon  the  level  plain  is  a  peculiar 
(^rey  yellow.  The  borax  in  Saline  Valley  is 
mixed  with  sand,  which  is  volcanic  ash  and  de- 
compo.>4ed  lime  rock,  sodium  sulphate,  sodium 


crtide  nmterini  varies  in  strength  m  to  p.c.  of 
borax  uj>  to  1K>  p.c,  whilst  hi  some  plae<?.*i  <m  the 
marsh — under  a  crust  composed  or  sodium 
phftte,  sodium  enrfxHiate,  ami  common  salt —  bwis 
of  tincal,  or  large  crystals  of  borax,  some  two 
feet  in  thickness,  are  found ;  idiilst  belon-  the 
tincal  there  is  a  stronpi;  fwiturat^'d  yellowish 
liquor  containing  1  lb.  uf  burax  to  the  pallor. 
All  the  manipulation  that  is  leqnved  id  to 
shovel  off  the  surface  of  the  marsh  to  a  tie{>th 
of  18  inches  and  cart  the  umterial  to  long 
hemispherical  wrought-iron  pan.'^  set  on  ardies 
of  stone,  fired  beneath  with  wood  fuel  ohti»in*>d 
in  the  neighbourhood.  The  pans  are  charged 
with  water,  and  the  crude  material  thrown  in 
and  vigorously  stirred  with  long  polee,  until, 
with  the  aid  of  heat,  all  the  Boluble  Halt«  ai« 
dissolved-  The  tires  are  then  withdraun,  and 
consists  m  reducing  the  !  ^be  contents  of  the  pans  aUowed  to  «ttle  for  ten 
jie  divitton.  and  for  thin  7^^^^       liquor  w  drawn  otf  mto  vat^ 

where  the  borax  crystallirie.H  out.  The  mother 
liquor  after  six  days  is  drawn  off,  and  tiu»  borax 
is  talran  out  and  paclced  into  saeks  for  ^|kment. 

Boi  a\    nil  boric  acid  are  aj)pliod  tti  the 
manufacturing  industries  as  follows 
Briek  emd  tUe  maien.  Glased  snrfaoea. 
Candle  makers.   Preparation  of  wick<. 
Cement,   Making  the  finest  ldnds»  which  take  * 
polish. 

Chitia  and  earthentvare.  In  preparing  a  frit 
used  for  glaain^  what  is  technically  termed 
*  biseoit  wan '  m  pottery  of  all  deMtipCiaiiL 

Golour  makers.    In  preparing  Gu$giiet*a  gjn^a 

and  borate  of  manganese  (a  driv). 
Coppersmiths,   In  btaihig. 

ffrvrffp'.tt.'i.    Pharmftceutical  preparations. 
Knaindled  iron.    An  enamelled  coating  to  cart 

and  wrought  iroD. 
Qlas.i.    Making  pastes  and  as  an  inaredient. 
Uat  jiiakers.    Dissolving  shellac  for  a  sti^oier. 
Irontmiths.    In  welding. 

JexoeUers,    In   solderinj;.    (Ancient   name  for 

borax,  '  chrysoculla,'  gold -glue.) 
LawmirtMes,    As  a  staro&glaze  for  linen. 
Poftr  makers.   Superfine  note  and  highly  glased 

paper  and  cards. 
Pork  padom*  Curing  and  prewrving  luuaia  and 

baron. 

Saje  tmkers.   Lining  safujs  to  resist  fire. 
Soap  makers.   As  an  emollisntb 
Tanners,    Dressing  leather. 

Textile   manufacturers.    Solvent- bleach  ;  jncw- 

dant ;  fireproofer. 
Timber  merchants.  In  preparation  of  hard  from 
soft  wood. 

Perbonlts  are  salts  of  the  acid  HBO,  which 
has  not  been  prepared  in  the  free  state  on  account 
of  its  instabilitv.  The  alkali  and  alkaline  earth 
salts  are  soluble  in  water  and  have  an  alkaline 
reaction.  They  bcliave  in  solution  like  mixtures 
of  borates  with  hydrogen  peroxide ;  the  active 
oxygen  being  liberated  by  heat,  by  acidifying 
the  solution,  or  by  laige  dilution.  Oxydases, 
rednetftses,  and  manganese  dioxide  cauae  them 
to  give  U|»  tlie  whoh-  of  their  reactive  oxygen. 
They  convert  chromic  aoid  and  molybdatee  into 
perohromio  aeid  and  yellow  permolybdatea. 
They  readily  oxidise  protoxides  and  their  saltv-i 
into  higher  oxideSi  but  do  not  always  form 


oarbonate,  and  sodhun  ohloride.  The  surround- |  perbovatee  urith  them.  1tero|U|^  ^^ii^f^u;^^ 
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nmnganous,  and  lead  salts  yield  higher  oxideti ; 
the  aalts  of  other  metelB  ymd  perborates  of  an 
intlefinito  or  basic  composition.  Perborates 
of  th.o  alkali  metaht  uiay  he  ubtaintKi  by  uareiul 
precipitation  of  sokitioiiis  of  alkali  borate  with 
Alcohol  in  the  preeenoo  of  hytlrop:pn  peroxide. 

Amnwnium  perborate  NH^BOg.HjO  ii  the 
beat  characterised  of  the  several  perborates 
resulting  from  the  action  of  ammonia  and 
hydrogen  peroxide  on  ammonium  borate.  It 
oontains  10-84  p.c  of  active  oxvg<^ti. 

Pola$num  biperbonxU  KB,0,.2U,0  is 
obtained  hj  the  wstion  of  hydrogen  peroxide 
on  jxjtAssium  Tx>rnf<>. 

SotUtun  oerbaraU  N»BO«,4il.O.  When 
248  grftme  of  oorio  sdd  si«  mmd  'with  78  grams 
of  sodium  jK-roxidc  ami  milled  gradually  to 
2  litres  of  cokl  water,  the  mixture  dissolvee  ftt 
firat,  Init  later  a  oTTBtalltne  eahetanoe  aeparates 
i.iut  whirl]  l>e  filt-crcil  utT  ;ind  dried.  This 

subtitauce,  which  has  a  compositiou  N».B40«t 
10U,0,  is  called  'petbonXf'  and  is  eolnble  in 
wat^-r  t<j  the  exk-nt  of  42  grams  jrt  litre  at  11**. 
When  one>half  of  its  sodium  is  displaced  b^-  a 
mineral  aoid,  a  crystalline  precipitate  of  sodtmn 
perborate  NaB03,4U,0  separates  out.  This 
in  a  very  stable  substance,  and  can  be  preserved 
indefinitely  at  ordmary  temporatwee.  It  die* 
eolvcs  readily  with  Hlight  decomposition  in 
water  at  50°-^*',  and  a  vigorous  ebullition  of 
oxygen  takee  place  at  100".  The  cold  aqueouB 
t^olution  poseeeeee  all  the  proper!  i  s  .  f  hydrogen  : 
peroxide.  When  powdertxl  eiudiuiu  ^rburate 
added  gradually  to  CO  p.c.  sulphnno  acid,  and 
the  solution  filtered  through  guncotton  a  very 
etrong  (160-2(X>  vola.)  t*t>jution  of  liydrogen 
peroxide  is  obtained. 

Patents  for  the  marnifacture  of  tine  and 
magnesium  perborates  have  been  taken  out  by 
Q.  W.  JobneOD  (Bag,       26700, 1604). 

OaoAmu  BiBivAnw  of  Bono  Aoid. 

AnUine  borate,  and  compounds  of  piperidine, 

coniine,  tctrahijdroqtiinoline,  and  tetravuthiil- 
ammontmn  hydroxide,  have  been  prepared  by 
U  ft  T.  Smwel  (J.  Soc.  Chcm.  Ind  1906.  103). 
The   meMMjfT  and  bomv!  *»  tors   are  reailily 

Crepared  by  heating  meiuliul  and  boriieol  with 
orio  acid,  xylene  being  u^e^l  as  a  medium  in 
the  latter  case  (Vereiti  ('hininfabriken»  Zimmer 
&  Co.,  Eng.  Pat.  11674,  190G). 

Ethyl  horowUcylaUtfUt^horyl,^  is  prepared  by 
boiling  together  62  jpi^ms  of  bori<;  tu  id  Htid 
138  granKH  of  s<ilicylic  acid  with  200  c.u.  of  water. 
The  rtsulting  borosalicylio  acid  is  esterified  by 
adding  60  grams  of  95  p.c.  alcohol  and  heating 
Avith  40  grams  of  sulphuric  acid.  It  fonu^  needle* 
Hhapcd  crystals  which  are  more  convenient  than 
oil  of  winter-green  for  many  medicinal  purposes. 

Zinc  boropicrate^  or  ^et^ysyl,'  is  the  product 
obtained  by  boiling  together  lw)ric  and  picric 
acids,  and  saturating  the  mixture  with  zinc 
ojode.  It  ie  a  yellow  powder  used  as  a  medicinal 
antiaeptio  {Hbnteil,  J.  Soc.  Cham.  Ind.  1908, 
3M). 

Phmyl  bcvnte  B(OPh)„  diphenylboHc  acid 
B(OH)fOPh)j.  m-foh/l  bomU  BfOC^H^Me),,  and 
fi'mphihyl  borate  BCCi^UfO),,  together  with 
sevemi  otiier  aiyl  halogen  bonm  compounds  and 
nhorofjtnzoir  a  rid  C0,HC,H,B(0H1„  nave 
been  prepared  by  Miobaelis  (Annaleu,  315, 
19^). 


Borcitrates  are  valuable  M  remedies  in  oases 

of  kidney  disease  and  urinary  cfikuli.  Their 
solvent  power  for  urates  and  phosphates  is 
greater  than  that  of  lithium  bensoata.  The 
diborooitratos  arc  best  adapted  for  the  poipose. 
The  following  are  known  : — 

Magnesium  triborooitrate(CVU,0 ,)  tMg,(B,H,04) , 
dibowoilsiate  (C,X02)iMg«(BiHj04)  J 
monoboEoeitrate  (C.HtO  JsMg(BHO«) 

Lithium,  potassium,  sodium,  and  ammonium, 
mono-,  di-,  and  tri-borocitrates  of  similar  con- 
stitution have  been  prepared,  bon  salta  have 
also  been  ohtainod  containing  respectively  S  and 
16  p.c.  of  iron  by  acting  on  sodium  di*  and 
mono-boroeitratti  with  fenic  h]rdsato  <Solieile» 
Pharm.  J.  [3]  11,  389). 

The  magnesium  cuinpoundii  pos^eas  strong 
antiseptic  properties. 

DsYfiOTiuN  AND  Estimation  of  Bobok. 

Boron  almost  always  ooeurs  in  the  form  of 

boric  acid.  When  the  acid  is  in  the  freo  state 
it  oau  readily  be  reoognised  by  the  greeu  colour 
whksii  it  gives  to  the  flame,  and  by  ito  action 
upon  turmeric 

Turmeric  paper,  when  moistened  with  a  solu* 
tbn  <^  borio  acid  and  dried,  acquires  a  dmiy-Ted 
colour,  which  ischanged  to  olive  green  on  moisten- 
ing with  an  alkalL  Aoid  solutions  of  uroonio, 
tantalic,  niobie,  and  molybdic  adds  also  cofour 
j  turmeric  brown.  ('a8F?al  and  Gerrans  (Chem. 
News,  1903,  27)  tind  that  the  sensitiveness  is 
greatly  increased  by  the  addition  ol  oxalic  add, 
and  base  a  colon  m  trir'  method  of  estimation 
of  boric  acid  on  this  reaction. 

The  green  colour  imparted  to  flame  is  a  very 
delirn'j  t'-st  for  boron  (according  to  Merz,  J.  pr. 
Chcm.  »U,  4«7, 1  part  in  1400  may  be  detected  by 
means  of  it).  It  is,  however,  to  be  noted  that 
•salts  of  copper  likewise  colour  flame  erer-it, 
as  well  AH  certain  compounds  of  chloriuo  and 
barium  and  thallium.  When  the  boric  acid  is 
rr  n.binod  with  a  base  the  compound  in  tlu"  «tate 
ot  powder  is  decomposed  by  uieauc*  ot  suipiiuric 
acid,  and  the  boric  add  eztiaeted  by  alcohol. 
Compounds  not  decomposed  by  flulphurio  acid 
are  fused  with  pot-oiih  and  iligested  with  alcohol 
and  sulj^nrio  aoid. 

The  prcwncc  of  boron  in  minerals  may 
be  detected  by  mixing  the  mineral  iu  powder 
with  a  flux  containing  1  part  fluor-spar  to  4^ 
I)artiJ  h\  (lrogen  potassium  sulphate,  made  into  a 
patite  with  watur,  and  hoatiiig  the  mixture  in 
the  inner  blowpipe  flame,  when  boron  chloride 
given  off  whicn  tinges  the  flame  ^reen ;  or  by 
mixing  the  suspected  substence  with  fluor>Bpar 
moii^tening  with  concentrated  sulphuric  acid, 
and  passing  the  escaping  gas  through  a  tube 
drawn  to  a  fine  |)oint  into  the  non-luminous 
bunsen  flame,  which  it  colours  green. 

The  spectrum  of  boron  shows  three  brisht 
lines  in  the  green  and  one  in  the  blue.  Bhruey 
finds  in  the  spectra  of  boric  acid  and  borax  tho 
lines  A34aO*3,  A2497,  and  X2496-3,  which  he 
considers  characteristic  of  boron  (Roy.  Soc 
Proc.  35,  301).  (For  the  measurement  of  the 
intensity  of  these  bands,  v.  Lecoq  de  Bois* 
baudran,  Gompt.  rend.  76,  883.) 

The  quantitative  ^timation  of  boron  is 
difiioult,  as  all  borates  are  soluble  to  some 
extant  in  water  mad  alcohol,  and  J^r^c^  §^1^ 
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OMinofe  be  hMlad  viyMnii  loos  in  oontMt  witii 

water. 

One  method  of  direct  det^niiiiiatioa  is  to 
prooipitote  the  boron  aa  potamiium  }>orofluoride, 
whicn  i?  quite  iiisoluM*'  in  alcohol  ( f^  r/f-liua, 
liulu-l)m  h.  3  cd.  10,  84  ;  Stromeyer,  Aiunden, 
100,  82  :  I'haddeeff,  J.  Soc.  Chem.  Ind.  1898. 
963),  'I'lus  iiiL'tliwl  has  been  adversely  criticised 
by  r,(H)<  k  and  uthera,  and  has  \Mxii  uluiust 
entirely  superseded. 

Tht^i  nio.st  trustworthy  niefhod  of  estimating 
boron  in  <luo  to  Gooch.  If  the  boron  i»  not 
present  tis  )K:>ric  acid,  it  is  broi^ht  into  that 
state  K\  hi  Htiiig  for  some  hours  in  a  scaled  tube 
with  lutnc  atjid.  The  rcHultinc  Bolution  is 
repeatedly  distilled  with  methyl  alcohol,  the 
iHirii  acid  pa^Hing  over  in  the  vapour.  The 
distilkte  is  tnon  treatetl  with  an  exactly  weighed 
ezceHs  of  pure  lime,  transferred  to  a  platinum 
crucible,  evaporated  to  dnmees  on  the  water, 
bath  and  strongly  heatea.  The  inorease  hi 
Weight  represents  the  boric  anh>dri<!e. 

VolumetrtoaUy»  borio  acid  may  be  estimated 
accurately  by  titmtkm  with  cauBtio  soda,  usuur 
phenolphthalein  as  inditutor,  if  alKtuf  one-third 
of  the  bulk  of  the  solution  of  glycerol  in  added 
(Thomson,  J.  Soe.  Ohem.  Ind.  1884,  432 ;  v.  also 
Analysis  ). 

Boion  may  be  estimated  indixeotly  by  dij|e«t- 
inf  a  weighed  qnuittty  of  the  finely  divided 

wuiipound  in  a  platinum  vessel  with  hydrofluoric 
acid,  and  then  with  coaceutxatcd  sulphuric  acid. 
On  wanning  gently,  tiie  boron  present  ie  expelled 
as  fluoride,  and  after  driving;  off  the  excess  of 
aulphttric  acid,  the  quantity  of  bases  in  the 
reeidtte  is  determined.  Their  weight,  deducted 
from  the  -.veij^ht  of  the  original  sunitiinoe,  givee 
the  quantity  of  boric  anhydride. 

When  combined  with  potash  or  aoda,  boric 
acid  may  be  defennini-<l  liv  evajKinitinj:  the 
aoltttion  of  tlw  previuui^K  weiglunl  ^ait  with 
hydrochloric  acid,  and  determinitig  the  chlorine 
in  thr  flrv  residue  (Schweiaor,  Pharm.  Oeotr. 
1850,  :{72  ■  J.  1S5U,  ."ilM)). 

Crude  boric  acid  (Italian)  is  usually  vnlned by 
determining  the  water  and  the  mibstances 
insolul)Ie  in  alcohol,  and  tuking  the  re^t  iUi  being 
borio  aeid.  Aeeording  to  Zschimmer  (Chem. 
Zentr.  1901,  [5]  44,  antl  [7]  r,7),  the  resn!t.s  ate 
inaccurate,  on  account  uf  the  water  not  lieing 
completely  driven  off  under  the  conditions  used 
(2 hours  drving  at  45* and  2  hours  in  desiccator). 

Boron  is  Iwst  estimated  in  the  presence  of 
silicates ;  e.g.  in  tourmaline,  by  the  method  of 
il.  W.  Sargent,  who  has  submitted  all  the 
processes  punlishod  to  examination  and  criticism 
(J.  Amer.  Chem.  Soc.  1899,  86&-888).  The 
mineral  is  fused  with  alkali  carbonates,  and, 
after  lixiviating  and  acidifyijig,  the  boric  acid  is 
volatilised  from  the  solution  as  the  methyl 
ester.  A  convenient  form  of  appaimtus  for 
performing  this  operation  is  desCTibed.  The 
boric  ester  is  subsequently  hydrolysed  by  a 
weighed  quantity  of  pure  lime,  and  eati mated  by 
Gooch's  process. 

A  method  fc»r  it.n  «'stiiiiatIou  in  insoluble 
ailicatea  is  also  given  by  Wherry  and  Chapin 
(J.  Amer.  Chem.  Soc.  1009,  1687-1701). 

A  nolutiun  of  l>orie  aeid  pnxiurt  -  nu  change 
of  colour  in  solutions  of  helianthiii,  tropfeolin, 
and  methyl  orange,  but  a  drop  of  hydrochloric 
acid  immediately  changes  the  yellow  colour  into 


red.    Borax  may  thus  be  titrated  by  the  i 
acids  (A.  .Toly,  Compt.  rend.  100,  103). 

(For  the  estimation  of  boric  aoid  in  mineral 
waters,  v.  Fkeeenios,  Zeitsch.  anaL  Ghom.  25, 

202.) 

To  detect  boric  acid  in  milk,  baryta  is  added 
to  100  e.e.  of  milk  till  alkaline.  After  inoin^rm- 
tion,  the  at^h  is  di.ssolved  in  a  little  strong:  hydro- 
chloric aeid,  evupuratuti  to  drynoi«,  aitd  a  solu- 
tion of  turmeric  with  a  drop  of  dllitt*  lijdxw 
chloric  acid  added,  and  the  solution  eraporated 
on  a  water-bath.  OOOl  p.c.  boric  acid  givcd 
a  distuict  colour  to  turmeric  in  this  maniMr 
(J.  Soo.  Chem.  Ind.  1887,  563). 

Borio  aoid  may  be  rapidly  determined  in 
butter  by  stirring  a  weighed  quantity  with  a 
kuouii  volume  of  warm  standard  sulphuric  acid 
till  moltc<d,  allowing  to  settle,  an<l  titrating  a 
portion  of  the  aque<ni.s  part  ^\ith  cAustic  soda, 
using  phenolphthaleSu.  The  pink  oo)otir»f^pe*n 
when  the  snlphiirio  aeid  has  been  nentralMed  ; 
glyeerol  is  then  aiMi-<l  and  eaustic  soda  run  in 
till  the  colour  reappears.  The  second  titration 
repreeents  the  boric aeidfRichmond  and  Harrison, 
.Analvi^t,  ^'Vr:.  !7:t). 

BOBOMATROCALCITE.  An  early  name  (G.  L. 
Ulex,  1849)  for  the  muieral  nlexite.  a  hydiratMl 
borate  of  .sodiuin  nvid  r  aliMKiii  Na('aB.O..SH  .*  l. 
McKt  of  the  natural  borates  exported  from  South 
America  (ChOi,  Bolivia,  and  Aifeatina)  sow  of 
this  species  :  it  is  also  alumdant  in  the  bofwie 
deposita  of  Calilomia  and  Nevada.       L.  J.  S> 

BOSOVnTIll  V.  STirtflDmo  mkuqs. 

BORYL.  Trade  name  for  ethyl  b*>ro>.ili- 
c^'latif.  Preuarod  by  boiling  together  solutioas 
of  borio  acia  and  salicylic  acid  and  esterifyinf 
by  the  a<hlition  of  aleohol  and  sulphurie  aei<T. 
Needle-shapod  crvalaU.  Used  m  me<iicme  a^  a 
substitute  for  ethyl  salicylate  (Montml,  J. 
So    (  lu  m.  Ind.  1908,  354). 

BOSCH.  An  inferior  butter  prepared  in 
Holland.  The  term  is  sometinm  used  as 
synonv  Teoii"  uith  margarine  (q.r.). 

BOSTON  ITE.  A  trade-name  formerly  lu  ut^^ 
for  the  Canadian   serfMntine  •  asbestos  (r. 

ASBISTOS).  L.  J.  S. 

BOSWELLIA  SERRATA  (Roxb.)  or  GUGAL. 
The  gum  of  this  plant  (ord.  BmrMraeea)  is  u.ied 
as  an  incenwe.  It  is  often  e"nr«M(nded  with 
bdellium  and  olil>anum  (Dymui  k,  IHutxm.  J.  I3J7» 
190). 

BOTANY  BAY  RESIN  t.  BjoJUMB. 

BOTRYOLITE  i.  C^lchjh. 

BOTTLE-NOSE  OIL.   An  oil  obtained  bom 

the  bottle-nosed  whale,  closely  resemblinc:  jiprrm 
oil  :  its  *'p.!?T.  varies  from  0-876  to  0-880  (.VUcu, 

J.  Smm,  I  t;.  ir,.  ]nA    2.  53). 

BOUILLON  NOIR.   Ferric  acttaU  («.  Acsnc 

acid). 

BOU-NEFA.  The  root  bark  of  Thaptia  ^or. 
ganica  (Linn.),  an  umbelliferous  plant  growing  in 
the  South  of  Europe  and  Al^ria.  It  contains  m 
resin  used  as  a  medicine  in  I  :  inoc. 

BOUBMBBMS  or  VALEBflNE.  A  Uquid 
hydrocarbon  isomerie  wttli  tiSi  of  turpentine, 
sicretrd  by  t  he  Drycbolanop*!  uroiiuUitui  ((.Jaertr.), 
and  holding  in  solution  bomeol  or  Borneo  cam- 
phor. Aeeording  to  Wallaali  (AnnaJeo,  230, 
22.'; ;  Chem.  Soc.  Trans.  [2]  50. 70).  it  is  a  mixtwe 
of  the  decomposition  product*  of  campheue. 

BOUBMOlmii  SniphMtimooato  of  coppsr 
and  kwl  CuPbSbSa.  oiystalliaing  in  tajbiiW  , 


BRAK. 


ffll 


oirthorbumbic  crystoliii  theae  are  frequently  i  BRAM'S  POWD£R.  Aii  ciploaivo  coiiijititing 
t.  winned  Midshowre^traQt  anglos  at  the  edgeii,  |  of  60  parts  of  a  mixture  of  potasshim  Lhlomtai* 
lienco  the  names  '  cot]r\vhff«l  nrt- '  aad  '  whet'l-  potassium  nitrate,  wood  charcoal,  and  oak  saw- 
dust 8atiirat<Hi  with  40  part<i  of  iriuitroglyoerine 
(Wai.;ni  r'^  .lahf.  22»  470). 

BRAN.  The  name  civen  to  the  coarser  frag- 
j  ments,  eomii»tiiig  maiiily  of  the  outer  layers, 
I  which,  are  produced  in  the  grinding  or  milling  of 
cereal  or  other  seeds.  When  the  term  in  used 
'  without  any  descriptive  adjective,  the  product 
I  from  wheat  is  usually  understood  ;  but  maize, 
!  barley,  buckwheat,  r^e»  oata,  even  peaa  uid 
I  earth  nuts,  when  mUfed,  yidd  products  which 
are  described  as  '  bran.' 

The  foUowioff  vMiyftM,  compiled  chiefly 
from  0«rmaa       Amerioui  aonroes*  show  tm 
'  general  a%'erage  oompoaition  of  variooa  *  bmos*: 


«>z*e.'  It  'm  found  in  torn  wall,  Haxz,  &o. ;  and 
in  Bolivia.  It  lometimes  ooonn  in  miffioiant 
Abundanoe  to  be  med  as  an  ov»  of  copper  and 
IcMkd.  L.  J.  S. 

BOVBY  COAL  v.  Fuel, 
BRAGA.  An  alcoholic  beverage  used  in 
Koumania,  preparetl  bv  the  fermentation  of 
znillet.  The  seed  in  boiled  with  about  12  times 
it<*  weight  of  water  for  14  hours,  the  resulting 
viscous  mass  cooled,  stirred  with  water  and 
allowed  to  ferment.  The  liquid  is  filtered  and 
mixed  with  water,  when  it  is  ready  for  sale. 

is  somewhat  8weet»and  contains  about  1-3  p.c. 
of  alcohol  by  weight. 


** 
»♦ 
*» 


Wheat  bran,  floe 

„  coarse 
M    espog  wheat 
whiter  wheat 
Rye  bian  (ncrman) 

,»      H    (American)  . 
'BufAey  bnui  • 
Oat  bran     .       .  » 
Maize  brao 
Bice  braa  . 
Backwfaeat  bian,  fine 

I*  coarse 
Pea  bran     .  • 
Earth  not  bran  . 


•  ;  Water  1 

Fat 

Sol.carbo- 
liydcates 

mm 

Aah 

,  '   18*2  ■ 

15*5  ^ 

47 

54-0 

8-0 

4*5 

13-2 

14-3 

4-2 

52-2 

10-2 

5-9 

.  1    115  , 

161  1 

4-5 

64-6 

8-0 

5-4 

.  i  12-3 

19^  t 

4K) 

58-7 

81 

5-9 

.  i  12-6 

16-7 

31 

58-0 

6-2 

4-6 

.  i  11-6 

14-7  , 

2-8 

63-8 

3-5 

3-6 

.  10-6 

14-8 

3-6 

57-6 

8-5 

5-0 

7-6 

2-7 

53-8 

21-6 

5-7 

9*9 

3*6 

61-5 

9-5 

3-0 

12-1 

8*8 

49-9 

9-5 

10-0 

16-2  t 

4-6 

500 

11-3 

,  70 

,  1  15-6 

8-0 

1-8 

34-2 

37-6 

I  2-8 

16-8  ' 

1-7 

46-2 

20- 1 

3-5 

214  r 

18*1 

\  24*7 

'  19-5 

0*4 

The  digestion  coeihcienU  for  the  constituents  more  approximating  to  Hour  in  coniix^aition, 

of  most  varietiee  of  bnut  are  low,  so  that  their  though  mnoh  richer  in  nrotein,  ash,  and  fibre, 

food  value  is  in  general  not  so  high  as  the  analjraes  Inc-  pn)€e?;M{>»  employed  in  the  milling  of 

would  indicate.  wheat,  however,  are  so  complex  that  about  80 

The  eharaoter  and  composition  ol  the  bran  '  or  100  products  are  separated.    For  a  study  of 

from  any  particular  grain  iH  liulilc  to  coii'^i'l'Tii hie  t  hn  romposition  of  th*-  \  arioiis  products  of  a 


variatiuit,  according  to  tho  nu-thnd  ul  nulling 
aidopted.  As  a  rule,  the  less  perfectly  the  com 
iH  gruun<I.  th*'  richer  is  the  bran  in  meal  and 
therefon*  iu  feeding  value. 

It  will  be  noticed  that  bran  is  much  rioher 
in  protein,  fat.  ash,  and  fibre  than  the  line  por> 
tions  of  the  raoal  from  the  bame  grain. 

In  the  ca«e  of  wheat,  the  finer  port  inns  of  the 
bran  are  known  bh  '  middlings  '  and  '  .sliar]>s  '  or 
*  shorts.*  Usually  the  la^t  term  deuotv^i  tho 
portions  which  most  nearly  resemble  bran,  while 
'  middlings  *  xef  ears  to  an  intermediate  product 


modem  roller  mill,  utt  Ulillonl  Kichardson  (Bull. 
No.  4»  U.S.  Dept.  of  Agric.  Div.  of  Clieniis- 
try,  reproduci'd  in  part  9,  Bull.  13,  [1898]). 
Usually,  about  70  t^  7a  p.c.  of  the  wheat  ia  ob- 
tained as  flour  of  various  grades,  about  20  p.c. 

bran,  3  or  4  p.c.  as '  shorts,'  and  the  remainder 
tkn  i>croenings  und  logs. 

Weinwxirni  (Oe.'^terr-Ungnr.  Zeit«.  Zocker- 
ind.  u.  Landw.  1890)  found  that  from  Hun- 
garian wheat,  20  p.c  of  bran  of  three  degrees  of 
finen^  were  obtained,  possessing  the  loUowing 
composition : — 


1 


Oompoatilon  of  dry  matter 


Fine  bran 
Medium  btmo 
Ckiarse  bran 


Yield 
p.e. 


16 
2 
2 


Water 


11-  35 
llo6 

12-  37 


Protein 
IdboI.  Sol. 
In  dil.  acetloacid 


13-50 
13-38 
13-44 


3-06 
272 
317 


Fat 


4-54 
3-46 


Sol.  carbu- 
I  hydrates 


63-64 
6213 


8-  71 
908 

9-  79 


Sbyder  (Studies  on  Bread  and  Bread* 
making  at  the  t'niversity  of  Minnesota,  IWl) 
examined  the  products  from  the  milling  of  wheat 
bv  the  Amerioan  methods,  ueing  a  hud  Sooteh 
j^e  wheat. 

The  aborts  and  bran  obtained  had  tho  follow* 
iag  compositioa 


Wttt^r 
Shorts  8-73 
Bran     9 IHI 


Protein 
(Nx5-7) 

14-87 

1402 


Total  curb' 
Fat  hvdrat<rB 
6-37  (15-47 
AlV.l  (»5-54 


Abli 


6-  55 

'1-S9 

7-  01 


A»h  Acidity 
4-5«  014 

6-0«    0  23 


The  aci<.lity  is  ex[>re8Mxl  in  terms  of  lactic  acitl. 

The  carbohydrates  of  bran  have  lieen  in- 
vestigated by  Sherman  (J.  Amer.  (  hem. 


012 


1897,  1 9,  20 1 ).   H6  found  ibe  following  Avwsge 

pcroenta;,'i'8  iti  wheat  bran : — 

Total  soluble  carbohvflrates  calcu- 
lated as  dextrin     ,        .        .      7-2  p.c. 
Starch     .       .       .       .  .17*7 
True-  jx-iitosans         .       .  .17-5 
Lign  in  and  allied  substaacea      .  11*6 
UUukMe  8-6 

Total  carboLydratett    .        .  62*5 

(Hh«r  investigaton  — Tolleiw,  Chalmot, 
Gunther  and  Stone — have  found  fri>m  22  to 
25  p.0.  of  peutoeans  in  wheat  bran,  while  xoaiie 
faran  oontsms  about  40  p.o. 

r.irard  (Compt.  rend  1897,  124,  926)  cives 
the  reaulta  of  the  examination  of  by-fcoducta 
from  whieat— praminiaUy  diorta  and  bran— by 
a  method  difft  n  nt  from  the  conventional  one. 

in  estimating  the  amount  of  water-soluble 
matter  in  prodtKsta  from  seeds,  he  pointa  out  the 
necessity  of  using  icc  foUl  Maf^r,  othorwisc  the 
enzymes  present  may  act  upon  the  constituents 
of  tho  aeeid,  and  greatly  husreaae  the  amomit  of 
matter  soluble  in  water. 

The  followug  are  the  mean  %ure»  calculated 
from  analyses  of  the  by^proaneta  from  four 
French  wheats  : — 

Water    Solnbto  In  water    loioliible  in  water 
14-72  lO-eS  74>66 

The  matt^'r  soluble  in  water  conBisted  of — 
proteids  2-70,  oarbobydratea  6*16,  inorganic 
matter  1*77.  The  matter  insoluble  in  water 
consistetl  of^ — gluten  4-65,  starch  28  (»S,  nitro- 
genous wu4jdy  matter  6'10,  fale  317,  cellulose 
90*22,  inurganto  matter  1*94,  loss  and  ondeter- 
mined  0-0!». 

The  mineral  matter  in  bran  is  very  liiflh  as 
compared  with  that  in  theiMt  of  the  seed,  oeiug 
usually  between  5  and  6  p.c.,  idiilrt  that  in  flour 
is  uaoally  less  than  0*5  p.o. 

The  adi  of  bran  is  partieularly  rich  in  pluw* 
phoric  acid,  but  poor  in  lime.    The  following 
aualysiM  by  Wolff  gives  its  usual  composition  : — 
K.O    Ha-0     M«0     CaO     P,0,  SiO, 
240    0*6      le-S     4-7      fil  8  11 
■^I'^Kn'  i    a  widesprf-ad  belief  that  bran  is  \ 
pariicuiariy  well  fitted,  bccaus^j  ol  its  richness 
m  mineral  matter,  to  supply  the  needs  of 
nninmls  with  reference  to  the  (1«  veloptnent  and  ' 
nutrition  of  bono.    But  Ironi  a  htudy  of  a  bono  i 
disease  among  horst  s  and  mules  in  South  Afxioa,  I 
it  ha^  hi-en  deduced  that  for  normal  bone  nntri-  i 
tion  It  18  neouit»ary  that  untiuab  be  supplied,  in  | 
thebr  rations,  with  phosphoric  oxide  ana  lime  in 
approximately  eijtial   jiroportions  by  weij(?ht 
(Injile,  Jour.  Couip.  I'utli.   and  Therapeutics, 
1907.  March,  abio  Jour,   \gric.  Science,  1908, 
3,  22).     From  this  point  of   view,   bran  is 
jmrticularly  ill  suited  to  aid  bone  development,  I 
it  contains  an  overwhelming  preponderance 


York  Agric  Expt.  Station,  1904)  Hlx^ut  ti8  p.e. 
of  the  total  j)ho.sphorus  is  extracted  by  0-2  \>c. 
hydroohloiio  acid  solutkifi,  and  of  this,  ncsrhr 
the  ivfaole  ozistB  as  aahydro-oxymcthylene  d»- 
phosphoric  acid  CjH,P,0, 

=(OH),OPO-CH,-0-CH,-OPO(OHj, 

a  subetanoe  first  isohited  by  PoeteruAk  (Rerc^ 
General  de  Botanique,  1900, 12.  5  and  65 ;  CompL 
n^nd.  1903,  137.  439).     In  bran,  this  acid  exists 
in  combination  with  magnesium,  oalciamt 
potaanum. 

The  free  arid,  when  beatt'cl  stroni: 
mineral  acids,  is  hydrolysed,  yielding  inositol  and 
phosphoiio  add 

3C,H«PA+3H,0««C,H,tO,+fiH^«. 

Bran  is  largely  used  aa  a  fao«l  for  fano 
animals,  but  has  a  weakening   efiect  upon 
I  digestion  if  used  in  large  qoaiitiUea.     It  ii 

mere  Pt:t1;ibIo  as  ft  food  f<.)r  fntfcning  than 
for  vsojking  anituaiii.  Owing  probably  to  its 
mechanical  action  on  the  bowels,  it  has  a  p«a||a- 
tive  effect.  If  u«c<l  larjiely  for  mih  h  cows,  it 
tends  to  make  the  butter  soft.  biLuildxij,  large 
quantities  of  bran  given  to  fattening  ammak 
tend  to  lower  thf  inelting-point  of  the  LcHiy  -fri? 
Thi&  is  an  advantage  m  the  production  uf  uiuuoa 
or  beef,  but  a  disadvantage  with  bacon. 

Bran  is  also  largely  used  in  tanning'  kath»=r 
(For  a  description  of  the  process  and  ol  tkr 
changes  occurring  in  the  fcrnuntation  of  bran 
so  emplo>ed,  »et  Wood  and  Wilcox,  J.  See 
Chem.  Ind.  1893,  422,  and  1897,  610.)    H,  L 

BRANDY.    (Eau-dt-vie,  Yr.i  Brxtnnitcrin, 
Ger. )    The  term  'brandy'  i.s  an  abhrevi.%tion 
of  '  brandy- winu'  the  originai  Knglish  form  of 
the  woid,  which  occurs  also  in  all  thia  Taufamfe 
languapes  of  Northern  Europ*»,  and  sigTiifie^ 
burnt  or  diatiiled  wine.    The  latlur  t^erui  (wine) 
in  its  widest  sense  includes  the  product  obtained 
by  fermentation  of  all  natural  fruit  juices  or 
extracts  from  grain,  and  not  fermented  grape 
juice  only.    Old  English  Acts  of  Parliament 
refer  to  *  brandy  *  and  *  aqua  vita  *  made  fnm 
malted  com,  whilst  the  German  word  hrammi 
wein    is  applied    to  strong   potable  spirits 
generally  without  imfdyin^^  that  such  spirit  is 
neeessanly  derived  from  wme.    At  the  present 
time,  ho^^eve^,  the  'brandy'  of  commerce  is 
almost  universally  tmderstood  to  be  a  spirit 
derived  exctnsively  from  the  grape. 

Bt't<id('.H  aleohi'l  and  watir,  the  jtriiKijwl 
constituents  of  brandy'  are  acetic,  butyric, 
oenanthic,  and  Talerianie  esters,  aoetie  acid,  a 
.small  quantity  of  a  \olatilo  oil,  and  a  little 
fixed  acid,  tannin,  and  colouring  matu>r.  W  hm 
new,  brandy  is  oolonriess,  bnt  gradually  acquires 
a  vellowi^h- brown  colour  by  storage  m  oak  caak^i. 
The  required  colour  for  particidar  brands  is^ 
however,  nsuslly  obtdned  oy  the  addition  of  a 
sohitiuu  t'f  earamel  or  burnt  ir  Genuine 
brandy  of  good  quality  has  a  s^eet  mellow 

•       ■  lha 


of  phosphoric  acid  over  lime,  being  in  the  ratio  ,       _  .  - 

of  100  to  9  in  the  above  analysis,  while  in  some  i  ethereal  fiaTour,  without  any  fiuqpioioa  of 
samples  it  is  as  high  as  100  :  5-5.  That  bran  '  fiery'  or  *  .arthy  *  tasta  common  to  inft 
has  an  injurious  action  upon  bone  nutrition 
when  used  in  large  quantitie.s,  is  shourn  by  the 
occurrence  of  a  p<  culiar  bom-  di-ea.'-e  in  horses 
known  as  '  bran  rachitis '  or  '  millers'  horse 
rieket.s.'  observed  in  animals  fed  hugely  on  bran. 

The  phoMjihoric  acid  in  bran,  however,  does 
not  exist  entirely  as  metallic  phosuhates.  Ac- 
outding  to  Fatten  end  Hart  (Bull  260,  Kew 


or  fictitious  brandies. 

The  himquel  of  brandy  depends  upon  (a)  the 

nature  and  quality  of  the  wine  from  which  it 
has  been  produced  ;  (6)  the  condition-  under 
which  the  wine  has  been  fennent<  <l  :  (c)  tha 
method  of  distiUation  employed  ;  and  (d)  the  age 
of  the  brandv.  The  characteristic  flavour  of 
bvandy  is  said  to  be  dna  to,?yfe*^^ 


BRANDY. 


cater  (ethyl  peUrconate),  bnt  ii  variM  vith  tho 
total  amount  ann  relative  proportions  of  other 
volatile  conHtituente  present.  According  to 
Ordonncau,  tho  pcoii]]wr  fnonnt  o<lour  of 
l>ran<ly  in  duo  to  a  very  sninl!  quantity  of  a 
terpens  which  boils  al  i7»°,  and  whiich,  on 
oxi<latioD»  gives  the  ohenMifeerutic  flaTUnx  to  old 
bmudy. 

Over  90  p.c.  of  tho  brandy  iiiiportod  into  the 
United  Kingdom  cornea  from  France,  the  finest 
grades  beii^  Cognac  and  Armagnae,  so  named 
from  the  French  towns  in  which  they  were 
originally  distilled.  But  little  braiifiy  is  now 
distilled  in  Cogneo  itaelf,  the  greater  part  being 
produced  on  the  brandy  farms  of  the  sunronnding 
flistricta.  OthtT  brandies  of  less  value  commer- 
cially are  those  of  the  Midi  and  the  diatricts  ot 
Aude,  Gard,  Hcrault,  and  Pyrenees  Oooidentalea, 
commonly  known  a.s  the  '  Troix-six  de  Mont-  ! 
pcdlkr.*  Maro  braadies  are  distilled  from  the 
fermeated  *  maro '  or  refuse  of  the  wfae-preas  as 
well  as  from  tho  lees  of  tln  ^    im  -cask.". 

Whilat  the  term  *  (Jognao '  ha«  by  oustom 
eovoo  to  be  used  almoat  m  a  generio  term  for 
'  l.T  Liid;..'  if  is,  strictly  speaking,  applicable  only 
to  spirits  made  from  wine  grown  m  the  Uosnao 
reg^otif  vfaieh  oomprisee  a  oert^  peit  of  the 
two  departments  of  Charento  ana  Charente 
laf^ieure,  also  Dordogno  and  Lea  Deuz-Sevres. 
A  strict  (Mimitation  of  the  Oognae  ana  has 
bc'on  nrfiflo  by  the  French  Goveniment  b^ 
decree  dated  1st  May,  1909,  and  tho  region  is 
loo«]ly  snbditrided  into  the  Gfande  or  Fine 
Champapne,  the  Petite  Champagne,  the  Borderies 
aod  the  Boi»,  according  to  the  quality  of  tho 
wine  produced. 

The  soil  of  the  district  in  mainly  calcareous, 
and  the  grape  ia  a  small  white  beiry  with  very 
aoid  jniee,  produeing  a  wine  of  inferior  quality 
for  drinking  purposes.  (For  the  extraction  and 
fermentation  of  the  grape  juice,  see  WiNX.) 

Am  the  lepotation  of  the  brandies  of  the 
(\  ij^nac  and  Armagnae  districts  depends  so  much 
upon  their  bouquet,  they  are  submitted  to  slight 
footifioation  oiuy,  and  distillation  is  therefore 
usually  conduct<^>d  in  a  simple  *  pot '  Ktill  by  tho 
professioual  distiller  as  woU  as  by  the  farmer. 
The  still,  which  varies  in  content  from  abont 
15^*  to  ?<HJ  gallons,  is  usually  enclo.se<l  in  brick- 
work, with  only  a  sniail  bunx)us  head  exjKjaod, 
and  is  ganecally  heated  by  means  of  a  furnace, 
wood  being  considered  the  host  fuel.    In  a  few 
distilleries  the  stills  arc  heated  hy  Bteam.  Occa- 
sionally, a  subsidiary  vessel,  filled  with  i^ino  and 
caUed  a  '  chau£Fe-vin,'  is  attached  to  the  still, 
and  through  it  the  pipe  conveying  the  spirit 
vapour  to  the  refrigerator  passes,  liealing  the 
wine  go  that  the  btter  is  quickly  raised  to 
boiling-point  when  subsequently  passed  into  the 
still,  thereby  effecting  a  saving  of  fuel.  Two 
djatUlatioiM  are  made,  termed  *  brouillis '  and 
'  boono-ehaolEe,'  oorresiKHidmg  respectivelv  with 
the  '  low  wiofla '  ind  *  ipirifta '  of  the  whiskey 
dastilkr. 

In  some  distilleriet  llie  finished  spirit  is 

produce<l  at  one  continuous  distillation  by  means 
ot  a  still  described  as  *  h  premier  jet.'  In  this 
form  of  still,  a  ▼ssisl  is  atladhed  to  and  aboye 
the  !n  1 1  (  f  the  still,  and  through  it  the  spirit  of 
the  tirst  distillation  is  oonveyeo.  This  spirit  is 
agprin  Taponrised  fagr  the  haat  of  tiie  spirit  yapour 
rising  from  tho  stiU  itself  on  its  way  to  the 
!       You  L—T, 


refrigerator.  The  spirit  produced  in  this  \v^y 
is  not  considered  so  fine  an  thai  nbtaino<l  by  tho 
pot  still,  but  it  im  of  higher  strength  and  more 
suitable  for  tho  manufacture  of  liqueurs. 

Tho  quality  of  the  spirit  depends  greatly  on 
the  care  with  which  the  distillation  process  is 
carried  out.  The  stills  should  be  worked  slowly 
and  regularly,  tho  normal  time  for  the  complete 
distillation  of  a  charge  being  about  ten  hours. 

The  quantity  of  wine  used  in  the  process  of 
manufacture  is  relatively  very  great,  the  amount 
of  brandy  produced  from  a  given  measure  being 
only  from  10  to  16  p.o.  The  strength  of  tho 
wine  varies  from  4*6  to  9  p.o.  by  weight  of  pure 
alcohol,  or  approzimatelv  from  10  to  20  p.e.  of 
proof  spirit,  the  average  being  6-5  p.c.  of  alcohol, 
or  14  p.0.  of  |Mroof  spirit.  The  finished  spirit  as 
ran  from  the  still  eontains  abont  64  p.o  by  weight 
of  alcohol^  equivalent  to  a  strength  of  ahi  nf 
25  over-proof.  Tho  brandy,  as  received  from 
the  fsrmen,  is  blended  and  dllnted  in  vats, 
Bweetene<l  with  can-'  ugar,  slightly  coloured 
with  caramel,  and  filtered  (if  neoessary)  into 
storage  Tate  in  wiiioh  it  is  matured. 

Trif  French  Government  has  bv  vririru=;  la  ws 
and  decrees  of  theyeais  1905  to  1909  prohibited 
tiw  deseription  *  Cbgnao  *  to.bo  applied  to  anv 
mixtiirr  of  Cognac  or  other  wine  spirit,  with  Lorain 
or  beet  spirit^  and  has  furUier  provided  that 
labels,  marks,  Ae.,  Iwaring  tho  word  *  Oognao  * 
shoxdd  signifv  that  the  spirit  in  question  is 
solely  the  product  of  tho  Cognac  region  {vide 
supra). 

The  simple  pot  stills  and  the  modifie<I  stills 
known  as  '  k  premier  jet,'  above  referre<l  to,  as 
being  used  in  the  Charente  disfarictM,  are  not 
suitaolo  for  wines  having  a  strong  cartli\  flavour 
('terroir*)  or  other  undesirable  qunl  ti  ^.  In 
such  cases,  as  in  the  brandies  of  the  Midi,  tho 
Rochelle  district,  and  the  mnrr  brandies  of 
Burgundy,  stUk  of  a  more  coiii[ilicat<'d  nature 
are  employed,  owing  to  the  neces.^ity  for  a  greater 
degree  of  rectifi'^ntion.  In  these  the  distillation 
in  continuous,  and  ui  the  Rochelle  district  and 
the  islands  of  the  N.W.  ooast,  a  pot  still  with 
a  rectifying  head,  known  as  the  Alembic  des 
lies,'  is  employetl,  whilst  in  the  south  the 
dMiiP^ng  column  consists  of  a  series  of  compart- 
mcnts  separated  by  jjlates  or  '  plat<;aux,'  con- 
nected with  taps  by  means  of  which  it  is  possible 
to  take  oS  the  spirit  at  a  higher  or  lower  strength 
as  desired.  These  stUb  ate  gonenUy  heated  by 
direct  fire. 

Immense  quantities  of  wine  are  produced  in 
the  Midi  for  conversion  into  brandy,  the  grapes 
of  this  region  being  unsuitable  for  making  good 
wine.  This  is  attribut^^d  to  tho  effects  of  the 
PhyUoxtrOt  which  devastated  the  whole  of  tho 
Charente  dufMot  in  Uie  years  1875-1878.  Before 
this  time,  most  of  tho  brandy  exjnjrted  to  tho 
United  Kingdom  was  genuine  Cognac,  but  the 
destniotion  of  Hie  Ghacente  rineyards  stinrahted 
the  production  of  brandy  in  other  part.s  of  France 
as  well  as  in  other  countries.  The  vineyards  of 
the  Cognac  district  were  replanted  with  i^erioan 
?f  1 mu  which  Charente  vines  were  grafted, 
and  the  result  has  been  highly  suooessfi^ ;  but 
in  the  south  of  Fraaoe  the  vineywrds  ravaged  by 
th(!  phylloxera  were  replanted  with  vines  which 
were  not  appropriate  to  tho  soil,  and  which 
yielded  wine  in  great  quantity  but  at  the  sacrifiee 
of  good  quality.  Hence  the  use  of  the  rectifying 
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eliiiti  in  thu  Midi  und  the  large  quautitv'  ut  brandy 
wodiK^.  Most  of  this  in  consanwd  in  France. 
Theapirit  fieri  vcmI  from  diiicasod  or  unsound  wines 
is  highly  rectidetl  aiul  us«l  for  itiduhtrial  pur- 
poflet).  The  cheapneH»  of  wine,  therefore,  afTorda 
little  or  no  inducement  to  the  distillers  of  the 
Midi  to  use  beet  or  grain  an  the  raw  material  for 
the  WOdttCtion  of  their  hi  ami  us. 

The  relative  values  of  the  spirits  above 
mentioned  may  bo  gathered  from  the  average 
prices  per  proof  gallon  in  1909,  which  were  from 
6s.  for  brandy  of  the  best  Cognac  district 
(ChamjMjgne)  to  2s.  6d.  for  Bois  brandy,  the 
cheapest  in  the  Cognac  district,  whilst  Midi 
brandy  was  Is.  9d.,  and  grain  aiul  beet  spirit 
Is.  2d.  and  1«.  Id.  per  proof  gallon  nspectiyely. 

Marc  brandies  or  eaux-ae-vie  de  marc  are, 
aa  the  name  implies,  derived  from  the  m«ro  or 
lefoae  of  tiie  grapes  after  the  jnloe  hea  been 
extracted.  They  have  a  strong  earthy  flavour, 
and  usually  are  very  rich  in  secondary  prodaots. 
Ihtj  are  therefore  often  added  to  other  wine 
■spirit*  to  inipart  the  brandy  character,  or 
admixed  \vith  neutral  spirit  from  grain,  beet, 
Ae.,  in  the  preparation  of  fietitknu  mandies. 

Algerian  l>ran(iy  of  hi^h  qtiality.  resembling 
Cognac,  and  is  generally  sent  to  France,  whence 
omiaidereble  qnantitieB  an  reshippod  nom  the 
Charente  district  to  the  Uaited  Kingdom. 

Brandies  are  produced  in  most  other  wine- 
growing eooatries,  especially  when,  owing  to 
over-produotion  crf  wine,  or  some  defect  in  its 
(quality,  it  beoomea  more  profitable  to  convert  it 
into  spirit  than  to  dispose  of  it  as  *  wine.'  The 
most  important  commercially  are  from  Spain, 
Egypt,  Cermany,  South  Africa,  and  Australia, 
but  the  quantitiea  ctf  these  exported  to  the 
United  Kingdom  aie  Small  as  oompaied  with 
French  brandies. 

The  Spanish  brandies  am  similar  in  character 
to  the  Freneh,  an«l  command  n  high  price. 
Cenuine  Egyptian  brandy  is  made  from  fresh 
grapes,  although  the  wine  grape  is  not  cultivated 
in  Egypt.  The  grapes  are  imported  into 
Alexandria  from  Southern  Turkey,  Greece, 
Cyprus,  and  ^Vsia  Minor,  an<l  there  made  into 
wine  from  which  the  brandy  is  distilled.  They 
have  a  strong  characteristic  flavour,  much 
appreciated  by  consumers  of  the  cheaper  brandies. 
Spurious  brandies  of  doubtful  origin*  but 
described  as  '  Egyptian,'  are  also  on  the  market. 
They  are  probably  made  from  the  currant  grape 
grown  in  Greece  and  Asia  Minor,  and  have  no 
right  to  the  title  of  *  Eg>'ptian,*  beyond  the  fact 
that  they  are  exported  vid  Alexandria.  Increas- 
ing quantities  of  brandy  of  fair  quality  are  being 
produced  in  South  Africa  and  Australia.  The 
so-called  '  dop '  brandy  of  South  Africa  is 
produced  in  the  same  way  as  the  French  '  nuuro  * 
brandies,  and  has  similar  oharaeteristiQS. 

The  natural  improvement  observed  in 
gentiine  brandies  by  '  ageing  '  is  always  accom- 
panied by  a  rise  in  the  quantity  of  the  secondary 
oon.-tituent-i  due  to  the  formation  of  oxidation 
pro<iucts  (aldehydes  and  acids)  and  esters,  as 
well  as  to  concentration  due  to  loss  of  alcohol 
and  water.  The  higher  alcohols  also  t^Mxl  to 
increase,  and  furfural  to  diminish,  with  age. 
Aooording  to  Duplais.  the  mellowness  duo  to  age 
may  bo  imparted  to  new  I'raiidy,  making  it  fit 
foB  immediate  use,  by  adding  the  following  to 
OTBiy  100  litres :  old  nun,  2'Olitns ;  oldldnoh. 


1-75  litres;  syrup  of  raisins,  2-0  litres;  an', 
infusion  of  walnut  hulls,  0*75  litre.  Low  wicej 
which  have  been  kept  for  some  nionths  in  c*«ks 
containing  clear  rain  water  i<feiiervt.>d  by  th' 
addition  of  10  or  12  p.0.  of  strong  braadj  (85^ 
are  also  used  for  a  similar  purpose. 

Whilst  there  is  a  legitimate  use  of  colouru.. 
which   has   become   practically   an  esaentti^ 
character  of  the  brandy  of  commerce,  the  col 
acquired  by  old  brancues  owing  to  long  itt-ora.^ 
in  casks  is  often  simulated  in  order  to  give  ; 
new  brandies  a  fictitious  appoaxance  of  age  \>\' 
means  of  a  tinctore  of  oak  extract  obtain(;d| 
from  chips,  .shavings,  or  >awdust  of  th©  whitf' 
oak  used  at  Cognac  for  tnalritwr  bcandy 

Brandy  is  described  in  the  BaStaA.  Aiarmaee- 
]>u'ia,  a-  '  S]>irit\is  Vini  QeDkB,*  thus  implyin^: 
the  French  origin  of  the  SjgAit^  aad  is  defined  a* 
'  a  spiritnoos  liquid  distriled  from  wine  ann 
matured  by  age,  and  cotitainint;  not  less  than 
36j[  p.c.  by  weight,  or  43^  p.e.  by  volume  of 
ethyl  hydrudde'  (approximately  76  p.c  of 
proof  Bpirity. 

This  definition,  however,  takes  no  cognisance 
of  the  nature,  quantity,  or  relatiTe  proixtrtiau 
of  the  secondary  products  to  which  tne  peculiar 
medicinal  properties  of  brandy  are  attnboted, 
and  in  view  of  the  variations  in  tbeae  eon* 
stituents  even  in  the  brandies  of  comm«ce 
known  to  bo  genuine,  and  the  difficulty  of 
arriving  at  any  satisfactory  standard,  it  has 
been  proposed  by  the  British  Medical  Association 
to  eliminate  '  brandy  '  at  the  next  ro vision  of 
the  Pharmacopoeia. 

The  following  standards  of  purity  are  pre- 
scribeil  by  the  United  States  Pharmacopoeia. 
Brandy  should  be  at  least  4  years  old;  its 
alcoholic  content  from  39  to  47  p.c.  by  weight 
(81-96  p.c.  British  proof  spirit) ;  specific  gravity 
not  exceeding  0*941  nor  less  than  0-925  ;  t-h'? 
residue  should  not,  on  the  volatilisation  of  th« 
last  traces  of  alcohol,  evolve  a  marked  disagree- 
able odour  of  fusel  oil,  and  shoidd  not  exoc«^ 
1-5  p.c.  ;  also  the  residue  from  100  c.c.  should 
dissolve  readily  in  10  cc.  of  cold  water,  and. 
shoidd  be  free  from  move  flMii  traoes  of  tannin 
(i.e.  should  not  give  more  than  a  pale-green 
colouration  on  the  addition  of  a  <lilute  solution 
of  ferric  chloride) ;  and  the  acidity  shoulci 
require  not  more  than  1  c.c.  of  dccinormal  alkali 
for  neutralisation  using  phonolphthaleln  as  an 
indicator. 

Under  the  Sale  of  Food  and  Drugs  Act,  no 
standard  for  brandy  is  fixed  beyond  the  limita- 
tion of  strength  (in  common  ^ith  whi.-ikey  and 
rum)  to  a  minimum  of  25  p.o.  under  proof,  below 
wllioh  it  may  not  legally  be  sold  without  Hh* 
fact  of  dilution  being  declared.  Tlie  strength  of 
brandy  as  imported  into  the  United  Ki^ngiliMw 
varies  considerably,  hot  the  averaoe  is  aboat 
rp  Ix'lou-  ]>roof.  nr  46'5  p.c.  of  alcohol  by  weight. 

Ordonneau  (UompL  rend.  lOiS,  217)  subjected 
100  litres  of  25-yearwold  brandy  to  fimetiaBal 
distillation,  and  obtained  the  following  safaetenoea 
estimated  in  grams  per  hectolitre  :— 

Aldehyde  .....  2*0 
Normal  propyl  alcohol  .  ,  .  40-0 
Normal  butyl  alcohol  .  .  .  21S-tf 
Amyl  alcohol  .... 
Ifexyl  alcohol  ....  04 
Heptyl  alcohol  .  .  .  .  I>5 
Aoetioeater       .      . .  y ,.y.G3fe§le 
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Propiouic,  butyric,  and  (-nproic  esters  3-0 
CEnanthic  ester  (uLout)        .  4'0 
Acetal  and  smmeB       .  traces 
Murin  (Conipt.  ren<L  105,  1019)  tliHtilled  92 
litres  of  puru  cognac  iu  Claudin  aud  Moriu'ii  [ 
apparatus.    The  rant  portion  of  the  dirtillaie 
rrnitainfvl  the  more  vofatilc  hixlifs  ;  thr  sororid 
coiuit2>UxI  of  tolerably  pure  ethyl  alcohol ;  the 
third,  the  higli«r>boiling  alooliol^,   See.  The 
rf'siduo,  chiefly  water,  was  tested  for  iiee  Midsy 
Mobiitylulycol  and  glycerol. 

The  first  three  portions  were  then  fraction- 
al ♦•<!.  5  I'lrcs  of  lij^lit,  alcohol,  65  litres  of  pure 
clhyl  aiiuliul,  aud  3  5  litres  of  higher- boilii^ 
compounds  being  obtained.  The  latter  flAct ion 
Mtnelt  stroti'jily  of  fiist-l  oil,  and  possessed  a 
burning  taste.  The  w  liter  remaining  behind  was 
added  to  that  already  obtained.  The  fractions 
were  then  re<listilled  in  Ijei  Bel  and  Henninger's 
apparatus.  The  fusel  oil  portion,  which  after 
tlehydration  by  potMniom  owrbooete  weighed 
362  grftmBr  gave : 


grams 
7 

130 


Water  ... 

Ethyl  alcohol 

Normal  propyl  slaoibol       .       .  26 

/«obutyl  alcohol         ...  6 

Aniyl  alcohol     ....  176 

Fnrfond   8 

Wine  oils  .....  7 

The  watw  eontainod  a  little  acetic  and  butyric 
Aoidv,  and  e  small  quantity  of  a  viaoous  liquid 
which  diHtilled  undccomposwl  under  ditiiiiii»ne<l 
presBure,  and  appeared  to  consist  of  Mobutyl 
alcohol  and  glycerol.  The  nMidiie  contained 
t  iiiitiin,  togetiier  iritii  rabetanoea  eztraoted  from 
the  wood. 

In  the  following  iaUe:  1  shows  the 
pounds  containcnl  in  100  litres  of  ihr-  cnnnnc.  ; 
2  shows  the  same  obtained  by  the  fermentation 
of  100  kiloa.  of  sugar 

I  2 
grsms 

trace 

50,615-0 
2-0 


Aldehyde      .       .  trace 
Ethyl  alcohol        .  50»837-00 
Norm,  propyl  aloobol  27*17 


/sobutyl  alcohol 
Amyl  alcohol 
Furfural  haaea 
Wine  oil 
Acetic  acid  . 
Btit3nric  acid 
/sobutyl  glycol 
Glyoool 
Bntyl  ah»hol 


6-52  1-6 

100-21  61K) 

2*19  — 

7'61  20 

trace  — 

trace  — 

2-19  — 

4-38  — 
absent;  {nrfnial  wm 


standard  crwrtlcient  snctrostod  by  Girard  and 
Cunia.Siie  tor  genuine  brandy  is  300,  of  which  not 
less  than  80  should  be  esters.  In  mlculat  iti:^  t  ho 
proportion  of  neutral  spirit  in  a  mixture,  allow- 
ance should  be  madi^  ior  the  small  amount  of 
secondwy  }iroduct8  present  in  neutral  spirit. 
The  avera;^e  coefficient  for  indu^itrial  alcohol,  as 
shown  by  the  analyses  of  Girard  and  Ouniasse, 
is  17  and  the  esters  8. 

(For  a  detailed  description  of  the  methods  of 
anuvsis  employed,  sm  Thorpe,  Minutes  of 
Evidence  taken  by  the  Royal  Commission  on 
Wliiskoy  and  othinr  Potable*  SpiriU,  ii.  Appen- 
dix Q,  xii.  1909.) 
I  The  causes  which  uffcct  the  characteristic 
Louquet  of  the  wine  naturally  iniiueaco  tke 
pro[Kntion  ae  well  ae  the  character  of  the 

,  vnlrttiU-  niHttcr-s  included  in  the  'coefficient'  of 
.  the  brandy.   Thus  tho  proportion  of  acids  aud 
I  eeten  is  considerably  angmented  if  the  wine 
becomes   t-our,   and,  speaking   generally,  the 
I  aldehydes  are  highw  in  white  thaA  in  red  wines. 
,  Also  m  refatd  to  distiUation,  the  aldehyde  and 
I  more  V  ']  I'ile  esters  ore  found    niainly  in  the 
I  first  runnings  ('produits  de  tele whilst  the^ 
higher  aloohou  and  faxfaial  occur  in  lamei* 
,  quantity  in  the  tailinj^s  (•  produit^  de  (lucue  }. 
I      in  the  brandies  of  (Jharente  and  Armagnao 
I  the  coefficient  ia  nenally  rather  high,  but 
ordinarily,  in  cognacs  and  fine  rhampngne,  it 
ranges  between  275  and  450,  although  t>ccaision- 
1  ally  it  falls  considerably  bej'ond  tnese  limits. 
,  Brandies  obtained  from  wines  of  tho  Midi  and 
,  from   Algeria  show   much   wider  variations, 
1  ranging  from  25  (indicating  strong  rectification) 
'  to  r»(K1.    ^farc  brandies  have  almost  invariably 
a  very  lugh  coefficient,  ranging  from  500  to  nearly 
1600.  and  in  Utese,  iddeb^^ee  <tften  fom  a  large 
proportion. 

AttempUi  have  been  uiatle  to  tix  mmiwum 
and  maximum  values  for  the  coefficient,  but 
without  much  bupcpss,  the  former  \v\ih  a  vj»»w 
to  the  detection  uf  the  admixture  of  neutral 
spirit,  and  the  latter  to  restrict  the  amount  of 
secondary  prwlufts  for  hygienic  reasons.  Tho 
effect  of  such  limits  would  be  to  condemn  many 
brandies  that  are  undoubtedly  genuine  and  even 


of  lugh  commercial  value. 


det+'ctctl  tlirectly  by  tho  uildition  of  aniline  to 
tho  oognacy  a  rod  colouration  being  produced 
intbe|Meeaeeof  aoetioaoid.  Itwinbeobeerred 
tliat  Mobut  .1  :il.  uh<>l  is  present  only  in  .'^nudl 
quantity,  whilst  iu  Ocdonneau's  results  it  in 
absent  altogether. 

The  ai  al\-tical  drttA  Usually  relied  upon  f(»r 
diaorimiuatmK  between  geniiino  brandies  and 
timse  blendea  with  nentnQ  spirit  are  (a)  ▼olatile 
acids:  fb)  aldehydes;  (r)  esters;  \d)  higher 
aicohuU  f  and  (e )  furfural.  The  results  are 
calcnlated  in  parts  per  100.000  of  abeolnte 
alcohol,  '.'f.  in  milliirrams  per  100  cc,  or  grams 
per  hectolitre.  The  total  amount  of  the 
seoCRkdary  products  expressed  in  this  manner 
ia  tcrmcJd  tho  '  cx^flicicnt  of  impurities,'  or 


m  the  hygienic  point  of  view,  tho  esters, 
furfural,  and  especially  the  aldehydes,  have  a 
much  more  deleterious  action  on  the  human 
83rstem  than  tho  higher  alcohols,  whilst  the 
acids,  particularly  acetic,  which  frequently  forms 
a  large  proportion  of  the  coefficient,  cannot  be 
said  to  BM,Y9  any  detrimental  influenee. 

Tho  French  novernment,  in  1004,  instituted 
.  an  inquiry  by  the  Toohnioal  Committee  of 
I  (Bnology  into  the  possibtlfty  of  fixing  standards 
f«»r  tlie  total  amount  of  .sr  i  uliry  imnlucts 
,  r  coefficient  non-alcohol ')  of  genuine  brandy, 
I  but  the  oondnsion  arrived  at  was  that  neither  a 
mininiuni  nor  a  t  i  iximnin  limit  could  be  recom- 
mended owing  to  the  extremely  variable  character 
of  bnndy,  not  only  with  respect  to  the  eo> 
cftlrif-nt  as  a  whole,  but  also  in  regard  to  the 
proportions  of  the  volatile  coui^tituents  relatively 
to  each  other,    (chemical  analysis  should  not 
be  relied  upon  alone,  but  should  be  supplemented 
and  its  results  confirmed  by  expert  tasting 
('  doi,'ustation  '). 

British  brandy  is  usually  made  from  grain 


preferably  the  '  coethcicnt  non-alcohol.'   The  spirit  dii^tilled  with  certam  ilavouriug  jamterials^ 
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or  adding  flavouring  ingredients  to  the  H|>iriUi. 
It  IB  frequently  mixed  with  foreign  brandy,  and 
is  largely  used  for  (-ooking  purposcfi. 

Thu  toUuwing  in  Ure»  recipt^  for  Brititih 
brandy :  '  Dilute  the  pure  aloohol  to  proof  pitch 
at!il  adf!  in  every  \*^>  >iin<ls  \vci;^lit  of  it  from 
half  a  jKJund  to  a  i>oujid  of  ar^ol — crude  tartar — 
diflBOlved  in  water,  some  bnust^^l  French  plums, 
and  8  qimrt  nf  <zno<\  cnrmac.  Distil  this  mixture 
over  a  gentle  fire  in  an  alembic  provided  with 
an  agitator.  The  addition  of  brandy  and  argol 
introduces  cennnthic  ether,  and  if  a  little  af  etic 
ether  be  added  to  t  he  distillate,  the  whole  impurtii 
the  pecuhar  taste  of  genuine  Cognac  brandv. 
TolfMir  Miili  '•unit  5!tifrar,  if  nppof«sarv,  and  aad 
«i  little  taiinu-  acid  to  impart  a^triii^oncy.' 

Amongst  the  tla\'uuring  ingredienti*  used  in 
Ihf  manuiacturti  of  artificial  brandies  (including 
British  brandy)  may  be  wentione<l  the  fullovviug  ; 
vnanthio  ester,  tincture  of  catechu,  balsam  of 
tolu,  acetic  ester,  arsol,  cognac  oil,  esswTice  of 
coupac,  iidusionb  of  oitter  almond  shells,  tea, 
and  walnut  hulls,  liqvorioe  root,  prune  juice, 
ram,  s^Tup  of  raisins,  vanilla,  &c.  So-called 
*  cognac  essences '  contain  mixtures  of  the 
'  aromatic  compounds  just  mentioncKl,  whilst 
'  cognac  oil '  is  made  by  the  distillation  of  a 
mixture  of  alcohol,  coeo-nut  oil,  and  sulphuric 
acid,  cenanthic  ester  being    im  i  f  the  ])rt>duetH. 

As  a  simple  formula  for  artiticial  brandy  of 
the  cheapest  grade,  Ftoisoluaftmi  Hke 
fi)]I<»\\in^  :  spiritB,  45  gftfloiM;  oaiaiiMl,  0  omb,  ; 
cognac  oil,  |  oz, 

CUtt  mndy  is  manufaotured  in  the  United 
States  and  Canada  from  cider  and  perry. 

Daoilg  bnuidy  is  made  from  rye  ground  with 
the  root  of  Calamus  anmaUeut. 

Guernsey  brandy  is  t}ie  spirit  of  beefc  root 
flavoured  to  imitate  true  brandy. 

HiUBburg  brandy  is  said  to  oonsist  of  potato 
or  beet-root  h])irit  as  a  basis,  fiavourea  with 
essences  or  bv  the  addition  of  inferior  brandy, 
and  odknuea  to  represent  genuine  brandy. 
Similar  imitation  brandies  appear  to  fx-  made  m 
the  north  of  France,  in  Beigiuni.  and  in  other 
foreign  countries.  (Girard  and  Cuniasao,  Man. 
pratique  de  FAnalyse  dcM  Alcools  et  des  Spi- 
ritueux  ;  iSchidrowitst :  AiuUyiit,  June,  1906,  and 
June,  1906;  Thorpe,  Nature,  3  Kov.  1904; 
and  Report  of  Rnval  Commission  on  Whiskey 
and  other  Potahle  8pint«,  iUOt*-!*.)         J.  (  .  " 
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BRASSIC   ACID  f  BraSSTDIO  ACID. 
BRASSIDIC  ACID  (BraJtBic  acid) 

is  isomeric  with  erucic  acid  (q.v.),  from  which  it 
may  ol^tainod  by  the  action  of  nitrous  acid 
(Haus.Hliueeht,  Annalen,  143,  54  ;  Reimt  r  and 
W  ill,  Ber.  1886,  3321  ;  Webskv,  .Tahrb.  Chem. 
18.-:?.  tt4  :  Fit/.  B<>r.  1871,  444):  by  treatment 
with  hytlrogeu  bromide  in  acetic  acid  solution, 
moaohroml^henic  aoid  C|2H4,02Br.  I»eing  ahio 
formed  {Pon7in.  Gazz.  chim.  ita!.  3.'),  ii.  394) ;  and 
hv  heating  «ith  concentrated  sulphurou.s  acid 
at  200*  (M.  K.  and  A.  8avt«ew,  J.  Russ.  Phvs. 
Chem.  Soc.  24,  482  ;  J.  pr.  ( Tiom.  50.  12]  78). 
It  may  also  be  obtained  by  heating  behenolic 
acid  with  zinc  and  acetic  acid,  and  a  few  drops 
of  hydrf»rhlurie  acid  (Htdt.  Ber.  1982,  9li2),  and 
by  the  reduction  of  monobrombrassidio  acid. 


which  is  obtained  by  treating  bebentdic  acid  wkk 
hydrogen  bromi<le  (Hasse  and  Stutaer,  Ber. 

in03.  3«WMV  I=!rr!s.sidie  acid  crystaHise.-i  frrm 
alcohol  ill  plaU.'.s,  in.  p.  (jii°-tjl>°  (iSavlau-  w,  i^-U 
b.p.  282*  (30 mm.),  265*  (15  mm.),  26'6«  ( 10  mm.), 
ISC'*  (0  mm.),  (KrafTt  anel  Weilandt.  B.  r.  1S96, 
1325);  Bp.gr.  0-868O  at  67  r/4°;  u  leb**  toolubl.^ 
than  crucio  aoid  in  alcohol  and  ether.  (Fnr 
relationship  to  erucic  acid  and  comparison  <  >f  t  h^  r 
behaviour  towards  various  reagents,  p.  Alh  zi^y. 
J.  Russ.  Phys.  Ch«  m.  Soc.  31,  70;  34.  7H8 ; 
J.  pr.  (lu  tn.  01.  [2-3j  66.)  By  fusing  brask 
acid  with  putaah,  arachidic  acid  CmH^^O,  i? 
obtained  (Goldschmidt.  Jahrb,  Chem.  1877, 728) ; 
oxidation  with  jM  tnv^ium  pprmanpnnatr  yieli* 
a  dihvdroxvbehenic  acid  (Jukov.skv,  J.  Uuai. 
Phys.*  Cliem.  Soc.  24,  499  ;  Albitrky,  Lc.% 
Treatment  with  hydritnlic  aeiil  in  glacial  acetic 
acid  yieldji  iodubehenic  aeid  (Ba^er  ttnd  Co.., 
D.  R.  P.  180087  ;  Chem.  Soo.  Ab-t.  1907,  i  380). 

BRASSIL.    A  local  name  for  iron  p^Titee. 

BRASSYLIC  ACID  U,,H,«0«.  Obtained, 
together  with  other  products,  by  acting  on 
benenolic  acid  CnH^gO,,  with  fuming  nitrie 
acid  (Haussknecht,  Annalen,  143,  46  ;  Groe^ 
mann,  Ber.  1893,  644).  May  be  prepared  by 
the  action  of  nitric  acid  on  erucic  acid  (Fileti  and 
Ponzio,  Gazz.  chim.  ital.  23,  ii.  393),  and  from 
iit-undecenoic  acid  (KrafTt  and  Seldis,  Ber.  I90l\ 
3671).  flat  needles;  m-p.  lia^-IU**;  ieM% 
Bohible  in  aloohol  and  ether,  sparingly  sohible  ■ 

Wal<-r. 

BBAUMITE.  A  manganese  mineral  rlsTii 
with  the  oxides,  bnt  oontaining  an  appsveiahle 

amount  of  silica  (8-10  p.c),  the  formula  b<-ing 
3Mn,0^*llnSiO»  or  4Mn,0,  MmSiO,.  The  man* 
ganese  wnsnaUy  isomorphouHly  replaced  by  small 
ariiiiiints  of  iron,  cnli  I  nn,  barium,  Jkc.  It  i-^ 
generally  found  inoomuaci  masses,  but  sometixoes 
as  tetragonal  pyramioR,  the  angka  of  whidii  are 
very  near  to  the  i  the  regular  octahc<lrun. 
The  crystals  possetMi  a  perfect  pyramidal  dcavsffe. 
The  ooloar  is  ohMsk  with  a  sub-metallie  to  rnntafiip 
lustre.    Sp.fjr.  I  S  ;   H.  The  mineral  ia 

found  in  the  maixganeso-nunos  in  Sweden  ; 
with  the  exception  of  pailonielane,  it  is  the 
abundant  of  the  mnnpnnesr  ores  in  Inilin  it. 
L.  L.  Fermor,  Mem.  (ieol.  Survey,  hniia,  l^od, 
xxvii).  L.  J.  S. 

BRAZIL  NUTS  are  the  fnnt.««  of  Brrtholhiin 
ijccelm  (llumt).  and  Buup.).  They  yield  73  p.c. 
of  a  fatty  oil  of  pale  yellow  colour,  of  a  ta»te 
similar  to  that  of  the  nut.*«  themselves.  The 
oil  is  ©xprciijied  from  mouldy  nuts  onh,  bls  the 
aonnd  nut«  have  too  high  a  value  for  edible 
uur}N}ses  to  be  used  for  the  mannfactur*^  of  m 
fatty  oil.    J.  L. 

BRAZILETTO.  An  inferior  kmd  of  Brazil, 
wood  obtained  from  Casalpinia  hmtihemM 
(Linn.),  growing  ia  the  West  Indies. 

BRAZILW(m)D.  Under  the  name  of  Brazil- 
wood certain  varieties  of  the  so-called  *  soluble  ' 
red  woods  are  known,  the  terra  *  soluble  '  l>euig 
employed  to  distinguish  them  from  the  dye- 
stuffs  of  the  barwood  class,  which  only  witb 
difTiculty  yield  their  colouring  matters  to  boiling 
water.  These  soluble  red  woods  give  w\\h 
aluminium  mordanted  fabrics,  a  bright- rod  shade, 
which  in  each  case  is  derived  from  one  and  the 
same  colourin-^r  matter,  and  sll  are  botaiticaDy 
allied,  in  that  they  consist  of  the  wotxl  of  variouk 
spectot  of  CsMoipiiMa.   Ahoi^tyi^i^  y_^^3^ti^le 
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faAve  Um;ii  emuiuyed  aui  dyostufis,  uf  which  the 
foUowing  are  tne  beat  known : — 

Fernambtico  or  Pemambuco  wood  is  considorod 
to  bo  the  richest  in  colouring  matter,  and  is  tho 
product  of  the  CcBsalpinia  crista,  a  tne  which  m 
Abundant  in  Jamaica  and  Brazil. 

The  true  Brazilwood  ia  derived  from  the 
C^CMO^pinia  braxUiensvi,  and  is  said  to  contain 
only  one-half  the  colnuriiifj  matter  which  is 
present  in  the  Feniainbuco  variety.  It  is 
obUined  endusively  from  Brazil. 

8app<inurxxi  in  ohtaincl  from  the  ('(rtnlpinia 
sappan,  a  tree  which  in  common  U>  the  warmer 
ngmna  of  AaitL  The  so-called  Limawood  ia  a 
variety  of  sappan,  and  the  dyewood  imixjrtcd 
from  the  Philippine  Islaiuls  is  an  inferior  quality 
ot  this  product. 

Peaihwood  is  the  product  of  the  C<B9alpinia 
echinatOt  which  occurs  in  Central  America  and 
tlis  northem  parts  of  South  America. 

Theee  woods,  which  are  very  hard,  and  of  a 
deep-red  colour,  come  into  the  market  in  the 
form  of  billets  varying  in  weight  from  a  few 
pounds  up  to  a  hundredweight.  If  freshly  cut, 
th»  internal  colour  of  the  wood  is  seen  to  be 
light*yellow,  but  this  soon  flhutges  to  deep-red 
in  oontaot  with  air. 

Some  varieties  of  these  woods  were  employed 
for  dyeing  purposes  in  India  long  before  tlio 
cltsooveiry  of  America,  and  it  is  stated  that  when 
SoaUi  Ameriea  tnm  dlseovewd  by  the  Spaniards, 
in  1500,  the  northerly  ix)rtion  of  the  country 
was  named  Brasil  (from  onua,  heiy  red),  because 
this  red  dyewood  wee  tonnd  then  in  each  im- 
mense quantities. 

Owing  to  the  fugitive  character  of  the 
coloan  yidded  by  Bnsilwood,  it  is  now  only 
employed  to  a  somewhat  limited  extent. 

Brazilin  CiaUi.Op  the  colouring  principle  of 
Brazilwood,  was  nnt  isolated  hi  a  orvstalline 
condition  by  Chevreul  (Ann.  Cliini.  Phys.  [1] 
60,  225);  but  was  not  further  examined  until 
1864,  wbm  Bolley  (Schweiz.  poly.  Zntsch.  ix. 
267)  assigned  to  it  tho  formula  Cj,HjoO., 
Subsequently  Kupp  (Ber.  0,  446)  proposed  the 
fonunukCisM.^O;,  but  it  wm  left  to  Liebermann 
and  Burg  (Ber.  9.  1883)  to  determine  the  exact 
composit  ion  of  this  substance,  and  their  formula, 
C,,H,^(),,  is  in  use  at  the  praent  time.  To 
prepare  brazilin  from  the  wood  itself,  it  is  best 
to  employ  tho  commercial  extract.  Thb  is 
afeiimd  m  with  a  oonsidenUe  quantity  of  sand, 
the  proauct  extracte<l  with  cold  ether,  the 
ethereal  liquid  evaporated  to  a  small  bulk, 
tnated  with  a  littie  water,  and  aUowed  to  stond 

for  some  days.  Crystals  slowly  separate,  and 
those  are  purified  by  crystallisation  from  a  little 
water. 

This  methrnl  is,  linwever,  tedious,  and  the 
usual  source  of  brazilin  consists  of  the  crude 
crjnitallhie  erasts  of  this  snbsfeanoe  which  are 
frequently  depositerl  from  Brazilwood  liijuor, 
an  intermediate  product  in  the  manufacture  of 
Brazilwood  extract.  The  erode  snbstanoe  is  best 
puriHe<l  by  two  or  tliriH*  crystallisations  from 
water,  to  which  a  little  sulphurous  acui  has  been 
added  (Gilbody  and  W.  H.  Ptorkin.  and  Yates. 
Chem.  Soc.  Trans.  1001.  79.  \:VM\].  Mrazilin 
crystallises  in  two  forms,  either  as  colourless 
needles  containing  UU^O,  or  as  colourless 
prisms  with  IHjO.  It  is  rtwlily  soluble  In 
alcohol  and  water,  and  dissolvcu  in  dilute 


I  soda  solution  with  a  beautiful  carmine-red 
I  colour. 

Tetraacetylbrazilin  C„HioOi{(  \H  ,0),,  colour- 
less needles,  m.p.  149^-151°  (Liebermaim  and 
Burg);  iriacetylbrazilin  C.,H,,<)3((  :,11,0)„ 
needles,  m.p.  105°  10(5*»  (Buchka  aiul  Erek,  Ber. 
18,  113U);  bromhrazilin  C,.Hi,HrO^,  brown  red 
leaflets  (B.  and  E.) :  dibroiimrazilin  Ci,H|,BrjOa, 
leaflets!  (Sohall  and  Dralle.  Her.  2."}.  1550);  tetra- 
acetylbrombrazilin  C.,H,BrUj(C'jH,0)4,  needles, 
m.p.  203''-204''  (Buchka,  Annalen,  17,685);  Mro- 
acetyldihromhrazilin  C,,H,Br.05(C.H,0)4,  m.p. 
j  186^(8.  and  i).);  /n*ro/»6m2i/in  C|,*H,  ,Br,Oj  (S. 
and  D.) ;  dichlorbrazilin  C,,H,,Cl,Oj  (L.  and 
B.) ;  and  Mrabrotnbrazilin  CigHj^Br^Os,  fine  red 
needles  (B.  and  E.)  have  been  prepared. 

When  brazilin  is  methylatea  with  methyl 
iodide  in  the  usual  manner,  it  gives  brazilin 
!  trimethyl  ether  (8.  and  D.  Ber.  20,  3385  ;  Herzig, 
Monatsh.  14.  56:   and  Schall.  Ber.  27,  525) 
C„H,iO,(OCH,)„  prisma,  m.p.  13«<'-13r ;  and 
on  acetvlation  yiclcls  aeetylbrazilin  trimethyl  ether 
C„H,o6,(Ot^H,),(C,H,0),  m.p.  17P-173^  (Her- 
zig,  Monatsh.  15,  140  ;  Schall.  Ber.  27,  326). 
According  to  Gilbody,  Perkin,  and  Yates 
.  (('hem.  Soc.  Trans.  79,  1403),  larpe  quantities  of 
I  the  trimethyl  ether  are  convementiy  prepared 
I  as  follows :  143  grams  of  brazilin  mssolved  in 
the  smallest  possible  quantity  of  methyl  alcoiiol, 
are  treated  with  36  grams  of  sodium  in  methyl, 
alcohol  and  methyl  iodide  (2S0nam8),  and  the 
mixture  is  heated  50  hours  to  6Cr-fi6"  in  absence 
of  air.   A  second  method  employed  also  by 
KostaneoU  and  Lsmpe  (Ber.  35,  1669)  conaista 
I  in   methylatiii^'    hrazilin   with   OTOOSi   of  dl* 
methvlsulphatc  and  alkalL 

The  dflBeulty  experienoed  in  folly  mediy]at« 
ing  brazilin  is  evidence  of  the  presence  of  an 
alcoholic  group ;  but  tho  tctramethyl  ether 
Ci,H,„0(0CH,)4,  m.p.  187*-1«9»,  has  been  pn- 
part^  by  Schall  by  treating  the  stadium  c< im- 
pound of  the  trimethyl-  derivative  susiK  iuicd 
m  benaene  with  methyl  iodide  at  ISO*  (comiiare 
also  Herzig, /.r.).  From  this  subst  ance  the  fraow* 
ing  derivatives  have  been  urop&rod  : — 

BroHAmUm  MramsMyl  ether  C,«H.BrO- 
(OCHj),.  prisms,  m.p.  18()o  18P(S.  and  D.  Ber. 
21,  3014) ;  and  dibroinbrazUm  teirameihid  ether 

a«HaBr,0*(OGH,)«,  m.p.  tlSP  (8.  and  D.  Ber. 
,  1432). 

When  brazilin  is  submitted  to  dry  distillation, 
it  gives  fMorctn  (Kopp,  I.e.),  and  by  fusing  it 
with  potas-nium  hydroxide.  Lielx'rmann  and  Burg 
I  obtaine<l  resorcin,  and  Herzig  (Monatsh.  27, 
I  739)  al.so  protfx-fUcrhuic  acid.    With  nitrio  acid 
brazilin  yivhUiri nitroreAorcitiol  ( H«'im,  Ber.  4.  .'134). 

When  brazilin,  the  colouring  prmciple,  is 
oxidised  under  suitaUe  conditions,  it  is  converted 
j  iatobrazilrin,  tho  true  colouring  matter 

and  for  this  purpose  the  action  of  air  on  an 

alkaline  bra/.iliii  solution,  alcoholic  iodine 
(Liebermann  and  Burg),  potassium  nitrite^  and 
aoetie  acid  (Schall  and  Dralle),  nitrio  acid  in 

the  pn  <i  n(  e  of  ether  (Buchka  and  Krck),  and 
sodium  iodato  (Mayer,  Centralb.  1904,  i.  228) 
have  been  em|)loyed.  It  can,  however,  be  inore 
iH'oiiomieally  prrp.Hi-  I  fTi>rii  llra/.ilsvood  extrart 
in  tho  folio  wing  manner  (iiummei  aud  i'erkiu, 
Chem.  Soc.  Trans.  188S,  41,  307). 

To  an  a<|Ueou.s  sohition  of  the  extrm  t,  an 
exuctw  of  ammonia  is  added,  and  air  is  aspirated' 
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through   th«  Ikitiid.     A  precipitate  of  the 

impure  ainrtirpiiiurii  of   hra/.ilcin  gradually 

aepufttes,  and  this  is  collected,  dissolved  io 
hot  tniter,  uid  tratted  with  dflnte  aoetio  acid 

'  ]  .'].  1-04).  A  browTi  viHCOus  precipitate  of 
I  lie  crude  colouhiig  matter  i«  thus  obtamed,  and 
this  ii  extraeted  with  hot  dOnto  aeetio  acid, 

and  the  extract  evaporated  on  the  watcr-hath. 
Crystals  of  brazilein  so^Muratc,  which  aie  collected 
and  washed  with  aoetio  aoid. 

Brazilein  consists  of  minute  plates  p»^<e?.-incc 
a  Kirong  mctallio  lustre,  and  by  transnutted 
light  a  reddish -brown  oolour.  It  is  very  spar- 
ingly soluble  ill  all  the  usual  solvents,  and 
oannut  bo  rocrystallisod  in  the  ordtnar>'  manner. 
It  ia  in  reality  the  eolouxing  matter  of  Btaxil- 
woo<l,  and  posseKpes-  jjtronj;  tinctorial  irrnporty- 
Alkaline  Holutions  diH^olvo  it  \%ith  a  deep-red 
colouration,  which  on  standing  in  air  passes 
gradually  to  hrov-n.  A  .'^tu  l  v  nf  '!iis  oxidation 
was  carried  oul  by  ScliaLi  and  Jlralle,  with 
interesting  results.  2-7  grams  of  brazibn  dis- 
solved in  inO  c.c.  t)f  water  was  treated  with  10 
f.c.  of  soiliuni  hydroxide  solution  (sp.gr.  1.37), 
and  air  aspLrat<?d  through  the  liquid  for  36  hours. 
Ether  extracte<l  from  the  acidifirsl  solution 
$-resorcylic  acid,  antl  a  i>ubat«ncu  C,H,04, 
crystallimng  in  brownish -yellow  n<»irillwr,  BLpii 
271'',  which  gave  a  diaceiyl  compound,  ra.p. 
148'^-149°,  and  a  rfim€//iy/ other,  in.]).  1G'J^-170°. 
When  the  latter  was  oxidised  in  act  tic  acid  solu- 
tion, with  potassium  permanganate  fi-rtaorC]^ 
acid  monomdhyl  ether  was  prmluccd : 


CH,a 


OH 
COOH 


Schall  and  Dralle  oonsidered  that  thie  com- 
pound waaprobaMy  i  |  In  iH)--y-)ivroiii'  derivative, 
and  Feueretein  and  Kostanocki  (Bcr.  32,  1024) 
proved  that  this  waa  in  reality  the  oaae,  and 
asiigaod  to  it  the  (oDoii'iog  constitution : — 


CH 


I' 


since  it  showed  that  braziiin  contains  a  r-atcchoJ 
nucleus  and  two  orthohi*droxyl»,  as  a  remit 
of  wiiich  no  doui»t  in  part  ita  tinctorial  fco* 
pertiet  are  due. 


Thus  the  dimethyl  ether,  when  hydrolysed 
with  akoholio  potash,  gave  fisetal  dimetkt^  tth» 

CH,0,^\OH 

Is^CO-CHi-OCH, 

!i  sulistancc  which  had  already  hern  ohtaiucd 
in  a  similar  manner  by  Uerzig  from  fisetin  totra- 
mcthyl  ether  (Me  Young  Fustic). 

Otir  elii'  f  kiin\\I<  d^e  of  the  ( oiistil  u(  i<»ii  of 
brazilin  is  due  to  the  elaborate  mvetjti^atioos  of 
W.  H.  F^kin  and  lus  pupils,  who  obtamed  most 
ini]  ortnnt  result*  by  the  oxidation  of  hra/.ilin 
trimethyl  ether  with  potassium  permanganate, 
and  also  with  chromic  acid. 

tlilbodv,  Perkin  and  Yate-;  ft'hem.  Sr<!, 
Trans.  1901,  79,  1405)  found  that  when  braziim 
trimethyl  ether  is  oxidiH<'<l  with  permanganate,  it 
{.dve'J,  in  addition  to  nMilic.  aeetio,  and  formio 
ac-idH.  the  foUuuing  eomiK)un<b« : — 

1.  m-Utmipinir  aci4 

CllaO  ^COOH 
CH.Oi^/OOOH. 

The  isoiatioii  of  this  substance  was  important,  | 


i;CH|<iOOH 


Boiling  baryta  water  hydrolyses  auhydrobrazilic 
acid,  with  production  of  formic  acid  and 
fi-hydroj;f-4t'methoxybenzoylprojn<mic  acid 

CH,0,    ^— OH 

l^^'— 00— CHg— CH,-CX)OH 

On  methylation  this  is  converted  into  the 

dimethyl  ether,  antl  *hr-  liltrr  rn■^.^  >»«■  prt/diir«l 
by  the  interaction  of  dwueiiiyi  reeorcinol  and 
the  hall..eUoride  of  sucoinio  acid  monoc4hyI 
ester,  :tTi'1  subsequent  hydrolysis.  It  is  al«> 
formed  when  re^orcinol  dimethyl  ether  and 
succinie  acid  are  treated  with  alnmmivm  chkeide 
without  employing  a  sohcnt. 

Finally,  when  the  methyl  e^ltr  of  this 
hydro:i^rniethoxybenaoylpro|rioiuc  acid  is  die> 
solved  in  ethyl  formnte  and  treated  w  ith  sodium, 
the  methi/l  tdtr  of  anhydroitraztUc  ac%d  is  prv- 
dttoed.  thia  interestiiig  ignithssis  may  be  re{in> 
Bonted  as  follows : — 


CH,Oj^^ 


-OH 


5^  _CX)— CH  ,  C  H,  COUCH  , 


CH,0 


I  I 


\ 


CH,0, 


—OH  CH  OH 
I 

^j— 00— C-CH,-0OOCH, 

I  I   

0— GH,*OOOCair 


Dimethoxscarbox;/br  nzyl  /ona«e  acid  (1),  and 
dimdho9cyeaiAmf^l»emm^  fcnidc  acid  (2). 


COUHCHi 


oni , 


(2)  COOH 


repre.sent  intermediaf*'  .^ta^M  .■^  in  the 
of  »<.licmipinic  arid  fruui  brauiiu 
other,  wlienas  the  add 


H, 

-  <H  II  , 

f<>rniat'i'H 
imutthvl 


CH,o/\o-CHt-00^ 

'\^oo,h:  *^ 

On  fu.-ion  with  alkali,  this  rnrnpnind  vield* 
resorcinol,  and  on  heating  with  water  to  2U(f* 
is  oonverted  into  awlAosrip^bciuMryaeclie  and 

CH,0/^0-CH,-COOH 

'Y\\h  ( im  Ik-  synthesis d  by  the  intcraetiun  of 
ethylbromacetato  and  the  sotlium  com{K>und 
of  resoroinol  monomethyl  ether  and  subsequent 

hydrolysis. 

3.  Brcizilic  acid 

CH,0  ^"^.-^^CHj 

'    X       ,C(0H)CH,-CO0H  I 

CO  I 

when  fuiMxl  with  alkali,  give<;  res*»retn,  and  on 
warming  with  sulphuric  acid  is  converted  into 
ankjfdrobmtilic  aetd 

/\/0  / 


ogle 
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O      __0__CH»  CH(OH)(JOOH 
X  >COOH 

also  isolated,  is,  no  doubt,  that  product  of  the 
oxidation  which  is  anterior  to  the  format lun  of 
cnrlyoTvmethoxyphenoxyacetio  acid  (we  above). 

A  ho  earlier  work  suffgeated  thft  following 
nrobaUA  constitntioii  for  bruilin 


CH  ,Ur  VO— 0H,<30OH 
(3,         k^TOH  OOOH 

Dihydrobrazilinic  «tcid  itself  ia  aoooxdingly 
represeiitcil  by  formula  (3). 
The  following  constitutioa : — 


I^CH(OH)-CH-CH,-'^  JOH 

but  thiti,as  a  result  oC  tho  full  investigation  and  | 
synthesis  of  farsnlinio  aoid,  a  very  important  sub- 
Btance.abo  prcHhicc  t  hy  the  oxidation  of  braziUn 
friwiwthyl  etW,  wa»  subsequently  disoardetl.  \ 
BnxiUnit  oeidL  The  oooBtitution  of  thi»  acid  i 
has  boon  conclusively  domon8trat<xi  by  its  synthe- 
sis, which  has  been  effected  by  tho  interaction  of 
m-hemipinic  snhydride  with  ethyl  methoxy phen- 
oxyacetate  in  the  presence  of  aluminium  chloride. 
This  is  illustrated  by  tho  following  equation  :— 


O 

oh/V  oh 


C(OH) 


■/Us 


OC  . 

CH,0  ;-CM3H,<X)OH 


COOH 


which  at  once 
of  the  lacUyne 


00 

Brazllliilc  actd. 

Whf-n  braiilinic  acid  is  reduced  with  sodium 
amalgam,  it  is  quantitatively  eonvwrted  into 
dtkycMnwiltnic  acid  C^HjoO,. 
leees  water  with  the  formatioa 
C,,H„0,.  ,  , 

To  synthesise  the  latter  compound,  m-hciiu- 
piuie  anhydride  is  condensed  with  reaoroinol  di- 
methyl ether  to  form  2' -hydroxy-^iA'AnmtihMy- 

=  CH.OQ^HOOOH^. 

When  reduced  with  sodium  amalgam,  this 
acid  gives  2-m'm£Conyl-5-m€lhoxypheiud  (1), 
and  tms  by  the  Miion  of  chloraoetic  aoid  and 

potassium  hydroxide  is  convcrt/Hl  mto  the 
lactone  of  dihydruhrazilinio  acid  {2) 

(1) 


I 


<2) 


/- 

0H,Or'^V-O^CH»€OOH 


ci 

\ 

/ 
\ 

HO 


6h. 


ha«,  as  a  residt  of  this  work,  been  assigned  to 
brazil  in  by  Perkin  and  Robinson  (Chem.  8oc. 
Truis.  1908,  93,  496),  and  is  in  complete  har* 
mony  wth  the  facts  above  enumerated. 

Oxidation  of  trimethylhrazthn  with  chromic  arid. 

When  trimethylbrazilin   is   oxidised  with 
ehromio  aoid  it  is  converted  into  trimelkffl- 
brazilonc  (Gilbody  and  Perkin,  v.  infra). 
(Cn,())3C„H,^0,-f20  =  (CU,0),-C„H,0,-fH,0 

aud  tliis  apparently  simple  reaction  has  proved 
to  be  of  an  extremely  ])u/./.ling  character. 

When  triniothyl  brazilone  is  oxidised  with 
permanganate,  it  gives  m-hemipinie  add,  % 
eofboxy '  6 '  methoxyphenoxyacelic  acid,  brazilic 
acid,  dtmetfujztfcarboxybenzoylfonnic  acid,  dime- 
ihoxycarboxybtmylformic  acid,  methoxycarboxy' 
jijkefMMiiyfawtie  ae^,  and  brazHinic  acid. 

In  nn  earliVr  paper,  Gill)ody  and  Perkin 
(Chem.  Soc.  Traus.  1902,  81,  1040)  suggested  for 
trimethylbrazilono  a  constitution  based  npoti 
their  first  formula  for  brazilin  {see  above),  but  it 
I  iiiis  Jiow  been  shown  that  the  reaction  proceeds 
in  the  following  uumiier  (ibid.  IWS,  (13,  498). 
By  the  oxidation  of  trimethylbraiilin  (1)  with 
chromic  acid  a  di.sruption  of  the  eentnl  linkage 
occurs,  with  the  formation  of  an  unstable  dike- 
tone  (2),  and  this  subsequently  undergoes 
aldol  cuiulonsatiou,  and  trimethylbraiilone  is 
prodaoed  (3). 


qOH) 


(1) 


\UH/ 


OH, 


CO 

\/\co 

<2)  I  CH, 


CH,0  6CH, 

^O 


OCli,  OCH, 


OCH, 

1  This  formula  n  I'l.  .. nts  trimet  hyll>r  r/.ilono 
las  a  derivative  u(  tdiahydroiuiphthaicnc,  a,mi 
I  affofdff  »  reisdy  explanation  of  the  decomposition 

ptfodnots  of  ti^  compound.  , 

.  J  .i^  .o  l  y  Google 
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An  iiii])urtant  point  in  favour  of  this  con- 
atitution  isaffonl**!  hv  the  behaviour  of  trimethyl 
brazilone  with  alkulis  or  acetic  anhydride  and 
other  dehydfating  ^ents,  for  it  is  thus  converted 
with  lose  of  onp  mofccule  of  water  into  anhydro- 
trimethylbruzdoHc  (CH30),C,,H70,.  There  can 
be  little  doubt  that  the  formation  of  thia  sub- 
stance is  due  to  the  elimination  of  ii«ier  from 
the  aldol  grouping  in  trimethylbnuakmep  aad 
that  it  poMCMw  the  following  f onrnila  i — 

CH,Oj     f  ^C-COH 

H 

CH,0  OCH, 
An  hydrotri  methyl  brazilone  is  thus  a  deriva- 
tive  of  0-naphtfud,  and  it  pusscssos  many  of  the 
prtiprrtiuBof  this au bstance.  It  is  sohiblr  iiidiluto 
alkali,  and  this  solution  gives  with  diazciben^^uuu 
chloride  a  red  aso*  dyestuff.  Dia?.i  naphthalene 
chloride  behaves  similarly,  and  the  dye  thus 
produced  dissolves  in  sulphuric  acid  with  a  blue 

colour. 

W  lu-n  trim<  *hv!brHzilono  is  boilod  in  acetio 
acid  solution  uith  pheuylh\ drazini-,  dcoxytri' 
mdhylbraziUme  Ci»H.0,(C'H5O),  '\a  obtained, 
and  this  is  |irobabIv  a  dihydroaaphthalene 
derivative  of  the  formula 

Ca.fif^{  \'H'CH 


OCHTOCH, 
'Hut  most  ptrikint^  rrnction  of  triiiK-thyl- 
brazilono  m  its  behaviour  with  nitric  acid,  when 
it  yialds  niiiroh^inm/iihfim^v^^ 
C„H,0,(('H,0)3H-HNO,  =  C„H,oO,N(CH,0), 
This  sul^taaoe  diaeolves  in  alkali  with  a 
purple  colour,  but  on  etMiding  the  colour  rapidly 
fades,  o-nitrohomoifnlrol  separates,  and  the 
■olutioa  contains  p-fnHhoxysalicylic  acid.  Oxi- 
dation  with  permanganate  gives  2-car6oxy-5- 
melhoxyphtnoxyaifAic  <icid,  ami  tJiose  dOOOm- 
positions  point  clearly  to  the  formula 


CH,0 


0 


0,N^  ^OCH, 


C(OH)— CH,.  >'OCH, 

I 

co-o 

as  reprchcutiug  the  coostitutiuu  of  the  nitro- 
com])ound.    {See  al«o  Perkan  and  Robinson, 

1909,  9r>, 

Keuerstein  and  Kostanecki  (Ber.  32,  1024) 
assigned  the  following oonatitutioD  to  biaiilin:«<^ 

OH 

n 

COH 


which  was  based  upon  thi^  production  of  d 
hydroxypheno-7-pyTonf^  (S'-huU  and  DrBll(  \,  U 
its  alkaline  oxidation  and  of  protocatcchuj!. 
acid  by  fuskm  with  alkali  (Herzig). 

It  was,  however,  pointed  out  by  IV  rkin  th»t 
this  formula  does  not  account  lor  the  pnsseoa 
of   tn-hemipinio  acid    among   the  oxidstkB 

froducts  of  trimethylbrazilin,  and  Herzig  ani 
bUak  (Monatsh.  1901,  22,  207)  advanced  a 
similar  criticism.    On  the  oth«r  hand,  it 
suggested  by  Kostanecki  and  Lampe  (Ber. 
35,  1667)  that  m-hemipinic  acid  was  not  to  i* 
regarded  as  an  oxidation  product  of  trimethyl- 
brazilin   itself,    but  that  it  arose  from  the 
formation  during  the  oxidation  of  a  phcnant  hrene- 
or   indene-  derivative,  which  by  the  further 
action  of  the  permanganate  gives  this  acid. 
Ruehaa  indene>  condensation  is  Ulustrated  by  the 
following  scheme,  which,  ncc(prdii»g   to  thcst! 
authors,  probably  occurred  duni^  taa  formation 
of  trimethylbraralone  from  tnmethTlbrsxihD. 
Tho  first  product  of  th«'  oxidation  with  chromic 
acid  will  possess  the  formula  1.,  and  this  is 
oonvetted  by  the  following  stages  into  trimelhiJ^ 
bnsiloiie  IIL 


II 

COH 


OH-C 


CH, 


OGH, 


CH,0 


ih 


c 


-I^JoCH, 


CHg  ■  '  I 

CH.Of  ^  CH 
C 


\JoCH, 


This  constitution  accounts  in  a  simple  manner 
for  tho  formatiuu  of  the  anh>  drotrimcthyl- 
brazilone  I.,  and  the  nitrohj'droxydihydrotrime- 
thylbrazilone  II.  of  Parkin,  idiich  can  be 
repreaoiited  as  foUows  : — 


UH,0 


1 


\ 


I. 


I 


OH 
OH 


Ox 

I 

I'  I 
HO-C  
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IL 


HO— C  NO-/\pCH, 


HO— CH 


OCH, 


MTicn  aiihydrotrimethylbrazUone  is  disested 
with  hydriodic  acid,  anhydrobrasilone  C|«n,oO, 
+  H,0  ifl  produced,  bat  when  trimethylbrazi- 
lone  itself  i><  treated  in  a  similar  manner,  the 
result  is  of  a  peculiar  nature.  The  compound 
( ',gH'«0(OH)|  to  obteined  docs  not  i-unsist  of 
brazilonc,  but  jxi-yo'^ses  the  formula  (I.)  or  (II.). 
and  on  distiilatioa  with  unc-dust  gives  brazan 
(III.)  (Koetanecki  and  Uayd  Ber.  1908,  86 
2193). 


I. 
II. 


OH  OH 


OH 


OH 


OH 


In  IB99  Liebcrmann  (Ber.  32,  924)  obtained 
auhydnwi-napbthuquiuune  reaoroia  by  the  con- 
dcniiatioa  «l  S-S-^koloffHt-iiaj^tlioqiiinone  with 


and  this,  aecnnlin^  to  Ko.stfitu-cki  and  Lanipe 
(Ber.  1908.41,  2373),  is  3-hydToxybraaanquinone. 
By  rcdiir^ti  n  \«ith  kydnodic  acid*  Ihw  givw 
hy  drox  v  braxan 

O 

i     I     j  I 

and  from  this  latter  or  from  the  quinone  itself, 
braxan,  identical  with  that  obtained  from 
irimethylbrazilono,  i«  produced.  Bray^n  crvs- 
teUises  in  leaflets,  and  melts  at  202°. 

Koetaomki  Mid  Lampe(Ber.  1902,  3/).  I«i74) 
have  oonndmd  it  probable  that,  after  all, 
trinMihyl  brazilin  does  contain,  as  found  by 
1,  a  nucJeus  which  on  oxidation  yields 
'i  odd,  and  appear  to  have  adout^  the 
;  ta  their  fisu  nirmiila  for  bmuin  j — 


HQ. 


HOCH — 


CH, 
I 

CH 

\ 


OH 

! 

OH 


This  oonattittiion,  it  in  evident,  will  still 
bMnBoniae  with  the  foraraUe  of  trimethyl- 


.zilono  given 


bnuBflone  and  anh; 

above  li\  thisf  mithorw. 

Herzig  and  Follak  (Ber.  mi,  30,  398) 
suggested  the  foUowiiig  eonsUtotkm  for  bcaiilin, 
thmethylbmiikNie,  tMOi  aohydyotrimethylbiaii- 
lone : — 

/  /Ox 
HO^    I  XJH, 


\0H 


OCH. 


N5h(  I 
^00/ 


0CH,^"'^i^\3H 


V^Xch/ 


OCH, 
OOHs 


Anhydrotri  metliylbrazl  lone . 

Somewhat  later  Herzig  observed  that  (Ber, 
1904, 37,  631)  that  trimethylbrazilone  undergoes 
Isomeric  chan-*  whi  n  it  is  rH<f.'nlvf>d  in  sulphuric 
acid,    and    yicld-y-inmtlhylbrazihne  CjgHjO, 

(0CH,)„  m.p.  170<-178»,  to  whieh  the  fonnula 

t-r-/NjCH, 


HC 


OHC^ 


>X)CH, 


(Herzig  and  PoUak,  Honatsh. 
1906,  27,  743).  Perkin  and  Robinson  {Ic.) 
find  that  on  oxidation  with  permanganate  this 
oompound  gives  largo  (juantities  of  Z-carhoxy- 
i-!S-aimtthort/ph(nyl(icftic  acid  (CH  30),-C,H,' 
(C00H)CH,  CU0'H,  and  that  there  can  bo 
little  doubt  that  its  true  confltitutioa  it  repro- 
■ented  bj  one  of  the  f  ormoiie 


CH 


\ 

CH 


COOHCHj 

/ 


or 


CHgO, 


COOH 


i 


OCHg 
^OCH, 

OCH, 


Finally.  H<  r/.i^  and  PoUak  (iVJonatsh.  190<J, 
27.  743)  have  considered  it  nwoRsary  to  modify 
llicir  first  formulii  tiT  l»r;i/llin.  and  have  arrived 
at  the  coiicluaion  that  that  latterly  }iro|iosi><l  by 
Kostaneoki  and  I^iii]h-  correctly  representa  thia 
culonrinp  j>rinciple.  The  more  recent  work  of 
Perkiu  and  Kobiusun  detailwl  above  shows,  how- 
ever, Uiat  this  conotitutaon  cannot  be  correct^  ^ 
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becAiitte  it  dova  uut  oooonnt  for  the  production 
of  brazilinio  moid  by  iha  ozidatiOD  of  Ucimethyl* 

och/  Y 

\/-<X)\  cOOH 


and  there  is  OTcry  reason  to  oonsider  that  the 
fnrnmla  suggested  by  tlie  latter  authors  is  the 
correct  repxeaentatiou  of  the  constitution  (c/, 
•lao  Perl^  and  Bobinaon,  Ghem.  800.  Tnm. 
1909,  95»  381)  of  brazilui. 

Bmztlein  yields  a  triacctyl  derivative 
CmH,OJC,H,0)„ yellow  icafl.  ts,  m.p.  203*'-207° 
(8.  halt  and  Dralle,  Ber.  23, 1434),  and  a  trimelhyl 
ether  C,,H,(OCH,),0„  which  cryatalliseM  in  two 
modification?^,  melting  at  160*  and  178°  re«|)ee- 
tively(Ei  IVrkin,  Chem.  Sue.  Proc.  liKKJ, 

22,  132).  iirazikia  trimcthyl  ether  combines 
with  formic  acid,  yielding  a  formic  acicl  derivative 
which  crj'.stallisc*  in  garnet-coloured  prisms,  and 
is  deoompuiied  into  its  components  by  treatment 
with  alcohol. 

Tho  constitution  awdgned  to  Lnalein  by 
Furkin  is  as  luilows  : — • 

OH  XJHa 


C(OH) 

^  \/  Njh, 

If  I 

/  \ 

/ 

OH   ~  X 


When  brssUein  »  dissolved  in  Kulphuric  acid, 

anrl  the  solution  is*  dilutfnl  with  arcti<-  arid, 
minute  orange-red  prisms  ot  i«vbraiiUin  ifuli>li<i'.'' 
CijHiiOi  SOjH  8cparat<»  (Hummel  and  A. 
Pf-rkin,  Cliem.  Soc  .Tduis.  ISS2.  il,  3G7),  and  this, 
on  treatment  with  alcohol,  giwH  ihv  basic  sulphate 
C,,H,,0^(C,,H,,0^-S04H),,  which  crystallises  in 
red  needles.  Hydrochloric  and  hydrobromic 
acitU  at  lOO*  give  itcbroiUcincMorhydrin 
Ci^HuOtCI,  and  isobrMtOeinbromhydrin 
^'if,H,,0 J^r,  and  both  compounds  consist  of 
(»raD^e-c(*loured  pri^iu^,  which  are  somewliat 
readily  soluble  in  water,  forminff  a  solution 
which  ( (nitains  free  haloid  acid.  These  interest- 
ing substances  dye  mordanted  fabrics  colours 
which  an  entirely  different  from  thoao  yielded  by 
brazilein,  ami  the  .shad<  s  whi(  h  are  produced 
especially  ou  calico  somewhat  rtieemble  those 
given  by  alizarin.  IVom  (heee  haloid  salts  by 
(ligestion  with  silver  oxide  a  substance  is  pro- 
duced known  as  isobrazihin,  which  has  the 
fomola  Ct«HtaOgt  but  is  toUJly  distinct  from 
brazilein. 

According  to  Engels,  Perkin,  and  Robin.son 
(Chenu  Soc.  Trans.  190S,  93.  1140).  whose 
paper  must  be  consulted  for  the  detaile<l 
aeenunl  brar.iloin  ami  its  derivatives,  these 
/>ol»raziloin  Halts  are  <l(Tive<l  from  A-W-iiidcno- 
benztwyranol  (1),  and  the  sulphate  which  is 
trikw  iroxtf'  4  •  3  'inimAnuopifranotaiih  ydrohyd  ro 
iftH  sulpSiue  [2)t  may  iio  ropreneoted  thus : 
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It  \\-as  found,  for  instance,  that  when  brasikii^ 
trimethyl  ether  (3)  is  treated  with  sulphuric  ari^ 
it  is  converted  with  loss  of  in<  thyl  alcohol  inUt 
the  dimethyl  ether  of  isobraziioin  sulphj»t«  (4) 
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These  auth<»8  aasi^  an  orthoquiooaoid 
structure  to  l^is  and  similar  oxoninm  salts. 

The  comvu  rend  prt  paruiiuns:  of  Bra/.ilwtxxi 
known  as  Brazilwood  extract  and  Brazilwood 
liquor,  are  prepared  by  boiling  the  groiuid  fiuh 
wood  with  water,  and  cvajHjratiiij:  the  decoction 
thus  obtained  to  various  dcgrcn  .>j  of  coniristwDcy 
wfthont  aocees  of  air,  or  as  ra]n<lly  and  at  m  low 
a  tcniix^rature  as  possible,  e.tj.  in  vacuum  pans. 

Dyeing  Frupaiits. — Before  dyvin|^  the  logs 
sa  imported  are  rasped  to  a  ooarae  powder,  ami 
this  is  then  usually  moistened  with  water  and 
allowed  to  ferment  for  aomo  weeks.  Tim 
operation  is  performed  in  order  to  inereaae  the 
colouring  pc)\s(r  of  the  wood,  and  thfre  crwi  !•»• 
little  doubt  that  a  considerable  quaatttj  of  the 
bmdlin  pieeent  is  thereby  ozi<lisod  to  tlM 
eolourinp  matter  brazUein.  Tt  has  In  rn  < .  n- 
sidcred  by  some  that  the  fresh  woml  coaLams  in 
reality  a  gluccHude  of  brazilin,  which,  under  the 
influence  of  fermentation,  is  hj'drolNXHl,  Imt  no 
evidence  has  been  forthcoming  in  support  oi 
this  suggestion. 

Although  still  used  in  calieo-printin^  and  in 
wool-dyeiug.  Brazilwood  and  its  aUie^  ha\  e  last 
much  of  their  importance,  chiefly  becauK<*  o*  tlte 
fugitive  character  of  the  idl'Mirs  they  yif»Id-  In 
calico-printing,  sappan  liquor  is  employed,  hn 
producing  steam-reds  and  pitdis,  toe  mordaat 
used  bciner  aluminium  acetate  or  stannic  oxaJat*-, 
separately  or  combined,  together  with  some  oxi- 
dising agent,  e.g.  potassium  clUorate  or  a  o(^p|ier 
salt.  It  also  enters  into  the  compoeition 
of  steam- chocolates  and  certain  steam  coloun 
in  conjunotion  with  other  dyewood  extracta. 
These  woods  have  also  been  much  uaed  in 
the  past  along  with  garancinc  in  dyeing  tbc 
reds,  chooolates,  and  .other  edoois  of  cheap 
printa. 

In  woo! -dyeing  the^  wooda  have  been  Jtp- 
]»lie<l  \<>r  llie  purpose  of  dyeing  reds  and  vahou* 
shades  of  claret  and  brown,  the  wool  being  pre- 
I  viously  mordanted  with  ahim  and  cieam  ^  tar- 
i  tar  or  oxalic  aoid,  or  with  potassium  dichxomatc. 
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in.  wliiclt  earn  other  dyewoods,  r./j.  logwood 
and  old  fustic,  uro  applir  l  in  luUliiiun.  The 
ooloun  produced  by  this  method  are  now  tmly 
used  to  •  limited  eacteat 

In  cotton-dveing,  pe.i  inv  nl  ml  vras  for- 
merly obtained  bv  first  prepariug  the  cotton  wiUi 
tannin  mattor,  then  moKdAnting  with  a  staimio 
saU,  and  finally  dyeing  with  peacliwood,  s&ppan- 
wood,  &c.  Browna  were  obtained  by  the  use  of 
lotipvood  in  addition,  with  or  without  a  final 
pa«8«ge  thmuj2;h  a  ferric  salt  wtlution  (nitrate  of 
iron ).  These  colours  axo  now  replaced  by  others 
obtained  from  coal  tar.  A.  Q.  P. 

BRAZILEIN  and  BRAZILTN  r.  BsazilwOOD. 
BRAZILIAN  ANIM£  v.  Oleo  rssins. 
BREAD  may  be  defined  «s  the  doush  made 
the  mixture  of  the  flour  of  grain  w  ith  water, 
charged  in  some  way  witheas  so  as  to  distend  it, 
and  afterwaida  baked.    The  resulting  loaf  has 
a  delicate  spongy  structure  which  causes  it  to 
bo  the  most  readily  and  eaiiily  digefite<l  of  all 
wheat  foods.    The  simplest  and  most  primitive 
fomi  of  bread  makin;/  consi  ;ttMl  merely  in  mixing 
flour  with  watt^r  and  baking  iho  dough,  and  it 
survives  still  in  the  Passover  cakes  of  the  Jews 
and  in  the  'damper'  of  thu  Australian  settler. 
The  charging  with  caibouic  gus  is  commonly 
effected  by  fermentation  with  leaven  or  yeast ; 
alternative  methods  involve  the  use  of  baking 
powders  (q.v.)  or  the  direct  injection  of  the  gas. 
In  adrlition  to  producing  gas,  fermentation  has  a 
proioond  effect  on  the  constituents  of  flotir,  and 
MB^roTes  the  flavour  and  digestibility  of  the 

The  mechaoioal  leeolt  of  agration  is  the 
cteation  of  innumerable  vesicles  or  cells  within 
the  dough,  which  arc  subsequently  dist<Midixl  by 
heat,^  the  whole  mass  being  encased  in  the  baking  | 
witlun  the  crust  of  dextrin  formed  by  the  action  | 
of  heat  xijm\  the  starch.    The  making  of  bread 
from  wbeaten  flour  is  only  possible  because  the  t 
latter  oontdns  gluten.   Gluten  is  a  mixture  of  | 
proteins  which  l)econ)e8  viscid  \\\u-n  mixed  with  i 
water*  and,  when  blown  up  with  gas,  has  sufli-  j 
cient  eoherenoa  to  vemaia  in  the  fom  of  a  honey, 
cnrnh  instead  of  ooUajMiig  and  allowing  the  gas 
to  escape. 

Leavening  (Lat»  hvo,  to  rise)  has  been 

})rftcti?:cd  from  time  immemorial  in  the  East ; 
rom  the  Egvptiaus  it  passed  to  the  Greeks  and 
thence  to  the  Romans,  whose  oonque8t«  and 
colonies  cxt<>nded  the  art.  It  consisted  in  the 
first  instance  probably  in  a  natural  fermentation 
of  the  dongh  by  kavmg  it  to  become  sour ;  but 
to  hasten  the  process  it  br^camo  usual  to  add  to 
new  duugh  a  portion  of  old  fermented  paste  or 
'  leaven-'  More  reoentlv,  yeasta  were  eubeti* 
tuted  for  the  pieet?  of  leaven.  These  were  of 
various  origin,  that  front  the  distillery  being  the 
most  suitable.  To-day,  'pressed*  or  German 
yeast,  which  consists  of  yenst  grown  in  a  special 
way,  purified  by  repeated  washing  and  com- 
pressed into  cakes,  is  the  most  generally  used. 
This  keeps  well, is  uniform  in  quality,  and  enables 
the  baker  to  exercise  a  close  cualrol  over  the 
vegularity  of  the  process. 

Dough  consists  roughly  by  weight  of  two- 
thirds  flour  and  one-thinl  water,  the  quality  of 
the  wat<^r  Ijeing  a  matter  of  some  ini{x>rtance. 
The  softer  the  water  the  quicker  is  the  fermentA- 
tion,  and  since  the  quality  of  the  bread  depends 
OD  fcrmentatioii  bnng  allowed  to  proceed  to 


exactly  the  right  point,  it  oannot  be  owried  oat 
tmder  preetHely  the  same  oonditimifl  with  hard 
as  with  soft  water. 

Ohmittnj  of  bread  makSnff^HiB  tlkM  oon* 

stituentf!  of  tiour,  bo  far  as  bread  making  is  con- 
cerned, are  (1)  the  carbohydrate  (2)  the 
proteins.  The  former  hiolnde  sugars  and  staroh, 
the  proteins  consist  of  a  sniail  proportion  of 
soluble  pixttein  and  a  large  proportion  ol  in- 
soluble gluten. 

The  gas  formed  diuring  penary  fermentation 
is  produoed  by  the  action  of  the  yeast  organi^tm 
on  dextrose.  Flour  contains  about  1  p.e.  of 
SOOroee  and  a  little  rafHnoso  :  before  fermenta- 
tion, both  those  sugars  are  converted  into 
dextrose  by  the  enayme  kimrtiue  ptesent  in 
yeast.  This  amount  of  srui^ar  wotdd  not  suffice 
to  give  the  necessary  amount  of  ga^,  but  it  is 
supplemented  by  the  maltose  produced  from  the 
starch  of  the  flour,  maltose  lieing  itself  convertetl 
into  fermentable  dext,ro8o  by  another  enzyme 
medtase  contained  in  yeast. 

The  formation  of  maltose  is  efTeotetl  by  the 
agency  of  &  Uiastatic  euiymo  present  in  ilour ; 
it  begms  directly  the  flour  is  wetted  and  continues 
throughout  fermentation  until  the  loaf  is  baked. 
Yeast  contains  no  diastatio  enzyme,  but  it  is 
{x^ssiblo  that  its  action  on  the  proteins  of  flour 
facilitates  the  production  of  diastase. 

Gas  escapes  from  the  dough  tliroughout  the 
process  of  making  a  loaf,and  the  supply  available 
must  be  sufficient  to  distend  the  losi  and  majn> 
tain  it  fully  distended  until  it  is  Gxiod  in  the  oven. 
Flours  which  have  relatively  little  diastatio 
enzyme  will  produce  insufficient  gas,  and  this 
fact  explains  perhaps  the  beneficial  rseolta 
sometimes  obtained  on  adding  malt  extract, 
which  is  rich  in  diastase,  to  dough.  This  ques- 
tion is  in  reality  somewhat  more  eomplieatM  in 
that  diastase  eonsists  of  two  enzymes — a  liquefy, 
ing  enzyme  which  renders  the  staroh  soluble^  and 
a  nydrolysing  enzyme  which  converts  it  into 
maltose.  It  is  the  former  rather  than  the  lattOT 
enzyme  which  is  sometimes  Jacking  in  flour. 

Gluten  is  the  cluuraeteristie  and  the  most 
important  constituent  of  flour  {v.  Gluten).  It 
is  the  agent  wliioh  principally  determines  how 
mudt  water  a  dough  will  take ;  what  Ittigth  of 
time  it  requires  to  be  fermented ;  what  will  be 
the  size  of  the  loaves,  and  their  colour,  flavour, 
and  general  appearanoe.  The  baker  requires 
quality  rather  than  quantity :  the  relation 
between  chemical  constitution  and  quality  is 
not  yet  fully  understood  {see  British  Association 
Report  on  Wheat,  Winnipeg,  1909).  During 
fermentation,  cluteu  becomes  softer  and  at  first 
more  elastic,  siiosequently  it  softens  still  further, 
loses  elasticity,  and  l>egi!i8  to  break  down. 
Baker's  yeast  always  coniains  lactic  acid 
organisms,  and  the  conditions  in  a  long  sponge 
are  favourable  f^r  the  formation  of  this  acid, 
which  has  a  HiaiK*  d  boiveut  aud  disintegrating 
action  on  gluten.  Accordingly,  in  a  long 
sponge,  the  gluten  is  considerably  dlsIntcL'ratefi. 
The  oakcr's  ait  con.si.-,is  iu  taking  the  .sponge 
when  sufficiently  mellow.  If  under-fermented, 
a  foxy  crust  is  obf. lined;  if  over-rij)o,  the  gluten 
becomes  too  uiueh  disintegratiMl  and  the  loaf  i.s 
loss  bidky,  inclined  to  crumble,  and  in  extreme 
cases  becomes  sour. 

Comuiou  t^alt  id  very  generallv  addi*d  to 
broad.  This  is  done  ficst^  to  give  O^^n^^r)^ 
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flavour,  H8  owing  largely  to  the  Mtkm  of  aali  in 

stimulating  the  palate,  niiiiuto  quantities  of 
other  eubstanccii  can  be  rccoguLied  in  its  pre- 
sence. Secondly,  salt  has  a  toughening  and 
binding  effect  on  phiteti,  thoiigli  it  ntL<^  a  solvent 
effect  on  some  ol  the  pruteuiL»  uf  Hour,  lu  view 
of  the  modem  theory  that  the  properties  of 
glnten  are  due  to  small  quantities  of  associated 
saltd,  thu  eficct  of  the  added  sodium  chloride 
mtist  be  taken  also  into  account.  Salt  also 
checks  diast^tic  action  and  fermentation  to 
some  ex  tout.  Use  is  made  of  this  property  by 
the  baker  in  dealing  with  sponges  which  are 
over-ripe  :  a  little  more  salt  than  usual  is  used 
in  making  the  dough,  and  the  subsequent  fer- 
mentation is  retarded  and  the  dwuiteigMtod 
glateo  aomewhat  toughened. 

To  make  a  large,  weU«tSiBted,  shapely  loaf 
of  good  colour  and  Havour,  it  ia  neces.sary  to  u.^ 
a  laige  tuoporUoii  of  flour  from  strong  wheats. 
Snoh  a  nour  vniaDy  oontaine  more  nitrogenous 
compounds  than  a  weak  flour.  Commercially, 
a  demand  has  ariaen  for  strong  flours,  which 
aeoordii^|y  feeliBe  a  higher  pnoe  than  weak 
flours.  The  strongest  flours  come  from  parts  of 
the  United  States  and  Western  Canada,  also 
Ifom  Hungary.  Englidi  whcftta  give,  as  a  nde. 
weak  flours,  which  by  themMlvee  are  nneiUted 
for  modem  bread  making. 

It  is  the  object  of  the  urge  millen  to  prodnoe 
a  brand  of  flour  suit-d  for  hrrii  l  making  which  is 
a  blend  of  several  wheats,  and  to  maintain  this 
fannd  of  floor  of  nnifomi  qualitj  throoghoot  the 
year.  The  preparation  of  sample  loaves,  made 
under  carefiulv  standardised  scientific  conditions, 
still  remahia  uie  most  satisfactory  test  of  quality, 
and  TTiany  flour  mills  maintain  a  laborateny  lor 
this  purp<ise. 

According  to  Humphries,  ike  starch  of  flours 
made  from  \\heat  grown  in  hot,  dry  climates  is 
very  tftablo  and  resists  disintefiration.  Such 
flours  require  special  treatmsnt^  uie  additko  of 
malt  ertrart  bring  a  very  commoi-i  process. 
This  addition  generally  causes  an  improvement 
in  flavour,  dne,  it  is  rapposed,  to  the  production 
of  dextrinons  prr)ducts,  which  further  have  the 
effect  of  making  the  bread  more  moist. 

There  is  a  loss  of  wei^t  during  panary 
fermentation,  due  tu  the  conversion  of  carl>o- 
hyilrates  into  alcoliol  and  carbon  dioxide.  Jago 
estimates  this  loss  at  1*3  p.c. ;  other  authorities 
give  somewhat  higher  vahies.  Kxperimpnts 
made  at  Pittebuig  indicate  that  over  Iwo-lhirds 
of  the  total  fat  present  in  floor  is  lost  doxing 
baking. 

The  mAooIaeture  of  bread.  To-day,  in 
large  toi^iis,  bread  is  usually  made  in  bakeries  on 
a  manufacturing  scale,  and  machinery  is  em- 
ployed for  the  mixing  of  the  dough,  weighing 
ami  moulding  of  the  loaves,  whilst  the  bakmg  is 
carried  out  in  laroo  draw-plate  ovens. 

There  are  vanous  systems  of  breed  making 
«Ie])en(ling  on  whether  the  dough  is  made  right 
off  in  one  operation,  or  whetfaicr  a  portion  of  th( 
flour,  the  yeast  and  the  water, are  AM;  maite  u]> 
into  a  loose  ytaHiit — the  HjKingi'  and  tin-  r<"St  of  ' 
the  flour  added  some  hours  later.  A  third 
system  involves  the  preparation  of  a  ferment 
most  eoninionly  roMsi>ting  of  iK>tAtoos.  boiKtl 
and  maahed  with  water  to  which  a  little  raw 
floor  is  added.  The  yeast  is  introdooed  into 
this  and  fermentation  eaxried  out  so  as  to  favour 


gro\«-th  and  reproduction  and  got  the  yeast  in  i 

pnrtirularly  ac'ive  stat<\  Hour  hi  added  tr- 
niake  a  sponge,  atid  this,  ijome  hours  lat«r.  m*tl- 
into  dough.  The  longest  system  of  fermtnta- 
tion  is  that  practise<l  in  Scotland.  An  eighth  or 
tenth  of  the  flour  is  made  into  a  fairly  ti^ 
dough  with  a  Uttle  yeast  and  allowed  to  lie  14 
18  hours,  during  which  time  the  gluten  becotocs 
almost  entirely  soluble,  and  the  dough  acqum 
a  distinetly  vmous  smell  and  taste.  It  ia  thn 
broken  up  with  flour  and  the  remainder  ol  the 
liquor  to  a,  thin  sponge,  which  lies  about  If  hoon 
till  it  shows  signs  of  turning  and  is  then  mmde  ac 
into  a  rather  soft  dough.  The  loog  systemi 
formerly  in  use,  ^^  ere  partly  the  resnlt  of  onstom 
and  partly  due  to  the  slow  working  yeA>t=>  used. 
To-day,  particularly  in  large  htJaeries,  tlw 
tendency  is  in  the  direetion  of  the  stostthi 
dough,  though  the  sponge-and -dough  method  i* 
very  largely  praotiaed.  It  has  been  olaintad  that 
the  longer  prooeeses  reqmre  less  7^*^*  mafcs 
bulkier  oread,  and  bread  of  belter  flavour. 

When  the  dough  is  ready  it  is  scaled  off  and 
kneaded  hito  shape.  This  presses  ont  nearly  aD 
tho  gas  and  toughens  the  gluten  :  if  it  i>  r.ol 
thorougUy  done  tho  loaf  is  Ukel>'  to  oontaio 
holes.  The  loaves  are  next  put  aside  in  a  warn 
place  to  prove,  during  whirh  the  gluten  reiaxe? 
and  the  yeast  expands  the  dough  evenly.  Too 
muoh  proof  must  be  avcMed,  as  on  puttinf  ths 
bread  in  the  oven  the  pv>-.  -  ive  expan^i^  n  i- 
frequently  followed  by  the  coliapee  and  flatteji- 
ing  of  the  loaves.  The  loaves  are  thea  baked  at 
a  2-lb  l  a'  requiring  about  40-5i) 
minutes.  Ihiring  bakuig,  the  gattes  are  at  firtit 
expanded  and  the  dough  swells,  tho  yeast  is 
killed,  some  of  the  starch  cells  burst,  the  heat 
sets  tho  gluten  and  the  starch,  and  tiaaily  the 
crust  is  converted  into  dextrin  and  in  part 
caramplised. 

It  is  the  baker's  object  to  get  the  tnHximum 
number  of  loaves  from  a  sack  of  Hour.  Accotd- 
ingly,  that  flour  is  selected  which  has  t!r 
greatciit  pouer  to  take  up  and  retain  tuui»turt . 
Such  flours  are  often  termed  strong.  A  sack 
(280  lbs.)  of  good  flour  yields  about  M 
quartern  loaves. 

Vienna  bread  is  a  term  applied  to  folb 
and  light  fancy  bread  bakrt!  in  an  atinr»sphrre 
entirely  charged  with  st*^ni,  u>  obtam  which  a 
special  omii  oonstmction  is  adopted.  The 
starch  of  the  flour  is  burst  by  heat  and  chang«i 
into  dextrin  bv  the  aid  ui  moisture,  so  thit  a  rich 
goldeOfbrown  higlily  glaztxl  crost  is  obtained. 

Leavened  brfnd. — In  Francf  and  el«(Ks!ieT'- 
on  the  Continent,  bread  i«  made  from  leaven,  but 
in  the  more  important  towns  this  mode  of  bread 
making  has  been  given  up  for  the  Viennese  and 
Englisn  processes.  Tho  practice  in  the  prt  p^a 
tion  of  the  lea\  t  n  consisted  in  a  series  oi  stages 
('levain  de  chef,  levain  dc  t>remi^re,  levain  d*' 
Hoconde,  levain  de  tout  point  ),  by  which,  8tartiu|; 
with  a  piece  of  dough  put  away  from  a  previooa 
Imking  and  adding  at  intervals  more  and  more 
flour  and  water,  the reqiiir<  <l  (quantity  isleavenetl. 
From  this  istaken  a  half,  which  when  bako<i  yieMa 
a  dark,  sour  bread ;  the  remainder.  l>eing  again 
mixed  with  a  quantity  of  floor  and  Mtmc  y*^<t . 
produces  a  w  hiter  and  less  sour  dough,  a  portioa 
of  which  is  baked  and  the  residoe  once  wore 
added  to  fresh  floor.  This  subdiviskin  is  re> 
peated  three  times^  the  bread  improving  ^o*^ ' 


BBEAB. 


5S5 


.stage.  A  duuractcristic  uxaniple  of  leHvcacKl 
broad  w  aem  in  the  fye  faroMl  (Behwanlmd)  of 

Oertnany. 

Next  to  wheat,  ryo  iis  the  chief  broad-making 
^j^in  throughout  thv  world,  and  in  particular  it 
IS  largely  UMtl  in  Northern  Eurojie.  Ryo  bread 
in  moiiitcr,  cloiicr,  and  darker  m  colour  than 
ordinAiy  hoiudiold  bread.  There  are  several 
qualities,  differing  in  the  proportion  of  hmu 
contained,  the  so-called  ♦  puniix  mickel  *  being  an 
extreme  example.  Fine  rye  bread  is  an  diges- 
tible a8  wheaten  bread,  but  in  the  oaae  of 
immpemickel  a  very  lar^e  propor^aii  ii  nn- 
il>  '  riM-d  (Romlmg,  Aiohiv.  t.  Hygiene,  1807, 
HHf  244). 

BaHnfj  Poteders, — Gkrbcm  dknride  may  also 

be  generated  within  dough  by  tin  ju  t  i  m  of 
bwking  powdeiSy  which  are  uauaily  mixturea  of 
mdium  oariKmato  and  aome  aeid  or  acid  salt, 
arid  e\i)lve  gas  ^\]n■x^  !ii()i«tened  or  h  ritri! 
Owiiig  possibly  to  the  diiiioultica  ol  Uistributiiig 
fresh  yeast,  baking  powden  wwe  formerly 
widely  employed  in  America.  They  are  not 
uaed  much  in  this  country  for  white  bread. 
They  are  umially  etoadfied  aeeording  to  the  add 
constituent,  as  tartrate,  phv^phat*.  or  alum 
powdera  (r.  Baxszo  rowi>SB3j.  The  so-oalled 
aeif-minttff  flonr  eontraia  baking  powder  dieady 
nixed  with  it. 

AlfraUd  bread  ia  made  by  injecting  carbon 
dUozide  into  dovgh  by  mechanical  means.  The 
proce  ss  vras  originated  hy  ]}r  I>ftiiL'li-h  in  1859, 
and  at  one  time  enjoyed  curia iderable  popularity, 
but  it  haa  not  met  with  universal  favour  on 
account  of  the  raw  and  insipid  taste  of  the  bread, 
clue  to  the  absence  of  the  productii  which  yeast 
produces  during  fermentation.  The  carbon 
dioxide  is  produced  separately  and  forced  into 
water  under  pressure :  this  water  is  mixed  with 
the  flour  in  a  apeoially  constructed  vessel,  in 
which  the  ]>n"<«ure  is  maintainfvl  On  opening 
the  vessel,  the  dough  riscH  and  can  be  imme* 
diatdy  baked.  The  advantages  claimed  for  the 
system  arc  uniformity  of  result,  and  the  avoidance 
of  the  losHcs  in  weight  which  occur  during  fer- 
mentation. A  later  dovelopflMttt  eonaisted  in 
mixing  a  little  wort,  made  from  malt  and  flour 
and  fermented  till  sour,  with  the  water  to  be 
alMted,  so  as  to  improve  the  flavour,  'i'he 
pTocfsw  is  eminently  suited  for  the  manufacture 
of  whole- meal  bread,  as  the  preparation  of  a 
bftteh  of  dou^h  can  be  effected  m  thirty  minutes. 

Compotitum  of  Bread, — The  general  oomposi- 
tiuii  of  bread  is  very  variable.  About  two-thirds 
of  the  volume  is  made  up  of  gas.  By  weight  it 
contains  40-M  p.c.  of  water  and  0*5  p.o.  of 

S'otein,  the  balance  being  mainly  carboliydrate. 
Qtchison  gives  the  following  mean  QpUM  fOF  a 
number  of  nreada  analysed  by  him : — 

Carbo- 

W«t«T  Protfin  Fiit  hydrates  Cflhilrwr  Asli 
White  .40  tio  1K>  51z  U-3  10 
Wkolemeal.  46    6-S    1*2    44-8    1«  1-2 

On  keeping,  a  loaf  gradually  loses  moisture  to 
the  extent  of  8  p.c.  in  48  hours,  14  p.o.  in  72 
hours  (Goodfellow)  or  14  p.o.  in  1  week  (v.  Bibra). 
At  the  same  time,  the  bread  becomen  gtale,  but 
this  change  is  not  attributed  to  lose  of  moisture, 
as  much  of  the  freshness  is  restored  on  heating, 
during  which  considerably  more  water  is  lost. 
It  is  suggested  tJiat  staleneaa  is  duo  to  a  gradual 
combination  of  water  with  the  Btanb  or  glttten 


which  is  rcadU^'  broken  uji  by  heat ;  or,  alter- 
natively, tiiat  It  ia  due  U)  t  he  shrinkage  of  the 
fibres  which  form  the  walls  of  its  visible  porea. 

The  adulteratiot)  of  bread  with  alum,  sine, 
and  cnpjier  Hulphates,  lime,  Ac.,  ia  now  entirely 
a  thitig  of  the  iioMt.  Thene  were  adde»l  to 
prevent  the  injurious  effects  of  aii  exctsss  of 
diastase  on  the  Htan  h  during  panary  fcrraont«« 
tion  when  inferior  tlour  waf*  employed.  The 
cheapening  of  flour  and  the  critical  demand^i  of 
the  publio  for  a  well-risen  white  loaf,  as  well  aa 
improvements  in  the  miller's  technique,  have 
necessitated  the  itse  of  the  best  flours  in  bread. 

The  question  of  colour,  meaning  brightneaa 
of  appearance  in  crumb  and  crust,  is  an  im- 
portant one  ;  at  the  moment,  the  demand  is  for 
a  Avhite  loaf.  Colour  is  lar^ly  a  question  of 
optics  ;  a  weak  but  very  white  flour  may  make 
poor  dingy-looking  loaves,  whilst  a  darlcer, 
stronger  tlour  uill  make  loaves  which  are  bettor 
a#ratcd  and  hence  appoar  much  whiter. 

A  modem  dereloproent  ia  tike  artifloial 
bleaching  of  flour,  u.Hually  with  nitnjus  fumes 
produced  by  some  electrical  procoas.  There  ia 
no  proof  that  bread  made  with  bieaehed  flour  ia 
deleteriou.*!  to  health,  f)ut  its  uh^-  has  been  for- 
bidden in  America  under  the  Pure  Food  Laws. 
It  ia  a  matter  of  eontreveiay  whetiier  bleaching 
by  nitrogen  peroxifln  i'-  rliu-  tn  oxidation  or  to 
nitration.  Bleaohing  does  not  change  a  low* 
grade  flour  into  a  faiffher  one,  and  Ueaohed  flour 
should       refore  be  declari^l  as  such. 

The  tMiurimr  of  bread  is  one  of  the  baker 'a 
problema.  It  b  Unb  remit  of  a  combination  of 
bacterial  feraMOtations,  the  bacteria  b«-in:r 
introduced  by  the  yeast,  by  the  flour,  or,  as 
should  not  ooour,  by  the  use  of  dirty  yeaiela. 
The  flavour  of  fermented  bread  improvee 
gradually  as  the  prf>ce«.s  jjroceedni  until  a  maxi- 
mum is  roache<i,  after  which,  if  fennentation  is 
continued,  it  Ugins  to  deteriorate.  At  this 
staoe  the  alcoholic  ferment  is  exhausted  and  the 
aoid  fermentation  begins  to  predominate.  The 
80um<*Rs  is  mainly  due  to  lactic  and  acetic  acids, 
the  odour  to  acetic  and  Hometimoa  but\Tic  acids. 

Such  bread-cliwasi's  as  ropineaa  (compare 
E.  J.  Watkins,  Hopiness  in  Flour  and  Bread, 
J.  Soe.  Chum.  Ind.  190U,  ^60j  are  due  to  speciflo 
bacteria. 

In  a  modem  bakehouse,  bacterial  diseases 
should  nut  occur  ;  they  may  often  be  trace<l  to 
the  use  of  unsound  flour. 

WhoU-mml  Breads. — The  majority  of  the 
patent  breads  belong  to  the  '  brown  *  variety, 
and  contain  more  of  the  wheat  grain  than  the 
white  flour.  In  some,  the  finely  ground  bran  ia 
introduced,  in  others  the  germ,  whilst  a  third 
class  claim  to  contain  the  complete  wheat  grain. 
Bran  is  very  rich  in  diastatic  enzyme,  here 
termed  cerealin,  and  its  introduotion  oaueni  a 
very  rapid  conversion  of  the  s^tarch  into  dextrin 
and  sugar.  Thi«  causes  the  dough  to  become 
soft  and  clammy  and  to  bain  brown ;  in  addition, 
it  iHJComes  very  j)n»ne  to  souring.  The  unv  of 
sodium  bicarbonate  and  hydrochloric  acid  for 
a3rating  whole-meal  bread  ia  common.  When 
the  fernit'iitntion  proc<'ss  is  used,  the  bran  is  not 
introduced  until  the  dough  stage.  Whole-meal 
biead  haa  a  great  tendency  to  become  sodden : 
it  has  to  be  baked  for  a  considerable  tin)e,  anil 
consequently  often  has  a  thick  crust.  Germ 
liaa  a  TCfy  injurioua  eflect  on  flour,  owjng  to  i^QQg[^ 
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diMUtio  ohanMiter,  and  the  tendency  to  become  | 

rancid.  Every  effort  is  fhercfun'  nuidf  \o 
remove  it  as  completely  &s  possible.  When 
Kubjeoted  to  file  aotkm  of  superhostod  steann, 
1!m.'  ^.^  rrii  is  rooked,  tho  (liaKtatic  pnnx  itic^  are 
destroyed,  and  it  acqaixfMS  a  pleasant  mall-like, 
natty  flavour  and  aroma.  This  procen  yma 
patented  1>y  K.  Smith  of  MaccIt-tli'M.  and  a 
mixture  of  one  part  of  treated  germ  and  three 
parte  of  wfaJte  floor  oonBtitatea  Hovu  flour,  fn>n> 
which  H<)\  is  hrrad  is  made. 

The  relative  nutritive  valuen  of  white  and 
whole-meal  bre«d  vt  a  hiehly  controversial 
subject.  It  is  claimed  that  wnole-meal  bread  is 
richer  in  protein  and  so  more  valuable,  but  this 
is  far  from  being  genenlly  teue.  A  seoond  con- 
tentinn  i-?  the  larger  amnnnt  of  mineral  matter, 
especially  phosphoric  acid,  iu  the  brown  brca^l. 
This  is  certainly  true,  but  experience  has  shown 
that  the  mineral  matter  is  not  all  absorbed  from 
white  hriad,  whilst  in  whole-meal  bn^  the 
qiiantit\  a))-()rbed  is  so  much  less  that  it  Ls 
probable  the  Moi"!  obtains  much  thn  same 
amount  from  both  (Hutchison).  Whole-mual 
bread  is  defectively  abemrbed,  owing  to  the 
cellulose  whieh  it  contains  preventing  the  gastric 
juices  from  gaining  acce^  to  the  ueighbouriag 
nutritive  ingredients,  and  for  the  same  reason 
it  interferes  somewhat  %\ith  the  ab«or[)tinn  of 
other  foods.  When  the  unsatisfactory  Mature 
of  the  whoIe>me&l  bread  itself  and  the  pre« 
cautions  necessary  in  its  manufacture  are  talcen 
into  consideration,  it  is  to  bo  deplored  that  a 
Rcction  of  the  public  should  demand  bread  in 
this  form.  With  bread  containing  added  germ 
the  cose  is  different,  the  bran  is  absent  and  the 
food  value,  both  as  regards  protein  and  phoa- 
phate,  is  larger  than  of  white  bread. 

Hie  nse  of  floor  containing  the  untreated 
original  germ  of  the  whi  at  Ix-rry  for  bread  is 
diMdvantageous,  siooe  the  flour  easily  becomes 
ranoid  and  the  germ  enzymes  eommenoe  to  act 
on  the  ghitcn  from  the  moment  the  flour  is 
made,  causing  the  loaf  to  be  of  poor  colour  and 
to  be  leas  finely  TedeuHted  and  digestible. 
TIk'sc  factors  more  than  oui  weigli  the  advantages 
of  the  very  small  additional  amounts  of  protein 
and  phosf^wte  introdnoed  and  the  slightly 
sweeter  flavour  of  germ  bread. 

The  desire  for  more  phosphates  can  be  met 
by  the  addition  of  phos  phone  add  to  the  floor, 
as  lA  indeed  being  done  at  the  present  moment 
during  the  milling  process  in  order  to  improve 
the  quality  of  flliKir  (oompare  Humparie^ 
Kng.  Pat.  13135  and  17279  of  lOOS  ;  Chiftv 
and  Jago,  Eng.  Pat.  22434  of  11KI9;  Levin, 
Eng.  Plat.  S673  of  1910). 

A  nthoritits. — Jago,  Science  and  Art  of 
Breadmaking,  Ix>n(ron,  1911 ;  Hutchison,  l^'ood 
and  the  Principles  of  Dietetics,  London,  1911; 
Whait  :  Brit.  A^s.  Report.  Winnipeg,  1909; 
Hamill,  Ixk  al  (^ovt.  Hoard,  No.  114,  19U. 

E.  F.  A. 

BREAD  FRUIT.  The  fruit  of  Artomrpwi 
incisa  (Liun.).  The  tree  grows  freely  in  tropical 
island8,aiid yields  fruit  continuously  for  0  ni<  'iitlin 
in  the  year.  The  fruit  is  nearly  spherical,  and 
sometimes  weighs  5or  61bs.  It  is  usually  uat  hert  d  | 
while  yet  unripe,  before    its   >t areh  has 

changed  into  wigar  ;  somotirae-s  the  unripe  fruit  ' 
is  peclcti,  ^Tapped  iu  leaves  and  cooked  whole,  i 
wmm  a  product  resembling  ordinary  biead  in  I 


obtained,  or  the  unripe  fruit  is  dried,  poxnkn-i 
and  sift^xl.  yielding  a  flour  wfaleh  haa  ti^ 

foUowintr  composition: — 

Wtt^'r  Proteiu  f^t    Starch   Fibro     Mh  , 
14-3     1-0  -0-2     83-8     0*2     Ih4  ' 

(Baliand,  J.  Pharm.  Chim.  1903,  17,  [10]  476). 

The  loaves  and  wood  of  Artoearptut  imctMi  br 
devoid  of  eolonring  matter  (A.  G.  Ptrkiz. 
Chem.  Soc.  Tran?.  1898.  73.  1019).  A  cly^.: 
related  tree  {Arlocarpm  intep-ifolta)  beiars  s  ^!J| 
larger  fimit,  *  jak  fnnt,'  weighing  about  25  {h... 
of  whieh  ahoiit  20  p.e.  ia  liesh.  the  remaind-- 
being  rind  66  p.c.»  and  seed  8  p.c  The 
when  ripe,  eontams  aboot  6  jkc.  of  aogar.  mainiv 
cane  sugar  (Prinann  QeerlwB,  Chem.  Zeir.  I^^7. 
21,  [72]  719).  H.  L 

BREAN  V.  OvaO'Vamn. 
BREEZES.    {Braise,  Ft.)   T!>e  du-*t  of  ook*^ 
or  charcoal.    The  coke  burner  applies  this  term 
to  the  small  residual  ooke  obtained  fa 
burning.    The  sifted  ashf«  remnrc*!  fr«>m  Ii- n  '-  ' 
is  calletl  *  breere,*  and  sold  under  that  name  to  ' 
brickmakers  and  others.    An  arraoffentMIt  fot  I 
burning  breem  is  deaoribed  in  J.  SooTcSieia.  tad.  ' 
5,  425. 

BllriiDIlf ,  BR^N  V.  Ocao-nnHS. 

BREMEN  BLUE  n  d  BREMEN  GREEN. 
Pigments  containing  a  basic  copper  carbonate 
with  alamina  and  ofidum  oarboottte. 

BREWING.  1.  Introdudum.  Beer  (Fr.  biirei 
Ger.  bier)  may  be  defined  as  a  spirituoos  liquor 
mode  irom  any  farinaceous  grain,  but  prefer«bi\ 
from  barley,  which  is  first  caused  to  i;»  rnijii<it«>v 
then  ground  and  mashed  with  hot  water,  w  hereby 
its  fermentable  substance  is  eztracteti  Tht< 
wort,  OS  it  is  then  termed,  is  next  boiled  up  with 
hops,  which,  besides  impartii^  an  agreeable 
bitteimett!  to  it,  precipitates  certain  albuminous 
bodies.  The  liquor  drained  off  from  the  hops  i* 
cooled  down,  yoaat  added*  and  fermentation  wt 
up.  After  the  liquor  has  eeaaed  fermenting  it  is 
freed  from  the  yc«.st,  run  off  into  casks  and  sent 
away  for  consumption.  It  may  be  ol  diflerr'nt 
degrees  of  strengtii  and  colour,  aeoordii^  to  the 
quantity  and  nature  of  the  ingredients  emplovei^i 
in  its  manufacture ;  thus  we  may  hare  mikl  akv 
strong  ale,  light  dinner  ale,  pale  afo»  Intter  Imr, 
porter,  and  .stout 

2.  The  ingredients  used  in  the  manttfaotaga 
of  Bnglish  iMer  are  water,  bariejr  maity  aatt 
adjuncts  such  as  maize,  riee,  sil|^,  j^MiOOOC, 
saccharum,  &o.,  hops,  and  yeast. 

8.  Witwr.  The  prhidpsJ  seat  of  tin  fatvwkw 
trade  in  Great  Britain  is  Burton-on  lV-jit ,  which 
owes  its  great  commercial  prosperity  in  this 
braaoh  of  onemioal  industry  to  a  certain  chmtnioftl 
proiwrty  possessed  by  the  waters  of  tlii.-*  hx-.ilitv, 
which  render  them  pre-eminently  suttabio  for 
brewing  purpcwes.  TUs  ptoporty  is  notlUa^ 
more  or  le=?a  than  the  presence  of  eal<  inm  i^l- 
phate  in  large  quantities  in  these  ^  aters,  derived 
from  the  deposits  of  gypsum  eontained  in  the 
Keuper  marl.-*  of  the  distriet. 

4.  The  waters  siupplyiug  the  Burton  bruiAcriei? 
ore  derived  from  two  sources:  (i)  from  the 
valley  gravels  fsliallow  wells),  and  (2)  from  thf  ! 
red  marls  antl  Hater  stones  of  the  new  red  sand- 
stone formation,  obtained!  by  artesian  bonofiK 

The  fullowinjj  analy.ses  of  those  watent  rosy 
be  regarded  as  tyutoai.    Ho,  I  sample,  frum  a 

well  sunk  to  the  depth  of  29  feet  in  ^ho^^jii^gi^ 
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gravels,  very  fairlpr  represents  the  composition  of 
tbe  mineral  constituents  of  the  older  nnd  shallow 
wells  of  the  district,  in  which  the  sulphates  of 
limo  and  magnesia  are  partially  replaced  by  oar- 
bonateaof  Uiesame'inetals  due  to  the  percolation 
of  nin  water  oharged  with  carbonio  acid  gas 

Tabu  I. 


Ingnlas  per  Imperial  gallon 


Calcium  Bulphate 
^lagnesium  sulphate 
C  -alcinm  Oixbonate  . 
Magnesium  carbonate 
I  'ot-assium  sulphate  . 
Sodium  sidphate 
Sofiium  chloride 
Ferric  oxide 


Total  mineval  matter 


QW*lt«m  Willi 

25-480 

70-894 

AbHont 

12-600 

18000 

9  046 

9100 

6-880 

2-276 

0-096 

7  030 

13 :5<M) 

10010 

9120 

0-837 

1-130 

0-840 

1-120 

74-232 

124-206 

thzong^  the  gravel  IkhI.  No.  2,  from  an  artesian 
boring  sunk  Utrwgh  the  gravel  and  inlo  the 
underlying  rod  mail  lo  a  total  depth  of  97  feet* 
may  be  taken  as  a  type  of  the  deep  wells  of  the 
district* 

It  will  be  seen  from  these  taUes  that  the 

chief  characteristics  i)f  both  wnt<>rs  are  the  large 
qnantitiea  they  contain  of  certain  mineral  salts, 
but  especially  of  pypsum.  The  brewing  ex- 
odlences  of  the  Burtx^n  water  are  aupposcil  to 
aiiae  partW  from  its  freedom  from  organic 
mstter,  \m  nudnly  from  the  oiroumstanoe  tiiat 
the  mioBBSl  const  it  nents  are  of  such  a  nature  as 
to  favour  the  extraction  of  all  the  alcoholic 
principle  of  the  midt  without  at  the  same  time 
takint;  up  the  colourinct  matter;  hence  the 
Burton  water  is  peculiarly  fitU'd  for  browing 
those  Tarknis  qualities  of  pale  ale  for  triiieh  the 
town  has  been  so  lont:  celebrat<Ml. 

6.  From  this  it  will  be  seen  that  no  matter 


how  pure  a  water  nuiy  iij)pi'ar  to  be  by  chemical 
analysiB,  it  by  no  means  follows  that  such  a  water 
would  l)e  the  most  suitable  for  brewing  ptirposea 
or  pro<luco  the  best  beer.  (Jortaiidy  it  is  ad- 
visable that  a  brewing  water  should  contain  in 
solution  as  little  as  possible  of  those  matters 
which  are  tlerived  from  the  dcconipoaitiou  of 
organic  substances,  and  espeoiaUy  those  of 
animal  origin,  but  at  the  same  time,  unless  it 
holds  in  solution  certain  mineral  salts  in  given 
quantity  it  is  comparatively  useless  for  brewing 
purpoees.  Of  course,  the  presence  or  absence 
of  such  sidts  will  entirely  depend  on  the 
geological  nature  of  the  various  strata  through- 
out the  country ;  thus,  whilst  the  Burton  waters 
are  highly  saline,  the  waters  of  Thames  Valley 
deep  wcUs  are  strongly  alkaline,  whilst  in  Wades, 
Ckwnwall,  and  Ctmiberlaad  we  find  waters 
containing  little  or  almost  no  solid  matter  in 
solution,  or  frequently  liiithly  peaty  in  charac  ter 
and  containing  as'much  as  4  grains  per  gallon  of 
organie  matter,  bat  entirely  of  vtgSM&  oc^pn. 

0.  For  pur]>oses  of  convenience^  all  waters 
may  be  clasaiiied  as  follows : — 

1.  Alkalhie,  from  tk»Sk,  the  predominat* 
ma  mineral  constituents  being  potassium  and 
sodium  carbonates. 

IL  Odoaieoos,  from  the  earboniferous  and 
Uassic  limestones,  the  predoniinatint^  con- 
stitaents  being  calcium  and  magnosium  car 
bonates. 

ITI.  Saline  (a)  from  the  new  red  sandstone, 
the  predominating  constituents  being  calcium 
and  magnesium  smphates. 

IV.  Saline  (b)  from  woUs  near  the  coast.,  the 
predominating  constituent  being  sodium  chlo- 
ride. 

y.  Peaty,  containing  principally  vegetable 

organic  matter. 

VI.  Waters  from  the  primary  rooks,  eontain* 
ing  very  little  or  only  traces  of  mineral  matters 

in  solution. 

\'1I.  Waters  of  no  distinotive  oharaoter. 

Th<^  following  analyses  may  be  given  aa 
examples  of  these  various  types  of  water : — 


Tablb  IL 


I 

1 

i 

4 

6 

6  1 

7 

8 

0 

ams 

Saline  (a)  ^ 

SaUoe  ib) 

Featy 

Flimaiy 
looks 

No 
distlacUve 
ehanoter 

Mild 

oto 

Pale 
ale 

Calcium  sulphate  . 

0-«9 

70-99 

639 

2-2S 

0-22 

1-53 

25 

40  1 

MAgnt'sium  sulphate 

12-60 

0-48 

2-77 

5 

8 

Calcium  carbonate  . 

3-25 

13-87 

904 

1-27 

15 

IS  i 

Maffnetlum  carbonate 

1-47 

0-44 

5-88 

4-87 

0-87 

1-36 

 1 

Potassium  sulphate. 

7-31 

0-97 

5 

ID 

Sodium  suU>h;itr     .       .  . 

= 

13-30 

Pota-ssium  cjirlxmatv 

9-58 

Sodium  carbonate  . 

00 1 

C-alcinm  and  magnesium  nitrates 

"~ 

0-46 

Potassium  uitrato  . 



0-68 

0-27 

Ifagnealum  chloride  . 

3 

5 

Fotasslom  diloride . 

0-79 

0-48 

Sodium  ohlarlde 

U-99 

1-73 

917 

1-45 

1-53 

l-7fl 

20 

30 

Oxides  of  Iroa  sad  ohnntna 

DOS 

0-45 

113 

0-84 

OU) 

0-S8 

112 

0-28 

0-49 

0-40 

1  0-33 

Total  minend  motten 

4S-02 

1  17-1$ 

124-20 

72-04 

10-14 

2-16 

7-56 

7.  Vtom  the  feregoing  it  wOl  be  seen  that  i  poesess  such  a  water  supply  he  must  render  the 

for  the  brewinL'  of  ales  the  water  to  be  most  one  he  has  available  by  the  addition  of  certain 
pratorred  is  undoubtedly  that  of  the  saline  type,  I  saline  ingredients  suitable  for  his  purpose.  In 
and  if  ift  shoold  iall  to  the  brewer's  lot  not  to  j  order  to  do  this  a  complete  analysis     ^  |^er^ 
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mineral  eomtitaenta  of  the  water  miut  first  be 

made,  ami  tlu-ii  .sulphatos  of  lirno.  magnesia, 
and  potaah,  and  sodium  chloride  added  in  auoh 
prnportkms  as  to  hrtnfi  the  mineni  eonatitaents 
up  to  the  riMiuind  .staiidanl.  cither  to  that  sliowii 
in  column  8  if  intended  fur  mild  aloa,  or  to  that 
of  eolumn  9  if  intended  for  pale  ales. 

In  the  case  of  neutral  wat<'rs,  the  necessary 
mineral  salUt  are  simplv  added  to  the  water  in 
the  given  proportions,  rat  if  the  water  be  alka- 
line,  the  alkaline  carbonates  must  first  be 
destroyed  before  further  treatment.  An  essen- 
tial eonditioa  in  hardening  »  wftter  with  oakinm 
sulphate  is  that  the  process  shall  be  regular,  and 
the  best  method  of  getting  the  gypsum  into 
solution  is  decidedly  by  passing  the  water  as  it 
i.Hsues  from  the  supply  tap  or  storage  cistern 
tlirough  a  t^nk  filled  to  three  quarters  its  depth 
with  gypsum  stones  about  the  aixe  of  a  lien's  egg. 
The  methoil  of  procedure  in  shown  below : — 

A  is  a  wooden  round,  having  a  perforated  false 
bottom  B,  on  wliioh  the  gjrpsam  stones  rest; 
r,  water  inlet  from  main  or  ciatem  ;  d,  in- 
dicating valve ;  m,  waste-pipe  having  a  fall  of 

SO  met  for  washing  out ; 
F,  wash-out  valve ;  o, 
overflow  pipe  to  liquor 
tank.  The  valve  d  being 
opened  to  the  requi.«it<» 
degree,  and  F  closed,  the 
water  enters  at  0»  psVOO- 
lates  through  the  gypsum 
in  A,  ami    Hows  over 
through  the  pipe  o  into 
a  liquor  tank.    The  rate 
of  flow  of  the  water 
which   determines  the 
amount  of  gypsum  to 
be  taken  up  is  regulated 
by  the  valve  D.  The 
sise  of  gypsum  tank  and 
the  speed  at  which  the 
M  ater  j)a8seK  through  will 
determine  the  quantity 
taken  up.    As  a  rule,  a 
tank  oajwible  of  holding 
about  a  ton  of  gypsum 
and  with  a  water  of  the 
eompoHition    of  No.  2 
flowing  through  it  at  the  rate  of  three  barrels 
per  minute,  takes  up  about  90  grains  per 
gallon   of  calcium  sulphate.     I'Vesh  gyi>sum 
must  be  added  daily  so  as  to  keep  the  depth 
of  layer  of  gypsum  as  regular  as  possible. 
To  prevent  an  accumulation  of  slimy  deposit 
which  always  takes  place  to  a  greater  or  less 
extent*  the  gypsum  in  the  tank  should  be 
thoroughly  well  washetl  every  other  week  ;  this 
may  be  done  l)y  closing  D  and  opening  F,  then 
turning  water  on  at  the  top  of  B,  this  passing 
througn  such  a  h'ngth  of  \)\]m-  n»  k  catises  a  certain 
amount  of  auction  which  produces  the  desired 
cleansing  effect.  Some  hrswen  reoommend  the 
addition  of  the  gyp>sum  in  a  stftte  of  fine  powder 
either  to  the  hot  liquor  tAnk  before,  during,  or 
after  the  heating  of  the  water  preparatory  to 
mashing,  others  sprinkle  it  over  the  prist  as  it 
runs  into  the  ma«h  tun,  whilst  others  again  add 
it  to  tiie  wort  as  it  is  boiling  up  in  tile  coppt>r. 
None  of  these  methods  can  Yyo  recommended,  as 
in  no  one  case  will  the  whole  of  the  g>'psum  be 
taken  mto  solution,  hanoe  tho  brewing  liquor  i 
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will,  according  to  varying  circumstances, 
different  (piatuities  ol  calcium  sulphate,  bat 
always  less  than  is  really  required.  Aft^-r  the 
whole  of  the  water  required  for  maslnng  aud 
Htiarging  has  run  through  the  gypsum  tank  into 
the  hot  liquor  back,  then  the  other  salts  are 
added.  This  may  bo  most  conveniently  accom- 
plished by  t  lie  use  of  kainite  and  common  aalt  in 
such  proportions  as  chemical  analysis  may  point 
out  to  be  necessary.  >  For  instance,  let  us  take 
water  No.  4  ;  here  it  was  found  that  by  r^ssing 
the  natural  water  through  about  a  ton  of  gyptiuin 
at  a  speed  of  three  oarrels  per  minute,  20 
pains  oer  gallon  of  calcium  sulpnatc  were  taken 
into  solution ;  kainite  at  the  rate  of  2  oc  per 
barrel  and  common  salt  I  ok.  per  barrel  were 
next  added  ;  the  mineral  constituents  of  this 
water  had  then  the  composition  shown  in 
column  IT. 

On  referrini:  to  our  table  of  typical  anaIyaeB» 
it  \^  ill  be  seen  that  this  water  is  of  the  mild  ale 
type.  To  render  it  snitabiefor  bfewing  pale  ales, 
the  water  must  be  run  at  less  speed  through  the 
gypsum  tank  so  as  to  increase  the  calcium  sulfdbAtey 
and  fMier  quantitiea  of  kahiile  and  oomBBaB 
salt  must  be  added  as  shown  in  column  IIL 

Tabu  IIL 


Calcium  sulphate 
Magnesium  sulphate  . 
Calcium  carbonate 
Magnesium  carbonate  . 
Potassium  sulphate 
Magnesium  chloride 
Sodium  chloride 
Oxides  of    iron  and 

alumina 
Silioa 

Total  solid  matters  . 


I. 


II. 


0-69 
None 
13-87 

0-  44 
None 
None 

1-  73 

0-45 
None 


20-69 

4-  41 
1387 

0-44 

5-  23 
2-88 

18-35 


S5-« 

8-82 
in  S7 

O  44 
10*4(1 

6-76 
32-96 


0-45  ,  0^ 
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In  the  case  of  alkaline  waters,  as  soon  as 
the  calcium  sulphate  enters  into  solution  a 

distinct  chemical  action 


it  and  the 
alkaline  carbonates  takes  place,  oakittm  carbo- 
nate being  formed.  Mid  Buifdiates  of  the 

It  is  generally  assumed  that  this  reaotiol 
place  according  to  the  equation 

Oa804+N»,CO, = CaCO, +Na5S04 
but  this  has  been  proved  not  to  be  the  . 

From  numerous  experiments  made  to  determino 
this  point,  the  lollowing  conclusions  were 
arrive*!  at  : — 

(a)  If  the  quantity  of  calcium  sulphate  added 
be  less  than  the  quantities  of  alkaline  carboiuttfla 
present,  then  all  the  calcium  sulphate  is  at  onoo 
converted  into  calcium  carbonate,  an*!  an  equi- 
valent quantity  of  alkaline  carbunate^  is  con- 
verted into  alkaline  sulphates. 

(6)  If  the  quantity  of  calcium  sulphate  added 


■  Analyais  of  kalnlte : 
Maffneaiam  tolphate 
PotaaBium  Rulphate 
Magnesium  chloride 
Sodlam  chloride  . 
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he  equi%uii'nt  to  the  quantitv  of  alkaline  car- 
honat«»  pmacnt,  then  only  ADoat  tiirve-fourthii 
of  the  caliiurn  sulphate  la  converted  into  cal- 
cium uarbonati',  and  an  r(|uivalcnt  quantity, 
that  IB  to  a»y,  three-fourtfas  of  the  alkaline 
f'rirlioiiatf^i  prcsmt,  is  convertc<l  into  alkaline 
Hulpliali^.  Ah  wu  iucrca.^  the  calcium  Hulphat<s 
the  alkaline  carbonates  deoroaso,  until  when 
we  add  douMe  the  cquivuk-nt  fif  cakiura  sul- 
phate nearly  the  whole  o{  tho  aikuiuie  carLK)nato8 
18  «onvertcd  into  alkaline  sulphates. 

(c)  The  last  portions  of  the  alkaline  carho- 
niitoci  itcem  to  be  ver^-  persistent,  for  nut  until  we 
incieue  the  qiiantity  of  caloiiini  Bolphftte  to 


nearly  thrtn'  times  the  quantity  of  alkaline  car- 
bonates originally'  present  do  \%-e  find  that  the 
last  traces  of  these  8ul».s(Jiuce!*  Riialh  !;  ai  p'-ar. 
These  are  the  results  of  luunerouH  i-xiMTuiu  itls 
carried  out  bv  tho  author  both  in  tho  laboratory 
and  on  tho  largo  scftlr-  in  l>rowerio*«  where  tho 
deep- well  water  supjiiy  highly  alkaline  in 
character,  and  it  was  found  that  tho  results 
ohtaint  'l  Mil  t  hu  larfje  scale  fully  confirmed  thoM 
arrived  at  lu  tho  laboratory. 

The  following  analyses  of  au  alkaline  water 
before  and  after  treatment  with  gypeum  will 
make  thiii  more  clear  : — 


AjiTALYSES  OF  AX  Al.KAI.mK  WaTIB  BBIOU  AND  AFTKB  TRHATMEKT. 


f 

1 

'  8 

I 

4 

1 

\ 

Beta* 

After  gyp«um 

Alter  gypsum 

'  After  jQ'p«iUQ  and 
1  HtOs 

Cakimn  sulphate 

• 

■ 

absent 

27-92 

35-62 

44-95 

Magnesium  sulphate  . 

« 

■ 

absent 

absent 

absent 

14-39=  11-39 

(MgCI.) 

*  Calcinm  carbonate 

• 

m 

3-25 

13-44 

16-42 

16-42 

Magnesium  carbonate  . 

Potassium  sulphate 

m 

1-47 

1-47 

1-47 

1-47 

• 

m 

7-31 

14-21 

19-39 

9-39 

Sodium  sulphate 

• 

• 

abaeat 

8-86 

8-86 

absent 

Potassium  carbonate  . 

• 

« 

4*11 

absent 

absent 

So<liuni  carbonate  » 

• 

• 

6-61 

absent 

absent 

obnf-rit 

Fotasaiom  chloride 

e 

• 

absent 

absent 

absent 

8-56 

Sodhim  ohknda . 

• 

• 

I4*9» 

14>99 

14-90 

22-29 

.  Oxides  of  imi  and  alamm 

■ 

003 

0-03 

003 

003 

0-38 

0-38 

0-38 

0-38 

;  Total  miMnl  vattar 

■ 

«M1  1 

1 

97a6 

117<88 

Column  1  shows  tho  composition  of  the 
mineral  constituents  of  tho  natural  water. 

Column  2,  the  sane  water  after  41-79  grains 
por  gallon  of  gyp.suni  had  l)een  added,  but  tho 
wttter  aas  found  to  be  still  alkaline,  and  not 
nntil  5S'M  grains  of  gypsum  were  added  did 
the  alkalinity  disappear. 

Column  4  gives  the  oompositioa  of  the 
mmersl  eonstftnentB  after  the  sddHion  of  a 
further  quantify  of  cN-psuni,  and  11-39  grains  of 
magnesium  chloride  to  decompose  the  excess  of 
alkaline  sulphates. 

Tho  aUv  T  r Mved  with  this  water  after  the 
above  treatment  were  found  to  aiTe  ever^  satis* 
faction,  end  to  compare  TCvy  nromamy  with 
the  best  Burton  pale  ales. 

It  will  bo  notod  that  tho  alkaline  sulphatett 
origxaaUv  present  in  the  water  are  oonsklerably 
increase<l  by  --'i^h  tn-atment,  and,  as  a  largo  ex- 
cess of  the^e  hubfitances  exercises  a  decidedly 
infurions  effect  both  in  mash  ton  and  copper,  it 
is  atlrisablc  to  get  rid  of  this  excess  by  adding 
sufficient  quantity  of  calcium  chloride  or  magno- 
simn  chlorido  to  tho  water,  whereby  a  portion  of 
th'^  alkaline  sulphates  in  converted  into  alkaline 
chiorides,  the  calcium  or  magnesium  chlorides 
being  at  the  same  time  changed  into  sulphates. 
We  thxjs  get  a  water  highly  saline  in  character 
and  possoising  all  the  properties  of  a  typical 
Burton  water  suitable  in  eyscy  way  for  pue-ale 
browing.  I 

Having  once  ascertained  the  exact  quantity 
of  sypsoro  required  to  be  added  to  the  water,  I 
VOL,  L— T. 


either  for  the  purpose  of  increasing  tho  per- 
manent hardn^  or  for  the  destruction  of  the 
alkaline  carbonates,  it  is  very  easy  for  tho 
brewer  to  keep  a  check  upon  his  gN'p^umiiig  pro- 
cess as  follows:  In  the  case  of  non-aiksiine 
natorsl  waters,  the  total  hardness  of  the  water 
is  determined,  and  the  same  after  the  water  has 
been  hardened.  The  first  subtracted  from  the 
latter  gives  the  hstdaess  expressed  as  degrees  of 
calf  luiii  '  arbooato  (1*  being  equal  to  1  grain  of 
calcium  carbonate  per  gallon)  due  to  the  gypsum 
dismlyed ;  this  moHipUed  by  the  faetm  1-36 
rrivc  the  grains  per  gallon  of  calcium  sul- 
phate taken  up  during  the  prooess  of  gypsuming. 
This  method  answers  admirably  for  all  prsotioal 
purposes,  the  error  as  compared  with  direct 
atuilysis  not  varying  more  than  about  §  grain 
per  gaUotk  For  exaoq^ : 

ilToiHiilafiiie  waier  (v.  ilnol^ms  No.  4). 

Total  havdnesi  before  gypsuming  .      .  12-0 
„       after         „        .       .  27*44 
27-44-12-6al4-84.  which  mul- 

tiplied  by  1-36=  20  99 

CaSO«  found  by  diieot  analysis  21-23 

Piff.  0-24  of  a  grain 
In  the  case  of  alkaline  waters  the  total  hard- 
ness of  the  natural  water  is  determined  as  bo- 
fore  :  then  having  found  by  trial  the  quantity  of 
CaSO,  necessary  tor  tho  destruction  of  the  alka- 
line carbonates  and  for  the  permanent  Imrdness, 
the  water  is  mn  throngh  tbe  gypsum  tank  at^^ 
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saoh  a  speed  as  to  take  up  thw  quantity  of 
CR8O4.  As  soon  M  tb©  wquiMto  •mount  has  run 

tliroiiLih,  the  total  hardnt-^s  of  thr  treated  water 
ia  determiued.  Tho  amount  of  calrium  sul- 
phato  in  the  water  w  n«xt  aBc<  rtaui«?d  by  chemi- 
cal analysis,  atnl  the  fi^tircs  thun  obtained  taken 
as  standards  of  comparison  for  all  subsequent 
determinatiooa.  Thus  ao  alkalitK'  water  con- 
taining' in  iO  prains  per  gallon  of  alkaline  carbo- 
nates, after  hardening  was  foiirul  to  have  Uken 
up  55-42  grains  per  gaUon  of  calcium  sulphate. 
Of  this  17-02  grains  were  required  to  convert  (lie 
alkaline  carbonateti  into  .sulphatts,  leaving  37-5 
grains  of  available  CaS04. 

Tho  total  luirdness  of  this  water  was  43-76. 
Hentt!  43-7o'  of  hardness  correspond  to  37-5 
grains  CaSO^.  Another  determination  of  total 
baldness  of  this  water  after  gypsuming  wsa 
made  some  weeks  later ;  this  was  found  to  be 
45*0.  Therefore 

43  tT^^'^®  grains  of  ayniUble  C»80,. 

Thi-H  does  not  give  such  accurate  rcsulta  as  in 
the  case  of  neutral  wBtera,  but  is  quite  near 
enough  for  all  practical  purposes 
,  Treaiment  of  neater  for  brewing  black  beers, 
stout  and  porter.  1 1  is  a  well-  knoii-n  fact  tha  t  the 
best  Htout  and  jKirter  are  brewed  in  Loudon 
and  Dublin.  Dublin  M-aters  are  exceedingly  soft, 
whilst  London  water  is  strongly  alkaline,  i.e.  it 
contains  ftlknlinw  carbonat<»,  and  althoujjh  con- 
taining as  much  as  from  40  to  50  grams  per 
gallon  upon  the  average  of  total  solids,  these 
London  deep -^^•ell  waters  are  yet  comparatively 
soft,  showiiig  only  6**  of  hardness  with  the  soap 
tetk  ftom  this  it  will  be  seen  that  one  of  the 
neoeasarv'  conditions  for  tho  successful  produc- 
tion of  black  beers  is,  primA  facie,  a  soft  wut^r. 
Hence,  a  brewer  \vho3e  water  su])ply  contains 
large  quantiti^  of  magncaium  and  calcium  sul- 
phates, i.e.  a  hard  wat<*  like  the  Burton  waters, 
cannot  exp<  et  siirees,<fnll\  to  brew  black  beers, 
but  must  fall  back  upon  the  town  supply  if  that 
isof  only  a  moderate  degree  of  hardness.  In  the 
case  of  naturally  soft  waters,  «?uch  as  a  I»ndon 
or  Dublin  water,  no  further  treatment  is  necen- 
sary,  but  in  the  case  of  a  non-alkaline  water, such 
a  water  should  firnt  be  well  boiled  so  as  to 

K-ecipitate  the  OaC'O,,  then,  whilst  still  boiling, 
ajCO,  at  the  rate  of  10  grains  per  gaUon  an<l 
30  trains  of  NaCl  per  K'dlon  should  be  addefl  to 
the^  brewing  liquor,  the  whole  weli  mixtnl  up 
and  then  allowed  to  stand  until  the  CaCO,  has 
coin|iletely  subsided,  and  the  mash  proceeded 
with  AH  usual. 

8.  Having  glanced  briefly  at  the  composition 
r.f  \arinns  tyjK'S  of  water  *and  tho  advantages 
or  disadvantages  they  ptis^sess  from  the  point  of 
view  of  the  brewer,  we  now  proceed  to  consider 
the  relative  effects  pToduce<l  on  the  malt  wort  by 
the  several  mineral  constitia  ut-i  usually  found  to 
occur  in  water* 

As  hu"  l>een  seen  from  the  tables  of  analysis 
on  page  627,  the  quantity  and  character  of  the 
▼arrous  minersl  substances  found  in  natural 
waters  vnrv  considerably,  and  de])end  on  the 
nature  of  the  rocks  through  which  the  water 
percolates.  An  interesting  series  of  analyses  of 
water  from  the  different  geological  f<Mrmationa  of 
England  wsh  ma<le  by  Sir  Edward  FranUand, 
and  published  by  him  in  his  work  on  Water 
Ani4ysis»  to  wluoh  tho  reader  is  referred* 


The  most  frequently  occurring  subfdanc*  ir 
solution  in  natural  waters  is  calcium  carbonate. 
associat<Ml  to  a  gTeat<>r  or  less  extent  witli  mag- 
nesium carbonate.    These  carbonates  are  held  in 
solution  by  the  carbonic  acid  which  is  alway 
present  in  natural  waters;  they  probably  exist 
m  solution  as  bicarbonates.    On  boiling,  this  ex 
cess  of  carbonic  acid  is  driven  off,  and  the  cal- 
cium and  magnesium  carbonates  are  precipitate! 
There  is  no  doubt  that  these  carbonates  pla>  a 
very  important  part  in  the  brf'\vinj;  economy. 
Although  a  lai;ge  jportaon  of  these  salts  i- 
thrown  out  of  sohmon  during  the  heating  of 
the  water  preparatory  to   luashintr,    yet  th- 
greater  part  of  the  precipitated  carbonates  re- 
maining in  suspension  fuds  its  way-  into  th^ 
mash  tun,  and  there  combines  with  f^^rtain 
oiganic  acids,  principally  lactic  acid,  always  pre- 
sent to  nudt.  forming  soluble  salts.   This  ne«< 
trnli.-ifttion  of  at  least  i  jn  i  tioti  of  these  oru.tnic 
acids  must  exert  an  important  influence  on  the 
various  processes  whieh  take  plaee  snbaeiiuenUy. 

The  amt)unt  of  calcium  and  magnesium  ra'- 
Ixmates  varies  considerably,  but  12-15  grains 
per  gallon  may  be  taken  as  a  fair  averageu  It 
is  usual  in  those  breweries  where  the  waters 
contain  v»y  little  or  none  of  those  salts  to 
sprinkle  caleinm  oarbooate  or  elialk  throu^  the 
grist  as  it  goes  into  the  maah  tun  at  the  rate 
of  4  oz.  per  quarter  of  malt  (about  10  gnim 
per  gallon  of  water). 

(  ftleiuin  sulphate  occurs  le.ss  fre(}uently  tkii. 
the  carbonate,  but,  wiUi  the  exception  of  sodium 
chloride,  exercises  a  more  imptntant  infhnnQe 
on  the  ma.>*hin^  and  hoilin>;  pr<K>es-*es  than  any 
of  the  other  salts  present  in  natural  waters, 

A  very  interesting  article  on  this  rabject  by 
Southby  appeared  in  the  Country  Breww** 
Gazette  for  1879,  in  which  he  proves  very  oon- 
clusively  that,  contrar>'  to  the  opinion  preralent 
among  brewers,  caleium  and  niaiineslum  .-id- 
phate«,  even  when  present  in  the  brewwg  watcv 
in  very  large  nroportioos,  have  no  appreciable 
effect  on  the  solubdity  of  the  nitroj{enou.s  matter* 
of  malt:  their  principal  effect  in  the  earlifwt 
stage  of  brewing  operations  is  to  greatly  facflitaie 
the  vdtiinate  tininy  of  the  beer  by  causing  tho.se 
matters  which  are  rendered  insoluble  by  boiling 
to  separate  tn  a  flaoouleiit  form  instead  of  in 
that  minute  .dilate  of  division  which  result- 
in  the  beer  remaining  obstinately  cloudy,  aa  so 
many  brewers  find  to  their  cost.  In  additiafi  to 
this,  eaU-ium  sul|)hate  potv-e.sses  a  d(t.  id<^1  anti- 
septic action,  as  wortd  brewed  with  a  sulphatned 
water  mist  the  action  of  the  fennentaiive 
germs  when  ex|x>sed  to  the  atmosphere  bett*T 
than  those  bn  v^wl  with  a  softer  water.  The 
preeenoo  of  calcium  sulphates  in  a  wort  ab«> 
prt? vents  the  solution  of  the  coarser  hitter  prin- 
ciples of  the  hop,  hence  a  l>rewer  empliiviitg  a 
gmphated  water  can  use  a  much  larger  propr^r 
tion  of  hops,  if  neoeasary,  without  rendering  hi> 
ales  exoessivelv  bitter.  Tho  same  applies  to 
magnemum  sulphate.  Valuable  as  the  above 
Hulphates  are  in  the  jmxluction  of  }>Ah>  and  miJd 
alen,  thev  are  ahiMiluteiy  injurious  in  the  brewing 
of  porter  and  stout  if  present  to  the  extant  <d 
more  than  3  grains  per  gallon. 

These   results   have    been   confirmed  br 
Moritx  and  Hartley  (Brewer's  J.  IMS.  M)  s  Hwy 
fnid.  however,  that  these  sulphate<s  rxtraet  m*»p 
nttrugonous  matter  from  umlt  than  any 
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of  the  iiiiiitTiil  f^f'Tv  t ituont.s  of  wfitor  do,  and 
Matthew.s  (B.  J .  li.  LSSl,  29u)  b  of  opinion  that 
ihite  nitrogononB  substanoes  are  of  tho  nature 
of  coagtilanlo  fllbnminf»ifls.  Wo  must  at  tho 
Hamo  tiuio  not  furget  timt,  luiiug  a  water 
<-ontaiiiiii^  appreciable  quiititiM  uf  calcium 
Hulphatf'  in  solution,  a  larpp  proportion,  if  not 
all,  of  the  phosphoric  acid  cxistiuij  in  the  malt, 
probabh'  as  potassium  phosphate,  is  by  double 
decomposition  converted  into  acid  calcium  phos- 
phate. It  is  well  knoH-n  that  this  substance 
exercises  a  powerful  influence  on  certain  albu* 
miooid  subetanoes,  especially  at  high  tempera* 
tores.  Hence  the  precipitation  in  flocks  of  these 
bodii-s,  whi'ii  the  wort  is  boilc<l  in  tho  cH)})])er,  is 
no  doubt  due  in  great  measure  to  the  action  <^ 
this  salt. 

Wat<T  fontainintj  alkaliivo  carbonate's  nni.Ht 
andoubte<iiy  bo  condemned  as  onsoitable  for 
blowing  mUd  ot  pale  ales.  Tt  is  vni\  known 
t)iat  certain  nitroeenous  matters,  wIm -  •  presonce 
in  malt  wort  would  have  a  lUMt  injurious  effect, 
are  freely  soIqUa  hi  xlightly  alulme  waters ; 
tin  I  remain  iinchanL.!  1  during  the  pjoet'ss 
lit  Icnuontatioti,  and  render  the  finished  bcei 
persistently  cloudy,  besides  forming  a  stiitable 
nidus  for  the  development  of  various  forms 
of  bacteria.  A  large  amount  of  colouring 
matter  u  also  extracted  from  tlie  matt  by  alka> 
line  waters,  whilst  the  diastatic  action  is  eon- 
aiderably  impeded  ;  in  the  copper  also  certain 
mrinoQs  matters  are  eztractea  from  ths  hope, 
whieh  im]>art  a  bitter  and  nmk  flaTonr  to  w> 
finished  beer. 

Alkaline  sniphates  if  present  in  ozoeat  (more 
than  10  grains  per  gallon)  have  the  same  action, 
though  in  a  very  mueh  diiiiinished  degree,  aa 
alkaline  earbonaten,  nioro  especially  sodium  sul- 
phate. Potassium  sulphate,  on  the  othrr  hand, 
if  prej*ent  to  the  extent  of  not  more  than  ti  to  10 
grains  per  gallon,  has  a  deoidadly  bwiefidal 
effect,  acting  much  in  the  same  manner  as  mag- 
nesium sulphate. 

Calcium  chlotide  givea  to  tlie  beer  a  bandi, 
coarse  flavoiir. 

Magnesium  chloride,  if  present  in  small 
qoaatity,  2  to  4  grains  per  gallon,  is  sappoaed 
to  be  beneficial  to  fermentation. 

With  regard  to  the  beneficial  influence  of 
Bodiun  chloride  in  a  bromng  water,  there  can  be 
no  auction  whatsoever.  Some  of  the  finest  ales 
in  the  United  Kingdom  are  brewed  in  districts 
where  sodium  chloride  occurs  in  the  natural  well 
waters  to  a  larger  extent  than  is  allowed  by 
excise  regulations  to  be  present  in  the  finished 
be«T. 

Alkaline  ohkmdee  add  considerably  to  the 
palatefulnem  of  tiie  finished  beer,  exeroise  eon« 

iderable  antiseptic  proix^rties  during  fermenta- 
tion, and  contribute  to  a  general  mellowness  and 
nmndneee  of  flavour  miob  witbout  them  is 
absent  in  the  best  brewed  ales,  mild  or  pale. 

The  question  of  nitrates  ia  still  a  mixed  one ; 
the  balance  of  eridenoe  seems  to  be  that  where 
they  ;irn  not  derived  from  recent  sewage  con- 
tamioation  their  presence  in  small  quantities  acts 
as  a  atiraiilat  to  fermeotation.  but  a  water  con> 
fninintr  more  than  4  grains  jmt  trallrin  of  potas- 
sitim  nitrate  ought  to  be  looked  upon  with  grave 
soapioion,  if  not  altogether  eondenmed  for  brew- 
iny  purposes,  more  ei^pecially  as  it  is  imposi^iMo 
to  get  lid  of  nitrates  onco  they  are  found  to  bo 


present  in  water.  Nevertheless^  the  fact  rcinniriM 
that  in  several  breweries  where  nitrated  wai/trs 
are  naed  for  browing,  tho  yeast  keepe  clean  and 
viLioron*!  and  th^  nl'^s  ;in»  nil  th  it  can  be  desired  ; 
but  it  in  only  fair  U)  ^tiiU-  that  m  such  breweries 
sugar  to  tho  extent  of  at  least  oiie*flfth  the  quan^ 
tity  of  malt  is  also  used. 

Iron  in  any  nhape  or  form  is  most  injurious, 
but  as  it  exists  mostly  in  natural  waters  in  tho  * 
form  of  carbonate,  it  can  be  converted  by  oxida- 
tion into  tho  insoluble  pcroxi<lo  and  romove<l  by 
subsidence  or  filtration. 

The  organic  matter  in  water  may  be  of  two 
kinds,  vegetable  and  animal ;  the  vegetable 
organic  matter  is  mostly  of  peaty  origin,  and  as 
such  cannot  form  suitable  pabulum  for  bacteria^ 
and  first-lass  mild  and  light  ales  have  been 
brewed  from  jR-aty  waters  after  trt^atment  with 
gypsum  and  katnite ;  but  on  the  other  hand, 
where  the  organic  matter  is  of  animal  origin, 
derived  from  sewage  contamination  containing  ^ 
such  matter  in  solution,  a^  it  necessarily  must 
be,  the  water,  on  biologioal  examhiation,  will  In 
all  probability  be  f  ind  to  bo  highly  contami- 
nated with  disease  germs ;  and  although  all  of 
these  germs  as  well  as  their  spores  are  most  un- 
questionably killed  during  the  boiling  of  the  wort 
in  the  copper,  still  such  a  water  must  be  regarded 
as  a  dangeromi  one  to  use  for  brewing  purposes  as 
indicating  tho  prosonco  of  matter  in  solution 
which  neither  boiling  nor  filtration  can  destroy 
or  modify,  and  wfaimi  at  tlw  flnt  moment  tiiat 
favourable  circurastanees  present  themselves 
will  serve  to  nourish  and  promote  the  growth  of 
such  germs  of  disca.<te  as  may  find  weir  way 
subsequently  into  the  beer  or  wort  bcewed  from 
such  a  water. 

9.  Barley.  The  grain  whioh  for  oentmries  has 
been  most  generallj'  acknow|e<l:T*''l  to  be  Ix'st 
adapttxi  for  brewing  purposes  ia  barley.  Of  thi*» 
cereal  as  many  as  100  varieties  have  been  culti- 
vated in  this  eoTintry  at  one  time  nr  riTiMfhcr,  but 
the  one  moat  generally  preferred  by  brewers  i^ 
the  narrow-eared,  two-rowed  type  generally 
knowi  ri s  the  '  Chevalier  '  (Flordrnm  diitichum). 
Several  varieties  of  Chevalier  barley  are  grown  in 
some  parts  of  tho  country,  and  give  good  results, 
e.g.  Archer  '  Stiff  Straw.'  There  ia  also  another 
type  of  thti  two-rowed  barley  knowu  as  Qold- 
thorpe,  which  has  been  malted  in  increasing 
quantity  for  some  years,  and  often  gives  excellent 
results.  This  barley,  having  a  stouter  straw  than 
Chevalier,  is  able  to  withstand  bad«weather  eon- 
ditions  better. 

The  various  species  of  cultivated  barley  are 
distinguished  as  two-rowetl,  four-rowed,  and  si.x- 
rowed,accordinff  to  the  number  of  fertile  spikeleta 
on  tiie  ear.  The  ftet  and  last  of  these  speoieB 
are  the  most  eharacteristie.  the  first  lHOUtding 
the  finest  varieties  of  English  barlqr* 

The  diflerent  vacietMS  have  been  daanfied 
hv  E  S.  Beaveo  as  foUows  (J.  Biefe.  BMwing, 
1902,6,647) 

Hordevm  disHehttm, — Commonly  known  as 
six-rn\\i'l  barley,  ear  wide,  short  distanc(- 
between  the  corns.  Grown  in  England  as  a 
winter  sort.  IVmnd  m  Chilian  brewmg  barley. 

Hordeum  vulgare, — Kr-  as  four-rowed, 
oar  narrow,  long  distanctt  between  the  ooms. 
The  *bere*  or*  bigg*  of  Scotland  is  of  this 
variety  as  well  as  w.n  -^  '  Light  Foreign.* 

Hordeum  zcocri^n.— Two-rowed  bsjlcy,  ©*r  oogle 
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wide,  eomparativoly  shurt  distance  between  the 
oornB.   The  Goldthorpo  barleys  are  of  this  type. 

Ilordeum  distichnin. — 'i'wo-rnwed  l>arley8,  oar 
uarrow,  comparatively  lung  dist-ance  between 
the  ooms.  The  Chevalier  barleys  are  of  tills 
^rpe^  as  well  as  rami  v  l'>tig,  thiii*giaiiMd  fiaatcm 
Mrleys  aooh  as  Ouchak. 

OrigUMfly  in  the  United  Kingdom,  malt  for 
brt  wiiit:  was  made  from  homoprown  barley  only  ; 
of  late  years,  however,  ver}'  considerable  quanti- 
ties  are  ini{x>rt<'d  from  other  countries  as  France, 
rierninny.  Denmark,  Califoniia,  Russia.  E^ypi, 
Algeria,  Chili,  and  New  Zealand  ;  antl  Heaven  | 
also  elassifies  these  as  followa  : — 

f'hevalier  ( 'aliforuian,  Clievalicr  rhiliaii,  Tri- 
poli (Ouehak  tyjK'),  and  Ouchak  arc  the  narrow- 
oarecl  two-rowed  type,  Uordeum  dUtichum, 
Brew  itic  Californian,  Mexican,  Argentine,  North 
Atrican,  Gaza,  Smyrna,  Black  Sk^'a,  Danubian. 
Qjrpnu  and  Hjmnish  are  mostly  of  the  four- 
rowed  type,  Ilordeum  vulgare.  Brewing  Chilian, 
Persian,  and  B<  yrout  are  of  the  six-rowed  type, 
Hordeum  hexaMichum.  Mixtures  of  tiro-roiml 
and  nix-rowed  barleys  arc,  however*  oommon  in 
a  pood  many  foreign  barleys. 

Some  of  these  iMirleys  are  much  Huperior  to 
the  English  in  appearance,  whilst  others,  al- 
though presenting  an^'thing  but  a  favourable 
appearance,  are  neverthelef<s  not  to  bo  despised, 
fulfilling,  as  thev  do.  a  useful  purpose  when 
judiciously  mizea  wilii  oar  own.  Tlus  we  shall 
see  later  on. 

The  quality  of  barley,  as  one  would  naturally 
suppose,  depends  to  a  large  extent  on  the  nature 
of  the  .soil,  climate,  manure,  &c. 

Cold  day  land,  which  is  stiff  or  tenacious,  no 
matter  how  well  dimined  it  may  he^  oan  rarely 
grow  really  good  maUiqg  baikj  (StopM  on  Halt 
and  Malting). 

Barley  requires  a  warm,  friable  sofl  sneh 
as  till'  ''.ilcareous  loams.  «.^c.,  f)f  Norfolk  and  the 
districtd  having  a  chalk  subsoil,  which  are  tbo 
best  natural  soiU.  Rieh,  loamy,  or  well^mannied 
Ran<ly,  and  other  dry  soils  arc  also  capable  of 
producing  fine  barley's  when  the  season  favours 
them,  espeeially  if  bme  be  present  in  lair  quan- 
tities. 

Barley  flourishes  best  in  the  farmer's  interest 
upon  land  weD  tilled  and  heavily  manured,  for  it 

grows  strongly  and  produces  heavily.  Sucli 
barley,  however,  is  not  the  best  for  the  brewer, 
for  it  has  a  higher  percentage  of  certain  nitro- 
genous matters  which  arc  deei(le<lly  injurious  to 
the  kc<>ping  properties  of  the  Unished  beer. 
Hence  the  cureot  manuring  of  the  iofl  for  barley 
with  nitrogenous  manures  (stable  manure,  salts 
of  ammonia,  and  nitrates)  must  be  avoido<l,  such 
manures  also  produce  a  rank  growth  of  the  stalk 
and  of  the  leaves  ;  the  barley  is  easily  l)oaten 
down,  and  produces  from  this  cause  weak  grains 
poor  in  starch. 

Accordingly,  Professor  Farmer  recommends 
that  barley  should  follow  wheat  which  in  it« 
turn  followed  roots.  This  .scfiii.-^  to  lie  reasonable, 
for  it  is  now  acknowledged  that  highly  nitro- 
iK>u8  manures  are  decidedly  prejudicial  to  the 
production  of  goo<l  malting  barley.  For  malting 
purposes,  the  line,  full,  well-developed  bright 
gram  is  the  best. 

nimale  ex<  r(  i-os  a  more  import, mt  influence 
on  barley  than  soil  or  manure.  Indirectly,  a  ba<l 
summer,  and  especially  a  bad  harveet  time,  will 


almost  invariably  cause  such  defects  in  bari^f 
that  the  prodnooon  of  really  good  malt  it 

pos?iib|e.  The  diffen  iiee  in  price  may  not  b" 
very  {ocat,  if  viewed  from  the  standpoint  of  lirst 
oost,  out  the  defioienoy  of  extract  and  the  in' 

fcrior  quality  of  the  wort  produced  add  laigafy 

to  the  actual  lot<8  of  the  brewer. 

For  the  production  of  sound  light  beers  quick 

in  brightening,  it  is  imperative  to  .«ecur*»  a  l»ariey 
of  high  vegetative  capacity.  With  our  varying 
climate  and  high  farming,  En^ish  barleys  art- 

le.s.s  Huit<Ml  for  tliis  purivose  than  those  in)jx>rted 
from  other  countries,  and  the  superiority  <A 
foreign  barleys  over  BngHah  is,  no  doubt,  to 

bo  attributed  to  the  more  suitable  condition  of 
elimiile  under  which  they  have  been  grown  and 
harvested. 

1<>.  Characteristics  of  barley.  For  maltinir 
Iiur]>oMs  SfojK\s  groups  the  qualities  of  barltv 
1^  uihIlt  Jour  essenUai»i  vitality,  condition, 
maturity,  odour;  and  six  dtsirabU  non- 
esseiUtul i :  size,  weight,  uniformitv, 
colour,  a]»p>earance  of  skin,  age. 

Upon  the  vitality  of  barley  depends  the 
growth,  hence  it  is  most  important  that  the 
barley  should  contain  as  few  non-germinating 
grains  as  possible.  The  most  trustworthy  t««t 
for  this  is  that  of  enforced  growth,  and  four  thia 
purpose  Coldewe's 
apparatus  (Fig.  2) 
is  very  effective. 

Thb  consists  of 
a  receptacle  for 
water,  a  germina* 
tion  tray,  usually  a 
porcelain  plate  pro- 
vided with  100  per- 
forations, and  a  felt 
cover  fitted  with  a 
thormomoter  as 
shown  in  tho figure. 
The  coma  to  be 
teeted  an  insarted 
in  the  perforations 
with  the  germ 
downwards,  and  a 
small  quantity  of 
moist  sand  placed 
round  them.  They 
receive  the  neces- 
sary moisture  for 
germination  with 
perfect  equality 
from  the  recep- 
tacle underneath, 
whence  the  water 
evaporates  without 
causing  them  to 
l)e  ex|K)sc<l  to  an 
excess  of  moisture. 
The  oonaeqnmioo  is 
that  corns  of  even 
quality  not  only 
grow  as  fast  tm 
they  po.-^sibly  can, 

but  also  perfiKtly  alike^  thna  dioirtng  pre- 
cisely the  even  or  uneven  germinating  capacity 
of  the  grain,  and  as  the  tray  is  conatructed  to 
hold  exactly  100  corns,  the  percentage  is  at  once 
8e<'n. 

Other  forme  of  apparatus  in  use  for  the  same 
purpoee  ave  tlw  'Aulwy'  mi4  * 
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of  warm  chambers  or  cupboarcb,  in 
which  tho  oorns  aru  gcrmioAtod  in  »  moist 
atmosphere.  Th«te  appear  to  ghre  better 
rt'sulta  than  the  Coldcwc,  and  their  capacity  is 
greater,  lo  that  several  buieys  can  be  teeted 
at  the  Mme  time. 

This  test  hIiouM  show  at  tho  utmost  only 
4  p.0.  of  non-germinating  grains.  The  above 
qnaHtiet  may  ft  briefly  sammed  up : 

The  com^  .should  not  contain  mace  than 
4  p.0.  of  non-germiuating  grains. 

When  eat  through,  the  cot  ■mfsoe  should  be 
white,  frialtlo,  and  mealy  lookin*,'  ;  if  it  is  fatty, 
fflassy,  or  spotted,  it  is  not  to  be  recommuudod 
for  use. 

Barley  ought  to  smell  fresh  and  dean,  not 
miutY  or  mouldy. 

The  eoms  should  be  as  nearly  as  poesible  of 

one  size,  plump  and  h<  a\y,  and  {rec  fronj  other 
ifee<ls.  A  good  heavy  barley  should  weigh  from 
60  lbs.  to  56  lbs.  per  bushel ;  all  under  50 hm.  may 
bo  deemed  light.  Tho  grains  should  ha\i-  an 
even  light-yellow  colour,  with  a  thin  wrinkled 
akin.*  Barley  improves  in  vitalit}-  for  tho  first 
few  months  after  harvesting,  and  then  declines, 
so  that  it  is  not  safe  to  malt  barloys  more  than 
twoseasonioldL  The  actual  judging  of  partieolar 
■amples  with  regard  to  quality  ana  comparative 
▼aluo  is  a  matter  requu'ing  great  practical 
experience  and  skil]*  espeoially  as  often  the  bulk 
is  Doupht  froin  a  mere  cursory  examination  of 
the  sample  in  market.  Grain  very  hard  to  bite, 
can  never  be  converted  into  good  malt.  It  has 
been  found  that  light  passes  readily  through 
vitreovis  corns,  but  not  through  m^ly  ones, 
and  this  fact  has  been  taken  fMivantage  of  to 
distinguish  between  tho  two.  The  apparatus 
invented  by  Vogel  is  used  for  this  purpose. 

Barley  should  be  neither  over-  nor  under-ripe. 
Under-ripe  ocnns  have  a  bad  colour,  and  feel  cold 
to  ttw  hand.  It  is  difficult  to  detect  over-ripe 
amins.  Mature  dry  grains  slip  through  the 
flngecs  more  readily  than  immature  or  damp  ones. 

One  of  the  great  difficulties  of  the  prraent  day, 
in  addition  to  those  resulting  from  bad  harvcst- 
mg  and  maturii^of  the  grain,  is  the  prevalence 
off  damaged  ana  broken  corns.  It  is  more 
difficult  tlian  ever  to  procure  samples  that  are 
perfect  in  this  respect,  owing  to  tho  carelessness 
so  prevalent  dnrmff  the  threshing  of  the  bwley 
by  mcHlern  niethoils,  for  wo  may  have  not  only 
broken  corns  which  are  easily  detected,  but  othin: 
eoms,  apparently  sotmd  and  good,  that  show  on 
clo-cr  inspection  slight  abrasions  of  the  skin 
occasioned  during  ♦■HrMfhing  by  the  too  close 
aettinsof  themaohineiy.  Tl&isasonroeof  mndh 
trouble  to  the  maltster,  giving  rise  to  moidd  on 
floors  as  well  as  to  a  large  proportion  of  uon- 
gsnninatnig  eoms. 

Att^tion  has  been  drawn  to  (he  ill  eiSects 
of  this  close  drei»ing  by  several  authorities,  and 
qoite  reoently  Montagu  Baird  and  C.  H.  Babing> 
ton  have  been  instrumental  in  inducing  the 
Board  of  Agriculture  to  publish  a  circidar 
drawing  the  nrmfli't  attention  to  this  matter, 
and  recommending  mose  (sarefal  methods  of 
threshintr. 

11.  Stmctnre  of  barley.  When  a  grain  of 
barley  is  escamioed  with  the  naked  eye,  a  deep 

'  Faulty  grains  are  frequently  (nilphured,  liut  rati  be 
•'AsUy  detected  by  an  ezpcrieoced  iM-rson,  uii  account  of 
their  nBasmilly  tel^it  eoleur. 


but  narrow  furrow  mas-  lie  i)I)serve<l  ranning 
tlown  the  whole  length  of  one  side  ;  the  general 
apjjcaranoe  of  this  side  is  very  convex,  both 
lati-rally  and  longi« 
tudinaily,  hence  it 
is  known   as  the 
verUral  side,  and  is 
the  side  which  faces 
inwards  when  the 
grain  i.s  still  attached 
to  the  ear.  The 
outer  or  dortal  side 
of  the  drain  is  much 
flatter  than  the  ven- 
tral. If  next  we  out 
through  a  grain  of 
barley  lengthwise' 
witii  the  fnrrow,  so 
as  to  ^^plit  it  in  two, 
three  principal  parts  ^• 
can  be  distinganhed 
in  it  (Fiij.  3)  : 

(1)  The  hull,  oru 
in.  (2)  The  endo- 
sperm,   or  starch 
substance.   (3)  The 
embrvo,  or  germ. 

The  hull  (p)  or 
outer  coat  ot  the 
grain  consists  of  the 
paUoe  or  valve?, 
formed  of  three  rows 
of  differently  formed 
cells.  The  hull  can 
be  easily  peeled  off 
the    barley  grain 

after  steeping,  and  under  this  is  a  shell  tightly 
enclosing  tho  grain ;  this  is  the  pericarp  of  the 
fruit,  and  beneath  this  and  closely  grown 
together  with  it  lies  the  integument  of  the  seed. 
The  starch  substance,  or  endosperm  (x),  forms 
by  far  the  larger  bulk  of  the  barley  grain. 

Tho  embryo,  or  germ,  constitutes  about  I 
of  the  com,  and  liee  on  the  lower  end  of  the 
grain,  and  its  jwint  or  ajx-x  inclines  towards 
the  smooth  or  uniurrowed  side.  The  lobe  of 
the  seed  proper  in  the  diape  of  a  flat  shield,  oo, 
the  scutellum,  forms  tho  boundary  between  the 
endosperm  and  the  embryo ;  which,  lying  as  it 
does  in  dose  contact  with  the  endosiwrm,  serves 
as  a  special  organ  of  absorption,  throuL^h  which, 
during  germination,  the  nutritive  matter  stored 
in  the  endosperm  most  pass  on  its  way  to  tiie 
growing  {>ortions  of  the  eniliryo.  A  line  of  cells 
forming  a  well-marked  epilhcltum  separates  the 
•mbrjro  from  the  endosperm.  This  also  has 
tho  function  of  absorption  of  nutriment  for  the 
growing  germ,  but  it  is  markedly*  ditlerontiated 
nora  wb  otiier  tiBsnes  by  its  speeudised  seerefory 
functions. 

Immediately  below  the  scutellum  and  in 
intimate  organic  oonnection  with  it,  are  the 
main  organs  nf  the  axis,  the  plumule  and  radicle. 
Tho  former  con.sist8  of  four  rudimentaxy  leaves 
enclosed  in  the  plumule  sheaths,  inulst  the 
primary  radicle  with  its  root  cap  is  completely 
imbedaed  in  tho  root  sheaths.  The  nidofjKnn 
is  principally  filled  with  a  mass  of  thin-walled 
cells,  closely  packed  with  starch  grantdes. 
embedded  in  a  very  line  lu  twurk  of  proteid 
material,  and  arranged  with  tlieir  larger  dimen- 
auNiB  paifallel  with  tho  axis  uf  the  grain.  The 
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starch-cf)ntainin<;  cells  are  siirrniu'dnl  hy  n  ; 
triple  layer  of  lhick-\\ ailed  rectftuguiar  ctlis  the 
MMsaUDd  aknrone  cells,  tho  cell  contents  of 
which  conaist  mainly  of  closely  packed  aleuronn 
grains  and  fat,  embedded  in  a  protoplu^smie 
matrix  ^vitll  well-detincd  nucleus.  This  layer 
does  not,  houover,  enter  the  embryo  at  any 
point,  but  is  only  in  dose  contact  with  it. 

Lying  between  the  starch-containing  portions 
of  the  endosperm  and  tho  embryo,  is  a  com- 
paratively thick  layer  of  empty  and  compressed 
cells  belonging  to  the  t'ii(l(>s|K'rm.  These  cells 
ftie  emptied  of  their  conieat*  <^uri^  the  later 
stage  oi  the  growth  of  €b»  gimin.  The  develop- 
ment of  the  embryo  takes  j)lrtef!  at  the  expense 
of  the  oodosperra,  emptying  it«  cells  of  their 
starch  and  protoplaam.  The  oell  walla  do  not 
i-hun'  the  fate  of  tho  cell  eoiitcnts.  hut  remain 
in  the  ripe  araiut  prewMxi  tightly  together  by  the 
growing  eiuuryow 

The  changes  which  take  plnt  e  (hiring  germina- 
tion are  brought  about  by  certain  catalytic 
agents  termed  ensynuf,  and  are  threefold. 

In  thr  first  place,  thcn^  is  the  disMjhition  of 
tho  M  ailii  ot  the  starch-containing  ceils  by  uue  of 
these  tnxymBBf  which  action  tntx;eeds  progres- 
aivelv  from  the  proximal  to  the  distal  re^^ions 
of  toe  endosperm;  in  tho  second  place,  the 
diflsohitjoii  of  the  starch  granules  ihus  set  free, 
by  a  vccnnd  enzyme,  and  tho  transference  nf 
the  soluble  procluctji  ot  the  action  to  the  growing 
points  of  tho  embr>'o  ;  and  finally,  the  breaking 
down  of  the  conii)lex  nit  mLt  nous  or  albuminoid 
bodies,  which  form  tho  mau-rnil  of  the  endosperm 
cells,  into  simpler  ones  by  a  third  enzyme, 
therchy  rendering  them  available  as  food  for 
the  young  plant. 

fs.  CoMnical  oomposMon  of  bwley.  Those 

substances  ^^hieh  po  to  compo8e  the  hurley 
l^ain,  as  well  a.s  the  other  centals  used  in  brew- 
ing, may  be  (  lossified  as  follows  : — 

].  Carbohydrates.    II.  Resins  and  fats.  III. 
Nitrogenous  substancfis.    IV.  Ash.  [ 
The  proportion.-  of  these  several  constituents  \ 
vary  with  different  kmds  of  Larley,  according  to 
'  circumstances  of  prowth,  manuring,  harvesting, 
climate,  &c. 

I.  The  carbohydrates  contain  the  three  ele- 
ments, carbon,  oxygen,  hydrogen,  and  are  so 
called  beeau-e  they  may  bo  sup]>ose<l  to  be  de- 
rived irom  tho  union  of  a  certain  number  of 
mcdeonles  of  water  with  an  equi^ent  number 
of  at<^>n  s  of  earhon. 

Tho  principal  mcmbt«rs  of  this  group  are  (a) 
eeUulote,  storeA,  dextrin  ;  (6)  maUoae,  cane  mtjar 
or  A//rnAsr,  T<iJ[jh)o.st  ;  (f )  dexfro«e,  Utmlose. 

As  the  chomislry  of  the  carbohydrates  is  fully  j 
treated  of  elsewhere,  there  is  no  occasion  to  I 
refer  further  to  (his  >uhje<  (  Iutc. 

II.  fats.   Only  small  quantities  of  fat  arc  i 
found  in  grain,  and  the  amount  contained  in  | 
barh'V  is  about  2  o  ]  r.    It  can  be  readily 
obtained  from  the  grouiiU  corn  by  troatmeut  t 
with  ether,  which  on  evaporation  leaves  the  fat  I 
AH  a  thin  \^llfl\^  rolourttl  fluid  of  an  nLirei  ulilr  ' 
odour,  winch  is,  however,  soon  repiaee<i  b^-  an 
offensive  one  if  the  oil  is  allowed  to  remam  in 
Contact  w  It  li  air. 

J'ho  euui|"jsiiiuti  of  this  fat  ha.s  been 
investigated  by  many  observers,  and  the 
following  is  its  composition  according  to  A. 
Slellwag : —  i 


Fatty  aeich  .         .         .  13-62  p.C. 

Neutral  fat  .        .        .  77*78 

Jx-eithin  ...  4-24  „ 

Cholesterol  .        .        .  .. 

RmIus,  The  outer  coatings  of  most  cen-ai- 
develop  in  ripening  a  e^tain  amount  of  reanxiu^ 

inatter,  which  by  its  comparative  in-ohibil;' 
protects  tho  mterior  from  premature  acc4^«>»  t>t 
water. 

In  addition  to  fat  and  resin,  a  ntiml«T  of 
other  substances  free  from  nitrogen  and  which 
are  genmdly  classed  with  the  resins  are  also  rt* 
presented  in  the  grain  of  barley.  Ver\  little  is 
knuvvu  uf  theiti,  but  although  present  in  minute 
quantit>'  they  play  an  important  part  in  eon* 
tributin^  to  the  flavotirand  general  appeaiaiue 
of  ea<;h  individual  grain  of  com. 

III.  The  nitrogMunu  or  protdd  bodies  finuid 

in  grain  are  mtjch  more  complex  in  chemical  com- 
(Kwition  than  the  carlK)hydrat<*s ;  they  all  con- 
tain carbon,  oxygen,  hydrc^en,  nitfogen,  and 
some  of  them  sulphur  as  welL 

Several  investigators  have  turned  their 
attention  to  the  nature  of  these  bodies,  and  we 
are  indebted  to  T.  B.  Osborne  for  much  valuable 
information  on  this  subject.  This  vnrket  finds 
that  barley  contains  the  foUoirillg  propattioos 
of  proteid  bodies  : — 

Lettoosin  (albumin)      .       .  U-3U  p.c. 

Ffetiteaae^edeBtln  (globnlin)  1*90  „ 

Hordem  ....  4-00  ^ 
Insoluble  ^oteid  .       .       .  „ 

10-75 

Of  thoso  the  albiinnn  is  soluble  in  water,  \iv,* 
coagulated  by  htmt,  globulin  is  insulubie  m 
water,  but  soluble  yi  dilute  saline  solutions, 
proUofic  in  .'«>lublo  in  water,  antl  hord/-in  only 
slightly  so,  but  readily  soluble  m  70  p.c  alcohol. 

In  common  with  all  other  seeds  and  livm^ 
vegetable  as  well  af  animal  organisms,  barley 
contains  several  of  a  remarkable  series  of  botiirs, 
which  are  considered  to  be  closely  allied  to  the 
albuminoid  bodies,  and  which  are  termed 
enzymes.  Up  to  the  present  no  evidence  has 
been  brought  forward  to  determine  whether 
these  bodies  have  a  definite  composition,  for  m 
spite  of  muy  investigations  it  has  not  been 
found  possible  to  detennine  (he  oonatiiatiDa  of 
a  single  OJM, 

Tneao  bodies  are  termed  unorganised  fer> 
ments,  and  the}'  efTn  i  ferment.vtive  |jrocc»i>cs. 
I<lffront  defines  them  as  active  organic 
substances,  secreted  by  oelb  which  have  the 
proix  rty  under  ei  rtaui  condition^  of  facilitat- 
inp  chemical  reactions  between  certain  boditv, 
i»ithottt  enteiing  into  the  eompositioa  of  thr 
delinile  products  which  result.  The  ferment-s 
act  specifically,  that  is  to  say,  each  one  exercisea 
its  activity  exclusively  on  suhstanoes  of  wdi* 
definetl  structural  and  slereo-chemieal  compoisi- 
tiuu.  Uf  the  means  by  which  the^ic  fe^metiu 
develop  their  activity  nothing  is  imown.  Tbfir 
n  aetions  mu.<«t  at  prc^t  iit  he  siniiily  regardci 
as  special  phenomena  ol  the  cattily  Uc  processes* 
catalytic  reaction  being  a  somewhat  vague  tctm 
which  «e  api'ly  to  tln-.v.  ri  aetii  u-  wliich  cannot 
without  further  know  li  di^e  U>  explaiiK>d  by 
simple  chemical  th<  i<r|i  >.  The  enxjfmyts  have 
bc<n  <li\ided  into  the  iuLlownn:  seven  ^Tf^uju*. 
accortluig  to  their  rejtpectivc  bpctau-  rraciionr 


BREWING. 


QlnMM  (m^ie) 


loM  into  augftrs 
sQch  as  mill* 
nose,  ]grlo«e»  4(0. 


( W.  J.  Sy  kei,  Priiioi]dm  Mid  PltMtiM  of  Bnwing, 
1907,  117):— 

Qroup  I. — DiaatAiio  oozymes. 

Dia«ta«e  of   MMNtion  ^wch 

(malt)  -.         <f  mtmltMu* 

IUydrolyses  stArch 
'finally  into  gla> 
cose. 

Group  J  I. — C)-to-hy<lrolytic  enzymes, 

CyUwo  (mftlt)  ^Tran>*furiii  ct  llu 

i^vmea  of  seeds  in 
which  the  reserve  ma- 
terial is  ccilulose 
Group  III. — Pectin  enzymes. 

Enzymes  which  convert  peotinoit*  SUb* 
stAfict-s  into  vegetal ji'lly. 
Gniup  I  y. — Inverting  enzymes. 

,      .      ,  "  Convert  oane 

Maltose  (yenat)  TrMufotni  nal- 

Enzymes  of  tM  ttnall  '    to^^o  into  glu. 

intestine  j  coae. 

Ensymee  of  sreaat  which  degnde  tho 

deztrins  t'l  nif\lto  -c  ;  these  art' especially 
present  in  thct^u  yeasts  which  bring 
•bout  the  seoondaiy  fermentotion  ana 
condition  of  beer. 

ProbaWf  f>n7VTnf>  of       f Converts  maltose 
gernuriHUiig  barley    '(    into cano sugar. 
Group  V. — Proteol^-tic  enzymee. 
Enzymes  of  malt  and 
other  ve^tables, 
among    which  are 
ppptase  and  tryptaae 
Trypsin  (jianureaaj 

,  Converts  proteids 
into  proteose.'! 
and  peptoneti, 
but  not  into 
amides. 

Peptonising  ferments  secreted  by  many 
bacteria. 

a/rmip  VL — Ulucoeidal  enzymes. 

^Splits  up  amyg- 
,  .        /.-.A  I       dalin  into  oil  of 

hydrocyanic 
*  acid,  and  water. 
|lany  other  enzymes  which  have  the  power 
of  hydrolysing  gluooaidM. 
Group  V 11.    Zyrna.s«'  of  yea^t. 

iSplits  up  sugar  into  alcohol  and  carbon 
dioiide. 

*  Ferment^,'  ai<  appliwl  to  these  l>odie.s,  is 
baldly  a  very  satisfactory  name^  and  it  has 
been  snp^geBtedt  and  the  sngi^eition  bu  been 

adopt^'d  to  a  lar^e  extent,  that  those  enzymes 
that  briag  about  the  hydrolysis  of  subetances 
shoold  be  termed  hydrotysts,  and  by  combining 

the  word  *  hydroly.st  '  \\  \\h  ihr  rinri-r  :f  the 
Hiiabtit^nce  acted  u{>un,  we  get  a  di.Htmc'tivu  name 
for  j-ach  cbuw.  Thus  an  enzyme  capable  of 
iiidurin^;  tin-  hydrolysis  of  starcit  is  termed  an 
umyUhhydrtdjfti ;  one  which  affects  pruicid-v,  a 

ROU  qf  tnxjfmM  during  getmituUiw. — As 


Convert  proteids 

into  proteoses, 
pept^mes,  and 


Pepsin  (stomach) 


aixeady  mmtwnod,  the  embryo  (»f  t  he  harley  <  orn 
is  in  close  contact  ^nth  the  starchy  part  of  the 
grain,  the  endosperm,  which  is  the  storehouse 
of  all  the  nutriment  required  by  the  ^  oung  plant 
until  such  time  as  it  can  lead  an  mdependent 
existence  and  acquire  necessary  food  from  the 
air  and  soil.  The  enzymes  during  this  period 
convert  the  inscduble  etaroh  and  oitrogenotut 
matter  into  soluble  bodiee,  which  can  easily 
tmvel  to  the  ^rrowinj/  ^ernl. 

Ungerminated  barley  contains  an  en^mc  or 
amylo-hydrolyst,  usually  known  as  transloeatifm 
diastase,  which  differs  from  the  amylo-hydrolyst 
or  diastaeCy  which  is  present  in  germinated 
grain,  in  ite  inability  to  liquefy  starch  paste} 
the  lattor  having'  extremely  aetive  liquefying 
and  saccharifying  powers. 

Jf  n  cold-wnier  extract  of  barley  be  added 
to  starch  paste,  it  is  found  to  hav<'  no  action 
whatever.  If,  however,  this  starch  paste  be 
tint  treated  with  oold>water  malt  eztnot,  at  a 
tenijH^rature  of  about  7r)®('.  for  a  few  minutes,  so 
as  to  bring  it  into  the  form  of  soluble  starch  or 
trythro-dexiriiit  then  cooled  to  a  temperatnze  of 
oO'C..  and  some  cold-water  barley  extract 
added,  the  conversion  of  the  soluble  starch  or 
hipiber  deztrins  into  reducible  sogani  proceeds 
with  great  facility. 

Translocation  diastase  is  unal)le  to  corrode 
starch  granules.  Brown  and  Morris  stating  that 
this  po>v<-r  and  that  of  liquefying  gelatmised 
starch  app'ar  Ui  go  hand  in  hand. 

Lintnerand  Kokhsidtfoond  that  tin  ■  act  ion  of 
l>Rr!"\  and  malt  diasta.4e.<*  differed  eonsiderahly  at 
V a riouH  temperatures  (^^elUioh.  f  ur  Brauw.  1889), 
and  J.  L.  Baker  has  shovi-n  (J.  Chenu  8oo.  19D2) 
that  the  products  of  reac  tion  on  a  solution  of 
soluble  starch  by  l>arley  diastase  are  very  different 
from  Uiooe  of  mail  diastase. 

As  soon  as  tht!  barleycorn  hemns  to  germinate, 
the  more  aeti\e  ani^lu-hydrolyst,  termed  by 
Bro\ni  and  Morris  sccreiion  ihtt.ola'^r,  to  dis- 
tinguish it  from  tlif  diastase  already  present  in 
the  grain,  inalie.s  iu  appearance,  and  accord- 
ing to  those  authors,  is  princinslly  due  to  a 
secretion  by  the  columnar  epithelium  of  the 
growing  embryo.  There  is  a  steady  accumula- 
tion of  this  diastase  in  the  endosperm,  which  in 
the  course  of  time  pwmeates  its  whole  tissue, 
the  ready  passage  of  the  enzyme  through  the  . 
contents  of  the  ^'raia  having  been  enormously 
facilitated  by  the  previous  destruction  of  the 
odl  walls  by  the  cyto-hydrolyst. 

When  this  is  aeeom])ii8hed,  the  malt  acfjuires 
the  so-called  mealy  condition  which  tho  maltster 
endeaToots  to  bring  about  to  its  fullest  extent. 

Seeretion  diaatase  was  first  in\ est igate<l  by 
Payen  and  Pcrsoz,  in  1883,  who  gave  it  tho 
name  diastase  from  hitrrt^u  (separation),  on 
account  of  its  .svj|»]>osed  property  nf  se[>ara1ing 
the  interior  of  the  starch  sraniUes  from  their 
outer  enveloiM;.  Under  the  action  of  this 
diastase,  stari  h  which  has  Ix'cn  fir>t  jrelatinisod 
by  boiling  water  undergoes  a  series  of  hydrations 
and  suceesaive  deeompoeitionjB,  resulting  in  the 
production  of  maltose  and  dc^xtrin.  The  action, 
which  is  capable  of  taking  place  at  O^C,  attains 
it  maximnm  betwvnm  fiO"  and  66^,  and  beasea 

alf.i-e(!ii  r  nt  SOT*. 

ll  upiK-ars,  then,  tlLat  mull  cunlaiao  at  least 
two  ainylo-hydroly»fi  or  diaMlnjiCft,  one  of  which, 
formed  during  tho  gro*iik  of  tho  baric) ,  has  not , 
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tho  powerr  of  tranKforming  a  saccharifying  starch 
]mMc  until  it  ha*  been  tir*-t  oo!ivtTto<l  into 
Holubie  starch  ;  the  other,  fi)riii('(i  tlurmg  germi- 
mrfum  cm  the  malting  floors,  possesses  the  power 
to  a  very  nirtrkfd  (Ifgrec  of  saccharifyinjr  ^<t«roh 
))a>tc  c  veil  at  as  high  a  temperature  as  hO^C. 

Bruu-n  and  Heron  (Chem.  Soo.  Trans.  1879, 
formed  an  opinion  that  the*«e  bodies  were 
not  simple  chemical  compoundB  of  cuiistAnt 
definite  composition,  but  must  be  considered  as 
a  mixture  of  several  bodies  differing  from  each 
other  in  chemical  and  physical  properties.  Thoy 
ascertained  that  when  coId-wati*r  extracts  of 
Uurley  and  malt  are  heated  up  to  different 
temperatures,  for  each  incroaso  of  temperature 
there  is  a  distinct  and  definite  amount  of  coagu- 
lation of  soluble  albuminous  substanoes,  and 
at  the  same  time  a  diminution  in  the  diaatatic 
«  iifr>;\  of  the  solution,  from  which  they  conclude 
*  that  the  diaatatic  nower  oi  malt  i»  a  jfunofcion 
of  the  eoai^ilable  ubumuunds  themselves,  and 
is  not  due-  to  the  presence  of  a  distinctive  tran.s- 
formiug  agent.'  There  oau  be  no  doubt  that 
duzmg  tbe  kifaidrying  of  malt  a  aimilar  reaction 
takes  place,  espocially  in  tlic  earlier  ^tages  of 
drying ;  a  small  proportion  of  the  more  easily 
coagxUable  albamlnoids  behig  rendered  meolnble, 
the  diastatic  power,  wliich  hud  att8ir:<  <1  its 
maximum  at  the  withering  stage,  at  the  same  time 
being  diminidied  to  a  ocmfliderable  vxlent. 
Indeed,  it  is  a  well-estabU8he<l  fact,  that  a  high- 
dried  malt  will  produce  in  the  breviing  a  more 
highly  dextrinous  beer  than  one  which  has  not 
been  dried  at  so  high  a  temperature  on  the  kiln. 
Another  set  of  enzymes  which  are  secreted 
during  germinaticn  are  those  that  act  upon  the 
prnteids,  the  proteo-hydrolysts.  It  was  not 
until  quite  recently  that  the  presence  of  these 
enzymes  were  definitely  decided  in  the  affirma- 
tive, althoii;;h  it  has  long  been  known  tliat  the 
nitrogenous  boditjs  of  barley  undergo  considerable 
modifications  during  germination,  and  Weiss 
(Zeits<  h.  f.  physiol.  ('hem.  31,  78-79  ;  and 
Zeit&ch.  ges.  Brauw.  11)03,  19,  301)  has  proved 
fairly  concluUTelythat  tho  two  enzymes,  peptase 
and  tryptase,  are  present.  Prptast  degrades  the 
proteids  down  to  albumost^,  having  a  maximum 
activitpr  at  51**C'.,  and  ttyptase  degrades  the 
albumms  dowTi  to  amides,  &c.,  the  optinmm 
temperature  l^'ing  between  45*(  '.  andOO'C.  The 
action  of  both  enzymes  cea^e.s  at  70°G. 

Tho  embryo  of  tho  barley  corn  rluring 
development  requires  nitrogen  to  build  up  now 
prot^<j)hisiM,  in  addition  t«  the  earbohyoziftes 
supplied  to  it  with  the  help  of  the  diastase,  and 
tho  mineral  salts.  I'here  is  therefore  a  con- 
tinuous draft  on  the  nitrogenous  as  well  as  the 
carbohydrate  reeorvee  of  the  endosperm.  These 
nitrogenous  reserves  reside  for  the  mo.st  part  in 
the  lino  network  of  the  material  in  which  the 
solid  starch  grains  are  embedded,  and  consist  of 
a  complex  mixture  of  proteifls  with  very 
different  {jri>j>CTties.  8onu-  are  sohihle  m  water 
(15-10  p.c  of  the  whole),  whilut  others  z^uiro 
reagents  to  bring  them  into  solatioii.  Tnese 
I*rt  .t  -  Ills  require  previous  preparation  befOTCthey 
can  be  absorlxMl  by  the  embryo. 

This  prepnratK>n  is  brought  about  by  the 
<'!izym<  -  .■i1m>\o  dc8crilto<l,  the  jieplnse  rediuinL,' 
the  proteids  to  albumoscs,  ouU  the  trypta^* 
further  reducing  the  albumoses  to  the  amino- 
acids,       and  it  is  mainly  in  this  form  that  tlia 


nitrogen  wanders  throogh  thesont^nm  into  the 

yoTiTi-'  plant. 

Brown  estimates  that  about  '.i'i-4*.}  ]•  c.  ui 
tho  nitrogenoas  reserves  of  the  en<i<>M;Hnn  pas 
into  the  young  plant,  and  it  is  prnlml)!*-  durine 
the  urdixiar}'  malting  {Kriud  thai  at  leset 
60-70  p.c.  of  the  proteids  haT6  been  alt«edl» 
while  only  16-17  p.c.  of  the  r»erve  ataith  hss  i 
been  att-acked  in  the  same  time. 

Tho  nitrogenous  bodies  found  in  malt  are 
duo  to  two  quite  different  hut  compiementar> 
rocesses  going  on  bimultaneuusly,  viz.  the 
reaking  doun  of  these  substances  into  less  c<ibi- 
plex  bodies,  which  goes  on  in  the  endosperm,  and 
the  building  up  of  these  simpler  bodies  into  new 
complexes,  whichgoesoninthegrowing  embrvo— 
a  down-grade  ana  an  up-grade  ])rocess.  About 
one-half  of  tho  nitrogenous  bodies  of  malt  an- 
up-grade  j>ro<luct.s  of  the  processes  of  germina- 
tion. This  appears  to  be  the  expianatioii  oL  the 
fact  that  the  conditions  which  tend  to  fofoe  the 
growih  of  the  ve^ets-itive  ]Mirt.s  of  the  grain  ars 
just  those  which  tend  to  increase  the  pro|KNrtaQii 
of  the  permanently  soluble  nitrogenous  con- 
st it  uents  of  a  malt. 

H.  T.  Brown  (The  Nitrogen  Quostifui  in 
Brewing.  J.  Inst.  Bkv^ing,  1907,  5)  has  inrestl* 
gated  the  nature  of  the  nitrogenovjj^  IxKlias 
soluble  in  water  and  not  (XMigulated  on  boiUng, 
present  in  the  finished  nislt,  and  was  able  to 
determine  about  66  p.c.  of  tlie  totaL 

Taking  the  nitrqgcn  of  a  previously  boded 
extract  of  malt  as  1W«  he  fonnd  its  diatrihotioB 
amongst  the  various  clasne-?  of  cnnstitmls 
came  out  apim)ximately  as  follows  : — 

Ammuuia  uitrogen         .  .  .  3*5 

Malt  albumose  nitrogea  .  .  .  20*0 

Malt  jK'pttine  nitrogen     .  .  .  310 

Amido  and  amino  nitrogen  .  .  8*5 

Nitrogen  ilue  to  organic  bases  .  4-0 

Balance  of  N  still  unacooniited  for  .   33-0  , 

lOOO 

This  gives  a  synopsis  of  the  various  clas?( - 
into  which  they  arc  divided.  It  w&a  found  that 
the  albumoses  consist  of  at  least  three  distinct 
bodies,  alliumo.ses  1.,  11.,  and  III.;  nhilst  X\ ■ 
peptones  can  bu  ditfereniialcd  into  t'no  mah 
peptones,  I.  and  II.  The  8-5  p.c.  of  nitrogen 
attrihutoil  to  umidi's  and  amino  ac  id^  mcludi  - 
(Uparagine,  tt/nmn,  and  kuciNc,  and  aUanic*n 
is  abo  included.  The  4  p.a  of  nitrogen  cone- 
spending  to  organic  baact  maialy  repramitc 
hUaint  and  cholnic 

T1wf6Uowing  table,  deduced  by  R.  Warington 
from  a  compilation  nil  acce.vsiiiU  anaJvw^, 
numbering  66  m  ail,  may  bo  taken  as  showmg 
a  fair  average  compositioii  of  barlcj  grain  s — 

1.  OsTbohydratoe  .      .      .   63  nr. 

2.  Fibre       ....  7-09 

3.  Fat  2<I5 

4.  Albttnunoida  .  IO166 

5.  Aah  

e.  Water     ....  Ui» 


Total  .       .  100-00 

Barley  grain  contains  on  an  aTVvage  le« 

nilrogon  than  either  wlieat  or  oats  ;  the  propor- 
tion is  least  in  fine  malting  barley,  amuunttug  t*) 
only  8  or  9  p.e.  of  albttmimiids. 

IV.  The  aah  of  barley  gram,  as  cakuJated, 
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from  60  Mulym  by  R  Wolff,  hM  the  f dlowiag 

average  compontion : — 

Potash    .       .  .  K,0  21-35 

Soda       .       .  .  Na,0  2-26 

Limo       .       .  ,  CaO  2-74 

MagnedA  .  MgO  8-66 

Eenric  oxide     .  ¥9  fig  0'91 


Fhonihorio  anhydride  Pfig 

Snlpfiiirio  anliirdride .  SO. 

8ilio»  .  8iO, 

Chknine  .  .  CSl 


35-91 

3519 
1*72 

26-10 
0-88 

63-89 


bulk  of  those  pliosphoric  acid  compounds 
ill  Lm.rley  ash  exist  as  a  calcium- magnesium- 
potaj<jjiutn  salt  of  OOgHMthyknedi phosphoric 
acid,  while  about  6  pi.e.  an  praaent  as  leoithin- 
phosphoric  acid. 

It  has  already  been  stated  that  land  which 
has  been  highly  manured  with  mineral  salte 
containing  a  high  percentage  of  nitrogen,  such, 
for  instance,  as  sodium  nitrate  or  ammonium 
sulphate,  will  produce  a  heavy  crop  of  barlej^. 
This,  of  course,  from  a  farmer's  point  of  view,  is 
d0ci(i(-l>  an  advantage,  but  such  barley  ia  always 
found  to  be  exceedingly  rich  in  albuminoids,  and 
consequently  low  m  the  percentage  of  stareh. 
Hence  for  l»ewing  pnrpoeea  it  is  extromoly  uii- 
•dTiaaUe  to  use  sucui »  buley,  for  not  only  will 
the  irort  leeolting  from  the  malt  nade  from  this 
barley  be  poor  in  saccharine  niatt^T,  bat  these 
nitrogenoos  sabetances,  when  present  in  too  large 
proportions  hi  the  wort,  ezeroise  a  very  injurious 
influence  on  it,  and  cause  the  finished  l>t'('r  to 
become  thick  and  cloudy  and  prevent  its  keep-  ' 
ing  sound  Ux  any  length  of  time  (L.  Marx,  Rev.  | 
Univ.  de  la  Brasserie). 

Therefore^  from  a  brewing  point  of  view,  a 
hmxky  rich  m  slbnmmoids  most  be  regarded  as 
of  poor  quality,  whilo  n  low  content  of  albu- 
minoids in  general  ia  an  ei^rossion  of  high 
quality.  Hmm  IfoflrekBr  (Bied.  Zentr.  1886, 
696)  concludes  that  the  weight  per  bushel  which 
is  generally  regarded  as  a  fair  criterion  of  the 
▼arae  of  a  banoy,  can  hardly  be  looked  upon 
alojie  as  a  safe  guide  with  reganl  to  quality,  out 
that  the  chief  characteristics  of  a  first  quality 
bnlejr  are  (1)  its  consistency;  (2)  its  colour; 
(3)  percentage  of  moisture  ;  and  (4)  its  percentage 
of  albuminoids  ;  these  in  hrst -class  barleys  should 
not  eaneed  8'6  p.c.  He  also  finds  that  a  grain 
pOMBSsing  S  fine,  thin  husk  is  found  to  yield  the 
urgeet  amount  of  starch ;  the  kenicLs  in  this 
oaMo  should  be  tidn  and  roonded,  the  percentage 
of  husk  l>oing  a  minimum.  This  is  the  view 
a<lopt<Hl  by  Prof,  hrewer,  of  the  Brewer's 
Kxpcrimental  Station,  Ntnv  York,  us  well  as  by 
< '.  Lintner,  Dingl.  jwly.  J.  247,  350),  who  gives 
10-5  p.c.  of  albuminoids  as  a  limit  for  first-class 
berloy. 

13.  Preparation  of  barley  for  malting.  Very 
little  barley  is  in  a  fit  condition  for  undergoing 
the  ptoesas  of  malting  when  it  ia  delivered  at  the 
>)rcwery  or  malthouse  by  the  farmer,  as  it  gone- 
rall\-  contains  several  varieties  of  foreign  Boedn, 
fragmetit.'i  of  pebbles,  &c.,  mixed  up  with  it,  as 
well  as  light  and  damaged  com.  The  following 
preparatory  stages  are  considered  by  Stopee  to 
be  gemenlqr  MMsd  :~ 


Geaohig,  grading,  kifaidrying  or  sweating. 

The  dust  which  is  generally  found  adhering  to 
barley  consists  to  a  largo  extent  of  spores  of 
numerous  ferments  and  fmngoid  organisms,  many 
of  which  find  their  way  into  the  fermenting 
round  ;  seeds  of  weeds  and  other  foreign  grains 
may  also  be  present. 

C.  G.  Matthews  (J.  R.  Mierose.  S.  1SS:{) 
found  that  various  kinds  of  barley,  English  as 
well  as  Saale^  Fienoh,  Chilian,  and  Calinimiaii, 
yielil,  when  steepe<l  for  a  short  time  in  water,  an 
abundance  of  mould  s{x>rc8,  bacteria,  and  infu- 
soria of  various  species,  and  from  many  experi- 
ments made  by  nim  he  concluclcs  that  in  the 
first  stage  of  malting,  when  the  barley  is  put  in 
steep  the  spores  of  various  moulds  and  other 
micro-organisms  are  pn's<'ii(  in  quantity  in  the 
steep  water,  beinL;  introduted  into  the  cistern 
^vith  the  bariey,  and  although  the  greater  portion 
may  )>o  removed  on  withdrawal  of  the  stoep 
water,  yet  there  woulil  in  all  i)robabilit.y  be  left 
sufficient  to  cause  a  mould  growth,  on  injured  or 
weakly  corns  whilst  on  the  malting  floor.  Now, 
it  is  a  well-known  fact  that  good,  healthy,  grow- 
ing, perfect  corns  are  never  found  to  doNt  loj) 
growths  of  any  kind  of  mould ;  the  corns  which 
appear  to  be  favourable  to  such  are  always  those 
which  from  various  oauses  are  incapable  of 
carrying  on  a  strong  and  healthy  growth,  having 
been  injured  by  heating  in  stack,  or  sprouting, 
or,  as  is  more  generally  the  case  nowadays,  been 
s^t,  crushed,  or  otherwise  damaged  during 
threshing,  a  slight  abrasion  of  the  sun  in  some 
instanees  Wing  sufTlcient  to  ^ivo  rise  to  develop* 
ment  of  mouioL  Hence  it  will  be  seen  how  rmy 
important  it  is  that  the  barley  riionld  be  cleaned 

and  freed  as  much  as  possible  from  dust,  brokSD 
corns,  and  all  other  matters  which  may  in  any 
way  encourage  the  growth  of  mould  on  the 
malting  floors,  so  that  if  a  maltster  w  islies  for 
clean  doors  ho  must  first  thoroiuhly  clean  his 
barley  of  iooh  objeotionaUe  booues  by  proper 
and  carafgl  aareemiig.  A  form  of  ioveea  whioh 


Era.  4.— SxLr-AOXQia  Malt-sgsbsm. 

seems  well  adapted  for  this  purpose  is  shown  in 
Fig.  4. 

Grading  grain  is.  if  possible,  sitll  more  impor* 
tant  tliiiii  ( Ir.iuiriL;  it,  as  it  is  uu>M  ili'>irable  that 
fur  uiaitin£  purposes  all  the  corns  should  as 
far  as  posnble  be  ci  nnifonn  use.  The  next 
process,  and  one  of  extreme  importance,  b  the 
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kilndrying  of  barley,  or  sucatitig,  as  it  is  tech- 
nioally  termed.  VVith  cold  and  damp  seasons, 
and  with  the  modem  fashion  of  thitishing  by 
Hteam  either  when  carting  or  almost  immediately 
after  stacking,  so  that  the  grain  has  had  no 
ohattoe  of  sweating  in  stack,  it  is  highly  desirable 
that  thin  should  be  done  mi  thf?  kiln,  but,  like 
every  other  operation  in  malting,  it  requires 
diaoriinination  uid  tiie  exeroiw  of  judgment. 
Broadly  spoakin>^',  almost  every  sample  that  lias 
not  been  iofiueaoed  by  damp  is  decidedly  the 
better  for  a  few  hoars  upon  th»  kiln  prior  to 
"-toring  or  steepiiiK-  If  tho  aeruspire  han  moved, 
then  uxyiog  dooa  more  harm  than  good. 

The  moisture  p  roentage  should  be  deter> 
mined  on  each  parcel,  and  those  parcels  whicli 
contain  a  laiger.  peroentage  than  12  should  be 
dried  (or  sweated)  to  exp^  tuay  ezoett  over  this 
figure. 

Great  improvement  in  germinating  uowor  in 
brought  about  by  this  sweating,  whicn  is  as* 

cri!)e<l  to  the  following  causes  :  (1)  the  removal 
of  dut  from  the  skin  of  the  com  and  consequent 
freeing  of  the  pores ;  (2)  the  removal  of  moisture 
from  the  cndnspcrm  colls  causes  them  to  draw 
together  slightly  and  so  gives  rise  to  pores  and 
passages  tmtmgh  which  the  steep  water  may 
rraoJi  the  centre  of  the  grain, — excess  nf  original 
motiiluns  cauiies  these  cells  to  swell  and  be^me 
tightly  pressed  together ;  (3)  the  ezpnlaioa  of 
moisture  con.siderabh*  increases  the  secretory 
function  ol  thu  embryo  as  regards  the  amylo- 
hydiolytic  and  cyto-hydrolytic  enzymes. 

Sweating  is  }>est  carried  on  at  a  low  uniform 
l<'mperatur»;,  rartly  exc^ding  105*F.  Schdn- 
field  states  that  excellent  results  are  obtained  by 
gradually  raisin;;  the  t«mperaturo  of  the  barley 
to  133*i'\,  and  maintaining  this  toroiKTaturo 
with  a  liberal  supply  of  air  until  sufficient  1\-  dry. 
When  dried  it  is  advisable  to  store  the  harle\  in 
bins  for  at  least  a  fortnight  prior  to  steeping,  in 
order  that  it  may  have  time  to  mellow.  The 
u'rain  i!«  now  in  a  suitable  condition  for  under- 
;;oing  the  various  processes  of  malting ;  these 
are  steeping,  couohiiig»  flooring,  withermg, 
drying. 

14.  The  chief  distinctive  difference  between 
malt  and  eorn  is  growth ;  no  matter  what  pro- 
ooeseti  they  may  have  been  subjected  to,  any 
grains  of  the  com  which  have  not  grown 
remain  us  barley,  whe^t,  iS:e..  und  an-  imt  malt.  ; 
When  a  seed  is  nlace<l  under  suitable  conditions  | 
with  regard  to  heat,  light,  air,  and  moisture,  it  | 
begins  to  j,'<  rminate  or  f,'r<iu.  When  it  lx\s^ins  tu 
grow  the  first  sign  of  a  change  taking  place  is 
the  protrosion  in  a  downward  direction  of  the 
rootlets  or  radicle  t!in>u<ih  the  integument  ;  at 
the  same  time,  tlie  plumule  or  aoros|aru  begins 
to  start  growing  in  an  upward  direction  tmtu  it 
bursts  throM^'h  the  inti'^ument  and  L'ives  rise 
to  the  first  leafy  organs  of  the  growing  plant. 
When  wheat  oommenoee  to  ^terminate,  the 
])Iumule  of  the  embryo  on  burstni;^'  through  its 
envelope  finds  itself  in  immediate  contact  with 
the  inner  surface  of  the  ])encarp,  which  in  this 
case  not  being  suHicieutly  strftng  is  ruptured, 
tlu"  pluiniile  continuing  it-s  gnnvlh  outside  the 
pram. 

Ill  l>arie\  the  jK-ricarp  is  i.f  stiflicient  strength 
(even  in  the  so-callud  imked  barley,  where  the 
|»alea,  i-  m  wheat,  is  not  adherent)  to  retain 
the  plumule  within  it.  In  consequence  of  tliis  the 


growth  of  the  plumule  takes  place  between  the 
testa  and  pericarp,  and  in  very  close  proximity 
to  the  reserve  materials  of  the  endosperm,  tutt«l 
it  finally  issues  at  the  end  of  the  grain  the 
farthest  removed  from  the  emfaiyo. 

15.  The  water  used  for  wetting  or  steeping 
shmdd  be  of  such  inirity  that  it  may  i>a.>--i  ixf 
drinking  water.  \\'at<rs  containing  muck 
organic  matter,  especially  that  derived  from 
anitnal  sewage,  frequently  contain  salts  t>f  ph  -.- 
phorus,  which,  coming  in  contact  with  the 
numerous  spores  ct  baeieria  and  mould  oo  the 
n:rf  i  <  nf  tne  barley,  afford  a  most  favours Mt* 
medium  for  their  development  and  grottih.  Cer- 
tainly the  water  in  which  barley  haa  neen  etec-ped 
afFonls  itself  very  f^nitablo  noiiri.-hment  for  tht-^- 
micro-organisms,  and  where  the  water  helps  ia 
the  same  direction  the  result  is  self-evident. 

Of  the  mineral  matter  in  ^^•at4■r  irt)n  in  any 
form  is  most  objectionable,  as  it  givee  rise  not 
oiUy  to  tibe  insoluble  phosphate;  of  iron,  but  it 
also  forms  with  the  t^inntn  in  the  liusks  of  the 
grain,  the  black  itisuluble  taauaU;  uf  iron  which 
remains  in  the  husk  and  discolours  the  grain. 

Cidorides  of  the  allc  ili-',  if  ])rcaent  in  lar:^ 
quantity,  remove  a  couhidorable  pni]><ini<>n  of 
mineral  as  well  as  oiiganie  matter,  whilst  tliey 
retarfl  g'-rn^ination  to  a  f  on  iderable  degiw 
(Michel  and  Handwerck,  l.  -  l.  Zentr.  1682,486). 

The  presence  of  calcium  chloride  hinders  the 
extractive  action  of  sodium  ohlotide  to  »  certain 
extent  {ibid.). 

Hitherto  it  has  been  generally  accepted  that 
when  barli  y  is  steeped  in  the  cist^Tii.  the  st«t  p 
water  extracts  matter  not  oiUy  fruiii  the  huAke. 
but  also  from  the  interior  of  the  grain  :  and 
differing  views  ha\e  been  advanctHi  reganiinc 
the  influence  which  hard  and  jjoft  wattns  exirt 
on  the  extraction  of  organic  matter  and  phoq»- 
phat«s  from  the  interior  of  the  grain.  Ullick 
found  that  calcium  and  magnesium  carbonates! 
and  sulphates  are  generally  supposed  to  fix  the 
phosphoric  acid  in  the  grain,  the  potaah  and 
uiauucsia  bemg  extracteid  by  the  hard  water, 
whilst  the  lime  enters  into  combination  with  the 
phosphoric  acid,  forming  an  insoluble  phosphate 
in  the  grain  (Ullick,  Bied.  Zentr.  18S2,  40-42)  ; 
but  MiUs  and  Pettigrew  found  that  the  more  of 
these  mineral  salts  there  are  in  steep  water  the 
more  mineral  matter  there  is  extiaeted  from  the 
barley  (Chcm.  Sue.  Trans.  I8S2, 38).  They  were 
conhrmed  in  their  results  by  Michel  and  Hand- 
werck (Dingl.  poly.  J.  247, 82, 108, and 214).  Fkom 
a  series  of  exjH'riments  made  by  the  author  on 
the  stee]>ing  of  liariey,  where  (1)  distilled  water 
alone,  (2)  a  water  containing  13*8  grains  of 
calcium  carbonate  i-  r  gallon  (v.  .\naly>iji 
No.  2,  p.  362),  and  the  same  with  30  g,nim 
of  gypsum  added,  were  employed,  the  following 
results  were  arrived  at:  that  the  total  matt-r 
extracted  by  water  l^o.  1  was  in  aH  casets  the 
greatest,  that  by  water  No.  3  least ;  that  this 
applied  to  the  mineral  a«  well  n'i  the  nrsranic 
matter,  but  whereas  No.  1  dissolved  out  the 
most  mineral  matter,  No.  8  extraoted  the  most 
phosphoric  acid. 

Milh*  ami  Pettigrew  conclude  that  nitrato 
have  a  highly  stimulating  aof  ion  on  the  germi* 
nation  nf  malt,  and  recommend  the  additifii 
a  small  quantity  of  calcium  nitrato  (about  i 
grains  |>er  g;sllon)  to  those  waters  which  ars 
fkoient  m  mtrates. 
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A.  J.  Brown,  however,  has  proved  (J.  Inst.  ] 
Brewing,  1907,  13,  658)  that  when  undamaged 
barley  corns  arc  Htoeped  in  either  hanl  or  iii>ft 
Wfttert)  the  salta  dissolved  only  penetrate  the 
oiitor  tliick  coverings  of  the  grain,  and  the  first 
tlun  »ku\,  or  pericarp,  but  are  arrested  by  the 
aeeomd  thin  sUn,  or  if^tay  which  imoMdiaiMy 
surrounds  the  germ  and  endosperm,  only  pure 
water  entering  the  grain.  Hence  the  action  of 
steep  water  is  limited  to  the  external  envelopes  of 
the  grain,  and  the  matter  extracted  during  steeping 
(varying  from  0-6  to  1-6  p.a)  must  be  considered 
to  lie  (lerived  in  its  entixotyfcom  the  skins  of 
the  barley  com.  Working  on  these  lines,  H. 
Soyffert  (Zeitsch.  gea.  Brauw.  1907,  30)  finds  that 
the  carbonates  of  the  alkali  earths  (sodium, 
magnesium,  and  calcium)  act  on  the  tannin  and 
bitter  principles  of  the  husks  (the  effect  being 
to  remove  them  or  render  them  harmless), 
giving  the  malt  an  aroma  and  greater  sweetness. 
This  author  oonstders  very  soft  waters  unsuitable 
for  stet'ping,  and  only  give  good  results  with 
very  line  thin-skinned  tMirleys,  for  the  greater 
the  carbonate  eontent  of  the  water,  the  less 
stro.ss  ne«il  be  placed  on  the  quality  »>f  the 
barlejr.  Moufang  and  JU  Vetter  ooniirm  the 
viewa  of  Seyffert,  and  also  add  lliat  ealehim 
sulphate  and  sulphuric  acid  in  steep  water 
cause  the  husk  constituents  to  adhere  more 
firmly  to  tlie  fibre  of  the  husk,  so  that  these 
Mibstances  can  onh*  be  remuvetl  by  subsequent 
treatment  with  alkaline  water.  Matter  in 
sohition  in  the  steep  water,  however,  enters 
ilainag(M;l  corns,  and  loss  of  extract  from  the 
inti-rior  of  the  grain  takes  place  in  anv  type  of 
water,  whieh  wA  aferengthens  the  objee^oa  to 
the  damages  of  close  thrt?«hitig. 

It  will  bo  seen,  then,  that,  contrary  to  previous 
visva,  the  most  favourable  water  for  steeping 
is  one  containing  alkaline  rarl)onates. 

The  temperature  of  the  steep  water  con- 
siderably effects  the  rate  at  which  the  grain 
absorbs  water,  and  also  the  hjhhhI  of  germination 
on  the  floors.  The  warmer  the  water,  the  more 
rapid  is  the  absorption,  and  the  qniolEer  the 
start  of  germination.  The  temperature  usually 
adupUxi  in  England  is  50''-55''F.,  and  care 
.shouUl  be  taken  to  lee  that  this  is  kept  constant, 
in  order  to  preisrve  ngolanty  ol  water  oontent 
and _growth. 

^n&e  use  of  lime  w  atvr  in  the  steep  has  been 
recommended  by  Windisch  to  improve  gcrmina- 
tion  and  to  avoid  mould  formation  on  the  floors. 
This  has  been  found  to  give  good  results,  the 
lime  water  being  used  in  the  first  change  only. 

18.  Malting.  At  present  throe  systems  of 
making  malt  are  practised : 

( 1 )  English  system. 

(2)  Continental 

(3)  Pneumatic. 

Xhe  iikigliah  system  briefly  consists  in  steep- 
iqg  the  grain  in  water  in  large  iron  or  stone 
cistetlis,  draining  the  water  on.  sprt*a<:ling  the 
umurtiened  srain  in  thin  layers  upon  exposed 
floon  and  drying  upon  an  open  me  kiln  at  a 
period  of  from  9  to  21  days  from  time  of  st<H>ping. 

The  oontinental  system  differs  materially  in 
all  the  above'  details. 

Pneumatic  mnltiTi;,'  ^uiahIls  for  absolut-o 
coQtrui  over  the  admission  of  air  supplied  to  the 
geminating  grain. 

Briefly  tab  syktMn  is  as  follows :  The  grain 


is  first  steeped  in  the  same  manner  as  in  the 
English  floor  system.  It  is  then  transferrwl  to 
the  interior  of  a  metal  cylinder  or  drum,  which 
is  rotated  slowly  in  order  to  keep  the  growing 
barley  on  the  move,  whilst  moist  air  is  blown 
through  the  grain  from  a  central  duct ;  by  this 
means  absolute  control  of  tompamture  and 
humidity  is  obtained,  and  the  necessity  for 
sprinkling  is  obviated ;  when  the  piece  (as 
the  dnun  load  of  growing  barley  is  termed) 
has  grown  to  the  desired  extent  it  is 
either  transferred  to  an  ordinary  kiln  or  dried 
in  the  same  drum,  hot  air  being  blown  through 
instead  of  cool  moist  air  until  the  pieoe  is  suffici- 
ently cured. 

The  simplest  form  of  malthouse  possessing 
any  capacity  for  work  is  »  plain  two-story  build- 
ing having  attached  to  it  a  kUn  or  drying- 
house,  and  consisting  of  a  ground-llnor  of  cluneh, 
a  brick  steeping  cistern,  and  a  hrst  floor  of 
timber  with  or  without  partitions  for  separating 
the  stored  grain  or  malt ;  but  a  good  malt- 
house  (A  fair  sixe  is  most  oonvooicntly  and 
fiiTonrably  wothfld  tf  it  ooosiBts  of  one  main 
building  of  three  storiss— iWD  kilns  and  n  com 
or  malt  store. 

Tiie  growing  floor  may  be  oompoaed  of  a 
variety  of  materials,  but  that  which  in  most  to 
be  preferred  is  either  cement  concrete  worked  to 
a  }K>rfectly  smooth  faoe,  or  plain  unglaaed  red 
tiles,  well  set  in  n-ment. 

The  cistern  should  always  be  at  the  end 
opposite  to  the  Idln  in  a  single-floor  hoose^  and 
so  arranged  that  entire  control  of  the  tempera- 
ture of  the  steep  liquor  can  bo  secured,  and  that 
the  grain  can  be  readily  screened  into  them 
when  filled  Ainth  water  to  enable  the  thin  com 
and  refuse  to  float  off. 

The  water  supply  should  be  so  arranged 
that  it  can  be  run  in  from  below  and  overflow 
at  top  prior  to  a  chai^  of  steep  liquor,  and  a 
numoer  of  inlet  and  outlet  pipes,  all  titt<><l  with 
strainers,  should  be  fixed.  There  should  be 
in  addition  a  series  of  perforattnl  pipes,  by  means 
of  wfaidi  water  ean  be  sprayed  or  qsaiged  from 
above  over  the  grain  like  a  shower.  The  cis- 
terns are  emptied  of  the  steejH'd  grain  either  bv 
shovelling  on  to  the  floor,  if  on  the  same  level, 
or  by  running  domi  through  shoots  in  the 
bottom  to  the  floor  below. 

Cisterns  are  generally  built  of  concrete,  brick, 
or  iron.  .An  excellent  form  of  construetion  is 
afforded  by  the  use  of  the 
Hygeian  Rock  cement,  as 
shown  in  Fig.  6.  This 
method  gives  a  waD  only 
9  inches  thick,  but  quite 
strong  enough  for  all  prac- 
tical purposes ;  the  outside 
wall  of  the  cistern  is  gene- 
rally coated  with  oement, 
whilst  the  interior  of  the 
cistern  is  preferably  lined 
with  white  glazed  or 
enamelled  brieks  well  set  in 
cement.    Brick  or  concrete 

oistt^ms  should  have  a  wide  central  cliautiel 
running  thefr  full  length.  The  top  of  the  channel 
must  l>e  framed  to  receive  perforated  iron  plates 
or  tiles  to  servo  as  strainers,  iron  cisterns  are 
best  »"»^«*  square  in  idiape,  with  a  conical  bottom 
with  a  valve  at  the  apex  to  disehargc  the  wet 
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urain,  the  draw-olT  cuck  for  the  stMp  water 

bfing  fixtsl  as  oIonc  to  tho  valve  pospime,  and 
being  covered  with*  perforated  plato  to  prevent 
the  barley  ooRIt  drawn  off  with  tlw  w»t«r. 
8uch  ci«(ems  are  ufumlly  fixed  above  the  prowing 
floor,  and  the  grain  i.s  dii<cliargcd  diiectly  ou  to 
it.  The  capacity  of  these  cisterns  should  be  ample 
enough  to  steep  the  utmost  quantity  of  com  the 
floor  can  possibly  grow  in  the  coldest  weather ; 
not  less  than  14  cubic  feet  piT  quarter  should 
be  allowed  when  calculating  their  dimensions. 

The  kiln  should  be  a  lofty  and  roomy  struc- 
ture, preferably  of  brick,  with  a  hi^h  roof 
BurmountoU  by  a  cowL  The  area  of  tho  drying 
floors  should  never  exceed  one>fourth  or  be  lees 
tli.m  otie-pixth  of  the  growing  floors,  nor  should 
the  combined  air  inlets  aad  diacharges  bear  a 
ratio  to  each  other  exeeeding  that  of  4  to  6. 

In  practice  it  is  found  that  the  more  closely 
a  kiln  resembles  a  chimney  in  construction,  the 
greater  is  its  eflMiv«  capacity,  consequently 
the  tendency  has  been  constantly  to  incroaso  the 
height  of  the  kilns.  Kilns  may  be  of  various 
foms,  hut  a  square  one  if  ttndoabtadly  the  beet. 
In  Fig.  n  is  shou  n  a  type  of  kiln  at  one  time  veiy 
common  in  Great  Britain. 


In  everj'  portion  of  the  plant  connected  with 
lualtuig,  j^reat  (lix  ersitie.s  of  ttizo  and  stylo  occur, 
and  kihi  f umaotie  uSm  no  exception  to  the  rule. 
Generally  xiialt>kilii  funaaooe  either  permit  the 
|iri»ducts  of  combustion  to  pn^s  through  the 
malt  whilst  drying*  or  they  do  not  do  oo.  The 
form  of  fumaop,  perhapct,  most  in  vc^e  in  thii* 
t  \  pe  of  kiln  is  known  as  the  fire-ba^ket.  This 
is  a  large  open  caist>irun  basket  ul  irum  3  to  6  ft. 
square,  witn  loffja  or  supports  carrying  a  frame 
fitted  with  ordinary*  Hre-bHrH  atid  tliirk  >ln|iinL' 
sides,  iheae  baskets  are  sometimes  placed 
merely  upon  the  bottom  floor  of  the  kiln  with 
n<i  |irut<'<  t  i- in  nf  any  kiinl,  others  r»r<-  built  <)\  (t 
With  a  bi  iek  arch  kit  full  ot  irnhn  Jor  the  e8cai>e  1 
of  heat  fill  all  aides,  a  in  Fig.  6  shows  the  form  I 
of  tire'basket  usually  employed*  the  epaoes  SB  * 


at  the  aides  of  the  furnace  are  used  as  coal  or 
ftiH  «»torf«».  The  dryino;  flo<ir  c  built  at  all 
heights,  ranging  from  5  to  29  tt.  above  tJut 
fonao^  and  is  g^oenlly  made  of  eartlMaiwue 


Flu.  7. 


l>crforated  tiles  restuig  on  light  iron  bars,  which 

in  their  turn  are  8Upi>i>rt«  il  by  l^r:;*  r  joi-ts. 

The  oonstraotiou  of  the  roof  d  i;»  of  aft 
importance,  as  very  much  depends  on  it ;  ?  the 
pitch  i^  not  at  the  i)roper  angl«'.  tliv'  di\ini:  oi 
the  malt  is  affected  to  a  certain  extent ;  ctum 
timbers  are  objectionable,  and  should  be  aTotded 
as  far  as  jioMsible  ;  lath  and  pla.-t<  r  forms  th> 
best  linmg  to  the  slate  roof,  as  Meli  as  for  liie 
sides  of  the  drying  chambor. 

The  eowl  x  is  the  usual  fonn  of  outlet  Iq 
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this  type  of  kOn.  In  1881  the  fini  Idln  in 

Knj^ltiiia  with  two  floors,  and  known  as  Stopes'a 
SA'stom  (Fig.  7),  was  erected  by  Messrs.  TapUn  & 
Sons,  ftt  Brighton,  whioh  gave  very  satisfactory 
rosuJts,  and  is  ustil  liy  many  breweries  in  tin's 
country.  It  is  claimed  that  two-floor  kilns  pos- 
aess  several  advantages,  of  which,  probably,  the 
chief  are  the  retrularity  of  temperatnro  upon 
both  floors  and  the  economy  of  fuel  and  labour. 

The  modem  type  of  kiln  is  illiutvftte^l  in 
Fig.  8.  With  this  type  tlio  furnace  a  consists 
of  a  square  chamber  lined  with  tire  bricic,  and 
fumisfafid  with  oidiiuury  fire-bars.  The  tem- 
porattiro  of  the  upw-:ir(1  'Imnght  is  ropulated 
by   iron  plates  whicK  luixtrol  the  air  inleu> 


Ito.  8. 

aa  above  the  fire.  The  hot  air  and  products  of 
combustion  pass  up  the  shaft.aml  nrr  libtributed 
evenly  over  the  drying  floor  c  by  the  brick  and 
concrete  baffle  B,  aupported  on  short  brick 
pillars.  The  drying  floor  c  is  composed  of  .^teel 
wire.  The  oowl  is  xeplaced  by  »  shaft  pro* 
vided  With  hmvre  bo«raB,aiid  a  Uat.  m  to  control 
the  force  of  the  upward  draught  is  fixtd  at  tlic 
bMO  <rf  this  shaft.  The  spiMjes  n  are  used  as 
ft  nudt  storss. 

17.  Steeping.  The  clsttrn  should  be  filled 
with  the  steep  water,  then  the  barley  slowly  run 
ihron^h  •  riioot  into  the  oistem ;  by  this  meens 
the  dirt  and  dust,  small  and  light  corns,  and 
other  loattora  had  their  way  readily  to  the  sur- 
fMe  and  may  be  skimmed  off.  Tlus  ftcsfc  atoop 
water  shoiila  be  nux  off  within  tlia  first  six 


hours,  it  bcinL'  the  most  impure ;  the  succeeding 
steep  water  should  be  changed  every  twelve  to 
t%vonty-four  hours,  according  to  tcmjwraturc  anil 
season  of  year. 

Huflicient  t line  must  Lr  ;illout'<l  lit-lwcfii  run- 
ning off  the  old  uud  running  on  tin;  lio&h  water 
to  ulow  the  barley  to  become  well  aiSratod.  In 
some  maltings  air  is  pumped  into  the  barley 
whilst  it  is  steeping  in  the  water. 

Hie  first  steeii  water  should  be  run  ofiF  from 
above,  and  the  second  w-attT  run  in  from  under- 
neath ;  this  upward  iiUration  serves  very  cflFec* 
tually  to  cleanse  the  grain  from  any  adhering  im- 
purities.  Some  maltsters  sparge  on  the  steep 
water  through  sparge  arms  fixed  above  the 
cistern,  thereby  aiding  aeration  considerably, 
Tlie  ^ain  is  allowed  to  remain  in  steep  for  a 
period  of  forty  to  seventy  hours,  depending  upon 
surroundings  ;  but  the  maltster  would  naturally 
be  guided  by  the  temperature  of  the  atmosphere, 
the  quality,  condition,  and  age  of  the  barley, 
high  temperature  necessitating  more  frequent 
changes  of  steep  water  and  shorter  time  in 
steep.  Then,  again,  ooane,  thiok-skinned,  or 
heavy  harleys  would  naturally  require  lontrer 
steeping  than  the  lighter  and  thinner  kinds  ;  the 
older  the  barley,  me  longer  it  requires  to  be 
steeped,  as  new  liarlov  germinate-;  more  quickly 
than  old,  the  chief  object  of  steeping  being  to 
impart  to  the  gram  about  to  be  malted  a  suiB* 
cienc^  of  moistnze  to  miMtre  perfect  and  regular 
germmation. 

18.  Oomldiig.  Before  the  lepetl  of  the  malt 
tax  till  barley,  when  taken  out  of  steep,  wa.s 
placed  in  what  was  known  as  the  couoh.  This 
mi^ht  be  regarded  as  a  dry  cistern  wlme  the 
grain  had  to  He  a  ccTtAin  number  of  hours,  or  until 
it  was  gauged  by  the  excise  officer  and  the  duty 
levied.  Since  this  has  been  done  away  wifli,  tlm 
couch  is  no  longer  needed,  though  even  yet 
many  maltsters  nile  up  the  barley  when  taken 
out  of  steep  in  a  heap  for  twenty  to  twenty-fomr 
hours,  indeed,  until  the  crowing  point  of  the 
rootlet  begins  to  show.  This  is  a  great  mis- 
take. In  the  first  place,  a  greater  amount  of 
heat  v,:!l  he  developed  in  tno  interior  of  the 
heap  than  on  the  outride  by  the  germinating 
gram,  hence  these  corns  will  grow  more  rapidly 
than  the  others,  so  that  very  uneven  '  pieces  ' 
on  the  floors  wiU  bo  the  rosidt.  It  has  also 
been  proved  that  heat  in  couch  tends  directly 
to  produce  acidity  in  the  finished  malt.  After 
the  grain  comes  out  of  steep  it  rcquiruii  ail  the 
oxygen  it  can  get,  as  well  as  the  removal  of  the 
carbonic  acid  gas  which  becomes  disengaged 
by  the  process  of  germination  ;  this  necessarily 
involves  free  conUust  with  air,  and  therefore  it  is 
advisable  Uiat  coaching  be  done  away  with 
altogether. 

19.  Flooring.  Wliere  it  is  still  practised,  as 
soon  as  germination  is  observed  to  have  com- 
menced, the  ooDoh  is  broken  down  and  the  grain 
sprea<l  out  on  the  flwr,  the  depth  at  first  vary- 
ing from  12  inches  to  about  3  or  4  according 
to  seascm  and  temperatmre;  it  is  then  left  for 
from  twenty  to  twenty-four  hours,  \\hen  it  18 
turned  by  means  ol  a  wooden  spade,  ^^or  the 
snooeedinff  two  or  tiiree  days  it  is  either 
'ploughed'  or  luriifHl  about  twice  daily;  of 
course  this  entirely  depends  on  the  ju^gnient 
and  oxiicrienco  of  the  maltster,  his  main  object 

being  to  obtain  a  good  bushy  root  and  a  rogmar.  ^ 

ij^.i^oa  by  VjC 
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derelopropnt  of  th«  ««rospii«.   Thi»  require* 

viTV  carrful  and  rlo<c  ntti'iition  on  the  luirt  of 
the  maltster,  for  during  '  flooring '  he  has  not 
only  to  oonlml  the  development  or  gmwiih  of 
the  germinaiinu  Krain,  biil  tlif  \f  iy  ruiturt'  of 
that  growth.  He  haa  to  give  air  and  secure 
ventilation,  to  repriate  heat  and  humidity,  to 
fo8t<?r  the  <l<  vcli>{)ni(nt  of  (lie  ncr(>si)in'.  and 
check  the  root  ipowth,  or  tmVc  versd  a^  thv  coiio 
may  be ;  all  this  oan  only  be  attained  by  long 
experi*  Tu  «-  and  an  inteUigeat  appreeiation  m 
aciontitlc  facts. 

As  a  rule,  English  maltsters  allow  gemina* 
tion  tc)  pruoot'd  until  th-  acrospire  has  ext<mded 
to  about  throe-fourtiLd  tiie  length  of  the  grain, 
the  rootlete  being  at  the  sarao  time  about  twice 
Ihf  length  of  the  f^raiii,  hut  Ihi  i-  varied  con- 
siderably according  to  the  idea.s  i»f  each  in- 
dividual nialtetcr.  Gemination  is  accordingly 
carriofl  on  until  this  st «<_'•'  i'^  reached. 

About  the  fifth  day  from  the  time  of  taking 
out  of  steep  the  grain  is  sprinkled  at  intervals 
with  water  fmm  a  waterinj;-can  ;  this  is  eon- 
tiniKHl  until  the  sixth  day.  The  quantity  of 
wat<>r  used  for  this  purpose  varies  from  three  to 
six  gallons  per  quarter  of  barley,  but  of  course 
will  naturally  (lepcnd  upon  the  state  of  the 
atmosphere  as  well  as  on  the  condition  of  the 
piece.  On  the  days  of  sprinkling  the  grain  is 
turned  four  times  each  day  ;  after  the  sixth  day 
it  is  turned  two  or  three  times  daily.  As  soon 
as  the  germination  has  proceeded  to  such  a 
degree  as  may  be  desirable,  it  is  subjected  to 
the  process  of  withering,  the  object  being  to 
arrest  germination,  to  increase  the  temperature 
of  the  piece  so  that  as  large  an  amount  of 
moisture  as  possi))le  jnay  be  got  rid  of  prepara- 
tory to  kilndzyiog.  In  many  maJthouses  a 
proper  wfthering  floor  is  provided,  generally  of 
wood.  Durintr  this  ntage  the  Bootlets  wither,  he- 
ooming  shrivelled  and  dry.  As  soon  as  this 
takes  place,  many  maltsters  throw  the  green 
malt,  as  it  is  now  called,  into  a  heaj).  and  allow 
it  to  heat  spontaneously,  the  object  being  to 
make  it  tender. 

A  piece  which  was  sprinkled  on  the  fifth  and 
sixth  days  under  ordinary  conditions  should  be 
ready  to  go  on  kiln  on  the  tenth  or  eleventh 

dn  \ . 

Some  maltsters  allow  the  piece  to  become 
almost  drv,  not  sprinkling  unlfl  the  eighth  or 

oven  ninth  day.  hut  this  eannot  ho  recom- 
mended. The  grain  at  time  of  going  to  kiln  is  at 
most  only  imperfectly  withered,  contains  an 
oxcofs-  of  inoi?^ture  noressitatini;  very  frequent 
turning  as  well  as  encouragitig  the  growth  of 
mould  on  kiln,  and  finally  imparting  a  degree  of 
hardness'  or  steeliness  to  the  finished  Jimlt 
which  occiiHiouti  dimininhiMl  e.\tracl  and  poa 
sibly  xtarchv  worts. 

Tf  the  harlo)'  whilst  on  the  floors  shows 
much,  or  in  fact  any  signtt  uf  iiiouldiiKvvs,  both 
the  cistern  and  Hoors  must  bo  thoroughly  \»ell 
scnihhed  with  water  to  which  10  p.c.  of  trood 
strong  calcium  bisulphite  has  been  added. 
When  dealing  with  low.class,  tU-conditiono<l, 
or  damaged  grain,  it  is  ah^-nvf  well  to  add  a 
suitable  quantity  of  bisulphito,  hoth  to  the 
st<^>ep  water  as  well  ««  to  the  water  used  for 
sprinkling. 

It  is  also  essential  that  thermometers  should 
he  plaoed  at  frequent  intervals  on  the  floors^ 


and  the  temperature  carefully  noted  from  thne 

to  time;  inilced,  the  question  ijf  l-(  iiip  ralur''  is 
just  as  important  a  factor  in  malting  as  it  is  iu 
mashing. 

20.  Drying.  By  the  time  th<-  <.Mrminatrd 
barley  is  ready  to  go  on  the  kiln,  it  really  is  m 
effect  no  hmgor  bwrley  but  malt,  or  more  pro- 
perly jrreen  malt,  and  has  attaintil  at  this  --a.v 
its  highest  diastatic  enecxy,  so  that  if  the  object 
were  merely  the  produd^i  of  diiM«ee  the  mah 
might  now  bo  (fried  oflf  at  ordiriary  tmij-r^- 
turee ;  but  for  the  purposes  of  the  brewer  and 
distiOer  it  is  absolutely  necessary  that  thai 
pTTon  malt  bo  subjected  to  the  influence  of  ht*t, 
not  only  for  the  purpose  of  drying  it  completely 
and  arresting  gemunation,  but  in  order  that 
certain  changes  may  take  place  in  the  <  h'  nd^  il 
composition  of  its  various  oonstituent«  whieh 
are  necessary  to  impart  flavour  and  utber 
pri^iportios  to  the  liquor  hn-wed  from  if  >:v.i] 
which  we  term  beer.  In  additiuu  to  ihii*.  ttio 
malt  also  becomes  capable  of  longthenod  storasc, 
and  when  well  dried  is  Kvst  adapted  for  L'tindinj: 
and  fur  transport ;  also  ail  mould  and  tunguui 
growths  are  comjdelely  amated  and  their 
vitality  suspendod. 

The  temperature  omployed  in  finishing  off 
the  malt  on  the  kiln  vi-ill  determine  its  qualitv. 
thus  we  may  have  pale  malts,  niediiun»  and  higii* 
drietl. 

For  pale  malt  only  the  better  qualities  ol 
barley  should  be  used,  and  great  att^'ntion 
should  be  paid  whilst  on  the  growing  lienor  to 
prevent  the  development  of  moidd  ;  also  the 
withering  off  should  be  carefullv  attended  to. 
the  principal  object  of  the  maftster  being  to 
obtain  a  good  healthy  groM^lh  in  the  oArlier 
stages,  and  that  the  green  malt  should  be  as 
dry  as  possible  at  the  time  of  going  to  kiln. 

To  dry  pale  malt  well,  oUfpet  eaya  three 
things  are  necessary : 

( 1 )  It  should  be  loaded  in  the  condition  juiit 
described  as  sound  green  malt  upon  a  floor  at  a 
thickness  rarely,  if  ever,  exceeding  7  to  8  inohee. 

(2)  It  must  remain  iMlvrNeil  at  a  low  tem- 
perature until  nearly  all  ni(  Nlur'  is  reniovi  d. 

(3)  Heat  must  ihen  be  applied  steadily  and 
freely,  and  be  maintained  for  a  tsoandoMb  tine 
at  a  nearl\'  uniform  t^'mporature,  rao^ng  hon 
160°  to  as  high  as  230°  in  some  cases. 

Constant  lotUng  of  the  kiln  at  this  period  is 
necessary,  otherwise  mould  is  bp-eially  liable  to 
take  place,  and  this  should  be  persevered  in 
until  the  malt  is  sufficiently  dry  to  be  teamed. 
On  no  account  should  turnintr  Ik*  rofortcd  to 
until  the  malt  is  fairly  dry  to  the  touch.  To 
ensure  the  oanying  out  of  these  points  with 
yreator  aconraoy  and  less  risk  than  is  p.w^ihlo 
on  an  ordinary  kiln,  the  employment  of  a  fan 
is  requisite  to  create  a  motKMi  of  air  iluoiqrh 
the  malt,  hy  v  hir  h  moans  the  moisture  can  W 
oxtractvd  at  much  low  er  temperatures  than  woulci 
be  possible  under  ordinary  circumstances,  and 
without  fear  of  putrefaction,  whilst  for  anifor* 
mity  of  temperature  it  is  unequalled. 

Aa  long  as  an  appreciable  amount  of  mom- 
txiTv  romams  in  the  malt,  it  is  most  important 
tliat  the  temperature  on  kdn  should  not  exceed 
1211°.  while  sjweial  attention  must  be  paid  t<> 
ventilatictn.  When  we  consider  that  frr)ni  * 
to  i2u°  in  the  nioeit  favourabk  range  of  tempt-r*- 
ture  for  the  development  of  the 
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spores  of  variouj}  micro-orgMibnM  which,  do< 
fipite  all  our  efforts  to  the  oontnury.  are  to  be 

found  a<lhering  to  tho  moist  rornn,  nuil  that  with 
their  development  ensue  chemical  changes,  Huch 
as  the  production  of  Tarious  of^^nic  aoiuK,  which 
luft^'i  '^(■ri'itj  !y  affect  the  character  of  th«-  ninlt, 
jt  \\uiil(i  sccni  that  the  »«hortor  time  the  malt 
is  exposed  to  thui  temjH'rature  the  better  ;  there- 
(oTf  it  13  advisable  that  the  layer  of  mnlt  nhould 
certainly  not  exceed  8  inches,  and  it  would 
be  better  stQl  if  it  were  only  6.  But  it  is  not 
simply'  a  question  of  drying  the  malt  quickly  at 
a  low  temperature ;  certain  chang<»i  irrespeotivo 
of  thoflc  produced  by  mioro-oigaiiisnw  are 
brought  »bout  in  the  nitrogenous  as  well  as  in 
the  other  constituents  of  the  malt  whilst  sub- 
mitted to  these  conditions  of  tempentme  and 
moiHture. 

As  Hoon  as  thf  malt  btgins  to  present  a  dry 
afvpearancc,  the  temperature  may  U'  <i:radually 
raiHcd  up  to  the  final  temperature  at  which  it  i^ 
to  l)e  finished  off.  It  is  impo.H.sible  to  give  a 
fixed  limit  f«>r  this,  as  a  great  deal  will  <lepend 
upon  circumstances,  but,  aa  a  general  rule,  for 
pale  malt  the  final  temperature  may  bo  taken  at 
200**F.  From  the  time  of  raising  the  tempera- 
ture until  the  end  of  the  process,  the  malt  shoold 
be  turned  at  intervals. 

In  drying  the  malt  the  great  point  to  be 
obaerved  'a  the  maintenance  of  a  peqrfeotly  oven 
temperature,  bo  that  the  whole  oC  the  malt 
drying  .sliould  In-  at  any  given  vomeni  of  the 
same  uniform  temperature. 

In  the  old  type  of  kiln  the  prooess  of  drying, 
from  time  of  poirig  on  to  coming  ofT  kiln,  usually 
oooupiee  about  four  days,  and  is  distoibutod  ah 

1st  day  not  below  W  or  above  1€0*F. 
2nd      .,        „     W        ^  110» 
3rd      „        ..     120P      „  12ff 
4th  „     140^      „  WKf-m* 

For  tho  first  two  days  the  mult  should  on  no 
acouunt  bo  turned,  but  the  surface  forked  over 
lightly,  if  needed.  After  the  second  day  the 
malt  should  Im>  turned  at  frequent  intervals. 
In  the  modem  type  of  kiln  the  drying  imKsess 
from  the  time  of  going  on  to  eonung  off  kiln 
usually  ocon^ea  three <uyi, and  is distribntcd  as 
follows : — 

1st  day  not  below  80"  or  above  10(W 

2nd    „      „     100"      „  nn« 

3nl  ,.  ..'  130»  ..  2<K)* 
The  malt  U  nut  turnod  until  the  second 
day.  As  soon  as  the  green  malt  is  loaded  on 
th<'  kiln,  th<>  fan  is  startt'd  rapidly,  and  by  thiB 
mvauH  a  strong  upward  draught  is  induced 
which  draws  the  moist  ure  rapirlly  from  the  malt ; 
OA  tho  latter  InxjomeH  dry,  the  temperature  is 
increaseil,  an<l  the  speed  of  tho  fan  is  reduced. 
Medium  and  high-drie<l  maltis  are  finished  off 
at  much  higher  tcmiieratnres,  ranging  from 
200**  to  230*  and  upwards. 

As  soon  as  tho  temperature  gets  up  to  tho 
final  point,  this  heat  is  in  a  great  many  maltin^s 
maintained  only  for  one  or  two  hours.  This  is 
a  great  mistake  ;  there  can  be  no  doubt  that  the 
longer  the  malt  is  exposed  to  a  high  heat,  the 
sounder  and  better  keeping  will  bo  vim  resnlting 
beer.  The  final  heat  might  ci  rtaiidy  bo  attalnod 
in  a  shorter  time  than  it  usually  is,  and  tho 
malt  mie^t  bo  expoaed  to  this  heat  for  at  least 


0  hours  without  undergoutg  any  darkening  in 
colour  what<^ver. 

Much  thf  fiamp  rm-thod  is  pursurd  in  tho 
drying  of  the  utalt  on  double-floor  kilns  as  on 
single.  Tho  malt  is  first  loaded  on  to  the  top 
flfKjr,  where  it  is  kept  at  a  temporaturt*  not  ex- 
ceeding 120®  until  about  90  p.c.  of  tho  moi.sturo 
is  driven  off.  1 1  is  then  dropped  through  iloors  or 
holes  to  tho  lower  floor,  where  it  is  finally  dried 
off  at  a  temperature  of  from  1  H()°  to  1 or  more, 
and  tho  same  heat  and  air  tliat  effect  this  are 
in  fact  the  very  brst  p<jssil.lr  to  tlrivo  off  the 
moisture  from  the  upper  floor,  which  in  the 
mean  time  will  have  been  loaded  with  a  fradi 
pieoe. 

It  is  hardly  necessary  to  say  that  iu  the 
process  of  kiln  drying,  where  tho  temperature  is 
tho  important  factor,  several  thermometers 
placed  on  each  floor  arc  absolutely  indiiipensable. 

Tho  malt,  after  it  is  finished  drying,  has  yet 
to  be  freed  from  the  radicles  or  '  combes,*  Thirt 
used  to  be  accomplished  in  the  old  maltings  bv 
its  being  well  trodtlen  by  men  furnished  with 
heavy-soled  boots;  the  radicles  heinf^  thus 
detached  from  the  corns,  and  by  passing  the 
malt  over  a  '  wat«T-fall  '  malt  screen  it  was 
completely  freed  from  these  as  well  as  from 
some  of  the  adhering  dust.  In  modem  malti  n  g  n, 
as  s(K»n  as  the  tJialt  is  thrown  ufT  the  kiln,  it  is 
passed  through  a  brushing  machine,  each  kernel 
beuig  bmdiea  free  from  *  eombee*  and  adhering 
dust.  In  some  maltings.  previous  to  being 
brushed,  the  malt  is  heaped  up  in  the  centre  of 
the  floor  and  remams  so  oremight  with  the  fire 
well  banked  up. 

We  majyr  get  a  very  fair  idea  of  the  tempera- 
ture at  which  the  malt  haa  been  dried  by  obeerv> 
ing  thi  ;  i)lo\ir  of  the  combes.  The  higher  tho 
temperature,  the  more  highly  coloured  they  be* 
oome ;  indeed,  where  it  is  almost  impossible  to 
obser\  e  an\'  difference  in  tho  colomr  of  two  malts 
dried  at  different  temperatxtres,  an  examina- 
tion of  the  combes  from  these  malts  shows  it  at 
once. 

21.  Storing.  After  freeing  from  the  combes 
by  sereening,  malt  is  usually  stored  awav  in  Irais 

for  "omc  weeks  previf>n«  to  \ise  in  the  brewery. 
The  lioor,  ^idvn,  m\d  top  of  these  bins  should  be 
made  of  good  seasoned  wood  and  lined  with 
sheet  7,inc.  These  bins  are  usually  bniU  iii  the 
driest  part  of  the  malthouse  ;  this  would  natu- 
rallv  be  in  the  neighbourhood  of  the  kiln,  and 
it  should  be  protected  as  much  as  possible  from 
draughts. 

During  this  storage  of  the  malt  previous  to 
use  some  change  certainly  takes  place  in  its 
nitrogen* »U8  conHtituents  ;  in  technical  language, 
*  the;  lire  is  taken  out  of  it  and  the  malt  becomes 
mellow/  but,  whatever  these  changes  arc,  nothing 
is  known  about  them  up  to  the  preH(>nt.  All  that 
can  be  said  is  that  it  ha.s  been  found  decidedly 
nnadvisable  to  use  any  malt  for  brewing  purposes 
untfl  it  has  been  stored  for  at  least  six  weeks 
frotii  1  ]p'  ■  i nil'  I 1 1 MiiiiiL'  ' 'iT  1 1n-  kiln. 

22.  ChanMterisUcs  of  malt.  The  following 
are  the  eharaoteristios  of  a  goo<l  malt,  as  given 
by  Kto]M  s  : 

(1)  Growth,  The  malt  should  be  evenly 
grown,  the  aerospire  showing  between  two*third8 

to  three-fourths  uj)  the  back  ;  any  malt  which 
contains  many  corns  showing  the  aerospire  pro- 
tinding  shoiihi  be  rejected*   On  the  ti^iiei;  h^^<<^QQg[e 
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it  should  abo  not  oontoin  mora  tlian  4  p.o.  of  | 
angermiDfttod  com";.  ' 

(2)  Slackness  or  /«o/<>/«/t.  i  hies  will  vary  to 
»  fllignt  extent  with  the  agf>  of  the  malt,  but  on 
tho  average,  tuall  should  not  oonUin  more  tJun 
3  p.c  of  moi.xture. 

(8)  Afje.  Malt  in  at  its  [leal  from  OX  weeks  to 
four  inonihs;  aft<  r  ilmt  time,  under  ordinary 
conditions  of  sturagc,  it  grudviiilly  absorbs  mois- 
ture and  Ijecotnes  more  or  less  slack. 

(4)  Odour.  Good  malt  should  have  a  pleftsant, 
veU'known  aroma  peculiar  to  itself. 

{i)  Condition,  This  ^i  ill  dc])cnd  a  good  deal 
upon  the  quality  of  tho  barley.  Good  barley 
badly  managed  inay  jiroduco  n  bad  malt,  but  a 
bad  barley  will  never  produce  a  good  malt. 
Good  malt  should  be  tender  and  friable  when 
broken,  anil  should  bite  crisp  and  crumble 
readily  undrr  the  teeth. 

(0)  (Jkardineng.  Malt  should  be  compara- 
tively free  from  mould  and  dust  as  well  as  root- 
lets and  inorganic  refuse. 

7.  Flavour.  The  flavour  of  mait  is  derived 
troni  iiilluenccss  of  growth  and  of  drying;  it 
should  possess  a  pleasant,  mellow,  ywoetish 
ta.sto,  free  from  rawneae  on  the  one  hand,  and 
bitterness  on  the  other. 

Such  are  thf>  rbariiot<'ristics  of  a  good  malt  ; 
so  far  as  can  be  determined  by  the  eje»  but 
tiiese  should  always  be  supplemented  by  a  Oom> 
pleto  chemical  analysis.'    Wy  this  means  We 
obtain  the  folloniiing  information  : — 

L  Aetna]  oomposition : 

a.  Starch  products,  as  dextrin  and  nsltoae. 
6.  Cane  sugar, 
e.  Other  sngan. 

d.  Total  albnminoids  soluble  aftir  boiling. 

e.  Ash. 

/.  Moistufe. 

</.  Insoluble  malt  I  r?  or  grains. 

II.  Kelative  diastolic  capacity. 

IIL  Speeifio  rotatory  power. 

A  brewer  ought  to  have  a  fair  idea  of  the 
constituents  of  his  malt  before  commoncinp  to 
mash  with  it,  for  from  such  an  analjrau)  as  given 
above  he  ■vrill  br  in  n  p<iviii,ju  to  pretiicato  rery 
fairly  what  kind  ol  wort  aud  beer  his  malt  is 
going  to  produce,  and  so  bo  enabled  to  control 
not  only  his  msshing  process,  bat  all  subsequent 
operations. 

Other  desoriptions  of  malt»  In  addition  to  the 

kind  we  hnvo  hitherto  been  ooosideringi  are 
made  and  used.    These  are  : 

Brov^n  or  porter  malt. 

Amber  malt. 

Black,  roasted,  chocolate,  or  patent  malt. 

Brown  and  amber  malt  are  prepared  prac- 
tically in  thf  same  way  as  ordinary  malt  until 
they  go  on  kiln.  Here  they  are  flricd  at  a  much 
higher  temperature,  and  wood  is  largely  used  lor 
the  purpose  instead  of  coal  or  coke. 

Black  malt  is  simply  ordinary  malt  which  is 
roasted  in  exactly  the  same  way  as  coffee^  berries 
are.  '  A  sample  of  properly  roa8te<l  malt  is 
uniform  in  colour,  of  a  chocolate  hue,  not  black, 
and  each  com  clear  and  clean.  If  it  is  black, 
w  it  h  the  oom.s  bazst»  and  especially  if  matted  or 
run  together,  it  is  of  a  most  infcnor  khid,  and 
neither  good  flavour  nor  permanent  eoloiiring 
can  Ik*  exiKotod  from  it.' 

*  Fur  fall  di-tAlls  of  lAt4.-«tmeUM)<lB  of  aoalyses  of  malt, 
worts,  and  beer,  v.  Sugar.  Saoeliartmetrr. 


28.  Katt  adjuiots.  These  may  be  divided 

into  two  classes.  Firf>t,  those  sub?rtranr"p-=  fr^m 
which  tho  extract  has  to  be  obtained  by  the* 
ma»<hing  process ;  and  second,  those  in  which  the 
<'Xtract  \a  alrowly  formed. 

Class  I.  Several  graiun  of  ccroals  other  than 
barley  have  been  pfOparcd  for  brewing  purpoee-. 
either  by  maltinf?  or  subjeetinr;  !«>  tin-  aMion  ■  f 
heat  in  some  v\ay  or  other.  The  pnnci^  ci 
these  which  are  at  present  uiicd  as  subAtitotei 
for  malt,  either  in  a  prppan<l  form  or  in  the  raw 
{jt-ate,  arti  maizt;  malt,  germlcjis  maiite.  |;clatini.-wl 
maize,  gelatinised  rice,  torrefies!  \it\\\\  <»r  uhitc 
Tualt,  and  in  the  raw  state  barley,  ric*.  and 
maize.  When  using  any  of  these  substancea  for 
brewing  purposes,  certain  proportions  of  them 
are  either  mixed  with  the  malt  in  tho  ma*h  tun, 
or  cLu  the  starch  contained  in  them  is  tir^^t,  gvk- 
tinised  in  a  separate  vets-M  l  and  rendered  soluble 
by  the  addition  of  a  little  malt,  and  afterwanl^ 
added  to  or  sparged  over  the  good^  iu  tiie  ma.sh 
tun. 

Class  IX.  Under  this  head  arc  included  ordi- 
nary oane  sugar,  invert  sugar,  glucose  or  i«tarch 
sugar,  and  dextrin-maltose. 

Raw  cane  sugar  cannot  be  recommended  aa  a 
brewing  material,  owing  to  the  Urge  quantities 
of  impurities  of  a  dangsioiia  ehaiaoter  which  are 
always  preaent. 

Rslined  cane  sugar  is  used  to  a  certain  extent, 
but  before  it  can  t.i:  I> tlo  fernu  ntation  it  has 
first  to  be  hydratcd  or  inverted  bv  a  peculiar 
unorganised  ferment  contained  in  the  yeast  and 
termed  invertase,  and  as  this  reaetion  tend-  to 
weaken  the  yeast  to  a  certain  extent  as  weU  as 
fayour  the  psoduetiOD  of  lactic  acid,  it  has  been 
found  more  advaiitapeous  to  use  cane  -iijjzAr 
which  has  been  previously  inverted.  This  is 
done  by  means  of  svlphnrie  acid,  wfaieh  is  after- 
wan  l.s  neutralised  '^ith  calcium  carbonate,  and 
the  inverted  su^ar  freed  from  the  calcium  sul- 
phate by  filtration  is  further  porified  by  being 
passed  over  animal  charcoal,  and  then  l-oiled 
down  under  diminished  pressure  to  a  thick 
syrup,  m  which  state  it  is  sent  out  by  the 
msnuf .  t  t;roT. 

24.  Hops.  The  hop  plant  belongs  to  tht-  m  1 1  te 
family,  and  is  a  perennial  climbing  or  rath- r 
twiniiit;  plant.  It  is  found  in  tho  w  IM  state  all 
over  Europe,  and  ia  pro{)agated  not  by  is/eed  but 
by  sets  or  suckers  thrown  up  from  the  root* 
whieh  is  perennial,  the  st<»ms  ilyinp  doxrn  at 
tho  approach  of  winter,  and  fresh  one<  c*.muifi^ 
up  eacD  spriagt  and  often  attaining  a  heicht  w 
30  feet  or  even  more.  The  hop  plant  bears 
two  distinct  kiiidii  of  llowers,  roaJo  and  female, 
and  these  flowers  again  are  produced  on  distinct 
plants ;  of  these  only  the  plant  1>earinst  fc- 
lUJile  flowers  is  culttvaU-d,  the  male  plant  being 
rigidly  excluded  from  most  hop  plantatioruk 
The  flowers,  which  are  the  only  parts  of  the 

fjant  of  any  use  to  the  brewer,  occur  in  the 
orm  of  peduncles  or  cones,  consisting  of  a  series 
of  scales  or  carpels  lying  above  each  other  f«o  aa 
to  form  a  cone.  On  the  inner  side  and  on  tb« 
lower  etlge  the  carpel  is  turned  ove  r  and  enckwcs 
at  iint  the  female  flon-er  and  afterwards  the 
fruit  developed  from  the  flower.  TTio  f^fts  of 
tho  h<>]>  are  round  hard  granules  or  little  nut-; 
these  fruits  and  the  inner  skies  of  the  aosJes  arc 
thickly  covered  with  a  fine  yellow  dust— the  so* 
called  lupulin.  t7nder  the  microscope  this  dust, 
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is  seeu  to  coojsist  of  numberleas  gi^noles,  these 
granules  being  oomposed  of  glands,  which  are 
formed  by  the  union  of  several  simple  cells. 
These  glands  are  hollo and  this  hollow  space 
is  filled  with  hop  oil,  rwin.  bitter  principle,  &c. 

A»  a  rule,  the  value  of  the  hop  may  rot^hly 
be  detarmined  by  the  quantity  of  lupulin  it 
eontains. 

In  praoyoe  the  quantity  of  the  hop  flour 
pr«Mnt->tli»  '  oondition,'  aa  it  is  oaUed  — is 

roughly  estimated  by  rul)bin^  the  hops  h<  twi  i  n 
the  hands,  the  amount  of  stickiness  left  forming 
an  indeic  as  to  ih»  qnantity  of  lupnlhi  prawnt 
in  thr-  fio|-,--. 

Hope  are  priaoipally  ooltivated  in  the  coun- 
tiw  oi  Kent,  Sufray,  SnsMX,  ind  Wonwstw. 
Thi'  K"nt  hops  an'  in  much  rcput<\  and  nmre 
especially  that  variety  known  as  Golding,  being 
TiMt  and  dolioate  in  flavour ;  tho  Smsez  hops 
in  somewhat  coarser  in  flavour  than  Kent,  Hnd 
|>orhapa  do  not  oresent  such  a  pleastng  appear- 
aaoo  to  tho  eye,  but  nevwttieleM  ace  good  uaeful 
hops  for  running  beers  Of  for  ati^qg  with  Kants 
for  fugher-claas  ales. 

Woroestor  hops  are  milder  than  the  above, 
and  in  some  breweries  jnnrh  prof.-rrorl  to  any 
other.  Of  late  ^ears  bad  sea8on»  and  the  attack 
of  the  hop  aphis  have  done  much  to  detetiotato 
the  (luality  of  Engli  h  hops,  so  that  at  present 
jar;ge  quantities  are  impurted  from  Germaay  and 
Ameiioa;  bat  fdn^  hops  Uok  that  delicate 
aroma  and  flavour  peculiar  to  English  growth, 
and  are  as  a  rule  only  umd  for  tho  lower  quality 
l>aers.  Hops,  in  order  to  be  kept  for  any  appre- 
ciable time,  require  to  be  thoroughly  dried  ;  the 
hop  cones,  after  they  are  picked,  are  spread  out 
on  the  floor  of  a  kiln,  where  they  are  dried  by 
artificial  heat.  Sulphur  is  oft<^n  sprinkled  On 
the  kiln  tires,  and  the  auluhurou^i  acid  cas  Ihns 
produeed  passing  through  the  hops  bleaches 
them,  fo  that  liops  naturally  dark  m  colour  or 
unsightly  in  appearance  are  rendered  more 
pleasing  to  tho  eye  and  fetch  a  higher  price. 
ThAuaing  claims  that  it  is  decidedly  beneficial 
to  subject  hops  to  the  sulphuring  process  on 
theidkL;  hnt^  anlosswhinthoiiiiUbwaadiithflr 


parasitic  diseases  have  made  their  appoarauoe, 
sulphuring  is  decidedly  injurious  as  well  as  sn- 
courages  fraud.  On  the  other  hind,  it  seems 
to  be  a  pretty  general  custom  nowadays  to 
sprinkle  tne  hop  plants  whilst  growing  with 
flowm  of  sulphur,  to  prevent  or  destroy  certain 
diseases  which  attack  the  plants  at  various 
.stages  of  their  grow-th — such  as  mildew  and 
bli^t — bat  it  is  evident  that  very  little  of  this 
ll  to  be  found  on  tiie  hop  cones  after  picking  ; 
but  oven  if  any  sliould  remain  adherent,  being 
praseot  as  free  sulphur,  it  can  have  little  or  no 
effect  on  the  oonstttvnnt  nrinoinlefl  of  the  hop. 

In  on!  T  f<)  <  stiiii  it«  tne  value  of  Imps  with- 
out having  reoourae  to  analysis^  the  following 
physioal  iMtnies  may  be  taken  into  oonndenu 
tion  :  tho  finene-s  of  the  aroma,  tho  proportion 
of  lupuliu  which  the  oones  oontaio,  the  pn>> 
porlkm  of  stalk,  seeds,  and  impniities  imioh 
acconii)iny  the  hop^,  and  tbe'genAnl appeanuloe 
of  the  cones  theiuiiolves. 

The  foUowing  experiments  (J.  Inst.  Brewing, 
xii.  301)  wore  undertaken  some  years  a_;ri  Itv 
the  writer,  with  a  view  to  getting  some  definite 
idea  of  the  aotion  of  tlie  vavions  salts  ooeuiTing 
in  browing  waters  upon  hops.  Both  as  rP2:ird'^ 
the  extractive  properties  of  these  salts  as  woU  as 
the  flavour  and  oofonr  of  the  extnMt  so  obtained, 
scver'^l  f»Tiieriraent3  wen'  midf,  nf  which  the 
moan  value  is  given  in  the  annexed  table.  The 
method  of  experiment  was  as  foUows :  The  dry 
salts  were  addtxl  to  di^tillprl  u  ntpr  at  tho  rate 
of  21  grain-s  per  gallon,  ur  0  3  gram  per  litre; 
10  grams  of  hops  were  then  digested  with  900 
c.c.  of  each  solution  in  a  boiling  water- bath,  for 
one  hour,  cooled  down  to  ordinary  temperature, 
and  made  up  to  1005  c.c.  ( 10  grams  of  hops  being 
found  to  bo  equivalent  in  bulk  to  .5  c.c.  of  water), 
shaken  well  up  and  filtered  as  bright  aa  |K)33ible ; 
100  CO.  eon  tamed  the  extract  of  1  gram  of  hops. 
This  quantity  was  evaporated  to  aryness,  dned 
in  water  -  oven  and  weighed  until  constant, 
then  ignited  and  weighed  again;  the  latter 
weight  subtracted  from  the  former  gave  the 
weight  of  organio  matter  extracted  from  1  gram 
of  hope  (J.  Inst.  Brewing,  sriL  900), 
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Name  4rf  salt 

1 

I  Bactiaot. 

Colour 
Id  i^DcUoell. 

Analysis  of  colour 

FlaToar 

1 

1  psreant. 

TotstnnltB 

Sed 

Yellow 

,  Sodinm  chloride      .  , 

18 

72 

1>2 

e-o 

Fieeeeiib 

1  Calctum  chlorido     .  , 

17 

5-7 

1-2 

4-5 

M 

Rank. 

Sodium  sulphate     .  . 

16 

1-3 

6-5 

Potaarinm  tnlphato  . 

Magnesium  smphate 

16  • 

Hanfa. 

16 

V2 

50 

Flsasant* 

Calcium  sulphate  . 
;  Sodinm  carbonate   .  . 

17 

6-6 

1-5 

50 

n 

19 

10-9 

1-9 

9-0 

NaneeoiiB* 

Potassium  carbonate 

18 

11-6 

2-6 

90 

>» 

Oklcium  carbonate  . 

18 

U-2 

2-8 

8-4 

1  Dittfllsdwatar 

20 

4-7 

hi 

8-6 

FkMMlt. 

25.  Chemical  eompoeltion  of  hops.  Hops  con- 
tain, besides  oellnlose,  woody  fibre,  water,  and 
aiih,  certain  substaucos,  more  or  less  ^oluUu  in 
boiling  water,  and  which  give  an  agreeable 
hitler  and  aromatic  flavour  to  beer.  These  con- 
sist of  hop  oil,  resins,  bitt^  substance,  and 
tannin.  I 
Vol.  I.— r. 


The  hop  oil  is  an  essential  oil,  giving  to 

tlie  hop  its  characterintic  agreeable  smell.  It  is 
prt^sont  to  tho  extent  of  about  0-8  p.a.  in  the 
glands  of  the  hop  cone,  and  may  be  obtained 
hy  distillation  in  a  ctim- nt  of  steam,  the  volatile 
oil  floating  upon  the  surface  of  the  condensed 
widmr  in  the  veoeiver,  from  wliieh,  it  may  bo  r 
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separated  by  decantatioo.    During  the  boiling 

of  the  hop^i  with  the  wort  in  the  copper  the 
greutiT  portion,  if  not  all«  of  thk  oil  bwoniea 
volatiliml  and  lost  to  tho  brewer  ;  heuco  a  pro- 
CPRs  has  been  recently  introduced  for  extracting 
this  Oil  from  the  hop8  previous  to  boiling,  and 
afterwards  adding  it  either  to  the  wort  oefore 
ordinary  fermentation  or  to  the  finif-h«'(l  btcr. 

When  obtained  from  fresh  hope,  the  od  has 
a  ligbt-vellow  colour,  hot  hnniing  tmU\  luul 
agreeabfe  amnmtic  smell.  It  is  only  slightly 
Holublc  in  water,  but  freely  so  in  alcohol,  ether, 
and  light  petroleum.  Not  only  is  thu  hop  oil 
volatilised  at  t<;mpt'raturc  of  boiling  water,  but 
also  slowly  at  ordiuary  temperatures  and  by  ex- 
posure to  air  is  easily  oxidised  into  volatile  acids, 
enteoiAUy  valerianic  acid,  to  the  presence  of 
v/mch  the  peculiar  odour  found  in  old  hope  is 
doe. 

A.  C.  Chapman  has  investigated  tho  com- 
position of  hop  oil  and  has  found  it  to  consist 
principally  of  myrcene  and  a  sesquiu  -prii«  which 
he  MS  termed  hummhm,  together  with  small 
quantities  of  Umaloot  and  lint^  Monofioafe. 

This  hop  oil  in  generally  found  intimately 
mixed  with  lesin.  which  it  seems  to  be  oapable 
of  dissolving  to  a  oertain  extent.  It  seems  very 
))n)l)al)l<'  that  tlie  resins  of  the  ho\>  (three  of 
which  have  been  determined)  are  tho  results  of 
tbft  oxidatiaii  on  the  one  hana  of  the  hop  oil,  and 
on  the  other  of  an  organic  acid.  Bungeri-  r  '  Hull, 
Soo.  cbim,  45,  9),  who  has  isolated  it  from  hops 
and  stadied  its  ptropcfties,  Ims  termed  it  htptiinic 
acid.  HayihuK  (>V' rhi  ii'^ehrift  ffir  Erauerei, 
347)  has  detected  three  diSereat  reeins  in 
hops— one  a  soft  leein,  nreoipitable  by  kad 
acetate  and  soluble  in  petroleum  ether ;  a  second, 
also  soft  rosin,  soluble  in  petroleum  ether,  but 
not  precipitable  by  lead  acetate ;  and  a  third 
onp,  nanl  and  solid,  not  soluble  in  jx'trolcuni  ether 
and  not  precijiitable  by  lead  acetate,  iixperi- 
inentH  made  by  Hayduck  show  that  the  second 
of  these  resins  is  identical  with  the  ^oft  resin 
formed  by  th«  oxidation  of  Bungener's  lupiUinic 
acid.  1  1  he  thirti  r«sin  isdue  to  the  oxidation 
of  hop  oil.  Hayducli  also  shows  that  the  soft 
resim  posae.xs  highly  antiicptiu  propt^rties,  whilst 
the  hard  one  checks  to  a  certain  extent  the 
rapidity  of  fermentation.  It  wa.s  foui'.d  that 
when  these  resias  were  rcjxiatcdly  extracted 
with  water  the  aqueous  solution  gradually  de- 
creased in  antiseptic  power;  this  tends  to  .show 
that  it  is  inadvisable  to  boil  hops  more  tlian 
once,  since  the  first  boiling  would  probably 
extract  the  greater  portion  of  the  soft  and  more 
soluble  rosin. 

Although  it  is  possible  to  estimate  with  a 
fair  degree  of  precision  the  various  constituents 
of  ho]M,  it  has  not  been  so  far  found  possible  to 
estabhsh  any  very  definite  relation  between  tho 
value  of  tho  hops  and  the  amotmt  of  essential  oil, 
resins,  and  tannin  which  tbey  contain.  Conse- 
quently, up  to  the  present  tim<>.  eheinislry  has 
not  afiorded  much  asHistianoe  iu  this  dircotion.  j 
Briant  and  Mesoham  (Jour.  Fed.  Inst.  Brewing,  | 
iSflT.  2.  2^^)  liavc  proposed  a  method  for  the 
valuation  of  the  praHTvative  power  of  hops  I 
which  consists  in  estimating  the  amount  of  sent  | 
rctjin  they  contain.    Ib  run  pro{K)srd  t»)  estimate 
the  value  of  hops  b^-  the  amount  of  tannin  the^' 
oontain.   He  oonsideis  thai  tho  laijger  this 
amount  is  the  better  the  sample.   Barth  (Zeit 


f.  d.  Ucrammt  Branwerein,  1897,  168)  confirms 
this  view  to  a  certain  extent.  He  finds  that  all 
good  hopif  contain  high  percentages  of  tannin. 

Dia^oMt  qf  hop»4 — Hops,  like  all  other  plants, 
contain  diastase,  but  this  point  appears  to  ha\  t> 
boon  overlooked  until  attention  was  called  to  thu 
fact  by  Brown  and  Hbnis  (TniM,  Inafe*.  Bnwmg,  i 
1893,  94). 

The  tannic  acid  which  occurs  in  hope  is  a 
faufi-colourod  powder,  easily  soluble  in  watt-r 
and  weak  iilcohol,  but  insoTulile  in  ether.  Ii 
aqueous  .wlution  it  gives  a  dark-greeu  coIuuim- 
tion  with  ferric  chloride,  and  {tosaesaes  the  pfo- 
pcrty  of  precipitating  in  llocks  the  albuminous 
bodies  of  malt  wort.  It  therefore  au  ciuiueutly 
usofid  substanoe  in  the  manufacture  of  beer. 
From  the  foregoing  it  would  appear  that  the 
only  substances  in  hops  of  any  use  to  the 
brewer  are  the  soft  resins  and  tannic  acid. 
These  soft  resins  are  readily  oxidised  into  the 
hard  and  insoluble  variety,  wixilst  tannic  acid 
is  capable  of  being  converted  in  like  nmon^r 
into  gallic  acid,  a  substance  possassing  ve^ 
few  m  the  properties  of  tannic  acid.  It  is 
not,  then,  a  matter  of  6urpris<>  that  old  hops 
are  of  little  or  no  value,  for  considering  the 
loose  manner  in  which  they  are  housed  in  most 
breweries,  sul;ji  >  t  to  every  variation  of  tempera- 
ture and  freely  exposed  to  the  air,  changos  in 
the  composition  of  the  active  prinoiples  must  of 
necessity  tiko  place  in  a  more  or  less  rapid  time, 
rendering  them  eventually  of  little  or  no  vahis 
to  the  biwwer. 

Briant  and  Mearhrim  (Jour.  F.vl  Inst. 
Brewing,  1897,  3,  487)  have  described  numreniu 
experiments  wUMi  they  had  ooodimted  ta  dis- 
cover  the  best  motho  f  f  f  storing  hope.  Th'  > 
recommend  the  use  ot  a  cold  chamber  at  a 
temperature  of  36*  to  40**F. 

This  method  of  storing  has  been  proved  to 
give  exoalient  results,  and  has  b^><n  very 
generaUv  adopted  throughout  the  trade. 

20.  Yeast  and  fermentation.  Before  tJie 
classical  researches  of  Pasteur,  various  theoriew 
were  advanced  to  account  for  the  phemowna 
connected  with  fermentation,  but  ho  was  the 
iirisl  chemist  who  proved  that  the  prooeas  oi 
fermentation  was  dne,  not  to  a  peculiar  pMto>  ^ 
j)la.smic  substance  secri'tod  by  tho  yeaat  funirn?. 
but  that  the  presence  of  th©  plant  ii^di  in  tit-,- 
saccharine  liquid  is  essential  to  alcoholic  fer- 
mentation, and  that  the  yea^st  cells  have  th' 
power,  iu  the  absence  of  tho  oxygen  of  the 
of  splittiuff  up  sugar  into  aloohdrand  oarboviB 
acid,  and  deriving  tho  oxygen  necessary  for  thsir 
support  and  nourishment  by  that  means. 

Pasteur  has  shown  that  easily  fermealsd 
saccharine  solutions  can  remain  for  years  with> 
out  decomposing,  even  when  the  air  lias  access 
to  them,  providixl  that  the  living  germs  which 
were  originallv  present  in  those  scuatkms  be  Una 
dostroyMi  by  heat,  and  that  care  be  tsdren  not  to 
let  any  but  aljsolutely  pure,  that  is.  germ-fn-<  , 
air  enter  those  solutions  afterwards.   Bnt  the 
moment  impure  air  was  aHowed  to  aofter  the  \ 
li<]uid,  or  the  mlnut^^st  ]X)rtioa  of  lirinig  ysast,  i 
fermentation  was  rapidly  set  up. 

Pastenr  has  also  shown  that  awMialod  with 
ordinarv  ',-f'rtst  are  to  bo  found  in  moet  fermenta- 
tions and  beers  a  great  number  of  oxganiacaa  <k 
quite  a  different  apnearanoe  and  ohamoter  is 
yeast  oells^  and  whkk  may  all  be  dasMd  onder 
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the  preneral  term  of  bacteria,  aad  he  proved  most  wort,  but  fur  some  time  after  the  yea.st  cell  coti- 
ooiiclusivi  ly  that  these  oigMiimis  are  e*p»blc  of  tinues  to  produce  any  budo,  and  even  after  tho 
and  d(»  giv«(  rise  to  tho  various  disease--  f<i  which  rupture  taKe^  pJaee  between  tho  parent  eells  and 
beer  is  subject.  Or  in  other  worda,  that,  in  tho  re^uitiug  daughter  cells,  tho  furiuer  still 
addition  to  the  healthy  femMntafcion  of  saooha*  continue  to  absorb  various  Hubstanoea  fr<>tn  tho 
rine  Holutions  carried  on  by  cound  yeast,  these  liiiuiil.  Tliis  may  Ix'  looko<l  upon  as  a  kind  of 
other  organisms,  if  present,  are  also  capable  |  fattetiing  pruce^^,  and  i.s  duo  to  the  aHsiniilation 
under  certain  conditions  of  carrying  on  fer-  by  the  yeast  of  certain  nitit^nous  matters  con- 
mentations  which  give  rise  to  products  other  taiiie<l  in  the  worts.  Hence  the  process  of  fer- 
than  alcohol  and  carbonic  acid.  Hence  the^se  menttttioti  of  malt  worts  may  be  regarded  as 
bacteria  cht  false  ferments  have  been  classified  |  first  an  absorption  of  carbohydrate  substance  by 
and  named  according  to  the  fxmcUona  they  fulfil  i  the  yeast  cell,  the  transformation  of  this  sub- 
or  the  products  they  give  rise  to.  stance  into  alcohol  and  carbonic  acid,  whilst  at 

Those  oiganianM  which  induce  alcoholic  :  the  same  time  the  oxygen  derived  from  thi^ 
fermentations  in  a  saccharine  solution  are  known  decomposition  enables  the  yoast  cell  to  thrivq 
under  the  general  name  of  saccharomyccs,  and  ^  and  grow  and  to  put  forth  buds, 
■^ince  under  normal  conditions  they  reproduce  When  this  perienl  of  gmwth  is  accoinplishe<l,  a 
themselves  by  gemmation  or  budding,  they  have  i  fattening  of  the  cells  takes  place  at  the  ezpenso 
b«en  aaidgned  to  that  division  of  the  great  fungus  '  of  the  nitrt^enofus  bodies  i«ad9y  aashnilaue  by 
group  knu\m  as  budding  fungi.  In  bre\nng  yeast  and  \shich  c  in  i  t  j  ri:iri]wlly  if  uniido- 
teohnolcgy  they  are  known  under  the  general ,  imd  amino- acids  (aHparo^iu,  trypsin  and  leucine); 
term  *  yeast*  TeastodbaremthOTsni^  oroooor  I  if  no  assimilable  nitrogen  be  present  this  fetten- 
in  jiToups  or  strings  •  each  cell  consists  of  a  thin-  ing  does  not  take  place,  and  the  yeast  lin  nu  -s 
waJJUid  sac  or  bag  containing  a  semi-fluid  matter;  j  starved,  as  it  were,  ahd  perishes ;  if,  on  the  other 
in  the  centre  of  which  there  is  often  a  space  full ;  hand,  there  be  a  large  excess  of  these  nitfo- 
oT  a  more  clear  and  watery  fluid  than  the  rest,  genous  matters  in  the  w  .rt  .  tho  yeast  cells 
which  is  termed  a  vacuole.  The  sac  is  com-  |  become  overfed,  and  their  capacity  for  repro- 
pwrativeiy  tough,  bat  it  may  easily  be  bust,  |  dnetkm  considerably  diminished,  for  it  hos  been 
when  it  gives  <  xi*  to  its  contents,  which  readily  found  that  the  power  of  multiplication  fim!  the 
diffuse  themselves  through  the  surrounding  formation  of  new  ocUa  decretuea  with  the  increase 
flnidL  The  whole  atmctnre  is  called  a  esU,  the  of  nitrogen  in  the  yeast 

sac  bc'Ing  the  cell  wall  and  the  contents  the  proto- I  It  is  essential,  therefore,  that  the  ])rewer 
plasm.  Under  a  high  magnifying  power  each  ,  obtains  a  wort  which  is  both  constant  in  quality 
cell  is  ssea  to  be  Mnind  or  oral,  and  on  the  I  and  definite  in  composition,  and  which  exactly 
1  \  (  ri:rr  abont  fjU  inch  in  diameter.  An  agglo-  suits  the  type  of  yeast  ho  employs.  For  a  type 
tueration  of  raoh  cells  is  technically  termed  ,  is  produced  by  environment,  and  varies  as  the 
*  ye— t/  and  to  the  naked  eve  appears  as  a  thick,  ,  composition  of  the  wort  varies, 
ftfimy  creem-colour(  1  fi  nd,  from  which  all  the  A  wort  produce<l  entirt  ly  from  malt  contains 
moisture  can  be  pressed,  and  the  residue  dried  a  large  excess  of  assimilahio  nitrogenous  sub- 
at  a  low  temperature  to  a  powdery  mass  without  stances,  and  is  hardly  an  ideal  medium  for  veaat 
losing  its  vitality ;  but  if  heated  in  the  moist  production  and  vitality.  It  is  found  advan- 
utate  to  the  temperature  of  boiling  water,  its  i  tageous  to  '  dilute '  these  nitrogenous  bodies 
fermentative  poM-er  is  completely  destroyed,  with  a  certain  proportion  of  material  devoid  of 
I'Vrmentation  which  has  already  coniTneTv  ed  in  yeast  nutriment.  Raw  or  gelatinised  grain, 
a  saccharine  liquid  can  be  stopped  by  boilmg  it.  ,  invert  sugar,  glucose  or  other  similar  brewing 
When  a  minute  quantity  of  yeast  is  added  to  sugars  are  nsM  for  this  purtKjse.  .\  very  satis- 
Bome  malt  wort  which  has  previously  been  factory  grist  is  composed  of  the  following  pro- 
filtered  bright,  and  is  then  kept  in  a  glaijs  llask  portioua;  WM^o  p.c.  malt,  18-22  p.c.'  brewing 
at  a  temperature  of  about  TO*F.,  after  a  few  j  sugar  and  i:\-\H  p.c.  unmalted  cereal, 
hours  bubhle.s  of  gas  \nll  be  wen  to  rise  to  the  "  Among  the  factors  which  exert  a  considerable 
eturface  of  the  liquid,  vhich  gradually  becomes  influence  on  the  progress  of  fermentation, 
more  and  more  turbid,  and  later  on  a  sediment  besides  that  of  the  chemical  composition  of  the 
-will  \)e  observed  at  the  bottom  of  the  flask  or  a  liqtiid,  temperature  and  the  amount  of  oxygen 
ecam  may  collect  at  the  surface,  carbonic  acid  present  in  the  liquid  may  bo  mentioned.  This 
gas  being  copiOQSly  evolved.  If  the  yeast  cells  much  is  known  of  the  effect  of  o.xygon  on  tho 
be  carefmly  examined  under  the  microscope  from  progress  of  toewinjg  in  practice,  that  in  order  to 
time  to  time  whilst  this  is  going  on,  it  -will  be  get  a  good  result  it  is  a  necessity  to  aSrate  the 
noticed  that  at  first  the  vacuoles  which  were  ,  wort,  i.e,  to  let  it  take  up  oxygen  from  the  air. 
present  in  every  cdU  graduidly  disappear,  each  i  Pasteur's  researches  on  this  subject  led  him  to 
cell  becoming  full  and  rounded  in  appearance  |  state  that  fermentation  is  life  without  air, 
owing  to  the  absorption  through  it.s  cell  wall  of  and  that  yea.st  can  only  decom]K»se  sugar  V>v 
certain  nourishing  substances  from  the  wort.  '  taking  the  necessary  oxygon  from  the  sugar 
Soon  minute  little  buds  wt31  be  noticed  jutting  ;  moleenle.  His  theory  has,  however,  proved  to 
out  from  the  sides  of  the  cells;  these  buds  be  wrong.  .\  (!<  i  [h  r  insight  into  the  influence 
rapidly  grow  and  soon  assume  the  size  of  the  |  of  aiiration  on  fermentation  in  breweries  could 
parent  cell,  from  wUeh  they  finally  become  de-  \  only  be  obtidned  by  the  study  of  pure  onttore 
tachod,  but  not  before  thev  in  tVi'  ir  t'lrn  have  sjiecies  and  race.s,  for,  as  Kans<-n'.s  inv(>stigaf  iotii^ 
developed  other  buds,  and  these  yet  others,  thus  .  in  brewing  practice  have  shown,  they  behave 
giving  rise  to  those  groups  orstringsof  cells  which  '  differently  with  respect  to  oxyi^n.  Hansen 
are  sometimes  .sc  (  n  under  the  mieroscoj)e.  Thin  found  fiirther  that  when  the  yeast  colls  have  free 
cell  reproduction  and  growth  is  due,  then,  to  the  access  to  the  oxygen  of  the  air  they  can  yet 
jioariauuMiit  wlj^inj^  t^e  veu^  ek^erives  from  the  produce  an  active  lermentation,  an  oj)9<Pipyatip^(^ 
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whioh  oontradioied  tho  theory  of  Ffestoour. 

Adrian  J.  Brown  observed  that  a  plentiful  f<npply 
of  oxygon  incrcaaos  the  iermeafcativo  activity  of 
the  single  cell,  even,  when  the  oeUs  wo  in  •Doh 
circunistanci-s  as  })rt-vpnt  IDIlltipliiMtion  (ChsiD. 
Soc  Trauii.  1892,  IHU), 

Not  only  hM  Fasteur  established  the  feot 

that  fern  '  I  tation  is  <lu('  to  the  development  and 
growth  of  yeast  in  aaccharino  solutions,  but  he 
Em  abo  ehoim  that  there  are  aeToral  distinct 
s))ec!os  of  yeast,  each  one  differing  from  the 
other  in  functions  and  properties,  and  of  the 
several  speoiee  ^ich  are  capable  of  inducing 
alcoholic  fermentation  lie  identified  the  following 
as  hcing  present  in  malt  wurt«»,  in  addition  to  that 
speoies  taaown  as  Saccharmnyuf  cenmna,  the 
true  beer  ferment,  Sncchnromyces  fnntorianus, 
S,  eliitHSoideiu,  S.  exigum,  and  <S'.  apiculaitu. 
These  ne  found  ware  alivays  present  in  the  atmo* 
sphere  aa  well  as  on  the  surface  of  all  fruits,  so 
that  if  some  sweet  wort  bo  freely  exposed  to  the 
air,  it  will  in  the  course  of  a  few  hours  manifest 
all  the  signs  of  alcoholic  fermentation  ;  but,  in 
addition  to  these  various  six-cies  of  yeast,  s]Kjres 
of  baeteria  and  moulds  vnil  aim  manifest  them- 
selves and  develop,  so  that  after  a  few  days,  if 
left  to  itself,  this  wort  beoonip.s  quit<3  turbid,  is 
covered  with  a  thin  film,  emit<a  a  disagreeable 
smell,  and  soon  ptitrftfies.  Hence  the  necessity 
for  boiling  the  w  ort  before  fermentation ;  by 
this  means  all  the  spores  which  may  have  been 
present,  derived  in  great  part  from  the  surface  of 
barley  or  malt,  are  lulled  and  the  wort  rendered 
free  from  all  foreign  germs,  andisady  to  ondcfgo 
a  true  yeast  fermentation. 

But  although  Pasteur  directed  attentioo  to 
the  presence  of  these  other  forms  of  sacrharo- 
myoee  or  wild  yeasts,  as  they  are  now  termed,  in 
fennentmg  worts  and  beer,  he  did  not  tell  os 

how  to  introduce  into  the  liqiiid  about  to  1>e  fer- 
mented a  seed  yeast  which  is  really  ixee  from 
all  audi  forats  of  wild  yeasfe.  This  work  was 

reserved  for  Hanson,  and  was  brought  to  a  most 
auooeeaful  issue  by  hiui.  Ho  Htaited  with  the 
idea  of  onltiYating  a  crop  of  yeast  bom  a  single 

.selecl<^\l  yeat?t  cell,  and  pure  yeast  thus  procurtnl 
was  first  UBed  for  brewing  purposes  at  old  Carls> 
berg  Brewery,  near  Copennagim,  in  1888  (lied- 
delebcr  fra  Carlsbert;  T^boratoriet,  1S8I).  In 
that  year  he  brought  forward  his  doctrine  that 
some  of  the  most  dan^;erous  and  most  eonunon 
diseases  of  low  fermentrttion  beer  were  caused, 
not  by  bacteria,  but  by  certain  species  of 
saccharomyces,  and  that  each  of  the  names  em* 
ployed  by  Rccs — 8.  cerei^isirr,  S.  paatorianm, 
S.  ellopscideus — represented  not  one  but  several 
k  inds  or  raoes.  He  showed  that  ▼arietira  which 
had  been  until  then  incorrectly  grouped  under 
the  name  of  Haccharomuces  cerevitice  gave  in 
the  brewery  prodnots  having  quite  different 
characters.  Since  th'^n,  carefully  seleet<<l  ty()os 
of  yeadt  from  pure  cultures  on  this  uiclhod  have 
been  introduced  into  all  the  leading  breweries  of 
Denmark,  Norway,  and  Bavaria,  with  the  most 
mairked  sucoess.  8u  far,  all  the  work  that  has 
been  done  ^\ith  pure  yeast  relates  to  that  parti- 
cular variety  which  is  employed  on  the  f 'onlinent 
and  known  as  bottom  yeast,  or  low  formcutation 
ycAst.  »o  called  because  the  ifennentation  is  there 
carried  on  at  a  low  temperature  {iT'F.  or  even 
lower),  and  is  a  idow  process  extending  over  some 
weeks,  dviing  whicli  the  ysaat  sinlu  to  the 


bottom  of  the  vats  or  caAs,  in  eontradiatinctaeo 

to  the  ETiLilish  mothod  of  fermentation  tertued 
tiigh  fermentation,  and  the  yoast,  top  yea^. 
beoanae  here  tiie  fnooess  is  ooodneted  at  a  higii 

temperature  commencing  at  about  QO^F.  ar.j 
running  up  to  70*F.  or  more,  so  that  tdhe  fer- 
mentation is  mtieh  more  rapid  and  the  yeast 
thus  produrc  1  rises  to  th^^  stjrrnro  and  wT»rk.>  r.nt 
of  the  bungholes  of  the  casks  or  is  skimmed  oQ 
the  snrfaoe  of  the  fermenting  tuns. 

A  great  deal  of  practical  «  ork  has  Ixt-ri  done 
in  the  way  of  pure  yeast  cultivation  on  the 
large  scale  in  Eq^^wi  breweries  with  Taiyinff 
results.  H.  T.  Brown  a:ni  (J.  H.  Morris  canieu 
through  a  series  of  exjK^-rmiente  between  the 
years  1885-94  in  a  large  Burton  buewnty,  hut 
found  that  although  the  beers  produtwi  ttmv^ 
sound,  they  hardly  ever  came  into  coadittom,  and 
no  sectjndary  fermentation  ocooned,  unless  after 
the  addition  of  malt  extract  or  fupnr  prlmiTig. 
Later  investigators  have  found  tli^t  fur  many 
aleg  the  system  ean  ))c  adopted  with  very  satis- 
factory results,  as  they  ha\  e  found  that  in  thi« 
t3'pe  of  beer,  fermented  with  a  siugle-celi  vf-A.-^^ 
a  eontinnatiim  of  the  primary  fermeutatiaii 
occurs  after  racking  and  last*  for  aVxiut  a  fort- 
night. It  is  conclusively  proved  that  the  txiio 
sccoiuiary  fermentation,  such  as  occurs  in  the 
case  of  stock  ales  when  stored  for  a  considerable 
period,  is  not  brought  about  by  primary  vciaai, 
and  hence  the  failure  of  Hainsn'a  — —  *^ 


English  breweries. 

N.  H.  daussen  has  studied  the  yeasts  which 
brin^T  al>out  the  secondary  fenm  :itation  in 
EoflUsh  been  (J.  Inst.  Brewing,  19^,  10,  308), 
ana  has  dtocoversd  a  non-sporulating  budding 
fundus  belongini;;  t(»  the  TonUa  ^rroup  which 
possesses  the  special  property  of  setting  up 
seoondary  fermentation,  siad  «wm  orsatea  in 
Continental  beers  that  flavour  and  condition 
typical  of  Kngliah  beers.  He  gives  the  name  oi 
Brettanomyoos  to  thb  organism,  and  holds  tho 
belief  that  it  is  »  oonilrawnt  of  tho  pitahn^ 
yeast. 

SniSeient  has  been  done  to  |«oto  thai  in 

ordinary  brcwcrv  vra:,t  thr?  English  bnjwers 
also  possess  a  mixture  from  which,  by  Hansen's 
method,  several  variettos  of  8.  anmtm  oan  be 
separate,  which  cannot  microscopically  be  di--- 
tinguished  from  each  other,  but  which,  when  used 
upon  a  praotieal  9oale,  give  mitirdy  dillMnnt 
results,  both  as  to  flavour,  bright rnini:',  itt<'nu« 
atiou,  and  mode  of  separation  oi  tivc  yeasv 
Experiments  have  ahK>  shown  that  these  cluurao> 
teristics  can  be  maintained  unimpaired  through- 
out a  very  great  many  successive  fwmentaiioD^ 
in  the  brewety  (Monis,  J.  floo.  Ottm.  LhL  188T, 
113). 

Groat  differences  have  been  found  to  exist  in 
the  formentative  capabilities  with  regard  to 
different  sugars.  Most  yeasts  ferment  gluecta© 
and  fructose^  but  there  are  several  types  which 
are  vnable  to  ferment  sneh  eunure  as  maltose, 
cane  sugar,  and  milk  foigar.  Tbis  difTf^nee  is 
evidently  dependent  upon  the  enzyme  which  the 
yeast  is  able  to  secrete.  It  hsa  Umg  besn  known 
that  cultivated  yeast  secretes  an  enryrac  callt<d 
inverkwe,  whioh  hydrolyses  cane  sugar,  con- 
▼ectiQg  it  into  tiie  more  readily  fsrmaatakle 
sugars  dextro!!e  rtkI  laivulose.  It  has  mcdre 
recently  been  found  that  these  yeast«  secrete 
another  enxyme^  malto«s»  wfakh  converts  maltoi^^ 
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into  glucose,  previoas  to  Re  femMotatkm.   Ae  <  triee»  has  1»en  patantod  by  the  writer.  It 

simply  consists  of  the  admixture  of  ordinary 
preyed  yeast  with  solid  gluooee.  The  elaooee 
is  fizst  BMlted  by  heat  and  aUowed  to  ooolTwhen 


lor;:  aL:o  as  1858,  Traube  brought  f  rv  at  i  i 
theory  relating  to  lermentation,  which,  however, 
leoeifed  little  eredenoe  at^e  ^me.  Aooording  to 


thistbrnry.  f rrmriitation  b  r>:|tlained  as  an  e^ect  ■  it  does  not  immediately  set,  but  remains  ]i([uitl 
duo  to  the  various  euzymes  contained  in  yeasty  The  brewer's  yeast  is  lirat  pressed  and  then  iu- 
aadnot  totheveafltcdl  itadf.  Tbk  theoiy  haa  '  corporated  with  it^  when  the  wfade  maw  seta 
be^'n  practically  confirmod  by  the  discoveries  hard  in  the  course  of  a  f' -v  hours  ;  the  yeast  is 
of  Emil  Fischer  (Ber.  27,  1894  and  28,  1895)  thus,  so  to  speak,  impruioued  in  the  crystallised 
«ad  Ed.  Buohner.  Fischer's  investigations  on  I  glucose,  yet  without  being  completely  dried  up, 
enzymes  have  not  only  brought  to  li^ht  now  '  «r\d  retains  its  fermentative  jxjwer  with  bat 
facts,  but  have  also  pointed  to  quite  now  views  slight  diminution  for  a  very  long  period. 


as  to  the  nature  of  the  prooesaea  ooneemed.  In 

1897,  Buchner,  by  .submitting  yeast  to  high 


As  we  have  seen,  the  mioroeoope  deea  not 

enable  iis  in  r  nrue  instances  to  differentiate  one 


pressure,  succeeded  in  obtaining  an  extract  ]  ^orm  ot  yca^it  from  another,  and  in  order 
oapable  of  producing  fermentation  in  solntiona  |  to  be  able  to  do  this  some  other  method  must 
f>f  pngar.  Ho  conclu(le<l  from  his  experiments  be  resorted  to.  It  has  long  been  noticed  by 
that  the  active  element  in  the  expressed  juice  many  observers,  more  cipeoiaiiy  by  iieeti,  Engel, 
— I  •       .1  .  —   ^        BrefeUl,  that  under  certain  conditions  the 

yeast  cell,  instead  of  throwing  out  a  bud.  innlti- 
'  plies  it«»eif  in  another  wu.y  :  lUi  protoplasm  divides 
{  itself  into  four  masses  termed  asoosporos,  each 
of  which  mirroumls  itself  with  a  cell  wall,  and 
the  whole  are  bct  froo  by  the  dissoiutiuu  oi  the 
I  oell  wall  of  the  parent. 

Hansen  found  that  the  urdniary  bottom-fer- 
mentation yuAnt  only  formed  spurud  at  25^C 
after  some  days,  whilst  the  wild  forms  are 
capable  of  forming  asoospores  at  this  tompera< 
ture  in  a  few  hours,  and  upon  theso  results 
Holm  and  Poulsen  (MeddelcLaor  fra  Carls  berg 
Laboratohet,  1886)  have  based  a  method  for  the 
practical  analysis  of  brewer's  yeast.  The  method 
of  procedure  is  as  follows:  A  small  quantity 
of  the  yeast  to  bo  examined  is  spread  on  a  small 
sterilised  Uoofc  of  plaster  of  Fans  ;  this  block  is 
then  placed  in  a  flat  covered  glass  dish  and 
kept  moist  by  water  ntevioualy  poured  into  the 
diah.  This  ia  then  plaoed  in  the  thormostat  or 
forcing  chamber,  and  kept  at  a  temperature  of 
Sfi^'C.  for  iorty  houia.  At  the  end  ol  that  time 
it  is  earefttHy  examined  nnder  the  mieroscope, 
whrn  hpore.s,  if  any  wild  yeast  bo  present, 
v«  <»MM,.muw.  i>wu  ju<M&iD  ix^uu<v4j9-  1  wlU  bo  seou  as  round  bodiea  within  the  oeil  wall, 

talliiable  Ptroduoto  ti  Hie  Aotion  ci  ZHastaee  I  Giore  Johnson  and  8.  Hare  (J.  Inst.  Brew> 
up  n  Starch,  f'liom.  Soc.  Trans.  1885,  569)  have  ;  ing.  3d.  467),  in  the  course  of  some  bacteriu- 
found  that  some  of  theee  *  wild  types  oi  yeast,'  logical  experiments,  accidentally  dieoovered  a 

o  — i — f  J  o   «.__!-  jjg^  yeast,  to  wfaioh  they  gave  the  name  of 

SaccJuiromyces  thermantiionumf  owing  to  ita 
power  oi  resisting  high  temperatures,  it  proved 
to  be  a  troe  yeast,  forming  sporea  at  definite 
temperatures  and  capable  of  setting  up  a 
vigorous  alcoholic  fermentation  in  a  saooharine 
solution  at  a  temperature  of  110M30*F.  Fkof. 
Lindner  states  that  this  new  yeast  differs  from 
aummor-time  amongst  certain  kinds  of  boet,  are  ifOgoti  yoiuit  in  that  it  precipitates  in  a  much 
due  to  the  proeencc  in  large  quaatity  of  theee  |  more  compact  mass.  He  farther  states  that  at 
wild  yeast  types  in  the  beer.  I  109*F.  the  fermentation  proceeds  quickly  and 

There  are  aL>o  present  among  the  secondary  '  normally,  and  the  yeast  retains  its  abili^  to 
ferments  oi  our  top-fenmittatkMi  beers  several  isolate  itself  in  large  lumjis,  thereby  causing  a 


an  enzyme  which  he  called  zyrtum»'  Ita 

fermentative  power  he  foiind  to  several 
hundred  times  less  than  that  of  living  yuadt,  and 
it  loses  its  activity  on  keeping. 

This  activity  in  not  influenced  by  yeast  cells 
nor  is  this  activity,  when  lost,  restored  by  the 
aetkm  of  living  oeliB. 

A  very  larpe  amount  of  work  has  been  done 
since  1897,  as  the  direct  result  of  the  new  series 
of  investigations  provided  by  Buchner's  re- 
searches, both  in  Kngland  and  abroad.  A 
valuable  resnm6  of  these  researches  will  be 
found  in  two  papers  read  before  th»  Institute 
of  Brewing  by  Dr.  Arthur  Harden  (J.  Inst. 
Blew.  1906,  11,  2-16,  and  IDIO,  7,  063-634) 

(Vb  VkSMZHTATlOK). 

Hanaen  found  that  particular  forms  of  disease  i 
wliioh  manif^  themselves  in  beer  after  it  has 
been  stored  in  cask  are  due  to  the  presence  of 

Sxies  of  wild  yeast  (Mcddelelser  fra  Carlsberg  , 
boiatoriet,  1SS3),  and  notably  to  certain  varie-  ' 
tiei  of  8.  paston'anua,  but  ho  has  also  shown 
that  if  theee  wild  types  are  preaent  to  the  extent  i 
of  not  more  than  S*6  p.e.  on  the  total  quantity  , 
of  yeast,  they  do  not  develop  their  particular 
form  of  disease.   Brown  and  Morris  (Nouoorys 


8.  pastoHamu  and  8.  dKpHeWt  wnioh  with  other 

P^>ecie8  constitute  the  secondary  ferment  ?  <jf  our 
hjgh-fermentation  beers,  are  capable  oi  iirst 
hyorolyBing  the  dextrin  to  maJtoae  and  then 
fermenting  it,  and  these  results  have  been  fully 
cimfirmed  by  the  author  on  the  large  scale  in 
the  tacewviy.  It  is  perfectly  certain  tiiat  the 
'ciek  frets   and  other  disoasr?  which  prevail  in 


types  of  the  Tonda  grotjp,  one  type  of  whicli  has 
been  investigated  by  Claussen,  as  already  men 


spontaneous  c Inntication  of  the  wort. 

Yeast  lia>s  ai\^  a>'.s  bi-vu  cla«>tiitied  &h  belonging 


tioned.    By  Torula,  Hanson  undentands  yeast  I  to  the  fungoid  group  of  plants,  but  those  other 

cells  which  are  similar  to  Saccharornj/ces,  but  do  organi«?ms  which  also  have  the  power  of  in- 
not  form  eudospores  uor  develop  typical  mould  l  ducnig  iermentatiou  other  than  alcoholic  in 


gfOWtha.    As  regards  the  production  of  aloohol, 

they  may  exhibit  this  in  all  di'srre<>.s.  Com- 
paratively little  is  known  as  yet  w  ith  regard  to 
theae  yeasta,  imt  no  doubt  in  the  near  future 

they  will  be  more  fully  invcstigate<I. 

A  method  for  the  prcHervatton  of  yc^t 


saccharine  solutions,  have  been  reganled  by  the 
older  observers  as  heinniring  rather  to  the  animal 
than  to  the  vcgotablo  Kingdom,  chietly  on  ac- 
count of  their  motility  and  in  the  alMence  of  the 
basis  rciquired  for  a  more  exact  comparison,  but 
later  mvestigators  see  no  reason  for  separating 


whcveby  it  oan  be  trmsported  to  foreign  ooun*  them  from  the  vegetable- kingdom,  ^^^^^^f^^ 
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that  can  yet  bo  saiil  of  thorn  is  thut  tht-y  may  \h) 
cUweed  as  bftcteria,  and  '  arc  a  group  of  simple 
plants  of  a  low  order.' 

Of  those  the  s|H'cicM  hi'si  known  to  ns  as 
occurring  in  beer  are  SaccharobaciUus  paa- 
torianw,  BaeQhu  omyMader,  Batienum  fermo, 
Jim  U  rium  acitl,  Bnrli  rium  laciis,  and  Snrcina. 
There  are  other  species  of  which  Utile  is  knowTi, 
but  whieli  axv  often  met  with  I&  old  l)oeF>  tiieh 
as  the  ro])\  fi-rmcnt,  colour  baeterivinf  Mctain 
furms  of  vibrw,  'SptriUunit  * 

These  constitute  what  are  known  as  the 
discas*-  p;erms  of  beer,  and  generally  dovolop 
under  favourable  conditions  in  the  finished  beer 
after  it  has  been  some  time  in  eask  or  bottle. 
Bactrrium  aceti  has  thp  power  of  convert  ins 
the  alcohui  of  the  beer  into  acetic  acid;  B.  ktclis 
attacks  the  saccharine  matter,  conTerUng  it  into 
larti<-  a '  i  !  :  \\liil<t  hiityric  arl<l  is  supposed  to  be 
derived  trum  the  further  feriucutatiun  of  lactic 
acid  by  means  of  Bacilluit  amjflobaeter^  or  from 
sugar  along  with  butyl  alcohol  by  means  of  the 
same  orgaiusm.  These  three  forma  of  bacteria 
are  perhaps  those  most  oommooly  ooourring  in 
beer. 

A  few  forms  of  mould  are  sometimi's  met 
with,  such  as  Mueor  rrir^rnomut  Penicilliutn 
glaucum,  A&peryi'ttm  niger;  but  space  will  not 
permit  to  treat  further  of  this  subject. 

Energy  of  fermentatioti . — Ix'avin;.'  out  of  con- 
sitlcration  thi-  difTorent  physiological  conditions 
of  tho  yeaal,  the  various  vm^vh  shuu'  marked 
differeiloes  in  their  fermentative  activity.  This 
can  be  estimated  by  observing  the  amount  of 
gas  evolved  in  a  given  time.  The  apparatus 
uown  in  Tig,  9  is  used  for  the  purpose,  and 


Fio.  0. 


consists  of  a  fladt,  A,  containing  the  yeast  and 

n  solution  of  cane  sugar.  Jt  is  pU<i'd  in  a  water- 
balh  providcfl  with  a  )»iTft>rat*'d  false  iMittom, 
tbocont4'nt>'  of  thr  l»  niLj  kept  at  a  constant 
temiuTalun.'  of  HO^V.  Thv  lla.-*k  A  is  fumishj^l 
with  an  indiarubber  cork  having  two  jHTfora- 
lions, into  each  of  which  short  picet'sof  glass  tube 
%re  inserted.   To  one  o£  these  the  tube  oom- 


niunicatin^'  with  the  measuring  apparatus  ts 

■  connected,  to  the  other  a  stoat  piece  oi  india- 
rubber  tube  whioh  ean  be  closed  by  an  ordhiarr 
hurette  clip.     The  measuring'   apparatus  eon- 

,  sists  of  a  U*8haped  tube,  one  Umb  which  is  coa- 
I  siderably  widnr  than  the  other,  is  oonsttocted  to 
holdGOOc.c.  and  is  graduat<,nl  into  lOc.c.  divi-iioni. 
I  The  extremity  of  the  narrower  tube  carries  a 
I  fannel-Uke  expansion,  and  is  ptoTided  at  its 

lo-:s  r  111!  Alfh  a  tap;   the  upjK-r  extremity  of 
the  wider  limb  carrier  a  narrow  tube  bent  at  a 
right  angle,  and  also  a  tap. 
'       Wh«'n  a  determination  is  mado,  10  irratn?«  of 
I  yeast  under  examination  are  intimately  mixed 
I  witii  400  c.c.  of  a  10  p.c.  solution  of  oane  want, 
'  and  hitroihued  into  the  fln.sk.    Thi.-  i-.  trv«.-n 
placed  in  the  water-bath,  \«hich  luu>  pre- 
viously heated  to  and  is  now  constantly  nisin« 
tained  at  a  temp'-rnture  of  Hd'F.  ami  is  allow  cid 
to  remain  uncorked  tor      hour ;  m  the  oje^n 
time  the  measuring  aufiaratus  is  made  ready. 
I  Five  c.c.  of  rinnin  oil  are  first  poured  into  the 
funnel,  and  attcrwards  water.  This  latter  dr»vt« 
I  the  oil  before  it.  and  this,  when  it  enters  the 
'  measuring  rhamhcr.  floats:  on  thf  jnirfaoi-  <.>f  the 
water  and  prevents  the  absorption  of  carbonic 
dioxide.    Sufficient  water  is  then  intrrnluced  to 
bring  the  surface  of  the  paraffin  layer  to  the  zero 
I  mark  on  the  .scale.    After  the  flask  has  stood  for 
I  an  hour  in  the  water-bath,  tlic  appaimtoa  is 
connected  up.  the  tube  c  being  left  ojien  while 
this  is  being  done.    This  is  now  closed  with  the 
clip,  the  t^p  D  opened,  and  the  time  noted  as 
fermentation   proceeds.    The   dimngaoed  gas 
gradually  displaces  the  liquid  in  the  wicMT  limit, 
and  the  tap  B  is  opened  iust  sufficiently  to  allow 
j  the  water  to  escape  at  the  same  rate  a«  the  gas 
enters.    At  the  expiration  of  half  an  hour,  the 
taps  D  and  K  are  closed,  the  clip  c  is  removed,  and 
with  the  asaiatanoe  of  the  pointer  the  level  of  the 
liquid  in  the  two  limlM  adjusted  to  the  aame 
height,  either  b\-  j^h airing  \vat<r  into  the  funnel 

■  or  dmwing  it  off  by  the  tap    and  the  quanti^  of 
'  o(^eeted  gas  read  off. 

27.  Having  very  briefly  ^lanctHl  at  the  dif- 
I  ferent  materials  used  in  brewing,  we  proceed 

■  next  to  consider  the  various  proeesses  involired  , 

1  in  the  ninniifart  uri-  >  tf  Vr-rr. 

I     Preparation  of  malt  lor  maihing.   As  mxax 
'  as  the  mslt  Is  delivered  at  the  brewery  it  is  . 

flirt  her  cleaned  by  screening  from  adherent  duiit,  I 
{  mould  spores,  and  small  corns.    It  is  then  dc-  i 
;  liveied  into  a  small  houper,  from  wtuoh  it  paasw  ! 
,  to  the  malt  mill.    Tnis  consists  of  a  pair  of  | 
smooth  steel  rollers,  or,  preferably,  of  two  pair^ 
of  such  rollers,  one  pair  of  roUen  being  sri  to  a 
wider  gauge  than  the  other.    When  pas-'irj; 
J  through  such  a  set  of  rollers  the  Urgi  r  coma  lux- 
I  omshed  by  that  pair  whioh  is  set  so  as  to  cru^h 
them  !^nfTicicntl\-  but  not  ton  mue)i,  whiUt  the 
'  smaller  com**  i>a.ss  oi\  Ut  the  other  pair,  which 
I  are  set  at  a  narrower  caugo  so  as  to  ensure  the 
eomplete  enishiiig  ef  r  very  individual  com.  By 
this  means  a  comiMwatively  evwi  grist  is  ob- 
tained.   As  the  malt  is  ground  it  passes  to  thr 
grist  case  (<%  Fig.  10)  which  is  generally  placed 
over  or  has  command  of  the  mash  tun. 

The  grist  ease  should  be  ma<ie  of  vdi 
seasone*!  pine  or  deal.  nlane<l  sntooth  and  wrll 
jointed,  and  should  be  linotl  with  shwt  zinc,  «>r 
it  may  Ik*  const ructe<l  of  galvanised  iron.  The 
bottom  of  ttale  grist  case  must  be  of  su&cictii 

.  J  .i^  .o  i.y  Googi 


BREWING. 


651 


ttlupe  to  allow  of  the  griat  failing  easily  aad 
nMity  into  the  mashfaig  machine,  Md  u  pro- 
vided at  the  bottom  with  a  sUding  valve. 

28.  Mashing  process.  From  tlie  grist  oMe 
the  crushed  malt  pasMs  on  to  the  outaldo 
mashing  machini",  vshero  it  meets  with  the 
msshiug  liquor  at  a  temperature  varying,  ac- 
cording to  circumstanees,  from  160*F.  to  170*F. 
The  malt  and  water  are  here  thoroughly  mixed 
before  numin^  into  the  mash  tun.  The  beet 
fonn  ol  maohmn  for  this  pnipoMp  and  the  one 

most  generally  em- 
ployed, is  Steel's  nia."ih<'r, 
of    Mhich  a    section  \n 
shown  At  Fig.  10,  D.  This 
consists  of  a  horizontal 
cylinder  dosed  at  one 
end   and  open   at  tlio 
otlnx,  front  3  to  ti  feet 
in  len^;th  and  from  8  to 
'22  inches  in  diameter. 
It  is  fixe<l  horizontally 
above  the  level  of  the 
upper  edfje  of  the  nia.-sh 
tini,  and  is  nsuall}'  fur- 
nislu'd    with    a  shoot 
whereby  thu  um^h  may 
be  oondncted  into  one 
or  more  tuwK.    For  iu- 
ertanoe,  where  two  ntash 
emijluyetl,  the 
at«.'el  ma>«h- 
er  IS  hxed 
between 
the  two 
tttosiusueh 
a  my  that 
it  can  Ix- 
used  for 
Mther  one 


at  pleMon.    Intiae  the 

cylinder  and  running  iia 
whole  kmgth  is  a  shaft 
fKDTidad  with  spolrai  at 

short  and  regular  intervaLs, 
and  of  iiuoh  a  ieagth  that 
thoy  just  revolTo  beely 

inside    the     C3-Iin(iar  M 
alio  WD  in  sootioo. 

The  shaft  is  driTen  by 
-liiTlk'y,  aril!  grist  is 
ted  into  thu  upper  nido 
through  theuprightT-pioce, 
the  water  from  the  hot  liqi 
the  grist  at  this  point.  . 

A  slid«»  aeoorately  adjusted  by  means  of  a 
screw,  regulates  the  fall  of  the  malt.  whiLst  a 
screw  tap  aUows  of  the  admission  of  the  proper 
quantity  (rf  mttor. 

The  process  of  mashing  is  carried  on  in  a 
vesaol  called  a  mash  tun,  m.  This  may  be  made 
of  wood,  wood  linsd  with  oopper,  or  of  iron,  but 
the  material  most  gen  rTlly  employed  is  iron, 
as  It  is  found  to  last  very  lauch  longer  than  wood 
and  is  moio  easily  qjeanod.   Wood  mash  tuns, 

'  For  the  dnwlngs  of  brewery  plant,  the  author  Is 


I  when  used,  are  constructed  of  staves  of  beiit 
English  oak,  with  a  bottom  of  Dantcio  fir.  The 

staves  sliould  not  be  less  than  two  and  a  half 
I  iDoh(»  thick  for  small  tuns,  which  must  be  in^ 
creased  for  larger  tuns  in  proportion  to  their 
size.  The  mam  tun  iB  pr<ivi<l'"l  'vith  a  false 
bottom,  an  internal  mashing  machine,  and  a 

f'  )ipe,  termed  an  underlet,  for  introduciog  hot 
iquor  from  thf*  main  into  the  mash  tuii  when  de- 
aired.    The  cajiacity  of  the  tun  should  bu  such  as 
to  allow  three  and  a  half  barreb  for  every  quarter 
>  of  malt  to  he  mashed  ;  to  this  must  be  added  an 
allowance  of  3  ineh<'fl  t<>  the  depth  of  the  tim. 

The  false  bottom,  of  auch  a  thickness  as  to 
leave  a  .«j>oco  of  2  itiehcn  in  depth  between  it 
an<l  the  real  bottoin  of  the  tuu,  consists  of  a 
series  of  \viHQ.6ttmg  stont  sheet-ooppsT  plates 
j>erforaU>d  with  small  hole^^  or  nlot-s  one-eighth 
of  an  inch  iu  sixc  suid  about  1  inch  ajmrt,  and 
.Huj)[M>rted  by  wooden  l>e»n>r'^-  Tlie  internal 
nia.<^hing  niachinery  con.-^ists  of  a  horizontal  shaft 
rotating  at  a  level  of  al>out  half  the  depth  of  the 
tun  round  a  central  vertical  shuft  ns  well  as  on 
itn  own  axis,  and  fitttd  witli  light  iron  bars 
placed  at  regular  intcrvaLs  idoug  the  length  of 
the  shaft,  which  by  their  motion  mOTS efliM^iiftUy 
mix  np  the  gri.'^t  in  t  he  tun.* 

One  or  niorc  piixs,  termed  underlets,  by 
means  of  which  hot  water  can  be  introduced 
into  the  tun  under  the  false  bottom  for  the  pur- 
(K>Be  of  raising  l^e  temperature  of  the  mash 
when  required,  ishoiild  be  aflixed  to  every  mash 
I  ton.    This  heatiiu;  is  termi-d  piecing  up,  and  the 
I  hot  water  ran  in  for  the  pur{n)>^e,  piece  liquor. 
The  relative  jjroport  ions  of  a  mash  tun  are 
a  matter  of  some  imporiauoe.    Table  V.^  given 
by  Soiithby  for  the  form  of  mesh  taa  we  are 
describing,  shows  thcM!  i>rojxtrtIonM. 
I      For  the  purpose  of  drawing  off  the  aqueous 
I  extiaot  of  toe  malt,  or  in  teehnieal  language 
.Kwi'L-t   wort,   the   bet* cm    of  the 
mash  tuu  is  provided  with  a  smt- 
able  number  of  pipes,  which  should 
1)0  attache<l  at  regular  intervals  to 
the  bottom  of  the  tuu  so  as  to 
ensure  an  equal   draught  from 
fviTV    portion.     0(   course,  the 
uuuib«r  ui  nuch draw-off  pip&s  must 

vary  with 
the  size  of 
the  tun.  A 
25 -quarter 
mash  tun 
should  have 
at  Icatit  .^ix 
(1  r  a  w  -  o  f  f 


pipett. 
The  mash 


back  meeting 


Taul£  v. 


mashed     °' ^"^^   °*  mashed 


mashed 


ft.  iP. 


indebted  to  Hr.  J.  Osley,  brewers'  engiacer,  i'^rome.       i    »  For  large  mash  tuns  two  such  sbaf  t«^ate  emplcqred.'  "-^Ogie 
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tun  in  all  instances  is  provided  vrith  a  cover. 
This  should  be  carefully  made  and  should  fit 
well ;  it  provcnta  the  cooling  of  the  mash  and 
protects  tno  surface  of  it  from  dust. 

This  cover  may  be  of  two  forms,  square  top 
and  conical,  but  the  one  to  bo  most  preferred  is 
undoubtedly  the  conical.  The  square  top,  which 
b  of  the  same  diameter  all  the  way  up  as  the 
mash  tun,  and  is  from  two  to  two  and  a  half  feet 
in  height,  is  provided  with  doors  or  sliding 
shutters.  The  great  objection  to  this  form  is 
the  large  amount  of  space  left  above  the  mash, 
and  the  facility  afforded  by  the  flat  top  for  the 
collection  of  dust. 

The  conical  cover  is  made  in  irregular  sections, 
all  of  which  are  removable,  whilst  the  objections 
to  the  square  top  are  reduced  to  a  minimum. 

Both  these  types  of  covers,  however,  are  being 


rapidly  replaced  by  copper  covers,  generally 
hood-shaped,  hung  on  chains,  and  worked  by 
pulleys  and  weights  so  that  the  hood  can  b« 
readily  lowered  or  raised  as  desired. 

The  draw-off  pijxjs  to  which  taps  are  affixed 
are  carried  separately  from  the  maah  tun  to  a 
small  receiving  vessel  termed  the  *  underback.' 
into  which  the  wort  from  each  tap  flows,  and  u 
conveyed  from  this  to  the  copjKjr. 

Figs.  11  and  12  give  a  general  view  of  all  the 
mashing  arrangements  descrilied  above. 

As  wo  have  said,  the  malt  as  it  leaves  the 
grist  case  meeta  in  Steel's  mashing  machine 
with  the  hot  liquor,  and  both,  thoroughly  inter* 
mixinl,  are  run  into  the  mash  tun.  soon  as 
all  the  grist  is  run  in,  a  few  gallons  of  mashing 
liquor  are  run  through  the  Steel's  masher,  ana 
then  the  rakes  are  set  going,  two  turns  round 


liG.  11. — Mashiko  Room  ih  Mkssbs.  WuKTUiKOToii  &,  Co,*b  huL^ssuji'i,  i5LiiiuN.oir.TnHT.> 


which  becomes  rapidly  converted  into  dextrin 
and  maltose  ;  the  proteo-hydrol^-st  or  proteo- 
lytic enzymes  act  upon  the  nitrogenous  or  al- 
buminoid bodies,  converting  them  into  les» 
complex  and  more  soluble  compounds,  some  of 
which  arc  in  a  form  readily  assimilable  by  yeast. 
The  other  carbohydrates,  such  as  dextrose,  cane 
sugar,  and  lapvulose  (known  as  the  ready-formed 
sugars  of  malt),  also  enter  into  solution. 

The  action  of  the  proteolytic  enzymes 
jytpta«c  and  tryptast  is  practionlly  a  continua- 
tion of  the  action  taking  place  on  the  p^rowing 
floors  during  the  process  of  malting,  but  is  some- 
what rcstrictoil,  owing  to  the  temperature  of  the 
ma.'-h  bt^ng  al)ove  the  maximum  of  activity  of 
these  ferments.  The  action  consists,  as  aln>ady 
pointed  out  earlier  in  this  article,  in  the  pro- 
duction of  albumoses,  peptones,  and  amides  and 


the  tun  being  considered  sulKcicnt.  The  tem- 
perature of  the  mash  is  then  taken  ;  this  may 
vary  from  140*^.  to  ]50*F.  according  to  the 
practice  of  the  brewer)'.  If  this  initial  tempera- 
ture Ls  not  up  to  the  proper  point,  then  some 
more  hot  liquor  is  introduced  througli  the  under- 
let until  the  right  temperature  is  attained ;  the 
covers  are  shut  up  and  the  mash  allowed  to 
stand,  generally  for  one  and  n  half  to  two  hours. 

29.  The  chemical  changes  which  occur  during 
mashing.  When  ground  malt  is  brought  into 
contact  with  water  at  the  mashing  tem})erature, 
the  starch  which  it  contains  becomes  gelatinised 
and  the  several  enzymes  present  in  the  malt  are 
enublcil  to  perform  their  several  functions.  The 
amylo-hydrolyst  or  diastase  acts  wyton  the  htarch, 

•  Thii.wlth  Fig.  15.  are  taken  from  .VotfttI  Breweries  of 
Great  liritain,  by  kind  permlsaion  of  Sir  J.  C'auston  <&  Sons. 
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ammo-acids,  Uie  latter,  the  lowest  type  of  nitro- 
genona  bodiea  fonned,  being  those  moat  readily 

Msiniilated  by  yeaat. 

Recent  xesearohes  have  proved  most  con-  . 
danvely  that  wfaea  gelatinised  etaioh  is  aeted  [ 

upon  by  diastase  it  is  split  up  into  dextrin  and 
maltose,  and,  under  certain  conditions,  into 
maltodextrin  as  ml],  sad  that  this  ebaage  is  a 

molecular  one,  and  does  not  take  place  according 
to  one  equation,  but  to  several,  aependiug  upon 
the  temperature  at  which raoh  a  tfansfonnauon 
is  effected,  and  that  the  conversion  afterwartla 
of  the  dextrins  first  formed  into  maltose  is  a  i 
alow  and  gradual  act  of  hydration.  In  all  proba-  I 
bility  the  molecular  transformations  of  starch 
may  bo  represented  by  at  least  eight  possible 
eouations,  depending  upoa  the  temperature  at 
which  such  transformations  are  effected. 

The  following  table  cives  the  rcs]xH;tivo  pro- 
portions of  maltose  ana  dextrin  correeponoing 
to  these  eight  equations,  as  well  as  tho  cupric- 
oxido  reducing  power  K  and  specitic  rotatory 
power  [a]p  (3^  dMm),  for  the  jomt  prodnots  < 
of  Moh  <rf  theae  tnoeforiDatkiu —  | 

Tablb  VI,  I 


No.  of 
tnunslor- 

Msltoss 

K 

Besulting 
daztdn 

Soluble 

1 

starch 

0 

0 

0 

195-0° 

1 

10-4 

6*4 

188-6 

Er3rthro* 

dextrin  a 

2 

20*8 

79-2 

12-7 

182-4 

..  $ 

3 

31-0 

60-0 

18-9 

176-2 

Achroo- 

dextrin  a 

4 

41-3 

58-7 

25-2 

170-2 

,»  0 

6 

51-3 

48-7 

31-3 

164-3 

»  7 

6 

611 

38-9 

37  3 

158-4 

7 

71-0 

29-0 

43-3 

152-6 

»t  c 

s 

80-8 

19-2 

49-3 

146-7 

M  C 

9 

90-3 

9-7 

661 

141-0 

Mftttoee 

61-0 

136-4 

Throughout  the  whole  range  of  the  traosfor- 
mationa  of  ilareh  eondaoted  with  malt  extract ' 

under  the  most  varying  conditions,  results  may 
be  obtained  which  are  always  compatible  with  i 
tiie  lijnpothesia  that  the  hydration  and  spNttbg 
up  of  the  molecule  of  soluble  starch  aro  attended 
with  the  production  of  (1)  a  crystallisablo  body, 
maltose,  naving  a  specific  rotatory  power  of 
[o]„= 136-4'',  and  a  cupric-oxide  reducing  ])ower 
of  K=>61 ;  and  (2)  a  series  of  non-crvstallisable  I 
polymecio  hodlesp  the  daztrina,  all  having  the 
Mune  ifMseific  rototory  power  of  [a]„=198*,  and 
no  cupric-oxide  reducing  power  whatever. 

The  influence  which  temperature  exerts  upon  i 
the  transformation  is  readily  aeen  on  referring  to  I 
Table  VII.,  where  is  shown  a  series  of  curv*-^  for 
transformations  made  under  varying  coiulitiuns 
of  temperature,  and  taken  from  Bro^\-n  and 
Heron's  paper  on  the  Transformations  of  Starch 
(Chem.  Soc.Trans.  1 879, 696).  It  is  atonco  evident  | 
from  these  curves  that  the  percentage  of  dextrin  { 
in  aov  giyoa  transformation  is  directly  pro|)or- 
tkmaf  to  the  tempcmtmre,  whilst,  on  the  other  | 
hand,  tlif  maltose  is  inversely  so.    Wo  are  also  | 
struck  with  this  remarkable  fact,  that  with  the  , 
exception  of  the  transformation  carried  on  at 


66*'C.  (160-8**F.)*  the  conversion  of  starch  into 
^actrin  and  maltoae,  and  the  rabeequent  h3rdra- 

tions  of  the  higher  dextrins  into  the  lowrr  soom 
to  be  almost  completed  by  the  end  of  the  tirst 
16  minutes,  and  even  for  the  tnuiaformation 
at  6fi*C.  there  is  a  fall  of  angle  of  only  10"  from 
15  to  60  minutes,  whilst  for  the  first  15  minutes 
the  idl  is  three  times  aa  much. 
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At  Traiufomutlons  with  uuheated  malt  extract  at 
400-60%.:  B,dittOblwa(sdto«0%.:o,fUtto»liealed 
to6«v.:  ]i{,B,4ittekiNsis4to7S^. 

On  the  large  soile  in  the  brewery,  where  the 

process  of  mashing  is  carried  on  under  the 
normal  conditions,  the  transformation  shown  at 
68^  is  the  one  wiiieh  usually  takes  phuBe. 

This  may  be  seen  by  referring  to  the  canree 
shown  in  Table  VIII. 

Table  VIII. 


Tims  tn  Minutts 


These  were  deduced  from  a  series  of  polarisa- 
tions of  worts  from  malt  mashe<l  under  similar 
conditions — (a)  in  the  laboratory,  (B)  in  the 
brewery,  water  at  the  rate  of  two  barrels  per 
quarter  of  malt  being  used  in  both  oases,  and 
samples  were  taken  oveiy  16  minntes  from  time 
of  finishing  mashing. 

On  comparing  these  with  Brown  and  Heron's 
curve  for  starch  transformations  at  66**,  we  are 
at  once  struek  with  the  great  eimihu-]^;)^  3^^1(^QQg[ 
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exists  between  them,  the  nature  of  the  curves 
being  almoet  exactly  the  same  in  both  cases,  a 
fx>mpantirely  rapia  fall  ooourring  during  the 
first  30  ininuttM,  slow  and  regiilar  hydration 
proceeding  afterw»rdB»  bat  only  to  a  slight  ex- 
tent, the  diffinenoe  in  epedfio  rotatory  power 
b<  twecn  30  minutes  and  120  beinj^'  only  about 
V  in  each  case*  so  that  it  may  be  taken  for 
granted  tiiat  the  dextrin  nuJtoee  mUo  (luit  h 
to  obtain  in  the  resultinff  wort  ia  practically 
decided  during  the  first  30  minutes.  On  com- 
paring  the  ourre  at  66*  in  Table  VIT.  with 
those  at  higher  and  lower  tomperaturp?,  it  won  Id 
appear,  curiously  onoijgh,  as  k  this  temperature 
for  nwBhing  were  jaab  on  the  bonndary  une  it 
were,  a  few  degrees  either  highf  r  <  i  Ir  ,,  i  r  giving 
worts  highly  dextrinous  and  pour  m  maltose,  or 
elae  the  very  opposite. 

Seeing,  tht  ii,  what  a  very  gn'At  influence  a 
few  di^rees  of  temperature  would  appear  to 
exert  upon  the  eomposition  of  the  wrat,  too 
much  stress  cannot  be  laid  upon  the  necessity 
of  attending  carefully  to  the  initial  temperature 
of  the  mash,  and  there  can  be  little  doubt  that 
the  polarisation  of  samples  of  wort  taken, 
say,  at  15,  30,  and  45  minutes  from  the 
time  of  finikfaing  mashine,  would  give  an  in- 
telligent hrrwor  much  vauuablo  information  as 
to  the  relative  diastatic  capacities  of  the  several 
matte  he  may  have  to  deal  with,  enabling  him  to 
form  a  pretty  accurate  idea  as  to  the  most  suit- 
able tempertttureci  fur  future  mai^hings,  and 
giving  him  a  more  perfect  control  over  the  subse- 
qiH  nt  opeiatione  of  spugmg,  pit<dung,  attennat- 
mg,  &c. 

By  an  intelligent  leatriotioa  of  the  diastase 

in  the  mash  tun  by  mcnn^  of  careful  manipula- 
tion of  the  initial  temperatures,  therefore,  a  brewer 
is  able  to  regulate  a2)|>rrainiately  the  carbo- 
hydrate matter  which  uili  eziat  in  the  finished 
beers. 

Thus  for  stock  ales  a  comparatively  high  per- 
centage of  carbohydrates,  unfermentabie  by 
primary  yeast,  is  necessary  in  the  beer  at  time  of 
racking,  consequently  rather  high  mashing  heats 
areem^oyed.  Using  an  average  pale  ale  malt, 
an  initial  temperature  of  from  08*  to  KfC. 
(ISS^-ISST.)  is  usually  obtained  with  underlet 
at  77°a  {m^F.).  For  miki  ales  where  a  low 
peroentage  of  nnfermentaUe  earbohydratee  is 
desirable  in  the  beer  at  racking,  comparatively 
low  heats  are  neccssaiy,  and  an  initial  tempera- 
tnre  of  62«-64«a  (143*-148*F.)  is  nsnally  ob- 
tained  with  underlet  at  S2*'C.  (ISOT.).  In  the 
case  of  black  beers,  where  high-dried  maits  are 
used  wUoh  have  T»th«r  low  diMtatie  activity,  low 
msBhing  lieaf8  are  essential  to  riicoiu-agc  dia- 
static  action.  An  initial  temperature  of  61**-G3°C. 
(142«-147*F.)  is  vsoal  with  underlet  at  8S"-87^ 
(1H5°-190**F.),  so  as  to  raise  the  nia*»h  to  WC. 
{ 152*'F.)  after  20  minut^-H'  stand.  Of  course,  the 
mashing  temperatures  vary  with  the  quality'  of 
Iht-  i)i;dt*«,  but  the  alx>ve  are  ^^ithiu  tbt>  range  of 
temperatiiro  employed.  The  utittal  tempera- 
ture is  detmnined  either  by  inserting  a  thermo- 
meter specially  made  for  the  purix>se  into  the 
mash  in  the  tuu,  or  by  fixing  a  thermometer  in 
the  shoot  leading  from  the  outside  masher  into 
th'  in.iah  tun. 

Durnig  the  operations  of  .Hp«ri4ing,  some  of 
tlie  harder  portions  of  the  starch  which  had 
'  Sitherto  escaped  saooharifioation  become  dis- 


solved out  and  transformed  by  the  diastase  ^tdi 
remaining  into  dextrin  and  Tnalto«s*».  If  th« 
sparging  be  applied  at  too  high  a  tcnifwratere, 
this  starch  becomes  gelatinise<l,  but,  in  grta: 
part  unconverted,  owing  to  the  destruction  of  the 
diastaw  at  these  temperatures,  paMee  on  into  tke 
wort,  and  although  tliis  jit-arch  of  it.-'olf  exerciV-cs 
very  little  if  any  injurious  influence  on  the 
finished  beer,  it  nevertheless  serves  mm  an  index 
of  other  dangers,  for  the  high  si)arging  t«*njpcTa- 
turcs  which  wring  into  solution  some  of  the  pce- 
viously  unacted  upon  starch,  also  cause  aoase  ot 
those  nitrogenous  bodir-  ',\hirh  at  th>'  ordinary 
mashing  temperature  are  quite  in^iubie,  to 
come  iMtrtly  soluble,  especially  in  the  piuauuMi 
of  the  saccharine  matter  of  tin-  wort  ;  and  tht^s"\ 
finding  their  way  in  a  state  of  semi-solution  into 
the  finished  beer,  cause  a  persistent  eloudinsai, 
which  neither  finings  nor  strrrice  can  remove, 
licsides  offering  encouragement  to  the  devek>p- 
ment  of  hurtful  germs  always  present  to  a  gmalai 
or  les.<*  extent  in  frcshlv  rack'  '  I  beer. 

As  soon  as  the  masking  proc"^^  m  considered 
to  be  complete,  which  is  generally  about  2  hours 
after  starting,  the  taps  loading  from  tin-  vari -tis 
underlets  are  oponeti,  gently  at  first  and  after- 
wards more  quicklv,  till  the  liquor  runs  half-bc«Q 
and  the  wort  is  allowed  to  flow  into  thp  under- 
back.  The  first  few  bam  Is  that  come  over  are 
generslly  cloudy,  owins  to  the  prseeuce  of  small 
particles  of  the  ma.>*h  wnich  have  passed  thrcitirh 
the  perforations  in  the  false  bottom,  and  partiy 
from  a  reduction  of  temperature  of  the  wort 
through  coming  in  contact  w-ith  th'^  or>l(i  pi{>e. 
This  cloudy  wort  is  returned  to  thv  iijash  tuo. 
As  soon  as  the  taps  begin  to  run  fairly  bright  the 
wort  is  allowed  to  flow  from  the  undartmok  into 
the  copper. 

When  the  mash  is  completed  and  the  wort  is 
rtmning  into  the  copper,  the  temperature  of  the 
liauor,  or  tap  heat,  as  it  flows  from  the  taps  is 
taken.  This  is  generally  done  about  hatf  an 
hour  from  time  of  first  setting  taps. 

30.  Sparging.  After  a  certain  number  of 
barrels  of  wort  have  been  drawn  off,  a  further 
quantity  of  mashing  hquor  is  sprioklod  over  the 
goods  by  means  of  a  sparger,  tar  the  ptirpose  of 
wa.'^hing  out  a.s  eom{)let<'ly  as  po^-i' 1  Lhe  wan- 
still  adhering  to  the  msolubie  matter  or  grains  la 
the  mash  tun.  The  sparger  (Fig.  10,  b)  oonairtaaf 
two  or  more  hollow  arms  pcrtorated  along  one 
side  and  extending  to  the  sides  of  the  mash  Um. 
The  older  forms  are  oonneoted  with  a  centtal 
ba.sin  tliF'  tigh  which  the  upright  shaft  of  th< 
miwhM'g  machine  passes,  and  the  i^m^m  runs  on 
wheda  fixed  to  a  carriage  on  the  upright  ebalL 
The  mash  lirpior  flcjws  into  the  central  basin, 
thence  along  the  arms  tknd  through  the  perfora- 
tion, causing  the  arms  to  revolve ;  by  this  means 
the  whole  of  the  goods  are  exposed  to  a  w  ashing 
operation,  whereby  the  greater  part  ot  the 
residuary  wort  matter  adhering  to  the  griet  is 
abstracted. 

Great  improvement.s  im^e  been  made  in 
spargers,  with  a  view  to  mercasing  the  i  xtraet 
obtamed  from  the  goods.  In  the  latest  form* 
the  perforations  along  the  arms  are  made  vrrr 
fine,  thereby  causing  the  liquor  to  issue  in  a 
fine  ppmy.  which  i-t  thorou;:hly  and  evenly 
cUstribukHl  over  the  whole  surface  of  the  gooth. 
The  hquor  passes  through  the  central  shaft 
straii^t  into  the  arms,  whwh*  being  hung  on  ball 

.  kj  .1^  .^  i.  y  Google 


BREWING. 


655 


bearings,  ensure  a  steady  revolution  at  any 
wpeed. 

Most  brewers  begin  sparging  shortly  after 
sotting  tapts,  and  keep  the  sparges  going  con> 
tinuousl}'  until  the  whole  of  the  wort  matter  has 
be>en  got  away  from  the  erains  ;  others  do  not 
commence  to  sparge  until  one-fourth,  one-half, 
or  even  three-fourths  of  the  strong  liquor  has 
been  drawn  off.  It  is  preferable  to  start  sparging 
when  the  first  ten  barrels  of  wort  are  in  copper, 
at  the  rate  of  one-half  to  three- quarters  of  a 
barrel  per  quarter  of  malt,  at  a  temperature  of 
ITCF.,  and  until  the  upper  layers  of  the  mash, 
which  have  begun  to  cool  somewhat,  are  again 
at  the  normal  temperature ;  the  sparging  liquor 
iu  then  cooled  to  IGO^F.  and  the  spargmg  carried 
ou  continuously  at  this  temperatire  until  the 


copper  is  made  up.  If  higher  tem^X'ratures 
than  these  are  uned,  a  risk  is  incurred  of  dissolv- 
ing out  some  of  the  unaltered  starch,  of  which 
there  is  always  to  be  found  a  small  portion 
remaining  in  the  grains,  and  which  has  not  been 
acted  on  by  the  diastase  on  the  malt. 

It  was  at  one  time  the  custom  to  shut  off  the 
taps  when  the  gravity  of  the  wort  had  fallen  to 
about  sp.gr.  1005,  as  wort  below  that  point  was 
thought  to  contain  matters  detrimental  to  the 
production  of  sound  beers.  In  the  writer's 
opinion  this  is  quite  a  mistaken  idea,  and  there  is 
nb  reason  why  the  wort  should  not  be  run  to  as 
low  a  gravity  as  possible.  This  course  has  been 
a<lopted  iu  moat  up-to-dato  breweries  at  the 
present  time. 

31.  Boiling.   As  soon  as  the  wort  leaves  the 
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ina.sh  tun  it  is,  as  we  have  already  seen,  either  run 
ilirectly  into  the  coppcT  or  collecto(l  first  in  an 
int*.Tm<*<liat-e  vessel  called  the  underback,  but  it 
is  advisable  that  it  should  remain  only  a  short 
time  in  this  vessel,  so  as  to  pn^vent  any  appreci- 
able loss  of  heat.  As  soon  as  the  first  Um 
barrels  are  in  the  copper  the  tire  may  be  got  up, 
and  the  temperature  of  the  wort  raised  to  al>out 
or  iyO**F.  At  the  same  time,  a  certain 
proportion  of  the  hops  may  be  adde<l  a  little 
at  a  time  until  all  the  wort  is  run  into  the 
copper  or  the  copper  is  made  up.  As  soon  as  , 
this  is  effected  the  fire  is  incn'ase<l  and  the  wort  i 
bnjught  to  the  iKiiling-point  as  quickly  as  ' 
]x>ssible.  This  is  carried  on  usually  for  one  and 
a  half  to  two  hours. 

In  some  breweries  it  is  the  custom  to  keep 


the  wort  as  it  Hows  into  the  cop)>er  at  a  tem- 
perature nof  exceeding  1(15"  during  the  timo  the 
copper  is  being  tilled.  This  process  is  called 
stewing  the  worts,  and  is  said  to  l)o  often  very 
advantageous,  especially  when  the  malts  are 
deficient  in  diastatic  ix>wer.  No  advantage  can 
possibly  accrue  from  such  a  process,  but,  on  the 
contrary,  much  harm  may  result  therefrom  to  the 
finished  beer.  With  regard  to  the  period  at 
which  it  is  most  advisable  to  add  the  hops,  much 
difference  of  opinion  exists,  some  brewers  not 
adding  any  until  the  cop|>er  is  nearly  or  entirely 
made  up,  others  adding  the  whole  of  the  hops 
before  llie  copper  is  half  full.  Both  methoils  are 
very  objuctionoblc  ;  the  addition  of  the  hops  to 
the  coptK-'r  ought  to  run  /«ir»  p<i.«^rti  with  the  in- 
fiowing  wort.    By  this  means  we  get  a  more 


regular  precipitation  and  ooagulaium  of  certain 

alhuniiiious  substances  from  th<*  wort,  and  a 
muro  even  extraction  of  the  bitter  and  reunoos 
urinciplos  of  the  hop,  the  result  being  a  well- 
broken,  regular  m  ort  and  sujx'rior-flavoured  beer. 
Tiie  usual  plan  iu  many  breweries,  and  one 
vliich  for  several  reaaons  is  to  be  strongly  re- 
coQimendedf  ia  to  divide  the  total  quantity  of 
hops  for  each  copper  into  three  portions.  The 
first  portion  is  added  as  the  wort  is  running  in, 
a  relative  j^portion  for  every  10  tiarreis  of  wort 
as  it  runs  into  the  copper  until  made  up;  the 
second  ]xirtion  ia  added  aft«rone  hour's  boiling, 
and  the  third  portioa  hall  an  hour  before  the 
copper  k  turma  ovi. 

it  in  the  general  custom  to  U!-e  a  blend  of 
jauverai  varieties  and  qualities  of  hapa,  and  in 
this  OMe  the  moab  inferior  are  added  m  the  first 

i>ortion,  the  second  portion  consists  of  superior 
Lops  to  the  first,  and  the  last  portioa  are  choice 
hope  aekoted  to  impart  to  the  beer  its  speoie) 
character.  thin    method    most    of  the 

volatile  oils  and  resins  of  the  last  portion  of 
hops  will  remain  in  the  beer,  imparting  to  it  a 
oharacteristic  delicate  aroma  of  flavour. 

We  have  assumed  that  the  whole  of  the 
wort  from  one  brewing  is  boiled  at  onoo  in 
one  copper,  and,  where  practicable,  this  is  by 
far  the  best  plan;  but  more  often  the  wort 
from  one  brewing  is  divided  between  two 
eopjxjrs,  the  stronger  wort,  being  lx)ile<l  in  the 
first  copper  with  the  whole  or  greater  part  of  the 
hope,  whilst  the  last  half  and  wmker  portion  of 
the  worts  is  run  into  the  second  copper  and  boiled 
with  the  already  exhausted  hops  which  are  re> 
turned  from  the  first  copper.  This  is  a  verv 
i>bjectionable  as  weU  as  dangerous  method  of 
procedure.  The  first  copper  wort  will  contain 
proportionately  nineh  more  saeoharine  than 
nitrogenon-  m  ttti  r,  the  latter  being  in  exce.-*,?  in 
the  second  copper;  again,  all  the  taimin  and 
the  largest  pro{x>rtion  or  the  solnble  matters  are 
extracted  from  the  hopn  Ity  boiling  them  in  the 
first  oopnoer,  so  that  when  these  hops,  which  are 
pvaetioMly  exhausted  of  all  their  nsefol 
pertics,  arc  a(!ded  to  the  second  copper  of  ^\  ort 
containing  relatively  more  albuminous  matter 
tlum  the  first,  comparatively  little  precipitation 
or  coagulation  is  produced  by  the  matter  ex- 
tracted from  the  hops,  whilst  a  coarse,  bitter 
flavour  is  imparted  to  the  wort,  so  that  tiie 
resulting  beer  contains  an  exce-ss  of  nitrogenous 
matter,  thereby  being  reuUertMi  more  liablo  to 
disease,  and  nrtghtcning  only  with  difficulty. 
Where  it  is  necessary  to  divide  the  wort  between 
two  coppers,  the  stronger  wort  may  bo  run  into 
one  and  the  weaker  into  the  other,  but  to  both 
coppers  fresh  licps  should  be  added  in  quantities 
proportionate  tu  tho  gravities  of  the  respective 
worts.  ^ 

During  the  boiling  of  the  \\x}Tt  with  hops  in 
the  copper,  all  diastatic  action  is  couiplctclv 
destroyed,  and  the  starch  products  become  fixed, 
n  ]arpr  proportion  of  the  hitherto  soluble  albu- 
luinuid.-.  are  precipitated,  whilat  a  snmll  quantity 
of  Imp  e\tra<  (  is  added  ;  at  the  .same  time,  a 
.-liL'tit  altcrali'iu  nrrnf^  in  Iho  carboliVihates 
nllii  r  than  those  derivi  il  fruni  the  iitarclt,  U  ing 
pr«>l»ably  duo  to  a  slight  inversion  of  a  part  of  the 
unactwl-on  cane  sugar  by  the  iicid  nf  tfie  b( tiling 
wort,  but  practically,  the  actual  conijKiwitjon  of  f 
the  starch  pvoducti  is  unaltered  during  the  boil*  i 


ing  piooess,  so  that  the  wort  at  this  stage  affords 

a  very  good  index  as  to  the  dextrin  fk-rrentape 
of  the  resulting  beer,  and  hence  a  ?\>-t^matic 
poiarimetric  examination  of  wort  from  the  cop- 
per will  Ik?  found  to  be  extremely  us^'fuL  It 
may  be  taken  as  a  general  rule  that  the  spocihc 
rotatory  power  ci  a  wort  should  not  fall  bclou 
105*  [a]^^  or  rise  higher  than  122"  fal^  .  th* 

former  imlicatiog  an  abawoially  low  pertxmXMge 
of  dextrin  and  large  excess  of  soIuUe  nhxogco- 

ouF  m  itters,  the  latter  a  ver\"  hi^h  percentage  of 
dextrin  resulting  probably  in  extremely  ni|gph 
attenuations  and  Moody  beers,  fltaiog  on^  widi 

difficulty 

When  the  boiling  process  is  oompletod,  the 
wort  trith  iho  hops  »  run  out  of  the  copper 

into  the  liopback.  This  a  vr^-r-l  of  snmewhAt 
similar  construction  to  the  inash.  tun  ;  the  sidea* 
may  be  square  or  eiroular  in  shape,  pr^erably 
the  latter,  and  is  furnished  with  a  pTforat«>l 
copper  false  bottom.  Here  the  wort  is  drained 
from  the  hope  and  run  into  a  small  wooden 
underback,  whence  it  is  pumped  up  on  to 
the  coolers,  but  as  the  hops  in  tho  hopback 
retain  a  certain  proportion  Of  the  wort  edBering 
to  their  uface,  boiling  water  is  spargr».i  orrr 
them,  and  these  sparsinj^  are  added  to  the  wort 
and  serve  to  rsduoo  It  to  the  required  gravity. 
Where  brewing  sugar  of  any  description,  whether 
cane  sugar,  invert,  or  slucosc,  id;  used  in  the 
brewing,  it  is  best  to  add  the  requisite  quantity 
previously  dissolved  in  boiling  water  to  the 
wort  in  copper  about  15  minutes  before  tam- 
ing out ;  tne  usual  proportions  are  from  one- 
third  to  one-fifth  of  the  quantity  of  raalt  used. 
2  c\v  U.  of  t^ugar  being  reckontxl  to  be  equivalent 
to  tho  extract  yielded  by  1  quarter  of  melt.  Thr 
quantity  of  hope  used  will,  of  course,  vary  with 
tho  gravity  as  well  as  quality  of  the  wort.  In 
Burton  as  much  as  20  lbs.  of  hops  per  quarter  of 
malt  have  been  used  for  export  pale  ales,  but  for 
ordinary  pale  ales  from  10  lbs.  to  15  lbs.  is  the 
usual  proportion,  less  being  required  where  malt 
substitutes  such  as  invest  suf^^oc  i^uooee  are 
used. 

The  main  effeet-s  of  boding  the  wort  \*itli  hope* 
in  the  copper  are  :  evaporation ;  steriliaatioiv 

desfruetion  by  heat  of  all  baotnia  and  disease 
organisms  obtained  from  the  malt  and  from  the 
air ;  destruction  of  all  diastatic  and  footeolytie 
action,  and  fixation  of  the  stardi  prodvets: 
preeipitati  111  of  a  largo  proportion  of  the  hithrrto 
solutuo  albuminoids;  and  the  addition  of  hop 
exiTBot  oonsisting  of  the  bitter  principlat  ana 
tannin. 

Two  systems  are  in  general  use,  vix.  boiling 
by  fin  and  boiling  by  steam.    It  is  essential  tint 

thr'  8tability  of  a  oeer  should  be  fixed  by  a 
thorough  cooking  of  tho  w  ort,  and  this  ia  readily 
achieved  in  a  suitably  deep  fire-heated  eopper, 
but  it  is  rather  drvi'  lfnl  v  hether  the  same  lesnlt 
is  obtaintxl  iu  a  copjx'r  heated  by  tit^-am. 

fn  the  case  of  a  fire  copper,  we  ha%  e  on  one 
side  of  Ihe  plates  int-ense  heat  and  on  the  other 
side  cool  wort.  Tho  circulation  ui  the  uort  i? 
excellent  and  a  Tigorous  boil  results.  Thert>  ti 
also  a  continuous  exposure  of  a  layer  of  ort  to 
a  verj'  high  temperature  on  the  bottom  ul  the 
cop|M>r,  \^ioh  receives  the  thorough  coi>kjnc 
which  is  so  essential.  In  the  case  of  f.t'*arr 
coppers,  the  contact  t^^mperature  is  very  mucii 
lower,  for  although  a  tumnltnous  lK>il  is 
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by  the  aid  of  coils  and  heatera  of  varioiu  dosign, 
tB0  tMnpenture  obtainod  is  high  and  the 
evaporation  rapid.  Still  tho  wort  do<-H  not 
receive  tho  Hamo  '  cookine  '  that  it  doea  in  a  lire 
coppar  and  mxm  which  tu  final  atability  off  the 
been  so  much  depends. 

32.  Cooling.  Coolers  may  bo  desoribod  as 
Imso  shallow  tanks  about  18  inches  deep,  of 
mien  capacity  as  to  oontain  the  whole  contents 
of  the  copper  at  one  time ;  they  are  generally 
eonstructed  of  wood,  wood  lined  with  sheet 
copper  or  iron.  Thoee  made  of  wood  axe  rapidly 
being  discarded,  as  they  are  so  liafalo  to  retain 
contamination  in  tho  way  of  tpoTM  of  baotana 
or  mould. 

The  principal  object  in  nmning  the  wort  on 

to  the  coolers  is  undoubtetUy  to  lower  tho  tem- 
peratoie  or  to  talce  the  '  fire  heat '  out  of  it ;  but 
«t  the  same  time,  another  action  is  going  on,  the 
importance  i)f  which  has  only  been  clearly 
understood  during  the  last  few  yean,  and  that 
is  the  aftration  of  the  wort  or  the  absorption  by 
the  wort  of  the  nxygen  of  the  air,  either  by  way 
of  solution  or  of  combination,  for  not  only  does 
the  ntmospheric  oxygen  beeome  dintdTed  in  the 
wort  in  a  maimer  winiilar  to  rarbonic  acid  in 
water,  but  it  actually  enters  into  direct  chemical 
oombination  with  oertain  nitrogenous  oourti- 
tuents  of  the  wort,  rendering  them  thereby  in- 
soluble and  oansing  such  substances  to  be 
deposited  on  the  eookn.  ABratkm  lias  also  a 
considerable  influence  on  fermentation,  indeed, 
*  in  the  ordinary  process  of  brewing  normal  fer- 
mentation WMBld  be  slmofit  impossible,  and  in 
every  case  moet  defective,  if  the  wort,  before 
being  run  into  the  fermenting  vessels  were  not 
aSmted  by  its  pinge  over  tho  ooolen,  where 
the  aeration  is  more  or  less  effective  acconling 
to  the  depth  of  liquid  on  the  coolers.'  It  is 
evident,  then,  that  it  is  decidedly  advantageous 
to  allow  the  wort  to  remain  a  eertain  tinje  on 
c<X)ler8  before  pasaing  it  on  to  the  fermenting 
rounds,  and  also  that  the  surface  liquid  should 
be  drawn  off  fbrut.  This  has  been  effected  in  a 
very  in<.'i-nious  manner  by  the  arrangement 
shown  in  Fi^.  13,  which  is  tho  inTtotian  of  Mr. 
S.  Briggs,  of  fiurton-on>Trent. 


run  off,  the  tube  is  filled  with  liquor,  tho  float 
placed  over  the  tube,  and  the  outlet  tap  opened ; 
the  wort  or  liquid  at  once  begins  to  run  over  the 
top  of  the  tube  and  continues  doing  so  until  the 
whole  is  run  off  from  tho  cooler  or  vesseL 

Tho  Runply  of  liquor  always  being  taken  from 
the  top,  the  bright^^^t  and  coolest  wort  is  run 
down  first,  so  that  the  whole  or  greater  part  of 
the  sediment  is  left  on  the  cooler. 

It  lilcewise  gets  a  bright  wort  down  over  the 
refrigerator  into  the  fermenting  tuns,  for  while 
the  bright  wort  is  running  off  from  the  top,  the 
grounds  and  thick  sediment  sink  to  the  bottom, 
and  remain  on  the  coolers. 

The  wort  is  tuuaUy  delivered  oa  to  the  cooler 
tlirough  a  perforated  pipe  in  the  form  of  a  spray 
for  the  purpose  of  aeration,  and  during  the 
summer  months  in  some  breweries  in  order  to 
prevent  bacterial  eontamination  on  the  ebolen^ 

these  are  replaced  by  deep  tanks,  the  spraying 
of  the  wort  being  found  sufficient  to  absorb  the 
neeewnry  oxygen,  the  whole  of  the  ooolinK  in 
this  case  being  effectc<l  over  the  refrigerators. 

After  leaving  the  coolers,  tho  wort,  which  is 
not  3*et  by  any  means  eoM,  is  passed  over  a  re- 
frigerator, where  it  takes  up  in  its  pas.satje  a  still 
further  quantity  of  oxygon.  There  are  several 
fbraw  of  refrigwatctte  |  flie  vertical  one  such  aa 
shown  hi  Fig.  14  isgeiMfally  oonaideied  the  beat 
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This  apparatus  simply  consists  of  a  vertical 
tulK-  nia<le  of  metal,  fixed  over  the  outlet  of  the 
cooler  or  vesseL 

When  the  wort  or  gllMf  liquid  is  readj  to  be 
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Those  refrigerators  are  made  from  seamless 
copper  tubes,  with  a  rib  or  feather  on  bottom  and 
groove  or  channel  on  top  side,  running  full  length 
of  tube.  The  rib  or  feather  of  one  tube  is 
seetnely  fostened  hito  the  groove  or  ohannel  of 
the  next  tube,  thos  giving  great  solidity,  and 
presenting  an  even  surface  to  prevent  any  lia- 
oility  ofoirt  aoonmnlating,  the  brewer  being  able 
at  a  glanoe  to  aee  if  the  maehine  is  peneotly 
clean. 

The  ends  ace  fitted  with  gon-metal  boxes 

with  movable  caps,  giving  easy  access  for  bnish- 
ing  out  the  tubes,  and  are  especially  adapted  for 
pumping,  tiie  tnbea  having  no  divisuma  to 
impede  the  water  passage. 

They  are  fitted  with  adjustable  feet  for  regu- 
lating the  flow  of  wort,  and  a  perfect  capiUuy 
attraction  is  obtained,  a  great  desideratum  in 
vertical  refrigerators.  Tho  inlet  trough  is  di- 
vided to  secure  an  eqoal  fiow  of  wovt  down  both 
sides  of  the  machine. 

But  ail  the  time  that  the  wort  is  on  the 
oookcB  and  nfrigeiator  it  ia  ezpoeed  to  dan^^^^^^. 
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of  contamination  with  germa  of  disease  such  as 
bacteria  autl  wiltl  types  of  ycsast,  which  are  to  be 
found  always  floating  about  in  the  air.  Also  bo- 
yond  a  certain  limit  aiJration  is  injurious  to  the 

Cdat«  characteristics  and  aroma  of  the  finished 
K'T,  hence  it  is  advisable  that,  consistently  with 
sujfficient  aeration,  the  wort  should  be  cooled  as 
quickly  as  possible,  especially  when  it  reaches 
a  temperature  of  170*  and  lower.  Coolers  and 
refrigerators  should  therefore  be  of  sufficient 
capacity  to  cool  the  whole  of  one  brewing  or  gyle 
down  to  the  required  temperature,  68*-60*P., 
in  at  least  six  hours,  counting  from  the  time  the 
first  of  the  wort  ia  pumped  on  to  the  coolers 
until  the  last  of  it  is  in  the  fermenting  vessel 
This  temperature  will  vary  slightly  with  the 
quality  of  the  wort  and  the  temperature  of  the 
Atmosphere ;  but  for  beer  of  medium  etreiigth, 
and  where  the  atrnos]>hcric  temperature  is  about 
the  average,  Sb'-OO^F.  in  winU^r  and  GS^F.  in 
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summer  may  be  taken  as  safe  tomiMWatiini 
for  cooling  the  wort  to,  previous  to  •ading  thi 
yeast. 

It  has  long  been  recogniwMl  that  most  of  the 
disease  organisms  that  nnd  their  way  into  tbe 
lioer  introduced  by  the  mt,  wid  m  aooa 
the  wort  on  the  coolers  and  refrigerators  drops 
below  170'F.,  wild  yeasts  and  acid-forming 
bacteria  are  no  longer  killed.  It  ia  AdTUAblrw 
therefore,  unless  the  air  playing  on  the  wort  i« 
sterilist^d,  that  the  temperature  should  not  drop 
lower  than  170*  while  the  wort  ie  on  tlie  ooolen. 
In  the  case  of  the  refrigerators,  however,  the 
conditions  are  different.  Here  a«iration  !• 
essential  as  well  as  the  cooling  of  the  wort  to 
temperatures  favourable  to  the  growth  of 
disease  germs.  There  is  an  extended  film  of 
liquid  in  contact  with  the  air,  and  the  organisms 
in  the  air  coming  in  contact  with  the  film  are 
attracted  by  it,  and,  being  of  a  viscous  nature, 
the  wort  retatns  a  lam  number  of  tliem.  It 
seems  very  eaeential,  therefore,  to  oondnot  tbe 
nrooeea  of  refrigerfttioa  in  a  sterile  aiuiosphem. 
This  idea,  in  fact,  is  being  adopted  in  ft  gTMt 
number  of  breweries  at  the  present  tunew  Hm 
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refrigerators  are  enclosecl  in  an  air-tight  room, 
the  walls  and  ceiling  of  which  are  ma<le  of 
material  which  is  easily  cleansed  and  which  is 
supplied  with  an  inlet  and  outlet  for  the  sterile 
air.  During  the  time  the  wort  is  running  down, 
previously  purified  air  is  blown  through  the 
room  at  a  suflicient  rate  to  renew  the  atmosphere 
at  least  twenty  times  in  order  to  ensure  efficient 
aeration  and  also  to  remove  the  reek. 

There  are  several  air  purifiers  in  tise  at  the 
present  time,  but  the  principle  is  the  same  in  all 
cases,  and  consists  in  blowing  air  means  of  a 
fan  over  an  adhesive  or  viscous  liquid  containing 
a  germicide.  This  liquid  absorbs  all  the  micro- 
organisms from  the  air,  which  issues  irom  the 
outlet  in  a  perfectly  sterile  condition. 

Of  course,  it  is  essential  that  the  ceiling,  walls, 
and  floor  of  the  refrigerator  room  should  be 
perfectly  clean,  as  it  would  he  useless  to  injeet 
pure  air  into  a  rix)m  iu  an  unclean  condition. 

33.  Fermenting.  From  the  refrigerator  the 
wort  is  conveyed  by  copper  pipes  to  the  fer- 


menting tun  (Pig.  16,  a).  This  is  usually  con- 
structed of  wood,  and  may  be  square  or  round, 
preferably  the  lattor,  as  being  more  nawfly 
cleansed.  The  wood  generally  preferred  is 
Dantzic  deal,  but  care  must  be  taken  before 
using  vessels  made  with  this  wood  to  first  remove 
its  resinous  flavour  from  it  before  running  in 
the  wort.  The  surfaces  of  wooden  vessels 
should  present  a  pwfectly  smooth  interior 
surface,  otherwise  they  become  very  readily 
contaminated.  On  this  accoimt,  copper  in  thin 
sheets  has  been  very  eztrasivcly  employed  for 
lining  these  vessels.  This  is  undoubtedly  the 
finest  material  that  can  be  employed,  as  it  is  so 
very  readily  eleafised,  is  not  uable  to  ooa* 
tamination,  and  is  extremely  durable.  The 
fermenting  round  is  furni^heti  with  an  attem- 
perator  or  coil  of  pipe  through  which  eithw  hot 
or  cold  water  may  be  transmitted  for  the  purpoeo 
of  regulating  the  tem|>erature  of  the  fermenting 
wort.  As  soon  as  the  tirst  ten  barrels  of  woct 
are  in  the  fermenting  tun  the  lequisite  quantit]^ 


BRBWINa 


609 


of  ymst  may  bo  added  ;  thin  is  called  '  pitching.'  i 
'J'})i  (jitantity  of  yeast  to  Ixj  added  will  of  cofirsf  ' 
vary  according  to  the  strength  of  tho  wort,  tlur 
qtuuitity  of  lu>ni  used,  qiuJity  of  yeast,  and 
Hcason.  For  light  nlra  and  rumiitij^  Ijcors  about 
f  lb.  to  1^  ibe.  per  barrel  of  wort  are  lued,  whikt 
for  tbtt  ■trangw  ties  from  1^  to  8  w  evan  4  lbs. 
in  j»oni©  cases  are  used. 

Ill  general  appoaranoe  the  yeast  should  bo  of 
a  rich  cream  coloar*  poaeooeing  a  suf^et  clean 
snu'll.  Under  the  microscope  tho  celLs  should 
\h3  uuifonii  in  size,  full  and  plump-looking,  and 
transparent,  containing  few,  if  any,  vacuoles  or 
granulations ;  the  cell  walls  should  be  thick  and 
tree  from  pittings,  and  stand  well  out  against 
the  field.  No  signs  of  budding  should  bo  ap- 
paxeat,  and  no  d^  or  ahriveilM  oeUs  should  be 
present.  The  prosefioe  of  way  dead  cells  may 
easily  bo  <leU'rniine<I  by  running  on  to  the  slide 
a  drop  of  methylene<biue  solution,  which  m- 
gtatUly  aktins  aUimi  mtMet^  hui  ha»  no  effect 
on  living  cells.  In  a  reallj'  good  pitching  yeast 
no  bacteria  or  other  germs  of  disease  ought  to 
be  preeent,  but  most  yeasts  generally  contain  a 
few.  As  a  rule,  any  f^ample  of  yeast  tliat  contain." 
more  than  20  abort  bacteria  (rods)  in  10  Helds 
ought  to  be  eoDdenmed  lor  pitching  purposes ; 
the  prtv<i  rirr  jf  any  if  the  longer  forms  of 
bacteria,  whether  straight  or  bent,  la  aoffioieat  to 
at  oDoe  ooodamn  the  yeaat  aa  being  a  highly 
dangeroiT^  one  to  use. 

As  has  already  been  mentioaed,  it  is  almost 
impooaible  to  determine  by  ordinary  micro* 
rnpical  examination  the  presence  or  absence 
of  wild  trpes  of  yeast ;  tneae  must  be  looked 
f<»>  by  auiaeo'f  method  of  aaoospoie  forma- 
tion. 

Ab  soon  as  the  wort  has  been  cooled  to  the 
proper  temperature,  and  ready  to  imdergo  the 
process  of  fermentation,  it  is,  acpor-ling  to 
the  Inland  Bevonue  Act  of  iSiiO,  run  into  a 
Teasel  called  tiie  eoUaefeing  yoaael,  where  it  must 
tnriin  for  a  period  not  less  than  12  hours, 
or  until  8uch  time  as  the  Excise  othcer  can  deter- 
mine its  gravity  and  bulk  for  the  purpose  of 
levying  the  required  duty.  In  most  breweries 
these  ooUectiog  vedsels  are  the  fermenting  tuns 
themaeliraa. 

After  all  the  wort  lias  been  run  into  tho  tiin 
and  the  yeast  thoroughly  roused  up  with  it,  the 
proeeBB  of  fermentation  commences  ;  bubbles  of 
gas  rise  to  the  surface  until,  after  a  while,  the 
whole  of  the  surface  becomes  covered  with  a 
creamy  froth.  As  the  fermentation  progresses 
and  the  deoompositioii  of  the  sugar  booomea 
more  rapid,  the  greater  ia  tho  amount  of  car- 
bonic acid  which  is  lil^>rated,  and  the  froth 
sweUa  up  to  such  an  extent  that  at  last,  not  being 
aUe  to  reaiat  any  further  tension,  it  topi^ea  over, 
giving  rise  to  that  '  rocky  '  appearance  which  ia 
seen  on  the  surfaoe  of  heaithy  fermentations 
during  the  eariier  stages.  At  the  same  time,  the 
temperature  of  th  *  liqm  !  inll  be  noticed  tu  rise 
steadiiy.  If  this  goes  on  too  fast  it  muitt  be 
dmehed  to  a  diffht  extent  by  nmning  some  oold 
water  through  t^e  attemperator.  Under  normal 
oonditions  a  rise  of  1**  ought  to  take  place  in  6 
botcrs,  ao  that  at  the  end  of  about  60  hours 
the  teinperaturo  of  the  fermentinc;^  ivort  would 
have  risen  to  70°F.  ;  the  beer  will  at  the  same 
tim*  haiTS  attenuate<l  to  about  one-half.  Thus 
a  bear  wort  wfai4>h  had  a  apeoifio  gravity  of  1060 


at  time  of  pitching  will  now  show  an  apparent 

«|H'(  iti<i  gravity  or  attenuation  of  about  1023. 

i  iue*  iij  about  tho  highu«ti>oint  the  tempera- 
ture is  allowed  to  rise  to.  When,  therefore,  this 
point  is  reached,  tho  separation  of  the  yea.'it 
from  the  beer,  or  the  cloau-sing  proccas,  i^  com- 
menced. 

Up  to  this  stage  from  the  time  of  pitching, 
the  fertnentation  \n  very  closely  watched  by  the 
brewer,  and  tho  t-inj»rature  and  attenuation 
taken  at  intervak  of  about  five  houra.^  If  the 
fermentation  goes  on  too  rapidly,  it  18  easily 
controlled  by  numiDg  more  water  through  the 
attemperator. 

When  the  yeast  is  first  added  to  the  wort  it 
lays  hold  of  tho  free  oxygen  which  lias  been 
dissolved  by  the  passage  of  such  wort  over  the 
refrigerators,  and  not  imtil  the  greater  portion 
of  that  oxygen  is  used  up  »lo  tho  j'east  cells 
begin  to  attack  the  sugars  of  the  wort  and  snlit 
them  up  into  earbonio  aeid  and  aloohol.  It  naa 
been  found  in  practice  that  the  fermentation 
prooeeds  more  satisfactorily  if  a  certain  amount 
of  aeration  ia  oairied  on  during  tho  jnoeeaa.  Thia 
can  bo  done  by  pumping  air  into  the  tun  of 
fermenting  wort,  but  yeast  not  only  requires  a 
limited  amount  of  «r,  Imt  also  a  vigoroiu 
motion  from  time  to  time,  in  order  to  enable  it 
to  do  its  work  efiectuaily  as  well  as  to  render 
it  capable  of  being  eUnunated  from  the  beer. 
Hence  a  thon  u^h  rousing  by  means  of  long 
paddles  or  oars  worked  with  hand,  or  bv  some 
form  of  the  vaiioiia  maohinea  introduced  for  this 
purpose,  13  necessary  at  stated  intervals,  more 
espocially  where  the  fermentation  is  inclhied  to 
be  at  all  sluggish. 

During  lite  years,  owinc;  to  the  f^eneral  use 
of  tnait  and  substitutes  devoid  of  yeni^i  nutriment 
in  brewing,  the  more  highly  dried  charaoter  of 
the  malt  in  use,  defects  of  much  modem  malt 
attributable  to  variation  and  inferiority  of  imrleys 
wetted,  and  reduction  in  gravities  of  ooUeoted 
worts,  several  forms  of  nutriment  for  the  yeast 
have  been  introducfod.  Tliose  consist  chiefly  of 
peptones  and  amidee  which  have  been  proved 
to  be  th(>  !)f  .>*  nitronrenoua  nutrients  of  yeast. 

34.  Clfiaasing.  i  he  separation  of  the  yeast 
from  the  Ix'or  may  be  accomplished  in  many 
ways.  The  three  prinoipal  aystema  are  imown 
as : 

The  cleansing  system,  as  practised  in  some 
London  breweries,  and  ^so  in  Burton,  but  on  a 
very  much  improved  method. 

The  skimming  system,  as  generally  adopted 
throughout  the  South  and  West,  as  well  as 
many  other  parts  of  l^ghmd ;  and 

The  stone  square  si/Af'-n.  which  ia  almost 
exclusively  confined  to  Yorkshire. 

Tn  Ixmdon,  and  hideed  hi  many  ooontcy 
brc  /,1  tIi  -  ,  the  cleansing  is  effect^Kl  by  runninff 
the  beer  from  the  fermenting  ton  by  means  ot 
a  hose  into  oidinaty  86-gaUon  eaaka,  arranged 

in  rows  side  bv  .^\dr  on  a  v,-()-:'dr?i  trnnph  or 
atiUion,  about  2  feet  from  the  ground.  The 
lieer  renuUna  in  theae  oaafcs  for  some  days,  tlie 
bunghole  being  left  open,  nnrl  through  it  the 
yeast  works  out  and  falh  into  the  stiliion.  As 
the  yeast  worlcs  over,  more  beer  ia  added  to  each 
cask,  sn  that  by  the  time  the  beer  is  freed 
entirely  from  the  yeast,  each  cask  is  full  and 
ready  to  be  bunged  up,  and  sent  away  for  con* 
anmption,  for  LMidon  beer  fermented  upon  this^ 
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system  is  generally  drunk  within  n  week.  Thia 
method  of  cleansing  is,  however,  being  rapidly 
replaced  by  the  skimming  system  ;  this  in  prin- 
ciple simply  consists  in  skimming  off  the  yeast 
from  the  surface  of  the  liquid  from  time  to  time 
as  it  rises  to  the  top,  and  ma}'  be  effected  either 
m  the  fermenting  tun  itself,  or,  which  is  much 
pn'ft  rable,  in  the  cleauKcr.  The  Ijcer,  when  it  has 
attained  the  pro[)er  degree  of  attenuation  urui 
temperature,  in  run  down  from  the  fermenting 
tun  along  with  the  yeast  into  a  large  square 
wwxlon  tank  railed  the  skitnniing  hack  or  st-ttler 
(Fig.  15,  b).  Thi.s  is  fitted  with  at  tempera  tors 
which  run  roun('i  the  sides  ;  at  one  end  are  fixed 
two  iMirachutea,  which  are  simply  large  Hat 
funnels  of  copper  having  pipes  4  inches  in 
diameter  attached  to  them,  the  whole  being 
tinned  over,  and  capable  of  l»eing  raisetl  or 
lowered  at^  ph'a.iure  by  means  of  a  screw  and 
winch  handle. 

When  the  liquor  is  run  into  the  settler, 
owing  to  the  thorough  aeration  which  it  receives 
in  so  doing,  a  vigorous  fermentation  takes  jtlace, 
nncl  tmloss  ran*f»illy  wntohe<l  th**  IcfnjM'rature 
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is  apt  to  rise.  At  this  point  attemperation  must 
be  attended  to,  but  the  fermentation  must  not 
receive  too  severe  a  check.  Soon  a  film  of  yeast 
mixed  with  carbonic  acid  gas  appears  on  the 
surface  of  the  liquid,  which  gradually  gct^s 
thicker,  so  that  about  6  hours  after  tunning  or 
running  into  the  cleansing  tank,  the  first  head 
of  yeast  is  ready  to  1>o  skimmed  off.  This  is  done 
by  means  of  a  plank  as  long  as  the  tank  is  wide, 
furnished  with  handles,  and  held  vertically  by 
two  men  at  the  end  opposite  to  the  parachutes, 
in  such  a  p»osition  that  one  end  of  the  plank 
just  touches  the  surface  of  the  liquid  imme* 
diately  beneath  the  head  of  the  yeast.  This 
plank  is  then  gradually  moved  along  the  length 
of  the  tank,  pushing  the  yeast  before  it.  The 
parachutes  are  fixed  so  that  they  will  just  receive 
the  yeast  which  overflows  into  them,  which  is 
then  conveyed  into  slate  tanks  placed  imme- 
diately beneath  {aee  Fig.  15,  f).  Here  it  is 
allowed  to  remain  for  some  hours,  being  roused 
occasionally  so  as  to  drive  off  the  carbonic  acid 
gas  as  well  as  to  enable  the  beer  which  has  come 


through  a  tap  at  the  bottom  of  the  tank.  The 
yeaat  is  either  pressed  and  sent  away,  or  uae*l 
for  pitching  fresh  wort. 

After  the  first  skimming,  the  ye«st  still  con- 
tinues to  throw  up  a  cleaner  and  whit'er-looking 
head,  so  that  in  about  3  or  4  hours'  time 
a  second  skimming  is  made,  and  so  on  every 
3  ur  4  hours  until  all  of  the  yeast  has  sepa- 
rated from  the  beer.  It  is  generally  found 
that  from  four  to  five  skimmings  are  neccssiuy 
to  effect  this.  After  the  last  skimming  a  thin 
but  tough  film  of  yeast  forms  on  the  surface ; 
this  is  allowed  to  remain,  and  serves  as  a  covering 
to  protect  the  beer  from  aerial  contamiaation 
and  from  oxidation,  as  well  as  to  prevent  the 
escape  of  carbonic  acid.  A  general  view  of 
these  skimming  backs  is  shown  m  Fig.  16. 

It  usually  remains  from  two  to  threo  daj's 
in  the  settlers  after  the  last  skimming,  so  as  to 
allow  all  matters  in  suspension  to  settle  out, 
.\t  the  end  c>f  that  time  the  beer,  which  is  now 
very  nearly  if  not  quite»  bright,  is  run  down  into 
a  large  tank,  termwl  a  racking  squairt',  where. 
nft4T  n-maining  a  few  hours,  it  is  racked  off  into 

'  trade  casks,  either  to  be 
sent  away  for  consump> 
tion  or  to  be  stored  for 
some  time  to  mature. 

The  Burton  Union 
system,  as  the  Burton 
system  of  cleansing  is 
called,  may  be  regarded 
as  the  scientific  develop- 
ment of  the  old  London 
system  of  cask  cleansing 
on  stillions.  In  this 
system  a  number  of  casks 
or  unions  (Fig.  17)  capable 
of  holding  four  barrels  of 
beer,  are  placed  side  by 
side  in  two  rows  ;  these 
are  hung  in  sets  of  twelve 
or  more  on  a  substantial 
frame,  so  as  to  admit  of  a 
free  revolution  of  each 
cask  on  it«  axis,  ao  that 
when  the  caaka  are  to  be 
washed  they  can  be  filled 
bunged  up,  and  rapidly 
the  same  frame,  and 


with  boiling  water, 
revolved.    Supported  on 


immediately  atx>ve  and  running  parallel  with 
these  rowB  of  casks,  is  a  long  shallow  trough 
calltHi  the  yeast  trough,  and  at  one  end  and  at 
right  angles  to  it  is  another  trough  called  the 


Fro.  17. 

feeding  trough.  From  this  trough  a  pipe, 
2  inches  in  diameter,  runs  along  the  whole 
length  of  the  series  of  casks  on  either  side, 
ana  is  connected  with  each  cask  by  T-piecee 
and  screw  unions.  At  the  highest  part  of 
each  cask  is  fixed  a  groimd-brass  socket,  into 
which  is  fitted  a  peculiarly  shaped  pipe  of  tinned 
copper,  termed  a  swan-neck,  whicn  is  arrange<l 


to  bend  over  the  yeast  trough,  and  serves  to 
over  with  it  to  settle  out,  and  which  is  drawn  off  i  convey  the  yeast  throwTi  off  during  clean.<!ing  to  ^ 
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Slus  trough.  In  order  to  keep  the  cAska  full  a 
sertain  quantity  of  wort  is  placed  in  the  feeding 
trough,  which  is  allowed  to  run  into  the  casks 
Croni  time  to  time  to  replace  the  ^east  (and  beer 
Oftcried  over  with  the  yeaat)  whieh  liaa  worked 
over  into  the  yeast  trough.  After  a  time  the 
beer  carried  over  with  the  yeast  separates  out 
and  IB  allowed  to  flow  into  the  feeding  trough 
through  a  scries  of  holes  in  the  end  of  tno  yeast 
trough  nearest  to  the  feeding  trough,  uf  which  it 
forms  one  of  the  sides ;  these  holes  are  closed 
w  ith  corks,  and  the  man  in  charge  ascertains  by 
trial  at  which  holes  the  beer  will  run  off  free 
from  yeast,  and  accordingly  opens  these  in  turn 
BO  that  the  casks  are  always  kept  more  or  less 
full  of  beer.  This  feeding  or  sparging  is  done 
at  intervals  of  3  houts  until  the  active  fer- 
mentation has  ceased.    After  the  fermentation 


has  subsided,  and  no  more  yeast  is  observed  to 
come  over*  the  awan-neoks  are  removed,  the 
casks  bunged  up,  and  the  contents  allowed  to 
remain  at  rest  for  a  few  days  longer  for  the 
purpose  of  allowing  any  yeast  or  other  matters 
that  may  have  remained  in  suspension  to  settle 
down  to  the  bottoms  of  the  casks.  The  clear  ale 
is  then  drawn  off  by  moans  of  *  soiew  tap  fixed 
at  the  lower  part  of  each  cask.  The  tap  projects 
6  inches  upward  into  the  cask,  so  as  to  prevent 
the  sediment  or  grounds  from  being  drawn  off 
at  the  same  time  as  the  clear  liquor.  From  these 
taps  the  finished  beer  is  delivered  by  means  of  a 
trough  running  underneath  them  into  a  large 
scttbng  back  or  racking  vessel,  where  it  is 
allowed  to  settle  for  a  short  time  before  being 
drauTi  or  racked  off  into  trade  casks. 

Where  the  Union  system  is  emploiyed,  no 
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attemperators  whatever  are  used  in  the  fer- 
menting tuns,  the  time  for  the  beer  to  be  tunned 
being  regulated  entirely  by  the  temperature. 
As  soon  as  70*  is  attained,  the  beer  is  imme> 
dwtely  run  into  the  union.**.  Neither  are  any 
Attemperators  used  in  these  casks  in  winter,  but 
during  the  summer  months  free  recourse  is  had 
to  attemperatiog.  Fig.  18  gives  a  very  good 
idea  of  the  Union  system  of  cleansing. 

Where  the  Stone  Square  system  is  used,  the 
squares  are  constructed  of  stone  or  slate,  and 
luve  a  capacity  of  about  30  to  50  barrels.  The 
vessels  consist  of  two  parte:  the  lower  one, 
which  has  double  sides  and  a  space  between  for 
«ttemperating  liquor  ;  and  the  upper  one,  which 
ii  jdaced  so  that  its  bottom  forms  a  top  or  oover 
to  the  one  below.  In  this  roof  or  cover,  there  is 
a  man-hole  with  a  raised  collar  about  0  inches 
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high  and  also  »  smaller  hole  provided  with  a 
vwve,  on  the  under  side  of  which  a  tube,  called 
the  organ  pipe,  is  connected,  which  extends  to 
within  a  few  mohee  of  the  bottom  of  the  square. 
The  lower  vessel  is  a  little  more  than  tilled  so 
that  the  wort  lies  some  2  or  3  inches  deep  in  the 
upper  one  or  yeast- back.  About  36  hours  after 
pitching,  pumping  is  started  and  carried  on  at 
regular  intervals  until  attenuation  is  nearly  over, 
wort  being  pumped  into  the  top- back,  well 
roused  and  mixed  with  the  yeast  that  has  risen 
there,  and  allowed  to  flow  back  into  the  lower 
vessel  through  the  *  organ  pipe.'  The  whole 
erop  of  yeast  is  eventually  left  in  the  upper  baok. 

This  system  is  productive  of  an  excellent 
yeast  crop  and  bright  racking  beers  and  of  very 
orisk,  weil-couditioned  beers  with  good  palate 
fuhiesti.    Uu  ing  to  the  trouble  of  effectually 
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ftWtMing  theiie  vesada^  and  aeveral  other  diffi- 
rtiltifw  met  with,  tbey  tt«  gradually  going  out 

uf  ua0. 

Space  will  not  permit  ns  to  entar  into  a 

detailed  description  of  iha  various  other  syct-ems 
of  fcnuiiutatiuu  carried  uu  iu  this  cuuutr^',  and 
wo  mmt  now  pass  on  to  treat  voy  briefly  of  the 
German  systvm  of  beer- browing. 

The  German  or  decoction  method  of  mauhing 
is  generally  carried  out  as  follows  : — 

GrouQcl  malt  is  run  into  the  mash  tun,  in 
which  are  two-thirds  of  the  required  water  at 
the  ordinary  temj^Tatiire  of  the  air  ;  here  it  re- 
mains for  2  hours.  In  the  moan  time  the 
remainder  of  the  water  ie  heated  to  boiling  in 
the  copper,  and  then  run  slowly  into  the  mash 
tun,  the  r&kes  at  the  same  time  kept  revolving 
at  a  good  speed.  By  this  means  the  tempentture 
of  the  mash  is  raised  to  95"  1(K)"F.  Tlio 
first  thick -maah  (about  one-thirti  of  the  whole) 
is  now  drawn  off  into  tho  copper  and  boiled  for 
30  minutes,  and  then  retiumtMl  to  th(«  mash 
tun,  the  temperature  of  which  is  thuH  raimxl  tu 
I16*P.,  the  ralcea  being  kept  going  during  the 
addition  of  the  first  hoiled  mash.  A  second 
thicl(  mash  is  now  drawn  off  into  tho  copper 
and'  heated  to  boiling-point,  and  kept  boilmg 
for  J 5  minutes,  and  then  run  back  again  to 
the  mash  tun,  the  temperature  being  now  raieied 
to  I49^F.  After  this  the  clear  part  of  the  mash 
is  mn  off  and  hoiled  in  the  copper  for  15 
minuteiTi  and  run  back  again  to  the  mash  tun  ; 
the  ten) })efatiire  of  tha  maeh  is  now  1 67**^  The 
niasli  is  now  oo%prpH  up,  and  allowed  to  lie  for 
one  to  uuf  and  a  iiali  hours ;  the  taps  are  then 
set,  and  the  clear  wort  boiled  for  2  hours 
with  hops  at  the  rate  of  about  21  lbs.  of  hopH  to 
every  100  lbs.  of  mail  used.  Tne  wort  i.^  then 
drawn  oflf  and  run  over  coolers  and  refrigerator, 
where  it  is  cooled  down  to  40°F.,  and  thence  to 
fermenting  tuns,  which  are  guuerally  placed 
under  ^nnd  in  order  that  they  mav  be  kept 
cool  by  ice ;  and  for  that  |niriK>80  sm  all  ferment, 
ing  vessels  of  about  twenty  barrels'  capacity  are 
UMd.  These  are  filled  nearly  fidl  with  the 
wort,  and  bottom  yeast  in  the  proportion  of 
about  1  lb.  to  every  five  barrels  of  wort  added  ; 
the  yeast,  previous  to  being  added  to  the  wort,  is 
lint  mixed  with  some  wort  of  tho  former  day's 
brewing,  and  thoroughly  aerated  by  repeated 
jKJuring  from  one  \  essel  to  the  other,  and  then 
put  aside  in  a  warm  plaoe  for  some  hours,  so 
that  by  the  time  the  wort  is  ready  to  be  pitched 
.1  lot  of  nv\s  and  vinorous  yeast  cells  have 
formed  and  the  fermentation  is  well 
During  the  earlkr  stages  of  fermoita- 
fioti  a  slight  head  rises  to  the  surface  ;  later  on 
tho  yeast  deposits  on  the  bottom  of  the  ferment- 
ing vessels.  During  this  primary  fermentation, 
wnich  lasts  about  12  days  or  more,  the 
temperature  of  the  fermenting  wort  is  kept  at 
about  44°F.  When  the  primary  fermentation 
is  finished,  the  attenuation  lias  run  down  to 
about  one'-haU  the  orminal  gravity  of  the  wort, 
and  the  beer  is  run  off,  as  free  as  possible  from 
«e<liment,  into  casks,  ranged  in  tiers  on  either 
side  of  large  cellars,  which  are  kept  cold  by  ioe. 
Hero  t  he>  are  allowed  to  remain  for  some  months, 
durinL'  ^^)lieh  time  a  ■-ornndnr}'  frrmentation  goes 
slowly  uu,  and  the  U?er  grmluaily  dears  itself 
until  it  becumetf  brilliant  and  tit  for  use. 

Where  beer  is  required  for  quick  ooosttmp* 


tion  it  is  usual,  in  order  to  enable  it  to  becoBS 

bright  rapidly,  to  add  a  solution  of  isinglas.'^.  or 
'  finmgs  '  at  the  rate  of  1  to  4  pints  pcx  barrd  of 
beer. 

The  isinglass  unites  chemically  with  the 
tannic  acid  which  is  nearly  aluays  pi^e^eat  m 
beer,  forming  a  gelatinous  floocolent  preci|Mtate 
of  tannate  of  gelatin ;  this  very  soon  sinks  to 
the  bottom  of  the  cask,  carrying  all  matter  in 
su.s|ien.sion  with  it,  and  leaving  the  beer  dear 
and  brilliant. 

Finings  are  generally  made  by  dissolving 
isinglass  in  sour  beer.  This  is  a  crude  and  dan- 
gerous method.  In  tho  first  place,  tho  isinglass 
takes  several  weeks  to  dissolve,  and  secondly,  by 
means  of  this  sour  or  turned  Ikht  a  great  risk  w 
run  of  introducing  into  the  sound  mah  bew  ail 
kinds  of  diiwue  getms^  but  mate  paitioiilariy 
S.  pa.'ilorianm,  aa  well  aa  the  topy  and  lactia 
ferments. 

The  best  and  purest  finings  are  undoubtedly 

made  by  di.Hsolvini;  g«x>d  isinglass  in  dilute  solu- 
tion of  sulphurous  acid,  and  on  no  account 
should  any  other  kind  of  finings  be  used  in  the 

brewery. 

Beer  which  is  not  required  for  immediate  use 
is  stored  in  oellazs  at  a  temperature  of  M"P., 

eithor  in  vats  or  in  the  easki  in  which  it  is  to  Ytc 
c^nt  out.  Such  beers  are  generally  nut  hned, 
and  each  cask  is  furnished  with  a  porous  spile 
or  vent  peg  to  allow  of  the  escape  of  a  [>ortion  <rf 
the  carbonic  aeid  produced,  owing  to  a  secondary 
fermentation  which  always  sets  up  ia  casks  when 
beers  are  stored  for  any  tiniP. 

Chemical  analysis  of  a  beer  should  be  made 
shortly  after  racking,  and  before  the  secondary 
fermentation  in  cask  has  commenced.  8uch  an 
analysis,  culcuiated  uu  the  soUd  extract  ot  the 
original  unfermented  wott^  shoiild  ahoir  s 

a.  Matter  fcrmentod. 

b.  Maltose  uuttirmented. 

c.  Dextrin  unfermented. 

d.  Albuminoids,  tLnh,  &c. 

.'Va  tho  characti;r  and  keeping  propc«rties  of  a 
beer  depend  to  a  very  large  extent  on  the  per- 
centage of  unfermented  dextrin  which  it  contAin-, 
it  would  appear  very  desirable  that  an  auaiy&is 
of  those  beers  required  for  stock  or  export 
should  occasionally  be  made,  so  that  an  idea 
may  be  obtahied  as  to  the  constancy  or  other- 
wise of  their  composition,  and  hence  their 
siutabiUty  for  the  purpose  for  which  they  wvre 
intended. 

Generally,  at  time  of  racking,  and  inde<xl  in 
some  cases  at  difierent  stsges  of  the  bcening  uo* 
cess,  soma  form  or  other  of  antweptw  ia  aaded 
to  the  beer  for  the  purpose  of  protecting  it 
against  the  germs  of  disoasu  to  which  from  ono 
causeoraootherit is 80 subject.  Theaubataneea 
m(jst  generally  employed  f  r  thi-  I'lirjioso  are 
calcium  bisulphite,  salicylic  acid,  or  a  parttoular 
form  of  potassium  8ul|jhite,  known  as  knlium 
met-a.>iulphite.  The  antiseptic,  whatever  it  may 
be,  IS  added  either  to  the  \xei  \^iulst  in  the  rack- 
ing square,  or  to  the  beer  in  cask  just  after 
rackmg,  if  enlrium  bisulphite  at  tho  rate  of 
^  to  ^  pint  per  bi^rrol,  or  salicylic  at  the  rate  of 
\  oz.  or  less  per  barreL 

Experience  showi<  that  eal<  ium  biflulphit*-  is 
much  to  be  pref^red  to  saiioyhc  acid,  but  the 
chkf  objection  appaan  to  be  tha  anell  wfaiub  it 
•ometiines  imparts  to  tho  beer,  especially  «dben, 
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uaed  in  any  quanitty.  This  ni«y  be  got  over  by  i 
xamB  kalram  metaaalphite,  whieh  it  daamed  by 

the  (lisooverers  to  be  muoh  more  powerful  in  its  i 
aotion  than  bisulphite,  whflat  it  imparta  no 
BxoeU  to  the  finished  beer. 

Abeolnte  cleanliness  in  every  part  of  tho 
hnvvy  and  in  every  portion  of  the  plant  is 
naceiieiy,  in  vatikm  doe  regard  be  paid  to  this 

point,  no  matter  how  good  tlie  nmtrrinl.^  or  how 
perfect  the  procees  of  manufacture,  the  quality  of 
tlie  finished  artiole  'will  be  sadly  defeetf  ye  in  its 
most  vital  characteristic,  viz.  keeping  ]>ro parties  : 
false  ferments  and  mioro-organisma  of  ail  lands 
will  be  taken  up  by  the  beer  at  all  stagee  of  its 
mannfacture,  n  u  kring  it  after  a  time  sour, 
unpalatable,  and  unfit  for  consumption.  In 
order  to  obviate  this,  eVieiT  portion  m  tho  plant, 
when  not  in  use,  should  m  thoroughly  well 
cleansed  and  disinfect^xl  with  suitablo  ageuU*, 
each  as  chloride  of  lime,  calcium  bisulphite, 
caustic  ixjta.sh,  &c.  Cf.  A.  Haryey,  TraoB.  of 
the  Laboratory  C\uh,  1,  42. 

Bottled  Beers. 

The  adoption  of  Jower  gravities  l)y  tho  brewer, 
owing  to  increased  expenses  and  the  rapid  advance 
into  popular  favour  of  light  hitU  r  beers,  ha.s  led 
to  the  almost  general  pr(>auction  of  a  beer  of  light 
gravity,  distinctly  though  not  strongly  hopped, 
which  will  fine  quickly  and  carry  a  good  conaition 
within  a  very  short  time  of  racking.  Tho  desire 
for  good  condition  a.s  well  as  for  a  convenient 
package  has  gradually  created  a  huve  demand 
for  bottled  beer,  and  the  bottling  trade  has  now 
become  an  integral  part  of  almost  overs'  brewery. 

The  various  methods  of  bottling  at  present 
carried  oat  in  tiiif  eoastiir  ere  es  feUovB : — 

1.  Natural  method  ol  Mttlill^ 

2.  Faned  bottlmg. 

3.  8iu|fle  earbonStion. 

4.  Quick  chilling  and  filterinL'  jin.tcrjs. 

&  Prolonged  ohillinc  and  filtering  process. 

L  The  (Ud-feshioiiea  or  natoiel  method  of 
bottling  can  only  l  i-  ^viccc-sfully  carried  out  if 
the  b<Msr8  to  be  bottled  have  been  specially 
bropsd  for  the  purpose.  There  are  many  other 
influences  besioc-^  the  mntfrials  used,  such  as 
the  conditions  of  plant,  aeration,  yeast,  &o.,  which 
heve  their  aotion  upon  the  flavour,  qoali^,  and 
type  of  the  beers ;  and  it  will  be  necessary  for 
fcijkO  brewer  to  regulate  theae  matters  before  he 
is  »bla  to  produce  a  satisfactory  artide.  The 
v,,it<;r  used  for  mashing  should  be  puitably 
liiardened  by  the  addition  of  gypeumaad  aiicaliue 
chlorides — the  gypsam  oonduoing  to  bright  and 
more  stable  worts,  whilst  at  th©  .^nme  timn 
preventing  the  extraction  of  an  exo^aive  amount 
ot  bitter  nrinoiides  from  the  hops,  and  the 
alkaline  chlorides  contributing  to  palate  fulness. 

Great  caro  must  be  exercised  iii  the  selection 
of  materiab,  and  only  tho  best  malt  pcepsfed 
from  those  barleys  which  are  free  from  an  excess 
oi  nitrogououii  constituents  should  be  used.  A 
blmd  of  good  English  and  foreign  malt  with  a 
7iroportion  of  some  prepared  gram  will  give  the 
best  results.  It  is  also  advisable  to  uae  a  good 
qusdity  hop  with  a  proportion  of  foreign  hops, 
on  account  of  their  greater  preservative  power, 
and  only  the  choicest  English  shotild  be  used  for 
<iry  hopping.  It  ia  noces.^ary  that  all  secondary 
fermeotetkm.  change  should  be  allowed  to 
complete  themselves,  and  that  the  beer  should  be 


saturated  with  carbouio  acid  sas  before  bottling, 
so  it    radced  into  oadks  and  stored  in  a  cellar 

at  a  temperature  of  SO^-SS^F.    When  it  in 
conditioned,  it  is  fined  if  neoeuary,  and  bottled 
ineeiia  ct  a  siphon  meehine  into  perfectly  dry 

ean  bottles,  and  imraediatejy  corke<l.  Tho 
necessary  bottle  condition  is  then  brought 
about  by  storing  at  a  temperature  of  about 
fiS^F.  for  some  time  before  consumption. 

2.  When  a  brewer  cannot  affoixl  to  let  his 
botttod  beers  lie  for  so  long  a  period  as  is  neoes- 
sary  in  the  old-fAfhii/^nr-d  ,-v.striM.  hn  genmlly 
has  recourse  to  tho  second  method,  called  '  forced 
bottling.'  The  same  type  of  beer  is  brewed  as 
in  tho  previous  method,  and  the  same  care 
exercised  in  the  choice  of  materials,  &c. ;  but 
early  fermentetioa  is  oneoufaged  in  cask,  and 
the  time  of  j-forHee  greatly  curtailed.  This  is 
accomplished  by  adding  priming  to  tho  beer  at 
the  time  of  racking,  while  early  clarification  is 
brought  about  by  the  addition  of  fminga.  When 
the  oeer  in  absolutely  brilliant  and  ha^  been 
suJBoiently  flattened  in  cask,  it  is  bottled  and 
stored  at  a  temperature  of  60"-70''F.  It  is 
sent  out  immediately  it  13  sufficiently  conditioned, 
and,  provided  it  is  not  kept  too  kiig,  it  will  torn 
out  quite  satisfactorily. 

Naturally  conditioned  beers,  brewed  and 
bottled  unaer  tho  most  favourable  conditions, 
present  to  the  palate  a  peculiar  pungent  flavour 
and  an  invigorating  freshness  which  cannot 
easily  be  obtained  with  carbonated  beer.  There 
is  one  great  drawback,  however,  to  all  such 
beers,  ^ey  must  inevitably  be  accompanied 
'  l)y  a  fli  po  it  which  in  many  caaea  is  more  or 
less  heavy.  It  was  to  obviate  this  defect  that 
the  eerbonating  tiysteai  was  first  introduoed, 
and  the  many  and  various  improvements  which 
have  bona  made  since  its  first  intioduotion  have 
made  it  posnble  to  pcodnee  m  beer  In  many 
respects  ei|aal  to  that  prodnoed  by  the  oatuisl 
method. 

3.  To  prodnoe  a  jBnt<«lass  carbonated  beer, 

the  same  amount  of  care  in  selection  of  materials 
is  hardlv  necessary,  very  high-cUss  malts  not 
bein^  ebsolutely  essential,  and  a  oertain  pro* 

portion  of  invert  sugar  being  a  de^irihlo  con- 
stituent.   The  beer,  however,  must  be  specially 
brewed  for  this  purpose,  as  it  is  absolutely 
'  nccc'wary  that  th  ■  finf  ii*  1  hin  r  should  jxjssess 
j  as  Uttlo  fermentable  niutier  a^t  po^tiible,  and  a 
very  low  attenuation.   After  racking,  the  beete 
'  should  be  fined  and  remain  in  tho  cellar  for  throe 
I  weeks,    it  is  then  eiliciently  tiltert%i  through  a 
pulp  filter,  from  which  it  pa.'^.ses  into  an  auto- 
j  niRtic  carbonating  machine,  where  it  is  thoroughly 
impregnated  with  gas  at  a  pressiuf  of  30-40  Iba., 
ana  at  the  same  time  prevented  from  coming  in 
contact  with  any  air.    The  whr»l»>  sfM-rot  of  good 
carbuuatiun  iiesi  in  properly  imprt-guatiag  tho 
beer  with  gas.  The  gas  used  should  be  pure, 
the  natural  gas,  collected  from  fermenting  wort, 
being  preferred  by  some  brewers,  a^i  it  is  said  to 
give  better  results  and  impart  a  better  flavour  to 
tho  beer.  Tho  beer  passes  from  the  carbonator  to 
j  a  suitable  bottling  machine  which  fills  into  bottlofi 
and  stoppers  without  waste  or  loss  of  gafi.  This 
!  beer  can  be  sent  out  as  soon  as  bottled,  but  can 
I  also  be  kept  without  throwing  a  deposit  for 
some  time.    The  groat<\-!t  defect  attaching  to 
I  carbonated  beers  is  that  their  brill  ianoy  is 
;  inflaenoed  by  the  temperatoxe  at  which  ^hd^  J^IT^  Google 
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stored,  as  they  are  iaolined  to  develop  haziaeas 
in  very  hot  or  cold  weather.  This  has  bt^n 
uvpTcome  by  ohUUag  the  beer  beCoro  flltenng 

and  bottling. 

It  b  necessary  to  recoffnise  that  the  osnal 

system  of  brewing  and  fermenting  tnaat  bo 
modified  to  meet  the  altcnxl  condi Lions  involved, 
for  pfodueinff  chilled  and  iUtered  beers,  and  the 
reniarl:^  made  above  with  regartl  to  the  low 
attenuatioua  necessary  for  carbooAted  bccx 
applies  equally  well  for  this  typo  of  beer. 

By  the  process  nf  cliillint:  hcpr  or  the  cooling 
of  it  down  to  30^F.  tiiu  yvuMt  and  other  orgauisms, 
with  certain  of  the  hop  resins  and  substances  of 
a  proteid  nature  which  become  insoluble  at  low 
temperature  are  coagulated  and  thrown  out  of 
aohition.  When  tlMse  matters  are  geparated  at 
the  same  low  temperature  by  filtration,  the  beer 
is  reud&red  inacusitivc  to  changes  of  temperature, 
and  freed,  or  practically  freed,  from  fermentative 
organisms,  and  will  therefore  ronain  bijUiaat 
for  a  very  oonsiderable  period. 

4.  The  quick-chilling  process  consists  in  rapidly 
cooling  the  beer  down  to  30°F.,  thoroughly  im- 
pregnating witibi  oarbonio  acid  gas,  finering  at 
the  low  temperature,  and  botthng.  TKm  com- 
plete plant  consists  of  a  refriger»ii^g  machine  to 
cool  a  sufficient  quantity  of  tiniie  to  about  fffF., 
brine-circulating  pump,  one  or  more  beer  cooling 
oylindexa,  beer  filter,  and  bottle*filling  macliine. 
Tbo  lafiigCTating '  machinea  in  geoenl  we  ave 
cither  tlif  aiiiriu'rua-compreesion  or  the  carb{jiiic 
acid-oompreesion  system.  The  oooling  cylinders 
aia  horwontal  cylindrfoal  Twaoh,  Smm  anr- 
rounfird  by  an  outer  jacket  or  shell  around 
which  refrigerated  brine  is  caused  to  circulate, 
or  fitted  bride  with  a  ooil  of  pipe  tfannagb  which 
the  cold  brinn  pnsTs,  the  coil  being  agMmoted  on 
a  shaft  which  aJiows  it  to  revolve. 

Thft  bMT  ia  umally  matoMd  over  hope  in 

cask  for  about  two  w^f^lc?;.  Thf  rnsk  of  hf>fr  is 
then  transferred  iuto  one  oi  the  cyhudcrs,  \\  hich 
ia  at  oQco  aabjected  to  the  influence  of  eold  by 
the  pns.«fige  of  cold  brine,  »n<\  rit  the  same  time 
the  beer  in  charged  with  c»ri>uuic  acid  ga&  The 
tentperature  of  the  beer  m  quickly  brought  down 
to  30°F.,  when  it  is  n!lnwo<l  to  rest  a  phnrt  time. 
It  is  then  ti]ter<Hi  thiough  an  efficient  pulp  filter 
aikd  bottled  by  means  of  a  bottling  maohinai. 

The  bc*rs  prcKlucod  by  this  methcx]  Icnve  vfry 
much  to  be  desired  both  as  reoards  liavour  and 
palatefulness,  bat  the  prooeaa  iiaa  foand  favour 

with  mfinv  brewor«,  b?  it  is  very  0«sy  to  manage 
and  requires  no  storage  or  leugthemug  matura- 
tion. 

6.  The  balanccof  opinion,  howevpr,  in  in  favour 
of  the  slow  as  ugaiui>t  the  quick-ohilling  syst<?ni, 
for  undoubtedly  the  nearest  approach  to  a  well- 
matured  beer  is  one  which  by  natural  generation 
uf  its  own  carbonic  acid  gas  in  cask  or  other 
vessel  is  afterwards  allowed  to  cool  down 
slowly,  and  thus  redissolve  the  free  carbonic 
add  saa  and  at  the  same  time  precipitate 
troublcBOmo  resins  and  protiid  matters. 

The  system  oooaista  in  conditioning  the  beer 
in  cask  or  other  anitaUe  vessel  with  the  aid  <rf 
kniiixii  Off  imniiDg,  gEadaally  ***»*?lii*g  and 
filtering. 

The  beer  is  nuiked  into  either  bntts,  hogs- 

heads,  or  glaHS-enanit'llfNj  tanks,  which  will 
Btaiul  a  good  pressure,  and  10  p.c  of  krauson  or 
Kugar  priming  is  added,  the  objeot  lieiQg  to 


force  the  beer  rapidly  into  a  vigorous  after- 
fermentation.   Kraftsen  oonaiBtB  or  beer  in  the 

first  stage  of  frrm  station,  24-4^1  hours  after 
filtering.  The  kraiisen  should  be  taken  from  a 
beer  of  the  same  type  and  original  gravity  as 
the  beer  to  bo  conditioned.  Wnen  the  beer  is 
in  high  oondition,  which  usnallv  takes  f-ix  or 
eeven  daya,  it  is  slowly  diilled  by  the  moat 
1  suitable  mean;'.  If  glass-enamelled  tanks  art- 
used,  these  should  be  fitted  with  coik  through 
whidi  refrigerated  bsine  ia  passed.  In  this  way 
the  complete  prOOflW  '^f  eonditi't'HnL'.  chilling, 
and  clarification  oan  be  worked  m  the  sauie 
tanks.  If  the  storaoe  plant  does  not  lend  itself 
try  chilling  in  bulk,  the  veiiscls  are  either  placed 
in  a  cold  cellar  and  allowed  tv  cool  gradually 
to  the  required  tempemtlire  or  the  beer  is 
pa-ssed  through  a  counter-current  chiller  in  which 
beer  can  be  chilled  to  any  temperature 
vrithout  loss  of  or  waste  of  beer.  Aft«r 
oooling,  the  beer  is  stored  for  another  few  daya 
at  a  tmiform  temperatiure  of  30*F.  to  allow  it  to 
clarify  to  a  oonsiderable  extent.  It  is  then 
filtered  through  a  pnip  filter  and  bottled  in  a 
suitable  maohme. 

Beer  produced  by  this  methoil  requin.'s  jjo 
carbonation,  as  the  maturing  and  conditioning; 
process  itself  fnmishee  quite  enflkient  gae  far 
boer  condition  either  in  cask  or  bottle.  It  will 
also  retain  ito  brilliancy  for  a  very  long  perkxl 
at  any  temperatoxe. 

Great  care  shoul'l  always  be  taken  to 
thoroughly  oieaose  the  pulp  used  in  the  filter, 
and  there  are  eeveral  naohmeo  availabfe  wWidi 
can  be  used  for  thi<;  purpose.  Scrupulous 
cleanliness  of  the  whole  plant  as  well  as  thcs 
bol^dea  li  moat  important. 

Certain  im^ovements  hnvr  been  de^itrned  of 
late  years  in  the  brewing  industry,  and  arc 
known  aefoUowa:  1.  The  Schneifle-Bill  Patent 
brpTn'rt^  system.  The  claims  of  this  prxycr  - 
that  neither  tropical  nor  arctic  temperavur«e 
exert  any  after  -  influence  on  the  stahilifey, 
brightness,  and  pnlntf  fiavoor  of  the  l>eer8  pro- 
duced under  this  process.  Among  e>omv  oi  the 
improvements  in  thie  system  may  be  noted  tha 
retention  of  the  natuiul  gases  of  fermentation 
in  the  beer,  together  with  those  cxqui^w 
fiavoavB  of  the  etbeia  and  other  volatiie 
'  prndtictR  (which  firr-  'dways  wasted  tho 
ordinary  methods  oi  Lrewmg)  to  the  uituiu*tc 
benefit  to  the  beer  in  palatefulneea^  and  oon- 
dition. The  fermentations,  howTver,  are  con- 
duct^ precisely  iu  tho  Hame  mauner  as  thts 
ordinary  top- fermentation  ayrtem. 

The  albuminoid-^,  also  a  most  frequent  caoao 
of  trouble,  are  dealt  wth  by  a  most  unique  bat 
simple  clarifying  system,  whereby  three  imdeair- 
able  constituents  of  malt  worts  are  totally 
eliminated.  It  ha»  beeu  found  by  practice  tlukt 
from  two  to  six  days  are  required  to  briru; 
about  these  rostdts,  by  which  time  the  beer  is 
thoroughly  matured,  and  ready  for  filling  into 
the  trade  casks.  In  conjunction  with  the  above 
advantages  of  alwa3rs  beins  able  to  supply  tho 
same  and  uniform  beer  throughout  we  year, 
must  be  added  the  great  advantage  of  tht>  r«*- 
dtused  (KMt  of  production.  It  ia  a  point  which 
must  appeal  to  all  brewers  in  theee  dmj*  of 
severe  oom|x«tition  and  high  prices  of  niatt-ria!- 
1  Beers  produced  by  this  process  can  be  hrew««I 
I  tnUi  2  Ibo.  loM  original  ^vit^v  <^nd,.i;ti^,]^|^^ 
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fhe  same  paLktefulneiM.    Len  hops  oan  also  be 

UBcd  at  the  rate  of  I  ^  lbs.  to  2  lbs.  per  quarter. 

There  ia  no  waste  or  returns  from  ttio  tenants, 
linings  are  dispensed  with,  no  ocllar  room  is 
required  in  the  brewery,  as  the  beer  is  loaded  on 
to  the  drays  immediately  after  racking.  There 
iH  a  great  saving  of  time  and  labour  over  the 
'Ider  system,  with  its  drawinr:  off.  topping-up, 
and  general  care  and  attention  on  the  noors. 

2.  The  choice  of  an  appropriate  name  for  an 
entirely  new  article  of  manufacture  is  always  at- 
tended with  difficulty,  for  although  the  adoption 
of  a  nftme  of  some  kind  or  otMr  is  sn  easy 
matter,  it  is  imperative  that  tho  name  selected 
bo  a  compendious  one,  capable  of  afiordingsomo 
imdieatkm  of  the  nature  of  the  product.  This  is 
more  especially  the  case  when  the  article  is  one 
designed  for  human  coiiHumption.  Within  the 
last  few  years  there  has  been  introduced  into  the 
brewing  world  an  article  termed  '  concentrated 
beer.'  The  article  is  a  semi-solid  one,  for  the 
reason  that  the  conoentnted  beer  is  the  product 
of  the  brewer's  art,  and  k  m  ^imhmA  product, 
whioh  needs  only  the  additioii  of  wster  to 
convert  it  into  a  beverage. 

Innumerable  attempts  to  oooMotnte  finished 
beer  have  been  made,  but  these  have  always 
ended  in  failure,  as  in  the  naturo  of  things  they 
must  end,  for  the  reason  that  the  ooncentration 
of  beer  involves  both  tiie  initial  expense  of 
producing  a  complot<»ly  finishtxl  article,  which  is 
sabaequently  partially  destroyed,  as  well  as  the 
oosit  Of  sepamting  by  evaporation  M  ike.  of  tiie 
liquid,  causing  Io.-*3  of  aroma,  and  the  destruction 
of  the  'palate'  or  flavour  of  the  beer.  The 
oonvetie  w  theo—e  in  ptodnoingthe  eoneentmtod 
beer,  for  all  the  aroma  is  retained,  the  palate 
improved,  and  the  beer  made  from  the  oon- 
oentvate  fendend  more  nHioleeome  than  ordi- 
nary beer. 

To  malce  one  barrel  of  beer  from  the  concen- 
trate, a  tin  of  the  ooneentnied  wort  is  dissolved 

in  boiling  water,  and  introduced  into  a  36- 
gallon  cask,  or,  if  more  convenient,  a  covered 
vat  of  about  the  same  capacity.  The  wort  is  now 
coole<l  do\m  to  GO^F.,  and  ahlout  1  lb.  of  pressed 
yeast  is  added.  At  the  end  of  a  few  luuirs 
fermentation  takes  place,  whioh  is  finished  at 
the  end  of  a  week.  The  beer  is  now  ready  for 
drinking,  and  may  bo  drawn  off  by  means  of 
a  tap  into  clean  bottles  for  storage  if  desired. 
The  36-gaUon  oaak  will  fill  24  doaeo  pint  bottles. 

J.  H. 

BRIDBUABABKorASDUAKA.  The  bark 

of  Br  id' lid  montana  ia  a  useful  Indian 
(Dymock,  Fharm.  J.  (.31  7,  309). 
BSILUAirr  ABOtnL,  .AZUBIRB, 

V.  Azo-  coLorMKa  mattbbs. 

BRILLIANT  CONGO,  -CBOC^,  -DOUBLE 
SCARLET,  -GERANINB  v.  Azo-  ooLOiTBnra 

MATTERS. 

BRILLIANT  COTTON  BLUE  v.  TvauMUXh- 
MXTHAKs  coLonnnro  luxnH. 

BRILLIANT  OREBH  9.  THmuuHUOBHAWc 
GOLOmtOfO  MATXnS. 

BRILUABT  OtRAMS, -FOHGIAV, -FOB 
PURINE.  -fOABLR  «.   Aso-  ooLoimnro 


•VLMIKM 


BRnUANT  TBLLOW  v.  Aio-  ooLOinairo 


BRIMSTONE  v.  Sulphub. 

HA  mDlOA  V.  OAMnu  imno*. 


BRIQUETTES  v.  Foil  ;  also  Pitch. 

BRITANNIA  METAL.  Is  an  alloy  of  vari- 
able  composition,  U8uaiiy  containing  only  tin 
and  antimony,  although  mm  and  mniiifli  are 
sometitnas  added. 

An  alloy  consisting  of  0  parts  of  tin  and  1 
part  of  annmony  ia  attaokea  slightly  by  soin- 
tions  of  common  salt,  potassium,  ammonium, 
and  niagucsium  chlorides,  potassium  sulphate, 
potassium  nitrate^  and  8odium  carbonate.  Caustic 
soila  has  a  more  marked  action  (DingL  poly.  J. 
221,  259). 

This  aUt^  is  used  m  the  maoniMStiire  of 

teapots,  spoon?,  and  dish-ooven. 

Articles  made  from  it  may  be  coloured  by 
heating  Uiem  for  16  to  30  minutes  in  a  bath 
made  by  mixing  2  Iht*.  of  water,  1^  oz.  of  cream 
of  tartar,  \  oz.  of  tartar  emetic,  2  oz.  of  hydro- 
chloric acid,  ^  lb.  of  pnlveriaed  zinc,  and  1  oz.  of 
powdered  antimony.  Thif  gives  them  »  twil- 
liant  lustre. 

By  heating  in  a  bath  composed  of  I  part 
tartar  emetic,  1  part  cream  of  tartar,  3-4  of 
hydrochloric  acid,  and  S-4  of  ground  antimony, 
the  following  tints  may  be  obtained  S  goldeOt 
copper-red,  violet,  and  blue-grey. 

A  metallio  ring  can  be  given  to  artielet  made 
of  Britannia  metjil  by  heating  thorn  in  an  oil- 
bath  to  220**  and  then  oautiooa^  raising 
the  temperature  to  below  8*  above  tiie  fusing 
jx)int  of  the  alio}-.  Small  articles  must  be  kept 
at  this  temperature  for  from  16  to  30  minutes, 
large  artidsa  for  one  hour;  the  bath  is  then 
allowed  to  cool.  The  rapidity  of  the  cooling 
seems  to  have  no  appreciable  el[eot  (D.  Ind.  Z(g. 
1887,  607)  (v.  AvmioirT). 

BRITISH  GUM  v.  Dbxtkin. 

BROOHANTITE.  A  hydrated  basic  copper 
sulphate^  CDi80«'SDi(0H)^  fomung  Inight-grsen 
orthorhombio  cr3r8tals,  found  in  Cornwall,  UraLs, 
Sec.  It  is  laigely  present  in  some  of  the  CMian 
copper  offsa.  L.  J.  8. 

BROGGERITE.  A  crystallised  variety  of 
the  minenl  pitchblende  or  uraninite,  found  aa 
small,  isolated  ootahedra  and  enbo-ootahedr* 
in  the  felspar  quarries  near  Moss  in  Norway.  It 
contains  about  80  p.o.  uranium  oxide,  together 
with  thorium,  lead,  itc  Ol/neUa  is  a  very 
similar,  or  identical,  mineral  found  in  the  felspar 
quarriea  near  Arendal  in  Norway.     L.  J.  8. 

BROMAL.  mmMaMd^^  GBr.OHO. 

Prepared  by  passing  bromine  into  a  solution  of 
paraidehydo  in  ethylacetate  (Pinner,  Annalsn, 
179,  68),  or  by  passing  bromine  into  abeolnto 
alcohol,  fractionally  distilling  the  product,  and 
tieaiing  the  fraction  boiling  at  16d<*-lbO''  with 
water.  Hie  bromalhydrate  thus  formed  is 
decomposed  on  distillation  into  bromal  and 
water  (Schiifier,  Ber.  1871, 366  ;  Lowig,  Annalen, 
8,  S88).  Bromal  is  an  oily  liauid  boiling  at 
174®  (700  mm.)  ;  sp-trr.  3-34.  Alkalis  decompose 
it  on  heating  into  bromuform  and  a  formate. 
Branalhydnto  CBraGH(OH),.  Grystalliies 

from  water  in  coloiirlens  monoclinic  prisms  con- 
taining one  molecule  of  water  of  crystalUsation, 
m.p.  SS'S**.  It  is  less  soluble  than  choralhydrato 
(Pop-,  rh-m.  Soc.  Trann.  1890,  460). 

Bromal  alcoholates.  Bromalethylalcoholate 
is  a  crvstalline  solid,  m.p.  44* ;  readily  soluble 
in  alcoKol,  sparingly  soluble  in  water  (Schiiffer, 
Ic).  £:tard  (Compt.  rend.  114,  763)  has  de- 
scribed tiie  action  <n  bramine  on  varioii^  l^^^^.'^^oo^le 
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with  the  fonnatkm  ot  diffeniit  bronud  alooho- 

latcs. 

Tlic  following  condensation  pruduote  of 
bromal  have  been  prepared  :  Bromalnmmonia 
(Schii!  and  TaMinari,  Ber.  1877,  1786)  ;  com* 
pound  hex^WuA^fnetriamint  (Ix^dorer, 

Eng.  Pat.  17693  ;  J.  Soc.  Chem.  Ind-  1897, 
1039) ;  compound^  with  formaldehyde  (Pinner, 
Ber.  1900,  1432);  hromaldiaceiaie  (Grabutti. 
Q«n.  chim.  ital.  1900.  30.  ii.  191);  hromal- 
f^jfCdaU  (Qabutti,  Chem.  Soc.  Abst.  1902,  i. 
261);  and  hroinakhh  i  il  irbamide  (KaUO  Mtd 
Co.,  Chom.  Soc.  Abstr.  1002,  i.  429). 

BROH AUII.  1V»de  name  for  a  oombina- 
tioii  of  licxamothylenetotrariiini'  with  ethyl- 
bromide  used  in  the  troatmeut  of  neurasthenia 
and  epilrp»v  {v.  9mmaeno  Dsvos). 

BROMBENZENE  r.  Phenyl. 
ji-BBOMCAHMIHE  and  ^  BROMCARMUifi 

BROHCHINAI,  BPOMEIOMPp  BBOMBI- 

GON  V,  Hyvtbxiiq  dbuos. 

BROmHB.  Byvu  Br.   At  wt  IMIL  An 

dMnent  belonging'  to  the  chiss  of  the  halogens; 
diaoovered  by  Baiard  in  1826.  Name  from 
^p&^tt  a  steneh.  Never  found  free ;  diiefly  in 
combination  with  alkali?  and  alkaline  earths. 
Aa  AgBr,  in  Mexico  and  Chili,  in  some  Silesian 
nno  ores,  and  in  Chili  saltpetre.  In  sea-water 
(in  the  ratio  of  340  mgms.  Br  to  100  >;ram8  H) 
probably  an  magnoflium  bromide;  in  many 
marine  ])lants  and  animals,  and  in  many  saline 
eprin^K.  Bromine,  as  bromindigo,  has  been 
fuuud  to  be  secreted  by  certain  specius  of  MureXt 
and  is  an  essential  constituent  of  the  ^TyrlMk 
pur])!e  f)f  the  ancients.  'I'rROf's  of  it  are  occa- 
sionaliy  to  bo  met  with  in  coal,  and  hence  in 
gas  liquors. 

At  ordinary-  temprrif  rin^a  is  a  dark  brown- 
red  liquid  of  luost  irntatiiig  smell,  vcrv  volatile  ; 
v»pow  yellowish-rod,  and  beooming  mm  tnau- 
parent  whfn  heated. 

Boils  at  63**  and  solidifies  at  ^7-3''  to  a  brown - 
red  crystalline  mass  of  aemi-nietallio  lustre  Mid 
OOnchoidal  fracture. 

Vapour  acts  on  mucous  membrane  and 
occasions  great  irritation.  8p.gr.  o(  liquid 
3  18828,  0^/4*  (Thorpe). 

A  solution  of  bromine  in  water,  bromine 
miter,  contains  \\\un  saturated  3-169  p.c  at 
ordinary  t4?mpcrature,  and  has  a  sp.gr.  of 
KK2367  ;  it  deposits  when  cooled  bromine-hydrate 
Br,10Hj.O  in  hyacinth-red  octahedral  crystals. 
The  solution  is  frequently  used  m  analyaia  aa  an 
ozididng  agent,  ^'ery  soluble  in  alooliol,  ether, 
larlion  disulphido,  chloroform,  and  cone, 
hydioohiono  acid;  sulphuric  acid  dissolves 
traces  only. 

Bromine  acts  violent  1  i;  hydrogen,  .suljjhur. 
phosphorus,  axseiuc,  antimony,  tin,  the  heavy 
metals,  and  potaannm ;  bnt  it  doea  not  react 
with  .sndinm,  even  on  heating  tO  200**  Aete  as 
a  bleacher  and  dmiifectant. 

ExtraeUon  and  Manufaciure. — Bromine  occurs 
in  nature  principally,  and  so  far  as  its  industrial 
preparation  is  ooncemed,  exclusively  in  the 
shape  of  bromides,  accompanying  in  small  | 
quantities  the  chloridc>  of  soiiiuni,  calcium,  and 
magnesium.  Its  quantity  is  never  laige  enough 
to  admit  of  its  being  prejiared  directly  from  tne 
raw  mall  ri  ll.  Init  win  re  the  latter  is  in  the  first 
instance  worked  for  hodium  chloride  and  other 


Halts,  the  bromide  nrenmulates  in  the  mothtr 
liquors,  and  ean  U>  recovered  from  tiu^.  Tbu» 
Baiard  discovered  brominA  in  tlie  mother 
liquors  obtained  on  malung  common  salt  ftuis 
sea-water,  and  for  many  years  it  was  prepareii 
from  the  mother  liquors  of  the  saltworks  at 
Krcuznach,  Schdnebeok,  Netisalzwerk,  and  otb^ 
places  in  Oermany.  It  was  also  found  in  184G, 
by  Alter,  in  similar  mother  liquors  in  America, 
especially  in  those  at  Natrona  and  Tarentuni, 
later  on  at  Pittsburg,  S>Tacusc,  PomeroyfOfaioj, 
and  in  the  Kanauha  region  in  WmI  Yh 
(MMOn  City,  ParkecsviUe,  4bo.>, 

Until  aliont  IMD  the  little  bromine  that 
made  was  near!}'  all  used  for  scientific 
Then,  however,  medicine  and 
to  demaad  a  greater  supply  of  bromidee^  nnd  li^er 
on  the  manufacture  of  <  i!  I  ir  dyes  rai-s*^!  an 
even  more  extended  demand  for  brominio.  It 
now  beoame  remnnentive  to  i«oover  it  in  the 
working  up  of  kelp  for  iodine,  but  this  yielde*^! 
only  little  and  impure^  bromine,  and  waa  not 
long  oontlnued.  An  Idea  w  oooori  led  of 
recovering  it  from  the  water  of  the  Drad  S#^, 
but  the  project,  hardlv  practicable  in  itself,  vas 
abandoned  when  Erank  had  shown  tliat  an  ample 
supply  of  hrnmine  could  bo  obtained  from  the 
motber  iiquorH  of  the  Stasafurt  potash  industry  (t;. 
PoTASBlvii  caBLom>a).  He  commcaoed  bis  prac- 
tical op^^ratioiip  in  isfl''.  when  he  manufactun'*! 
about  750  kgs.  ot  lironune ;  in  Ih<i7  the  output 
had  already  increased  to  7^  tons,  and  fn  IMS 
the  Stasafurt  production  of  bromine  w.^-^ 
estimated  at  260  tons  per  annum,  tho  {^tcc 
having  gone  down  from  60  or  00  (sometimes  a^ 
much  a.s  9f>)  marks  per  kilogram  to  0-70  mark. 
This  lowering  of  the  price  was  principal] v  due 
to  the  fact  that  smoe  1868  tho  AaMnoans  had 
come  into  the  market  with  bromine  made  from 
the  above-named  saltworks ;  their  liqooca 
contained  it  in  such  quantity  that  thej  mo 
able  to  sell  much  below  Stasafurt  pric*)^. 

Few  substauoGK  have  so  rapidly  diinniL^Juxl 
hi  price.  Originally  costing  from  90  to  it'i  uarlcti 
per  kg.,  the  price  fell  in  1867  to  4t>-4r»  marks, 
then  to  12  marks,  later  to  2-30  niarks,  1  2d 
and  0*70  mark.  It  ia  now  about  1-60  marka. 
The  world's  production  is  now  practically 
controlled  by  the  *  Associated  American  Pro- 
ducers,* and  the  '  German  Bromioe  Onveo* 
tion,'  in  Stasafurt  LeopoldshaU. 

Chemical  ProutHM. — The  raw  material  worked 
at  Ktasjifurt,  crude  camallite  (r-.  PoTAasruit 
CSU)BIDX),  contains  bromine  to  the  extent  olirom 
0*10  to  0*25  p.0.  in  the  shape  tA  ftroHMwrMoffife 
MgBrj-KBr.GH.O,  isomorphous  with  camallite. 
In  tho  manufacture  ol  potassium  chloride^  tho 
magneahim  bromide  aeenmnlates  together  with 
Hi  i^iif  ium  chloride  in  the  mother  liquors,  which 
contain  usually  ^m  0*2  to  0*3  p.c  bromide. 
As  it  n  fmpoariUe  to  separate  the  magnewttm 
bromide  by  fractional  rry^tallisation,  the 
bromine  is  iidways  extracted  chemically,  bein^ 
reidaoed  by  a  enmiit  ot  nhtnrina,  aoooiding  to 
the  equation  : 

MgBr,-i-a,-Mga,-fBr,. 
The  chlorine  is  either  generated  within  th« 
liquorw  by  means  of  hyuroehloric  acid  and 
manganese  ore,  or  it  ia  proparod  outside  and 
paeaed  into  the  solutkma,  ehenp  oompreased 
chlorine  in  steel  eyliiidert  bei^g  aowudoya 
available  for  that  purpose. 

.  J  .i^  .o  l  y  Google 
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In  thie  early  dayn  of  the  bromme  Industry, 
tlie  extraction  was  always  done  by  intermittont 
working.  Ono  of  tho  tirt»t  apparatus  employed 
\va«  dovitied  by  Fraak,  and  iiihtiwn  in  Fig.  1. 
It  consisted  of  «  sqtiMpe  vowdl  or  «tUl,  A,  mado  of 
Band-ttone  or  nlato  properly  jointed  toffothor,  of 
about  3  cubic  metres  capacity,  wnich  waa 
ofaftx^ped  wHh  a  definite  quantity  of  mother  liquor 
proriously  heatt'd  to  60°  in  tank  b  by  Hteam  coil 
«  ;  about  200  k^s.  of  manga ncHC  ore,  sullicient  for 
Heveral  operations,  were  spreftd  On  the  fftlse 
bottom  a.  After  closine  tho  man-hole  /,  the 
required  quantity  of  sulpliuric  acid  of  8p.gr.  1*7 
was  nm  in  through  pipe  which  wm  rabae* 
quently  stopped  up  with  clay,  and  live  steam 
■was  patwed  into  tho  liquor  throuch  pipe  A*.  The 
chlorine  evolved  on  boiling  actecl  upon  the  mag- 
nesium bromide  present  and  liberated  bromine. 
This  came  over  pure  at  first,  but  above  76*  a 
mixture  of  bromine,  chlorine,  Mid  Wftter  ▼•pour 
passed  through  the  lca<l  pipe  Tt,  and  tho  stone- 
ware condensing  coil  c  into  the  glass  bottle  o. 


7ia,  L 

holding  about  8  litres.  The  distillation  was 
carried  on  until  the  pale  ooloor  of  the  vapours 
in  the  glass  adapter  n  showed  that  no  more 
bromine  was  coming  over.  The  condensate 
separated  into  a  lower  layer  of  bromine  and  an 
upper  layer  of  bromine  and  chlorine  water 
wnich  could  be  siphoned  off  through  o  into 
vessel  X,  and  was  added  to  a  subsequent  charge. 
Uncondensed  vapours  passed  into  vessel  p  filled 
with  iron  turnings  and  water,  and  fitted  with  a 
collar,  p,  to  allow  for  frothing,  \%ith  a  run-off 
into  jar  o.  Each  operation,  lasting  an  hour  to 
an  hoiir  and  a  half,  was  terminated  by  knocking 
out  plug  /,  and  running  off  the  liquor  through  the 
covered  culvert  m  oonoeoted  to  the  factory 
chimney. 

The  efficiency  of  this  process  was  very  small, 

each  operation  yielding  2  to  2-5  kgs.  bromine,  the 
average  yield  amounting  to  not  more  than  0*1 
p.c.  of  tne  mother  liquor.  The  intermittent 
method  entaili><i  several  drawbacks — loss  of  time 
and  material,  besides  the  contamination  of  the 
atmoephero.   These  disadvantages  gave  rise  to 


various  continuoua  processes,  the  first  of  which 
was  patented  by  Frank  in  1878. 

He  employed  a  series  of  decomposing  vessels 
at  different  levels,  allowing  the  heated  liquor 
to  run  from  the  highest  into  the  next  lower  one, 
and  so  on,  passing  at  the  same  time  chlorine  gas 
generated  outside  and  steam  into  the  lowest 
vessel,  and  in  counter-current  to  the  higher  onea. 
He  thus  obtained  a  steady  stream  of  bromine 
on  the  one  hand,  and  a  solution  of  magnesium 
oUoiide  practically  freed  from  bromine  and 
uncontammated  with  manganese  salts,  on  the 
other.  After  a  time,  chlorine  was  passed  into 
the  second  lowest  vessel,  and  steam  only  into 
the  lowest,  to  free  its  contents  from  chlorine 
before  running  off.  However,  the  high  pressure 
required  to  force  the  chlorine  gas  through 
several  successive  layers  of  the  liquor  presented 
groat  difficulties  in  the  design  and  working  of 
this  plant.  These  were  overcome  by  the  applica- 
tion of  the  scrubber  principle  in  the  apparatus, 
patented  in  1882  by  the  Leopoldshall  Chemical 
Works  (Ger.  Pat.  10780).  and  shown  in 
Fig.  2. 

The  heated  mother  Uqaor  flows  through 
the  water-seued  pipe  a  into 
column  A  constraotea  of  stone- 
ware or  acid-resisting  stone, 
where  it  is  eveolv  distributed 
by  pipe  b.  The  column  is  fitted 
with  stoneware  balls  e,  e  resting 
on  a  grating  which  effects 
o  a  good  contact  of  the  liquor 

with  the 
chlorine 
gas  as- 
oendtng 
through 
pipe  z. 
This  pipe 
is  wide 
enough 
to  serve 
also  as 
outlet 
for  tlie 
liquor 
which 
runs  into 

the  steaming  vessel  b,  provided  with  a  number 
of  superimposed  flagstone  shelves  compelling 
the  liquor  to  flow  in  a  zigzag  course,  and 
finally  issues  through  pipe  t.  Steam  is  forced 
into  this  vessel  by  means  of  a  stone  pipe  g 
and  is  distributed  through  perforations  in  its 
base.  The  contents  of  b,  which  is  always 
full,  are  kept  boiling,  and  the  steam  rises 
principally  through  holes  in  the  flagstones, 
thereby  treeing  the  liquor  from  chlorine  and 
bromine.  The  vapours  meet  the  current  of 
fresh  chlorine  arriving  through  pipe  I  (shown  in 
dotted  lines),  which  is  conveyed  through  pipe 
z  into  the  tower  a,  decomposing  the  magneeram 
bromide.  The  bromine  is  taken  off  on  top,  and 
passed  by  pipe  o  through  the  stoneware  con- 
denser p  into  the  receiver  q.  The  uncondensed 
vapours  are  led  through  r,  into  receptacle  n, 
and  arrested  in  the  smaUer  scrubber  </  suspended 
by  rod  I,  and  fitted  with  iron  borings,  kept 
moist  by  a  stream  of  water  from  tube  /.  Tne 
iron  bromide  ooUeoted  in  n  is  siphoned  off 
through  V  into  jar  w.    The  regularity  of  the 
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current  of  chlorine  arriving  from  m  ia  controlled   chlorine  for  every  kg.  of  bromine  made,  and  only 

by  the  amount  of  water  condensing  in  the  bend    "  ^  "  ^  ^  

of  the  glass  tube  h.  II  t<x>  much  water  has 
accumulated,  it  is  blown  through  the  rubber 
tube  u  into  the  chlorine  washer  d.  By  hlling 
the  bend  of  h  with  water,  the  current  of  gas 
may  bo  interrupted.  Of  late  years  chlorine 
elect rolj'tically  prepared  and  compressed  in  Bteel 


3  to  5  kgs.  bromme  are  necessary  in  the  form  of 
iron  bromide  for  the  subsequent  removal  of 
chlorine  from  100  kg)*,  crude  bromine.  The  cost 
of  production  of  1  kg.  bromine  is  0*45  to  0-50 
mark. 

Whilst  the  value  of  Wiinsche's  apparatus 
depends  on  the  most  favourable  distribution  and 


cylinders  has  Iwen  used,  whereby  the  regularity   utilisation  of  gas  and  liquor,  Kubierschky  has 


of  the  current  is  under  complete  control. 

The  apparatus  patented  by  Wiinsche-Sauer- 
brcy  (Ger.  Pat.  158715)  is  bosod  on  the  same 


designed  a  plant  (Ger.  Pat.  194567)  in  which  the 
counter-current  proper  is  divided  into  a  number 
of  systematically  arranged  parallel  current  a. 


principle  as  the  foregoing.  It  is,  however,  tech-  recognising  the  fact  that  bromine  vapour  will 
nically  more  perfect  and  consequently  much   be  heavier  the  purer  it  becomes.    As  the  ratio 


superior  in  efficiency. 


of  the  density  of  water  to  that  of  bromine  is 


It  consists  of  a  decomposing  vessel,  a  steam-  18: 100,  a  simple  upward  cnrrent  cannot  poesiblv 
ing  vessel,  a  condenser,  and  an  auxiliary  con-   yield  the  best  separation,  as  under-currents  will 


denser.  The  four  units  are  built  up  of  cast-iron 
elements  of  hexagonal  cross-section,  lined  with 


always  be  sot  up. 

The  apparatus  consists  of 


a  single  tower 


stoneware  plates  and  '  column,  shown  m  Fig.  4 
filled  with  a  very  largo  It  is  lined  with  stoneware  and  divided  into 
number,  several  thou-  superimposed  compartments,  the  division  pLatc« 
sands,  of  specially  de-  bemg  liquor-sealed  and  allowing  liquid  to  p&as, 
signed  contact  bodies  but  not  gas.  The  compartments  are  pro- 
wnich  rest  on  gratings   vided  with  perforated  plates  pp  or  other  contact 


of  the  same  material. 
The  four  units  are  so 
arranged  in  height 
that  a  perfect  counter- 
current  is  obtained, 
and  in  both  the  decom- 


poser  and  condenser  two  centre  gratings  are 
provided,  in  order  to  keep  a  free  space.  The 
chlorine  is  passed  into  the  decomposer,  the 
liquor  after  treatment  in  this  unit  runs  into 
the  steaming  vessel,  where  it  is  freed  from 
chlorine  and  bromine  vapours  by  means  of  live 
steam,  the  vapours  passing  into  the  free  space 
of  the  decomposer.  The  bromine  leaves  the 
decomposer  and  undergoes  preliminary  cooling 
in  the  auxiliary  condoa-^cr.  but  is  completely 
condensed  in  the  principal  condenser  by  a 
stream  of  water,  passing  subsequently  a  bromine 
and  water  separator. 

The  features  of  this  apparatus  are  the  com- 
plete recovery  of  bromine  and  the  thorough 
utilisation  of  steam.  Although  of  moderate 
dimensions,  the  apparatus  is  capable,  on  account 
of  the  number  and  arrangement  of  contact 
bodies,  to  recover  2.'>()-270  kys.  bromine  from 
1  5D  cu  b.  m.  liquor  in  24  h  outs.    1 1  requires  0-  6  kg. 


bodies.  Communication  between  the  compiart- 
ments  is  established  by  tubes  rr  so  arranged 
that  the  vapour  always  enters  from  the  lower 
compartment  into  the  upper  part  of  the  next 
higher  one,  then  descends  over  the  plates  along 
with  the  liquid,  and  enters  the  vapour  pipe  near 
the  bottom,  passing  through  this  pipe  again  to 
the  top  of  the  next  compartment,  and  so  forth. 
The  previously  heated  mother  liquor  enters  at  the 

top  of  the  column, 
runs  down  in  a 
direct  course  and 
is  met  by  chlorine 
introduced  in  the 
lower  part.  Steam 
is  passed  into  the 
bottom  compart- 
ment,  and  followa 
the  course  de- 
scribed. The  bro- 
mine, not  sub- 
jected to  under- 
currents, issues  at 
a  from  the  column 
and  is  condens«<d 
in  an  earthenware 
coil. 

Although  of  extreme  simplicity,  this  apparatus 
is  much  superior  to  all  the  others,  especially  in 
regard  to  yield,  thb  amounting  to  from  90  to 
95  p.c.  of  the  bromide  present  in  the  crude 
liquors. 

EltclrolxfiicProceases. — Of  recent  years, efforts 
have  been  made  to  effect  the  separation  of 
bromine  from  the  magnesium- bromide  liquors 
by  means  of  electrolysis.  A  number  of  pro- 
cesses have  been  devisled  by  Wiinsche,  Hopfncr, 
Nahnsen,  Pemsel,  Rinck,  Dow,  and  Kossuth, 
but  although  in  some  cases  plants  have  l>een 
working  with  more  or  less  success,  their  intro- 
duction has,  in  Europe  at  any  rate,  not  become 
general.  All  but  the  last-named  process  employ 
diaphragms,  to  avoid  secondary  reactions. 
Kossuth  works  without  this,  and  achieves  a 
great  simplicity  of  plant  and  working,  but  at  the 
expense  of  current  required.  The  yield  ol 
electric  energy  is  40-50  p.c.  in  his  case,  and 
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not  roor»  than  about  70  p.c.  in  any  otber  method. 

This  low  yield  i.s  largely  due  to  the  extremely 
amall  percentage  of  bromiiie  in  the  liquors  and 
the  oooieqiMntTy  lanw  bnlk  to  be  dealt  with,  and 
to  the  formation  of  broniato.s  and 
chlorates.  Th»  formation  of  solid 
magnesia  is  another  dfawhaeic 

In    nearly   nil  the  electrolytic 
methods  proposed,  the  bromine  re- 
mains dinolred  in  the  eohrtion  and 
must  be  recovered  by 
the  processes  described 
aboTe. 

PtirificaiioTt 

Bromine  

ide  bromine, 
as  obtained  by 
most  of  the 
prooesees  de- 
scribed, con- 
tains very  small 
qnanytiee  of 
iodine,  cy- 
anogen. 


Fio.  3. 

bxomoform  and  carbon  tetrabromide,  lead 
bfooiide,  and  as  principal  impurity  from  1  to 
4  Ike.  of  chlorine  as  chlorido  of  bromine.  The 
olaest  method  of  pnrifioatton  consisted  in  agitat- 
ing the  erode  bfomine  with  a  sohition  of  potas- 
siuin  or  ferrous  bromide.  On  account  of  the 
frequent  breakages  of  the  glam  TeaselB  emi 


replaoed  hy  that  oT  vedis- 

places  glass  retorts  were 
used  for  this  purpose, 
oontaining  about  16  kgs. 
and  heated  in  Ba  n  d  -  bat  }i  k. 
ObIj  S  or  4  charges  could 
ba  wofked  in  one  Tsssel. 
and  fracture  of  the  retorts 
was  a  not  unfreqnentoo- 
cnmnoe.  In  Stamfnrt 
sandstone  stills  were  and 
ace  still  employed.  These 
were  square  troughs  with 
a  stone  cover,  holding 
about  1  oubio  metre.  The 
.  distillation  la  carried  out 
in  the  presence  of  ferrous 
or  calcium  bromide,  those 
Uqnors  being,  when  used 
up,  added  to  the  original 
mother  liquors.  Of  late 
years  advantage  has  been 
taken  of  the  improved 
products  of  the  stoneware  industry,  and  stills  of 
this  material  arc  largely  used.  To  avoid  the 
oc«'aHional  crackint;  of  these  stills,  Mitreiter 
employs  vessels  of  boiler  plate  lined  with  a 
btomina  resisting  material 

The  still  is  charged  with  200  litres  ferrous 
bromide  solution  of  13°  to  18°B< .  and  about 
600  litfM  crude  bromine.  The  temperature  it 
gently  raised  by  direct  steam  up  to  tne  boiling- 
point.  Double  decomposition  ensues  between 
ohlorioe  and  fenoos  bromide,  and  bromine 


r  distils  oTer  and  is  oondenaed  in  a 

coil,  separated  from  water  and  then  oontalns 
1  only  from  0*06  to  U-IO  p.o.  olilorine. 

Reeent  preeemea  attcomt  the  purfHeatiott  by 

rectifying  without  the  aia  of  chemical  agcntn. 
KubierschkY  (Ger.  Pat.  174848)  employs  in  con- 

I  neotion  wito  hii  lepemting  apparatus  a  refining 
tower ;  the  crude  bromine  flows  downwards 

I  hato  a  vessel  charged  with  bromine  and  kept  at 

I  boiling  temperature.  The  oUorine  rises  in  the 
tower,  and  the  boiling  bromine,  freed  from 

I  chlorine,  is  continually  siphoned  ofi  and  cooled. 

I  The  German  Solvay  Works  (Ger.  Pit.  806448) 
have  found  that  in  raising  the  temperature  of 
crude  bromine  very  slowly  and  keeping  it  just 
under  its  boiling-point,  it  is  possible  to  free  it 
entirely  from  its  cnlorine.  The  time  factor  is  of 
great  importance  for  the  successful  carrying  out 

I  of  their  process. 

On  heating  a  charge  to  69°  for  36  to  40  hours, 
it  is  possible  to  remove  practically  all  the  chlorine 

I  with  noi  mnoh  nune  bromine  than  corresponde 
to  the  composition  of  bromide  of  chlorine. 

Bromine  is  sold  in  strong,  white,  stoppered 
l>ottlee,  holding  1  litse^  Mid  containing  2^  or  3 
kilos.  The  glass  stoppers  must  be  well  ground  ; 
they  are  secured  by  pouring  some  shellac  on  to 
the  |oint,  covering  tnem  with  clay  putty,  and 
tying  wet  parchment  paper  over  all.  From  four 
to  twelve  such  bottles  are  placed  in  a  wooden 
box,  the  spaces  between  being  tightly  filled  with 
kieselguhr  or  brown-coal  ashes,  depending  upon 
whetbr  the  bromine  is  exported  or  sold  for 
inland  consumption. 

The  principal  applioatbna  of  bromine* 
whether  m  the  free  state  or  in  the  shape  of 
bromides,  are  in  photography,  in  medicine,  in 
the  manufacture  of  coal-tar  djirea  (especially 
eoafaie),  and  in  eefantiflo  and  analytioal  tAnetoMrj; 
in  the  latter  it  has  to  a  great  extent  taken  the 
place  of  chlorine,  owing  to  the  greater  con- 
venienoe  of  its  manipulaoon.  A  similar  snbsti- 
tution  has  been  proposed  (or  many  teclmioal 
purposes.  It  is  used  in  the  extraonon  of  gold 
and  tlw  lefining  of  platinnm,  and  in  oonneetion 
with  the  manufacture  of  Prussian  blue  and 
potassium  permansanate.    It  is  also  a  disin- 

'  ieotent,  and  hae  found  some  application  for 
this  purpose,  especially  in  the  shape  of  bromum 

I  Mlidificaium  patented  by  Frank  (Ger.  Fat.  21644). 

I  tbSa  ii  kieselguhr  made  i^astio  by  means  of 

;  molasses,  &c.,  pressed  into  sticks  of  ^-  and  }-inch 
diameter,  dried,  burned  to  the  extent  that  the 

i  atusks  acquire  a  suflioient  degree  of  heidnees 
without  losing  their  porosity,  and  saturnted 
with  liquid  bromine  in  wide-mouthed  8topi>crod 
glaH  bottles.  After  the  excess  of  bromine  has 
been  poured  o£f,  the  sticks  remain  behind,  con- 
taining about  76  p.o.  of  the  weight  of  bromine, 

,  end  are  sold  in  the  same  bottles.  This  to  a  very 
convenient  form  of  applying  it,  as  a  certain 
number  of  sticks  represent  a  given  weight,  and 
no  weighing  out  of  liquid  bromine  is  required. 

Bromide  of  iron  is  made  at  Rtassfurt,  and 
serves  principally  as  raw  materiAl  for  the 
manufaotnse  of  potassium  and  sodium  bromide. 
It  is  a  compound  of  the  formula  Fe,Br„  con- 
taining 66-70  p.c.  bromine,  up  to  0-5  chlorine, 

i  18-19  p.c,  iron,  and  10-15  p.c.  water  and  in- 
soltible  matter.  The  older  method  for  its  manu- 
facture consista  in  passing  brmnine  vapours  free 

*  from  olilorine  over  •  iron  boring*  or  turnings  , 
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nontained  in  a  cast-iron  or  stoneware  vessel,  and 
kept  moiat  by  a  ttreftiii  oi  w»ter.  The  solution  | 
()l>tiiiiR'<!  h  pus.sed  thr<)iic:h  n  filter  cloth  i  r 
Hand  titter  to  remuve  impurities,  notably  carbon,  i 
and  evaporated  in  cast-iron  pans,  whereby  enough 
hromine  is  added  to  obtain  the  rompotind 
FeaBr,i.  The  brown-red  solution  i&  concen- 
tcated  to  a  pasty  consbtMiey  and  allowed  to 
oool  to  a  black  crystalline  mnss. 

The  Assuciated  Chemical  Works  of  Leopolds- 
hall  have  introduced  a  method  whereby  a 
charge  of  1  ton  of  s^f-e!  ■^vire  nnd  turnings  is 
treated  in  a  closed  stone  trougii  with  a  mixture 
of  bvomiiia  Taponr  and  steam  in  the  right 
proportion.  The  admission  of  bromine  is  so 
regulated  that  nu  brumine  vapours  are  visible 
through  a  sight-glass  provided  on  the  outlet  pipe 
whi(  h  if*  connected  to  a  little  scrubber  acting  ts  a 
catch- box.  As  soon  as  brown  vapours  and  the 
iaUing  of  the  temperature  from  170"  to  100"  uidi- 
cate  a  lessening  of  the  activity  of  the  iron,  the 
operation  in  tormiuutcd  and  the  solution  run  ut!. 
Being  sufficiently  oonoMiteated*  the  solution 
obtained  in  the  process  may  be  run  direct  into 
the  transport  barrels,  where  it  is  allowed  to 
orystallisc. 

Bromine  salt.  In  connectiini  with  the 
manufacture  of  bromine  a  substance  commonly 
called  '  bromine  salt '  is  produced,  which  finds 
applioaiion  in  the  extraction  of  gold  ores.  It  is 
practically  the  mixture  NaBrO,+2NaBr,  and 
is  made  by  sjiturating  concentrated  caustic  soda 
solution  with  bromine.  The  solid  salt  obtained 
after  diaininff  oflF  the  mother  Uqnor — ^which  is 
evaporated — ias  the  approximate  composition 
IMaBrOs-fdNaBr.  To  this  sodium  bromate, 
electrolytloslly  prepared  from  bfomide,  is  added, 
and  the  nixtiin  nndy  ground  and  paoked  in 

HydrolirMiile  MM.  HBr.  Bromhydrie  add*, 

Hydrojcv  bromide.  A  colmirlc??!  ]:iiiri^'pnt  gas 
of  irritating  smell ;  fumes  strongly  in  the  air. 
OoiideDBse  to  a  liquid  at  — 78*.  May  be  ob- 
tained synthetically  by  passing  bromine  and 
hvdro|^  through  a  hot  tube  or  over  heated 
plaUnmn.  Best  prepared  by  action  of  phos- 
phorus and  bromine  on  water,  5Br  '  P -  4Ti;0  = 
HgP04+6HBr ;  or  by  the  action  of  a  concen- 
trated sohition  of  U^O^  on  KBr ;  or  by  drop- 
ping Br  upon  melted  paraffin  heated  t^)  185"^. 

Gas  very  soluble  in  water ;  solution  whon 
saturated  forms  a  colourless,  strongly  acid  liquid 
<if  sp.gr.  1-78,  and  contains  82  p.f.  HBr  by 
weight,  corresponding  to  the  formula  llBr.HjCi. 
If  concentrated  acid  be  heated  at  ordinary 
pressures,  the  gas  is  evol\-e{l  until  the  amount 
of  HBr  in  the  solution  sinks  to  47-48  p.c,  wh<  n 
the  liquid  boils  constantly  at  126*'  under  a 
pressure  of  760  mm.  This  proportion  of  H  Hr 
corresponds  to  UBr4^5U,0,  but  the  liquid  i^i 
not  a  tnio  hydrate,  since  the  composition  is 
iiltered  by  varj'inp  the  pressure  ;  tlius  if  the 
pressure  be  raised  tu  1-95  mm.,  the  solutiou  boilu 
at  108"  and  contains  46-3  p.o.  HBr. 

The  sp.gT.  at  16"  and  p.c.  composition  of 
aqueous  solutions  of  hydrobromic  acid,  is  given 
in  the  foUowing  table  (Wright^  Chem.  News,  29, 

242):- 

Sp.Rf.  HBr  P  C.  i       Bp4r.  HBr  p.c. 

1-080       10-4  !       I'SiS  40-8 

1-190       23-5  1-475  48.1 

4-248       30  0  I       1-515  4y  6 


For  pharmaceutical  purpwseei  a  dilute  (solu- 
tion of  taydrobnmde  add  may  be  prepared  ty 
rli;  iilrfnt;  S4}  prainB  nf  pot.T^.'sinm  bromide  iT»  & 
Uuid  ounce  of  water  and  adding  9  grains  of 
tartaric  acid  to  the  eolation.  After  ataadinf.  acid 
potassium  tartrnt'-  t T^■>-talliseB  out  and  the 
solution  contains  about  10  p.o.  of  hydrobrc»iB»c 
a/M.  Hydrobcomio  acid  has  been  used  in  the 
treatment  nf  ear  complaints.  R. 

BROMIPIN.  A  combination  ot  bromme  with 
e^me  oil  emp^ojred  in  mediehie  (v.  Bmnnr 
Druos). 

BROMITE  or  BROMYRUE.  NaUvc  miwtt 
bromide,  found  in  Mexi<M>aiid  in  (liili  (n  SlLvn). 
BROMOCOLL  t\  SYVrnvrir  Dr.rn*; 
BfiOMOFORM.  Tribroninirtfutnei^HHrt'  Tius 
gub:4taiu-e  is  occasionally  met  with  in  the  liqmd 
left  after  th«>  rectification  of  bromine,  in  which  it 
occurs  a*i8ociate<i  with  cUorobromoform  CHBr.Cl 
(Dyson,  Cheni.  .Soc,  Trans.  43,  46)  and  cartam 
tetrahromide  V\^T^  (Hamilton.  Ond.  39,  48). 

Prtparation,— it  may  lx>  obtained  by  mixiiig 
100  c.c.  soda  lye,  200  c.c.  acetone,  and  20  cc 
bromine.  When  the  reaction  has  ceased,  10  c.c. 
acetone  are  added  to  remove  the  yellow  colour 
of  the  hypobromite,  the  layer  of  bromoform 
which  separates  being  tapped  off  and  rectified. 
Yield  75  p.c.  (Denig^s,  J.  Pharm.  Chim.  24.  243). 
It  may  also  bo  prepared  by  the  sinaultaneouii 
action  of  bromine  and  caustic  potash.  <m  aicohol, 
of  bromine  and  lime  on  aoetone  (6etitg<er, 
Amer.  J.  Pharm.  03,  80);  of  calcium  hvp.- 
chlorite  and  potassium  bromide  on  acetone 
(Fromm,  Pharm.  Zdt.  89,  164),  and  br  the 
action  of  alkali.s  on  bromal.  It  ha,-^  Ixx-n  nm<l> 
electrolytios^y  from  potassium  bromide  and 
alcohol  (FIsMk  vom  S^wring,  D.  R.  P.  S077U; 
from  ^xttassium  bromide  ind  ncotone  (rouiihlin, 
Amer.  Chem.  J.  27,  63;  and  MOUor  and  l<oebe^ 
Zeit.  BJelrtrochem.  10»  409)»  and  from  jnaUn 
bromido.  alcohol,  and  watw  (Aedheiiiaici*  Cheai. 
Zentr.  1907.  L  13). 

Prapsflvet. — ^It  is,  when  pure,  a  eokmrlefls 
liquid,  solidifying  at  0*  and  boiling  with  sli-ht 
decomposition  at  14b"  under  751  mm.  (Wulff 
and  Sonwabe,  Annalen,  201,241),  at  151**  undf-r 
ordiinrv  prc-^sure.  Sp.pr.  2-902,  15*/15*  (Perkin, 
Chem.  ikM3.  Tran&  45,  533).  It  is  decomposed 
by  potash  into  potassiinn  bromide^  hydrogen 
bromide,  and  carbon  monoxide,  and  may  be 
estimated  by  means  of  this  decoinjH-»ition 
(Desgrex,  Compt.  rt  nd.  12.0.  TsO.  and  Annalen 
23,  76;  and  Richaud,  J.  Pharm.  (  him.  1 232). 
Under  the  influence  of  light  and  air  it  dtcumpoees, 
the  decompositiaQ  products  depending  on  the 
time  of  exposure  and  the  amount  of  available 
oxygon  (Schoorl  and  V  an  den  Berg,  Chem.  2^tr. 
1906,  i.  4Al\.  It  has  been  used  to  a  slight 
extent  as  an  anSBsthetio,  and  in  the  treatment  f 
I  diphtheria.  Bromoform  in  water  to  which  a 
I  little  alcohol  luM  been  added,  liaa  been  sooeess 
I  fully  used  in  cases  of  whoopinj^-coujrh  compli- 
cated with  pneumonia  (Sl«pp  and  GoldschniiJt, 
J,  .Soc.  Chem.  Ind.  1890,  213). 

BROMOL.  BROMOLBIH,  BBOMOTAM 

SltMUKTXC  DaUQS. 

BROMURAL.  Trade  name  for  a-fnonobrom* 
iaovolrianylurea.  Employed  as  a  hypnotic. 
Fornid  white  needles,  slightly  bitt«r  in  taste; 
readily  soluble  in  hot  water,  alci<h>>I,  and  ethsTt 
sparingly  soluble  in  oold  water;  m.{».  147*. 
BRONZS  V.  Tim. 

.  J  .i^  .o  l  y  GoOgl 


BROOM  TOPS. 


671 


BRONZE  POWDERS.   The  nmnufaoture  of 

these  powders  is  oarrifKl  on  largely  at  Fiirth  ami 
Nurembexg  iu  Bavaria.  Jkonzo  powders  are 
composed  of  copper,  zino,  tin,  ana  antimony, 
rriLltctl  together  in  the  requisite  pro]X)rtion8. 
In  the  prooQfii  of  manufacture,  the  aUoj  is  caat 
into  rods  |  fnoli  in  diftmeter  and  8  feet  long. 
Tliesc  are  rolled  until  about  2  im  hi  s  wide,  ami 
then  out  into  lengths  eoitable  for  handling.  The 
pieeea  are  lianiiMced  out  thin,  and  cleansed  by 
iniiii  r  ion  in  dilute  sulphuric  acid.  Tl  /  h  i  d 
material  ia  then  beaten  out  by  steam-hammers 
nntfl  the  limit  of  thiokneM  ia  reaolied,  when  it  is 
cut  up  by  shears  into  ^inall  particle';  r>r  '  f  IIp- 
piiup.'  These  are  then  pulverised  in  stamp  mills, 
«aa  the  powder  sifted,  to  separate  the  neavier 
and  better  quality  powder  from  inferior  nntrrinl. 
The  latter  is  mixed  with  quaxts  powder  and 
mcSd  very  cheaply  (J.  Soo.  Chem.  Ind.  18M,  12, 
475). 

The  expense  of  the  above  process  lies  mainly 
in  the  production  of  '  clippings,'  which  necessi- 
tates a  j^reat  deal  of  handwork,  and  a  number  of 
m^hods  have  been  ]^tent«d  for  rtnlucing  the 
•Hoy  to  a  finely  divided  state  bv  mechanical 
means.  According  to  one  method,  tiie  molten 
alloy  is  rained  into  a  sheet- iron  chamber,  in 
wluoh  a  sliaft  carrying  blades  is  rapidly  rotated, 
so  as  to  preatly  agitate  the  air  and  thereby 
minutely  subdivide  the  metal  at  the  moment  of 
aolidiBcation  (Fr.  Pat.  331371,  1903).  In 
rtnnthfT,  the  niolt^en  ni'^tnl  flows  in  a  thin  film 
uito  a  receptacle,  where  it  meets  a  current  of 
compressed  air  or  else  a  jot  of  water,  the  object 
Heing  to  produce  bronze  foil  or  loaves  (Eng. 
i'ttt.  DOW,  1903).  Methods  have  also  been 
patented  for  casting  the  metal  in  thin  films  on 
the  inner  Burffioe  ol  a  rotating  hollow  cylitidor 
or  in  the  annular  space  between  two  rotating 
cylmders  (J.  Soc.  Chom.  Ind.  1909, 2^  160;  7r. 
Fat.  336112,  1903). 

After  the  poinndered  metal  has  been  sifted, 
the  coarser  grades  are  polished  in  a  closed  8t<?el 
cvUnder,  in  which  steel  wire  brushes  rub  against 
the  walk.  When  it  is  neeeeoary  to  reduce  the 
powder  to  a  finer  state  of  division,  it  is  niblHHi 
with  gum>arabiG  solutiout  washed  and  dried  at 
the  lowest  poarible  tempefstnrei 

Zinc-dust  ia  frLijui  ntly  coated  with  brass  by 
simple  immersion  in  a  copper  ami  zinc  cyanide 
sdntion,  the  powder  being  kept  agitated  by 
HMMIS  of  brushr.;  f.T.  Soc.  Chem.  Ind.  1894,  13, 
89St  958) ;  the  product  is  treated  finally  in  a 
polishing  mill,  and  used  as  »  bronze  powder. 

Bronze  jxjwders  have  a!sf)  l)een  described 
containing  5-10  p.o.  of  aluiuiutum,  and  U'Ofi- 
0*1  p.o.  of  biratntii.  The  shade  of  colour  is 
altered  by  varvinir  thr  ytfTrr  ntneo  of  aluminium, 
and  by  heating  in  air  (i).  K.  F.  44242,  1887). 

Few  analyses  of  bronze  powders  have  been 
publiahw!  (,T.  Soc.  Chem.  Tn  1.  V.UO,  20,  1062). 
•Gold*  and  *  bronze  '  powders  wore  found  to 
contain  70-86  p.o.  of  oopper»  and  90-16  p.o.  of 
zino,  together  with  small  amounts  of  lead,  tin, 
arsenic,  iron,  and  aluminium;  ^aluminium* 
powders  oaodst  of  nearly  puro  ahiininium ;  and 
*  silver'  powders  contain  77  p.0,  of  uno  and 
21-5  p.c.  of  aluminium. 

Bronse  powders  are  coloured  in  various  ways. 
One  method  consists  in  h'  ;itin::  the  powder  in 
an  open  vessel  with  oil  and  vinegar,  or  with 
paraffin,  or  ofls  ooatsining  •nlphnr. 


Buchner's  nroeess  oomdsts  in  diddng  the  powder 

in  a  clo.setl  vessel  with  hydrogen  sulphide-  snln. 
tion,  allowing  to  stand  24  hows,  drying  and 
heating  in  an  oil>bath  mitil  soffieiently  coloured 
(J.  Soc.  Chem.  Ind.  1896,  15,  283).  Artificial 
dyestuSs  are  also  used  for  colouring  bronze 
povdeca 

The  following  are  examples : — 


powder 

iiavMaaaav 

eanstttnesls 

Total 
orptfilc 
matter 

Colouring 
matter 

Pink  .  *, 

Oeppsr 

0-3  p.c. 

Aziuescarlrt 

O 

Victoria  blue 

4H 
.Safranlrve 
VMt  noatnU 

violet  B 
MalaclUte 

green 
BrtlUant 

green 

Btae  . 

Tin  and  nine. 

S-8  „ 

Oonper  eobmr 

YMMt. 

Pale  greso  . 

OUvc  green  . 

Copper  (UtUe  duo) 
TlnOlttleooppv) 

CoMMrandSbM 

Copper  and  lino 

6*4  ,. 
S'B 

8r9  „ 

Bronze  powders  are  used  eonnderaUy  for 
printing  on  textile  fabrics.  For  this  purpose, 
they  must  be  mixed  with  a  '  fixoi  *  which  allows 
the  powder  to  be  readily  applied  to  the  material, 
whilst  so  fixing  it  that  bruahinji  ill  not  remove 
it :  the  fixer  must  not,  of  course,  interfere  with 
the  brilliancy  of  the  powder.   Two  elaases  of 

*  fixers '  are  in  use,  egg  or  blood  albumen,  and 
various  varnishes  having  caoutchouc  as  their 
base.  In  printing  such  goods,  the  main  point 
to  be  obs^'rved  is  that  the  in  ]  i  i  -  ion  shall  be 
sharp,  and  applied  with  suiheient  force  tu 
prevent  the  partiotilar  filnes  from  again  rising. 
(For  further  pai  tieulars,  ti.  J.  Soc.  Chem.  Ind. 
1896,  16,  283 ;  1900,  19,  243 ;  1900,  26,  1040 ; 
and  for  varfons  Imnxe  powder  substittttes,  «. 
{hid.  imr,,  :."),  284.) 

BBOOKITE  «.  TxTASiUM. 

BROOM  TOFS.  Seoparius,  (OenSt  A  hahu. 
Ft.  ;  Basenginster,  Ger.1  The  to^  of  the  com- 
mon broom,  CyttsiM  acoparius.  Link  (BentL  a. 
Trim.  70),  haw  been  employed  for  their  diuretio 
and  pur::atTvn  properties  einrc  \  ]\v  Anglo-Saxon 
period,  and  are  noticed  iu  nearly  ail  the  herbals 
and  idiannacopooias.  The  old  writers  describe 
the  lironrn  tindr-r  thf"  nnme  '  genista,'  *  genesta,* 
or  *  genestra,'  and  it  waa  the  wearing  of  the 

•  planta  genista '  as  an  emblem  by  Geoffrey, 
Count  of  Anjou,  that  gave  the  title  *  Plantage- 
net  *  to  his  royal  descendants  (conip.  Iliick.  a. 
Hanb.  170). 

Stenhouso  in  1851  discovered  in  broom  tops 
a  liquid  alicaloid  sparttmc  G,,ii|,Nj,  together 
witll  a  ehemically  indifferent  crystallisjible  com- 
pound  sfopann  C|jH,,0,o  (Annalen,  78,  15). 
Spart^'Yne  has  been  further  investigated  by  Mills 
(Chem.  Soc.  Trans.  15,  1),  Houde  (J.  I'hnrtn. 
Chim.  [5]  13, 39),  Hamberger  (Annalen,  236,  308), 
Coninck  (Compt.  read.  104,  513),  and  .\hren8 
(Ber.  20,  2218  ;  21,  826).  To  obtoin  it  Mills 
distils  the  tops  vaih.  soda,  sepurates  the  crude 
oU  which  comes  over,  acidifies  it,  and  redistils 
with  soda.  Tlio  impure  alkaloid  is  then  drii  d 
in  a  current  of  hydrogen,  the  adhering  soda 
removed,  and  iinally  it  is  submitted  to  firaotional 
distillation.  It  is  a  viscid,  colourless  oil,  wth 
an  unpleasant  odour  and  bitter  taste.  It  sinks 
in  water,  in  which  it  is  neatly  insoluble.  B.p. 
18«»  (oofT. >,  18'-«  mm. ;  326*  (eorr. )  in  curren^f 
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dry  hydrogen,  754  mm.  (Moureu  and  Valenr, 
Compt.  rend.  137.  104).  With  nndn  spar- 
t^'Uie  combim'8,  formiiifr  cr\  stallisablo  sfilts: 
B"(H('l),l't<'l«2A4.,  vrll«»u-  cry.staUino  powder 
(Mills);  B"{HCl)2AuCl,  (Milla);  B"H,SO,.  large 
prismii,  V.  sol.  water  (Bamberger) ;  B'HI, 
four-sided  platen;,  sol.  hot  water  (Bamberger) ; 
B"(UI)^  silky  needles  (Bamberger).  Sparteine 
is  a  nwootio  poison  resembling  nicotine,  but 
leas  active  (Stenhouse;  cf.  S4e,  Cbmpt.rend.  101, 
1046).  A  chaiaotaristic  orange-colour  reaction 
is  tald  to  be  prodtiood  when  sparteine  or  its 
.sails  are  added  to  sulphvdrate  of  ammonium 
(Grandval  a.  Valaer,  J.  Phamu  Chim.  [5]  14, 66). 

The  more  important  reaetionB  ot  spaxtebe 
arc  :  1.  Nitric  acid  couverts  it  into  a  comjX)und 
which  yields  chloropiohn  when  treated  with 
chloride  of  lime  (Stenhonee). — 2.  Oxidised  with 
potft-i^ium  permanganate,  it  yields  formic  and 
oxalic  acids  (Bamberger ;  Ahreus). — 3.  Oxidi^ 
by  peroxide  of  hydrogen,  a  new  haee,  dihydroxy. 
sparte'ine  CijHjgN/);.  is  formed.  It  is  synipy, 
colourless,  not  cxyBtallisable,  and  diatils  with 
difficulty  witii  steam.  Flatiniim  salt 
B"{HCl),PtCl4,  blackens  at  235®;  and  gold  salt 
B'(Ha)Auaa  melta  at  143<*-I46''  (Ahiens).— 
4^  Bediioed  by  oasoent  hydrogen,  a  wmar^ 
less  oil,  dihydrospartelCne  CjfHjgNj  results. 
It  boils  at  281**-284*'.  and  forms  a  crystaUine 
platinum  salt  B"(Ha),Pta4,  which  blackens  at 
239°  ( Ahrcns).— 5.  With  alkj'l  iodides  and  alcohol 
sparteine  reacts,  forming  (C,,H,,EtN,)I,  (Mills) 
and  (Ci|H„MeN,)I,  (Coninck),  wnidi  compounds 
by  the  action  of  oxido  of  silver  jield  the  hy- 
droxide (C,.H,,EtN,)(OH),  (Mills),  and  by  the 
action  of  soda  (C,jH„N,)EtIand(C„H,,N,)MeI 
(Bamberger).  Mills  also  obtained  a  diethyl 
di-iodido  (CnH„Et  jN,)I,. — 6.  Heated  with  con- 
ceotrated  hydriodic  acid  at  SOO*,  methyl  in  the 
farm  of  niethyl  iodide  is  removed,  and  there 
remains  a  neiv'base  C^^}^^^N^^  b.p.  276*  (Ahrens). 
This,  however,  according  to  Hen^  and  Hsysr 
(Monat.ih.  16,  BOf)),  is  only  impure  sparteine. 
—7.  When  sparteine  is  distiUed  with  lime  the 
dirtillftto  contains  ethylene,  propylene,  (y^pko- 
line,  and  a  new  tertiary  base  (Ahrens). 

Scoi>arin  was  obtained  by  Stenhouse  from 
broom  tops,  after  a  series  of  prooeaaes  to  free  it 
from  the  chlorophyll  w  ith  which  it  is  associated, 
as  a  pale-yellow  powder  which  crystallises  with 
difficultv.  It  is  sparingly  soluble  in  water,  bat 
is  soluble  in  alcohol  and  alkalis.  Its  solution  in 
ammonia  is  deep  yellow-green.  With  chloride 
of  lime  a  green  colour  is  produced.  Nitric  acid 
converts  it  into  picric  acid.  Melted  ynth  potash 
it  gives  phloroglucinol  and  protooatechuio  acid 
(Hlasiwctz,  Annalen,  138,  190).  Recent  investi- 
gations show  that  Bcoparin,  which  melts  at 
202*-219*,  according  as  it  fa  slowly  or  quickly 
heated,  has  the  constitution  OHC,gHi-Og' 
0Me-f5U^0.  It  gives  a  violet-blue  colour 
with  feme  chloride,  quickly  becoming  dark- 
brown,  and  reduces  Fehling's  solution  (Gold- 
■ohmidt  and  v.  Hemmelmayr,  Monatsh.  14, 
202 ;  16.  816 ;  A.  G.  Peridn,  Ghem.  8oc.  Proo. 
1899,  123).  Ilcattd  with  alcohol  a  less  soluble 
modification,  i.MMCoj^artn,  is  formed,  which  is 
readily  reoonverled  mto  sooparin  hy  solution  in 
alk.ili  .'iTul  ])m  iyiitation  by  an  .i<  irl  f Stenhouse). 
i^oscoparin  molU'*  at  235*  (CJoldschniidt  and  v. 
Hcninielnmvr).  A.  S. 

BROSIMUM  OALACTODDIDBOIf  (Don.). 


The  latex  of  this  ui  t  icaceous  tree  (cow-tree,  mUk- 
tree),  j^rowing  in  Venezuela,  appmximat*^  to 
cow's  luiik  iu  coni|x>sitiou.  It  contnins  3o-2 
of  wax  and  saponifiable  matters,  w  hich  are  used 
in  the  manufacture  of  (Bousamgaillt, 
Pharm.  J.  [3]  9.  G79). 

BROUSSONEnA  PAPYRIFERA  (VentV 
The  Paper  mulberry.  The  fibrous  hark  is  used 
in  China  and  Japan  for  the  manufacture  of  a 
kind  of  paper,  and  in  Vofyuan  in  the  mum- 
facture  of  Tapa  cloth. 

BROWN,  ACID,  V.  Azo-  ooLOirsiKa  mattxbs. 

BROWN,  ANILINE:  BISMARCK  BROWN. 
MANCHESTER  BROWN,  PHENYLEXE 
BROWN,  VESUVINE,  LEATHER  BROWN. 
CINNAMON  BROWN,  ENGLISH  BROWN,  <  r 
GOLD  BROWN ;  p.  Ago-  oou>ubixo  kattzbs. 

BROWM,  AMTWKBP,  v.  Fummm. 

BROWH,  ABOHIL»  «.  Aso-  OQEOUBma  luv- 

TBBS. 

BROWN,  BONE,  «l  PiuM—Wi. 

BROWN,  CALEDONIAN,  t.  PiOMm. 
BROWN,  CAPHBK,  v.  Fumm 
BR0W]f.  FA8T,«k  Aso-  ooLoramo  Maim. 

BROWN,  FUSCANINE,  i.  Amxxophksol. 

BROWN,  GARNET.  The  potassium  or  am- 
moninm  salt  of  Mopurpuric  add  (C«H«N,0,K  cr 
CgHgN.O,).  Obtained  by  HJasiwetr  in  1859  by 
the  action  of  potasaium  cyanide  on  piczio  aod 
(Annalen,  110,  2M).  Eonns  a  dnrfc-farown 
powder,  readily  soluble  in  hot  water  with  re<l- 
dish- brown  colour.  Dyes  wool  and  silk  brown 
in  an  add-batii.  No  looger  it  two  (vu  aim 
IsopUBPUBic  Acro>. 

BROWN,  MADDER.  t>.  PloMMm 

BBOWN,  NAPHTHTLAHm  ■  «. 

OOLOUBINO  MATTKBS. 

BROWN,  PHENYL,  v.  Fhxkyi.  bbovitc. 
BROWN,  PICRYL,  v.  FsOBXL 
BROWR,  PIGMBNT,  «  Mo- 

UATTBBS. 

BROWN,  PRUSSIAN,  v.  Pxoi 
BROWM,  BBMBOm,  9.  Aw*  oaunumm 

MATTBBS. 

BROWN,  SOUDAN,  «,  Aso-  oounmnn 

MATTERS. 

BROWN,  VANDYKE,  t-.  PiGMKjrrs. 

BROWN,  VERONA,  v.  1>iqmknts. 

BROWN  BERBIBS.  Iho  fruit  oC  JUAm 

frvticosus, 

BROWN  COAL  t?.  Fuxl. 

BROWN  HAEMATITE  v.  Ibok.  Ores  or. 

BROWN  IRON  ORE  {LimonUe)  v.  Ibojt. 

Or£s  ok 

BROWN  OCHRE.  A  soft  variety  of  broira 
iron  ore  occasionally  used  as  a  pigment. 
BRUCINE  r.  VBasTO-auuLoiiM. 
BRUCITE.  Native  magnesium  hydroxide 
Mg(OH)t,  found  as  platy  crystals  with  perfect 
micaceous  cleavage,  or  as  lamellar  niaAs<-<,  in 
serpentine  rocks,  at  Unst,  one  of  the  Shetiaod 
Isles,  at  Texas  in  Pennsylvania,  &c.  It  some- 
times contains  a  small  amount  of  iron  (ferrxj- 
bmoite)  or  manganese  (manganbrocite).  A 
fibrooi  varied  is  called  neinaliteL       L.  J.  8. 

BRUNSWICK  BLACK  is  prepared  by  fn.inz 
2  lbs.  of  asphalt^  and  mixing  toorooghly  with 
1  pint  of  Irot  boiled  oil.  when  cool,  S  pints 
of  turpentine  are  added  to  the  niiitun'.  An 
inferior  but  cheaper  black  may  be  made  bj 
boiling  gentlv  togeChor  for  flve  ham  SS  lla. 
ot  black  pitch  and  om  tar  aapbUtan;  , 
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8  gallons  of  linseed  oil,  and  10  oach  of  litharge  leaves  of  Baroama  serraiijolta  yield  1  p.0.  of  Ml 
and  red  lead  are  then  mixed  in,  and  the  whole  ■        •  •  •   ~ 

boiled.    After  cooling,  the  mixture  its  thinned  }>y 
the  addition  of  20  gallons  of  turpentine  (v.  also  |  ^  J.  pr 

BOKX  OIL). 

BRUNSWICK  GREEN.  An  oxychloride  of 
copper,  used  as  a  pigment.  Copper  filinss  or 
toniilgl  an  moistened  with  a  solution  of  sal- 
ammoniac,  and  left  in  oontaot  with  tho  air  ;  the 
oxychloride  so  formed  is  washed  ofi  vnth.  water, 
and  dried  at  a  gantle  heat.  Tlw  tcm  M  alto  ap- 
plied to  ohromo  c^cen  and  to  emerald  groem 
(v.  OoPFXB  and  PioaiENis). 

BRUSHITE.  A  hjrdrated  iiluMpliato  of  lime 
HC;aP04,2H,0  occurring  in  the  guano  of  Avea 
Island  and  Sombrero  in  the  CariDbean  Sea. 

BRiniBUI  tPROUTS.  A  variety  of  the 
cabbage  ( Brauiea  dUraeea),  in  whioh  numerous 
small  heads  are  developed  along  the  stalk  from 
the  axils  of  the  leaTea,  instead  of  one  terminal 
hcftid. 

The  edible  portion  contains,  according  to 
American  analysea : 

Water     ftotala     Fat  Cerbohydcatet  Ash 
88>S       4*7       M       irZ  1*7 

(eee  GaBBAOs).  H.  I. 

BRYOIDIN  V.  Olbo  resins. 

BRYONY  ROOT.  Containn  a  white,  very 
bitter  dextrorotary  glucoside,  bryonin,  of  the 
formula  Cj^H^gO,,  yielding  by  hydroly-^in 
bryogenin  {Sx^x^Of  i  m.p.  210%  dextrorourv 
\t^^^-^lW,  aolable  in  eono.  aulplnirio  aeid, 
forming  a  red  solution  changing  to  purple  on 
heaiingt  and  givins  a  purple  precipitate  on  the 
addition  of  water  (Maaaon,  J.niarm.  Chim.  [5] 
«7,  300). 

BUBUUN  (from  fiovs,  ox).  The  name  of  a 
yHmH^  sabetenoe,  aaki  by  Morin  to  exist  in  cow- 
Hnt^,  and  to  bo  precipitated  by  metallic  salts, 
tinotiire  of  gaUs,  and  alum,  and  therefore  to  be 
aotivo  in  the  ai^pUoation  of  oow-dong  to  calico- 


iting. 


[Q  V.  OiLB,  ESSBHTIAJ* 

BUCHU  or  HIOOO.  The  leaves  of  three 
varieties  of  BoroBma  (ord.  Rutacea'),  viz.  B. 
betuiina  (Bartl  et  WendL  L),  B.  crenuiata  (Hook.), 
and  £.«erraii/ofui(Wflld.),  are  known  under  this 
name.  The  leaves  are  naod  medicinaUy  by  the 
South  African  natives. 

Their  composition  has  been  studied  by 
Brandes  (Arch.  d.  N.  Apoth.  Ver.  22,  229), 
Lauderer  (Buchner's  Ri  pert.  84,  63),  Fluckiger 
(Pharm.  J.  3,  4,  689  ;  [3]  11,  219),  Wayne  (ibid. 
3,  6,  723).  By  extracting  the  leaves  with  light 
petroleum,  Bialobraeski  (Chem.  Zentr.  1896,  it 
051)  obtained  chlorophyll,  a  resin,  and  an 
ethereal  oil  containing  chieflv  dioenhenol, 
together  with  a  terpene  CioH.g,  b.p.  174*-176®, 
and  a  ketone  isomeric  with  menthone,  and 
having  the  constitatiom  Ci^U^.O.  b.p.  206"- 
209"  ;  it  yields  an  oxime  ana  a  tribrom  deriva- 
tive. After  extraction  with  light  petroleum, 
the  leaves,  on  treatment  with  cold  alcohol, 
yield  3  p.c.  of  a  brownish-green  bitter  reran 
maoluble  in  benzene,  and  w-hon  the  alcoholic 
exteaot  is  tceated  with  sodium  carbonate  or 


oil  which  remains  liquid  nnder  similar  conditiona. 

According  to  Kondakoff  and  Bochtschiew 
Chem.  1901,  63,  49),  the  beet  oU  of 
buoco  or  boohn  leaves  oontaina  10  p.c.  of 
hydrocarbons,  consisting  of  a  variety  of  d- 
limonene  and  dipeutene ;  60  p.c.  of  a  ketone 
CioH,  A  [«]„.  -IW.  b.p.  aos-ff"  -  «9'«». 
which,  on  reduction,  yicldd  a  menthol  not  idcnti 
cal  with  tho  natural  product ;  20  p.c.  of  dioe 
phenol ;  5  p.o.  of  lenn ;  and  6  vm;.  of  other 
constituents  (Kondakoff,  J.  pr.  Chera.  1800, 
M,  i33).   After  removing  diosphenol  from  the 
oil  of  bnehn  leavee,  TMhugaeflF  evoeeeded  in 
'  obtaining  xanthogonidc  derivatives  of  (2-mcnthol 
from  a  fraction  of  the  residue  (J.  Buss.  Phys. 
Chem.  Soe.  1910,  42,  714;  Skovortaolf,  ibid. 
ii.  55|.    Diosphenol  or  buchu  camphor  (Binlo- 
bzzeoki,  Lc ;  Kondakoff,  Lc ;  Semmler  and 
IfoKensie,  l.c. ;  Semmler,  Chem.  Zeit.  1906, 
30,  1208;   Kondakoff,  Chem.  Zontr.  1905,  ii. 
1262 ;  Chem.  Zeik  1906,  1090, 1100)  is  optically 
inactive,  has  m.i».  iS*,  b.p.  109**-!  10^/10  mm., 
232V755  mm.     Its  composition  is  probably 
C]oH|(|Ot.    It  b  a  phenolic  aldehyde,  yielding 
an  oxime,  m.p.  156°  (Semmler  and  McKenzie 
125°).    With  nydrochloric  acid  it  yields  thymol 
and  a  little  carvacroL    With  hycuiodic  acid  it 
yields  a  hydrocarbon  C,oH,o,  b.p.  166°-1687762 
ram.;  whilst  with  sodium  in  alcoholic  solution 
it  forms  (1)  a  menthol ;  (2)  a  crystalline  glycol 
GioH,,(OH)a  m.p.,  92°;   and  (3)  an  isomeric 
glycol,  b.p.  141-5°-145°  13   mm.     With  alt  n- 
holio  potush,  a  hydroxy  acid  of  the  terpene 
series,  m.p.  94%  is  obtained.    This  acid  has  been 
synthesised,  and  is  identical  with  the  natural 
product.     The  dibromide   C.oHi40gBr|  and 
other  derivatives  of  dioe^Mool  have  alio  been 
obtained. 

BUCKTHORN  {Rhamnus  cathartka  [Linn.]). 
ThiB  plant  is  a  native  of  England ;  it  grows 
to  a  height  of  from  15  to  20  feet ;  its  flowers 
are  greenish-coloured,  and  its  berries  four- 
seeded.  The  juice  of  these  when  in  an  unripe 
state  has  the  colour  of  saffron;  when  ripe 
and  mixed  with  alum,  it  forms  the  sap  or 
bladdt  r  ^^ii  en  <A  the  painters  (w.  PlGMEXTs) ;  and 
in  a  very  ripe  state  the  berries  afford  a  purple 
ooloor.  The  bark  also  yields  »  fine  yellow 
dye. 

The  benies  of  the  Bhamnm  cartkartica  ^also 
known  as  Hungarian  berries)  have  been  ezammed 

by  Tschirch  and  Polacco  (An  h.  Phann.  1900, 
2u8»  ^^09),  and  evidentlv  contain  subetaaoee 
cbemfeaOy  distinet  from  tnoee  whk>b  are  present 
in  Persian  berries. 

Kther  extracts  from  an  aqueous  extract  of 
I  the  beirise  rlUmmeUtin,  rkamiuiMiin,  rkmmno* 
chry«in,  and  the  residual  watery  li(]^uid  on  boiling 
with  dilute  sulphuric  acid  gives,  m  addition  to 
rhamnoeitrin,  fi-i^amnoeOnn*  Tlie  benies  al- 
ready extractc<I  with  water  contain  rhamnO' 
emoain  and  rhatmiofiMrin. 


at 
Mrith 


Rkamnocitrin  C.  iH.qOv,  yellow  needles,  melts 

221*-222^  and  la  ?oIuble  in  alkali 


a  yellow  colour. 


alkaline  solutions, 
Alcoholic  lead  acetate 


by  other  methods  dioemin  is  deported,  forming  |  gives  an  organic  oolooied  precipitate,  and  ferric 


odourless  crystals,  m.p.  244 
Semmler  and  Mckenzie  (Ber.  1906,  1158) 
fonnd  that  the  round  leavee  of  Baroama  htivUna 

yield  about  2  p.c.  of  an  oil  which  crvstallibes  on 
aUiiding  at  oidinary  temperature ;  but  the  long 


chloride  a  green  colouration.  The  solution  m 
sulphuric  acid  possesses  an  intense  green 
fluorescence. 

Truicfti/lrliamtwcitrin  C,  -()JCj,H30)jforms 
colourless  "needles,  melting  at  lU0'-20O*.a  by  Google 
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Rbamnocitrin  appears  to  be  A 
droxyxanthone,  and prob»bly ^tm&um 
ing  constitution : — 

OH  ^ 


follow- 


c 

OH 


H 


CH, 


It  dyet  with  iron  mordant  a  green- brown,  and 
with  ahnnhiiiim  morchoit  a  bright-yellow  odour. 

HhamnoltUin  CijH,„0^.  small  canary-yellow 
needlw,  melts  above  260'^,  and  gives  with  lead 
•oetate  ma  orange-red  precipitin  with  ferric 
I  hit  ride  a  green-black  colouration.  Its  sulphuric 
acid  solution  possesoe  a  strong  green  fluorescence. 
MaaeeMrAmiMoliiljiiC,  .H,0«(C,H,0)«,  colour, 
kee  needles,  melts  at  182^-183°. 

Rhamnolutin  dyes  aluminium-  etnd  iron- 
mordaated  fabrios  respectively  canary-yellow 
and  green-brown  shades.  It  appears  to  be  a 
tetrahffdroi^lffiavoHe,  isomeric  witn  luteolin  and 
fiietfai. 

0- Rhamnoeitrin  T,  sHmOj  is  sparini?ly  soluble 
in  alcohol  and  acetic  acid,  but  is  distinct  from 
rhamnstiB  (C|tH,oO}  ?),  and  does  not  contain 
methoxy-  groups.  It  mclt^  above  260",  and, 
generally  spealung,  its  reactionH  arc  the  same  as 
those  of  rhamnooitrin  itidf,  but,  on  the  other 
hund,  it  possesses  stronger  dyeing  property. 
Uuicciyl  fi  rhamnocitrin  C,gH,0|(CsH,0)|  forms 
colourless  needles  melting  at  lOC^-lOl^. 

j3-Hhamnocitrin,  according  to  Tschirch  and 
I'olacco,  appears  to  resemble  very  closely  the 


j9-rbamnetrin  of  Schutzenbcrgcr  {jice  Persian 

BERBIES). 

Shamnoemodin  C,jH.oOi,  m.p.  2o4°-25o°. 
is  similar  to  Jrangula  emoain  {It.  fratujtda)  which, 
according  to  Oesterle.  melta  at  250*. 

AAamiKMuyrtn  is  converted  by  boiling  with 
nitrio  aoid  into  chrywmminic  add,  and  by 
digestion  with  boOfaig  eleolfcoiiD  poteab  into 

The  aider  buektbom  (Rhamniu  franguUi 
grows  naturally,  and  is  very  abundant  in  woods 
and  thickets,  in  some  parte  ol  Bdtain.  The 
berriee  of  tide  ipeciee  are  often  anbetitiited  for 

those  of  the  above  ;  but  they  are  easilv  detec  ted, 
since  they  contain  only  two  seeds.  In  a  greca 
state  they  dye  wool  green  and  yellow when 

ripe,  bluish-grey,  blue,  and  green.  Tlie  barkal?o 
dyes  yellow,  and,  with  preparation  of  iron,  black 
(Lawson) 

Rook  buckthorn  {Rhammu  saxdlijiji),  yif-M> 
berries  which  are  used  to  dye  moroooo  kathec 
vellow.  These,  in  eoamon  with  tiie  nanow* 
leaved  buckthc^rn  l>crTie8  (/?.  nlaiemua  J^Linn."!) 
and  those  of  the  yellow- berried  buckthorn  (tL 
infedoriua  [Ldnn.]),  are  aoid  ae  AWgnon  beraaa. 
The  wood  of  the  Rhamniu  (tyihrorylon  (which 
is  a  native  of  Siberia,  but  grows  freely  in  th» 
climate),  in  ft  ground  itate  yields  the  bright-red 
colour  known  to  dyen  undsr  the  name  of 
redwood.    A.  G.  P. 

BUCK  WHIAT  (Fagojiyrum  escuUntum 
[Moench.J)  is  grown  mainly  for  poultry  and  also 
fur  pig-  and  cow-feeding  in  Europe.  Its  flowers 
furnish  excellent  peeturage  for 
gives  the  following  analijaea : — 


Water 

FroMn 

Csibo- 
njoiatse 

14-1 

11-3 

2-6 

54-8 

14-4 

2-8 

Fine  meal  .... 

14-7 

8-6 

1*9 

72-6 

0-8 

1-4 

Ooammeal. 

19-0 

84 

88-S 

4f% 

4«7 

Fine  bran  .... 

120 

15-2 

4*6 

60^ 

11-3 

7-0 

Coarse  bran .... 

16-6 

8-0 

1*8 

34-2 

37-e 

IS^S 

4'6 

1*1 

364 

43*6 

i4 

Straw  ..... 

16-0 

4*8 

1-2 

34-6 

38-2 

5-2 

Whole  plant,  in  flower  . 

83-7 

2*6 

0-6 

7-8 

4-3 

1-1 

M       n  hey . 

14-0 

ID'S 

2*1 

86<6 

314 

64 

Buckwheat,  after  soaking  in  water,  furnishes 
excellent  iood  for  cattle  and  pigs,  though  not 
very  soitable  fat  young  animals. 

The  starch  of  buckwheat  occurs  in  munded 
angular  grains  of  amall  size,  showing  a  distinct 
hilum  and  a  tendency  to  agglomerate. 

The  flour  is  largely  used  in  making  buck- 
wheat cakes,  popular  in  America,  but  rarely  met 
with  in  EnglancL  H.  I. 

BUCURUMANGA  RESIN.  A  foasU  resin, 
occurring  in  an  auriferous  alluvium  near  Bucura- 
manga.  New  Granada.  It  ii  light -yellow,  trans- 
parent, somewhat  heavier  than  water,  becomes 
strongly  electric  b^  friction ;  is  insoluble  in 
alcohol ;  swdls  vp  m  ether,  beoomhi^  opaque  ; 
melta  when  heated;  burn''  in  the  ;ur  uifhnut 
residue.  It  resembles  amber  in  outwurd  appear- 
ance, but  does  not  give  succinic  a<  id  on  dry 
distillation.  It  contams  82-7  p.e.  ( '.  10  8  p.c.  rf, 
and  0-50  p.c.  O  ( Bouasingault,  Ann.  Chim.  Phys. 
[3]  6»  607)  (e.  RwiKS). 


BUFFALO 

MATTJUa.  

BUHRtlOHB  or  BlIRimOIlL   A  hard, 

tough  rock  consisting  of  chakcdouic  bilita  with 
a  cellular  texture,  eepeciaiiy  suitable  for  use  as 
millstones  for  grinding  com,  paints,  ftc.  It  is 
white,  grey,  or  creamy  in  colour.  The  bc»t 
stones  are  from  the  Tertiarv  strata  of  the  Paris 
baain,  and  haTO  ot^inated  oy  the  sQifieatioQ  of 
fresh -water  limestones,  the  cellular  spaces 
representing  the  casts  of  fossil  shells  and  C'Aars 
seeds.  L.  J.  8. 

BUNTKUPFERERZ  (Ger.).  Variegat<>tl  coi.p<  r 
ore.  This  term  is  commonly  applied,  even  by 
English  mkiaralogists,  to  an  ore  of  copper  other- 
wise known  as  BomiU  {q.v.).  Eruhctritc,  PhUhp*- 
itc,  and  Purple  Copper  Ore.  Called  '  borse-fleah 
ore  '  by  the  Cornish  miners. 

BURGUNDY  PITCH  or  NORWAY  SPRUCB 
RESIN.   (Fichtentarr,  Tannenhan,  Ger.;  Mr 


BUTEA  FRONDOSA. 


Fr.)  The  resin  of  Fieea  ejxeim  (link.)  puriiied 
by  melting  in  hoi  water  and  straining.   It  U  an 

opaque,  yeUouish-brown,  hard,  brittle  re^In  :  its 
taste  is  itweet  and  arumatio.  It  is  ver>'  tKilublo 
in  glacial  acetic  acid,  aowlone,  and  alcohol. 
Vf*(id  in  making  plasters.  It  is  much  adulterated. 
Iho  i>ubt>i«nco  UHually  Hold  by  this  name  in 
England  is  made  by  melting  colophony  with 
palm-oil  or  some  otliLT  fat.  ind  stirring  in  wator 
to  make  th<'  mixture  Kpfwiu©  (Morel,  Pbarm.  J- 
[31  8,  341^1  (  Resins). 

BURNETT'S  FLUID.  A  solution  of  zirm 
uhloride  is  commonly  known  as  Hie  Wiiliain 
Burnett's  disinfecting  floid*  It  IS  used  as  a 
di^infectitit  and  aa  a  pteaenrative  of  ooiutnic- 
tional  timber. 

BURTON  WATER  CRYSTALS  contain,  ar 
of>r<ling  to  Moritz  nn  1  Hartlcv,  31-8  ("«(),  40*4 
SIJ^  104  (1.  n  4()  MtjO,  and  21-19  Oil,  (J.  Soc. 
Chem.  Ind.  L', 

BUSSORAH  GUM  >:  (Ji  ms. 

BUTALANINE  i'.  Vai.ink. 

BUTANE  «•.  Butyl  < . .mi-, ,i  nd.s. 

BUTANONE  {Mfthii;.thylktlQ»'^)v.  Kjctunes. 

BUTEA  FRONDOSA.  The  BuUa  fnmdom, 
alao  called  Dhak  or  PtUas,  is  a  Hne  tree,  30-40 
feet  high,  belonging  to  the  order  Ltguminosae. 
H  is  common  throughout  India  and  Burma,  and 
ia  found  in  the  North-West  Himalaya,  a.-s  far  as 
th«  Jhelum  Biver.  The  flowers,  which  in  the 
dried  oonditnm,  am  known  as  tfsn,  ke'sA,  kerada 
or  pal  is-kejipdl,  have  a  bright  orange  col.tur, 
aad,  although  they  are  much  larger,  ckweK'  re- 
semble in  a]q)eaianoe  the  common  fforso^flower 
{UUx  enropxus),  with  whirh,  indeed,  they  are 
botanioally  allied.  Large  quantities  of  the 
flowen  are  oolleetod  in  Mareh  and  April,  and 
employed  by  the  niitives  to  produce  a  yellow 
dye,  much  used  during  the  iloii  festival.  The 
dyeing  operation,  wfakm  oondite  in  steeping  the 
mRt<i  i.il  in  a  h'»t  <rr  i  ol  ^  decoction  of  theflowers, 
in  virtually  a  process  of  staining,  because  the 
coloor  oaa  bo  teadily  washed  out.  On  the  other 
hand,  a  ni  sre  permanent  rcsnlt  i.s  sometimes 
produced  either  bv  tirst  preparing  the  cloth  with 
ahim  Mid  wood  aA  or  by  adding  Uiesesabsfeanoes 
to  the  dyo-bath. 

Jj'rom  the  fiaUa  Jromlom  is  also  obtained 
the  so-called  '  Butea  gum  '  or  *  Biogal  kino,' 
employed  by  the  nnfivr-s-  fr>r  tanning  leather, 
aqA  the  tree  ie  ot  a<iditional  interest  because  in 
mftny  parts  oi  Indii  the  \m  mmct  {Goccm  Uueta) 
is  reared  upon  it.  This,  as  is  well  known,  ratines 
the  formation  of  stick  lac,  from  which  sbeUac 
and  lac  dye  are  prei)are<l. 

Butio  (^'ijHijOj.  The  flowers  are  extracted  with 
wat«r.  and  the  extract  digested  at  the  boil  with 
a  little  sulphtiric  a^.  A  light  viscous  precipi- 
t  at'?  devoid  of  dyeing  property  separates,  and  this 
is  removed  while  hut  and  the  tiltrite  left  over- 
night. The  clear  liquid  is  now  decanted  from 
.a  ^mall  quantity  of  tarry  substance,  and 
[><irtially  evaporated  on  the  water-bath.  A 
further  quantity  of  a  black  viscous  precipitate 
thus  separates,  and  when  this  has  been  removed 
the  filtrate,  after  some  days,  deposits  crjrstabi  of 
the  colouring  principle.  For  puritication  the 
product  is  dissolved  in  a  little  alcohol,  the 
mixture  poured  into  ether,  and  the  solntion  well 
■washed  with  water.  The  liquid  is  evaporatrd 
aod  the  residue  repeatedly  oxystaUised  from 


Butin  urystalliaes  from  alcohol  in  colourless 
needles  with  ^H,0,  m.n.  224*'-22r,  and  from 

water  in  pale-vellow  neeuies  with  2H,0 ;  dis-solve.s 
in  alkaline  solutiou::}  with  a  pole  orange-red  tint, 
and  gives  with  alcoholio  acetate  of  leM  a  fainUy 
yellow  alinosit  colourless  precipitate.  It  forms 
a  triacciyi  derivative  C,jH,0j(C,H,0)3  colour- 
less  leaflets,  m.p.  I23**-125°,and  a  Iribfnzoi/loom' 
pound  C,5H,Oj(C,HjO)„  c  l  iTi  les."  needles,  ni.p. 
Ir>.5°-I67°.  On  fusion  wiiij  alkali  at  200  -220' 
butui  gives  prtrioeateehuic  acid  and  resorcino^ 

When  butin  is  boiled  with  dilute  potaRsitmi  hy- 
droxide aulutiuD,  t  he  pole-coloured  liquid  becomes 
much  darker,  and  on  acidifying  an  orange 
crystalline  preo^fitate  iepacfttst  which  oonusto 

of  butein. 

Bulein   C.^H, jO,,H20,   needles,  melU  at 

213^-21.'>'' ;  dissolves  in  alkaline  snltitionx  with  a 
deep  orau^e-red  colour,  and  \\\ih  aicohoiiu  lead 
acetate  give.s  a  deep-red  precipitate.  Acttjfi 

butein  C„H,0.(C,U,0)«,  pale-yeUow  needks, 
melUat  129°-I3r. 

When  fused  with  alkalis  butein  gives  resor- 
cinol  and  protocaUchuic  acid,  whereas  by  the 
action  of  boiling  50  p.c.  potassium  hydroxide 
solution,  proiocateekuic  acia  and  mauiopkenem 
are  produced. 

By  methylation  with  methyl  iodide  butin 
give8  hutintrimtthylclhr  ('jjH,0,(OCHj)„ 
colourleiis plates,  m.p.  1 1<) -121^,  and  also  btUein- 
frfSM%leMer  C,,H,0,iUCil,)„  yellow  leaflets, 
m.p.  150''-15H  ;  In  a  similar  manner,  butein 
yields  not  only  buteintrimethylether,  but  also 
bntintrimethjrlsther. 

The  constitution  assigned  to  butein  is  that 
of  a  UirahvdroQcybtm^iiUn€  uceiopkenone  {teira- 
hydroxychiakomc)  (1),  and  to  bvlan  that  oE  tiM 
cocfespondingjfasaitoiie  (2) : 

OH 

(1)  OH,    ^OH  ^OH 

OH 

(2)  OHj^V-0— CH-<(^^OH 

'      '-CO— (^'H. 

\/ 

and  that  these  formuls  are  correct  has  been 
established  by  the  synthesis  of  buteiu  and  bulin- 
trimethylethers.  Thus  bv  the  condensation  of 
resaoetophenonemonomcthylethcr  with  vera- 
trioakiehvde,  buteintrimethylether  (I)  is 
prodneed: 

OCH, 

L    OCH»     —OH  0(;H, 


II. 


OCH, 


V 


OCHs 


and  thi.'- 


«hcn  di;;c>t((I 


OCH, 


linilin:^  dilute 


;  okoholiu  sulphuric  acid,  a  method  deviled  by 
Kostenecki  and  his  colleagaes  (Ber.  1904,  37, 

!  784,  773,  779).  gives  iMituitrhm  thykther  (II). 
i  Butein  itself  is  also  converted  into  butin  by 
I  means  of  dflnto  alcoholio  sulphuric  acid,  and  the 
l)utin  can  ng'Tin  Vte  tran-fi 'riiir'l  into  butt  hi  by 
I  the  action  of  potassium  hydroxide  solution. 
'  Widi  akohulic  potash  butintrjmethy]|ct]|i5r^^l^ 
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gnm  bnteiBtriBnthTtoUier,  and  tiiate  eluinges 

are  readily  explained  if  it  is  assumed  that  the 
intermediate  oompoand  or  its  trimethyt  ether 

OH 

OH/ \)H      CH(OH)—<^  ^OH 

v^^— €0— CH, 

is  the  fir.st  product  of  the  reaction  in  each  cose, 
and  that  tkia  subsequently,  by  losa  of  water, 
passes  into  either  chalkone  or  flavanone,  or  both- 
When  buteiu  dissolved  in  acetic  acid  is 
treated  with  a  iew  drops  uf  sulphuric  acid«  and 
the  solution  is  boiled,  a  new  substance  gradnaDy 
separates  in  the  form  of  cry  stab,  which  possess 
a  beetle-green  iridescence,  aud  dissolves  in 
alkaline  solutions  with  a  d(K;p-blue  colour.  The 
acid  liquid  decanted  from  the  cry.-it  ils  on  flilu- 
tion  with  water,  civea  a  biowa  pte<;ipii*iic 
soluble  in  alkalis  with  a  bluish- violet  colouration, 
which  dyes  mordanted  calico  shades  of  a  similar 
character  to  those  yielded  by  anthragaUoL  It 
appears  likely  that  this  more  soluble  substance 
represents  the  first  product  of  the  reaction,  and 
is  subsequently  converted  into  the  grc^^'U 
iridescent  compound.  A  consideration  of  the 
formula  of  bateiB  renders  it  unlikely  that  these 
new  Bubfltanoee  are  rathraquinone  derivatives ; 
on  the  other  hand,  it  i.s  Huspected  that  the 
iormation  of  a  ring  takes  place*  and  that  an 
indoifts  dMcifatlve  ol  llw  lottowing  type  is  first 
produoed : — 

OH 

HO^"^  a-<^ 


-co 


I— !s 


Butin  and  buteiu  dye  mordanted  wo(dlen 
cloth  identical  shades,  though  as  butin  gives 
with  an  aleoholio  lead  acetate  a  practically 
colourless  precipitate,  it  Is  not  to  bo  regarded  as 
a  colouring  matter.  In  otiier  words,  butin  ia 
mevdy  a  ooikmring  principle,  and  fa  converted 
during  the  d3'eing  operation  by  the  action  of 
the  mordant  into  the  colouxiog  mattev  butein. 
The  foQownig  sbades  axe  obtained 

Chromium      Aluminium       Tin  Iron 
llediiiuh-brown  Brick  red  Full  yellow  Brownish  blaelc 

aud  these  are  strikingly  similar  to  those  yielded 
by  some  of  the  phenylketocumaran  colouring 
mnltf^rH  artificially  prepared  by  JPInedlftodsv 

Kudt  {hot.  1896,  29,  879). 

\/  \co/ 

The  Butea  flowers  contain  but  a  trace  of 
free  butin  or  buteiu,  aud  the  glucoside  present, 
and  which  has  not  yet  been  iBOlated,is  probaUy 
that  of  butin.  This  glucoside  does  not  decom- 
pose readily  dui  iug  the  dyeing  process,  hence  the 
flowers  do  not  d^e  mordanted  cotton.  In  wool- 
dyeing,  where  acid-baths  arc  emplnyH  r\  better 
result  is  obtained,  although  m  itii.  >  —  the 
shades  possess  but  little  strongtL  h  the 
glucoside  fa  first  hydrolysed  by  boiling  the  llowers 
with  dilute  hydrochloric  acid,  or  u  sulphuric 
acid  is  eru|>Io\  ed,  and  the  acid  then  neutralised 
with  sodium  carbonate,  a  material  is  obtained 
which  teadilv  dyes  by  the  usnal  methods.  Such 
prodoots  ffin  the  foUowing  shades:  with 


ohiominm,  deep  tasnooMa ;  with  ■Iwntininm,  a 

bright  orange ;  with  tin.  bright  jreOow  ;  and 
with  iron,  a  brownish-olive.  The  chromiom 
oolaitf  fa  ohamotSEiitiD,  and  fa  mnoli  veddsr  m 
tint  than  that  yielded  by  any  known  natural 
yellow  dye.  A.  G.  P. 

BUTEA  OUIL  The  juice  of  BtOaa  fttmiom 
(Boxb.),  often  sent  into  tho  market  instead  of 
gaaiiine  kino.  It  forms  black- brown,  slightly 
rastrous,  britUe  hunns,  has  an  astringent  taalsb 
and  yields  pyrocatecnin  by  dry  distillation. 

BUTTBBi  Butter  is  the  fatty  product  pre- 
pared from  llie  milk  of  the  cow.  When  sindsr 
8u(i>tances  are  obtaiuetl  from  the  milk  of  othor 
mammals,  their  ongin  is  indicated  in  the  descrip- 
tion, €.g.  goats*  butter,  buffalo  butter.  Fat^ 
food  suDstanccs  of  vegetable  origin  and  similar 
to  butter  in  consistency  are  slIso  sometimes 
described  as  bntlsr,  bat  with  •  imfij;  m  m/€- 
table  butter,  eoeoa-nut  hviier. 

Butter  consists  of  milk-  or  butter-fat,  with 
water,  and  smaU  quantities  of  milk  prfftniniL 
lactose,  mineral  salts,  and  natural  colooring 
matter.  The  proteins  and  lactose,  together 
with  the  minenJ  matter  associated  therewith, 
are  spoken  of  collect ivfly  rn-H.  tVimmercial 
butter  may  also  conUiui  coinmou  s^ut,  i>re«ervi*> 
tives,  and  colouring  matter,  addea  during 
manufactiiTO.  The  added  salt  and  preserTative^- 
aie  not  included  with  the  ourd  in  giving  the 
composition  of  batter,  but  an  aeparalslty  esti* 
mated. 

Fat  exists  in  milk  in  the  form  o£  minute 
globolee  in  a  state  of  suspension  in  the  milk 
serum.  In  tho  process  of  churning,  the  fat 
globules  coalesce,  producing  irTeguiariy-6haped 
granules  of  butter.  These  are  strained  from  the 
serum,  or  buttermilk,  washed  with  water,  uid 
worked  into  a  mass  on  a  table  by  means  of 
mechanical  rollers,  or,  as  in  older  processes,  by 
hand.  Sall^  preservatives,  colouring  matter, 
are  added,  if  desired,  after  washing  the  butter 
granules  with  water. 

Milk  may  be  diieotlv  churned  for  the  purpose 
of  obtaining  butter,  ana,*in  some  remote  dntncts, 

■  this  process  is  still  followed.  It  \&,  however, 
usual  to  chum  cream,  that  is,  the  fatty  layer 
¥diieh  rises  to  the  snmee  on  allowii^  mSk  to 
stand  or  on  subjecting  it  ti  .  <  *  titrifugal  actioiu 

Cream  may  be  churned  in  a  freui  cooditioQ 
before  eowing  has  taken  plaoe.  fo  sodi  a  eaee, 
the  period  of  chiirniri;,'  is  longer,  and  the  opera- 
tkm  must  be  carried  out  at  a  lower  temperature 
than  when  ripened  cream  or  milk  fa  employed. 
It  is  thrrofore  usual  to  rhnm  ripened  cpenm. 

'  The  ripeniuK  may  be  effected  by  standing  t^ 
cream,  and  fa  aeodented  by  tiw  addition  of  a 
little  buttermilk  or  pure  ouItoVB  irtartm 
taining  suitable  bactca'ia. 

\'ariou8  views  aie  held  as  to  wkat 
place  il  ;i rinp  the  ojwration  of  churning.  Fl-,  t->i  h. 
mann  (iiook  of  the  Diary,  Ib^)  states  that  *  the 
milk-fat  is  converted  from  fluid  to  solid  condi. 
tion  by  the  shaking  wliich  it  uivif  rirx>}j,'  that  i-, 
that  cnuming  result*!  in  the  soliditicatiou  of  fat 
which  in  milk  is  in  a  superfused  condition.  On 
the  other  hand,  Richmond's  results  (Dairy 
Chemistry,  Ap.  330)  would  indicate  that  Um 
fat  before  churning  may  Im  in  a  solid  ooaffitioB. 
^N'hf'ther  fat  a3  pr<»st*nt  in  milk  iA  surroundrtl 
with  some  form  uf  membrane  (Bechamp,  bturuh) 
or  witii  a  thin  wwtety  oomin^  (Fleisch^iig^[^ 
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the  meelwnioal  uperation  of  ehurninu'  a|>|M>ar8 
to  ru))  a\vji\  or  reinovo  the  protccti\<'  coatiiip. 
aud  ibu^  euablo  ike  milk  globules  to  coalciice, 
foTming  batter.  Aa  to  tho  theories  refw^ing 
t  ho  Ktruoturo  of  the  fat  globules*  in  milk.  ><  * 
papers  by  Stotoh  (Aaalvst.  ISdl,  22,  lU7j,  lieau 
(Revue  G^n^rale  do  Lait,  8,  15.  1903),  and 
Richmond  (Analyst,  mi,  29,  ISf)). 

The  quantity  of  water  rernainuig  in  tiimhed 
bntter  is  governed  by  the  oondiiioiu  of  inanu* 
facture.  Churning  at  too  hinh  a  tern]KTaturo 
readers  the  removal  of  vxwm  water  during 
working  diflioulfe.   It  lesulte  in  over-worked  or 

*  ureasy '  butter;  or  butter  with  an  excessive 

•  (uunlity  of  water.  The  maximum  limit  per- 
itiisMhle  in  England  for  water  in  I  i  r  ia  16  p.c. 
C'nnada,  Queensland,  Holland,  hnvv  the  same 
limit.  Victoria  iuM  15  p.c;  Germanv,  10  p.c. 
i  <  T  salted,  and  18  p.e.foraii8alted;  uuf  Belgiuin, 
16  p^c. 

The  proportion  of  curd  may  vary  from  0*2 
to  2*0  p.0,  according  to  method  of  munofacturc, 
lower  quantities  being  pres;<  tit  \vln  ri-  frohly 
separated  cream  is  churned  than  lu  ihr  cn.se  ut 
ripened  cn-am.  Well-made  butter  rarely  con- 
tains HO  hi^h  a  quantity  &s  2  p.c,  and  where  th\» 
((uantity  i^j  found,  examination  should  be  made 
for  the  presence  of  added  non- fatty  milk  Bolidn. 
Xo  limits  have  been  fixed  as  to  the  non-fatty 
milk  solids  permissible  in  butter,  but  the  Butter 
and  Margarine  Act,  1907,  gives  power  to  the 
Board  of  Agriculture  aud  J^'iahehes  to  make 
regulations  on  the  point. 

Van  Slyko  and  Hart  (J.  Araer.  Chcm.  Soc. 
1905,  27)  state  that  when  0*5  p^c.  or  over  of 
lactic  add  in  in  the  cream,  the  casein  is  present 
ill  tlio  Ijiitlir  ii.s  ea.st  iii  lactate,  but  in  butter 
made  from  uwcct  cream  as  calcium  casein.  They 
also  make  suggestions  with  regard  to  the 
relation  lK?t\\eeii  ca^^cin  comjKJumlii  and  mottled 
butter.  Hichmond  (.\ualy8^  1906,  31,  178)  has 
foand  the  average  amount  of  casein  to  be 
0*38  I'.e..  iuiil  not  to  exceed  O  H  \>.v. 

Tbu  mineral  matter  iu  butter  (to  which  no 
f  atalgn  nibatanoe  has  been  added  during  manuf  ac- 

t1lfe)consist8  of  thf  it\(>rL'nnie  suKst.ineer.  di  ri\  ud 
from  tho  buttermilk  enclosed  withm  the  butter 
granules,  and  from  the  caseous  matter  adhering 
to  the  fut.  It  i.s  really  tho  ash  of  the  ouid,  or 
the  non-iatty  milk  solids  of  the  butter. 

When  butter  is  heated,  the  fat  melts  and 
neparatc^  from  tho  aqiuous,  curdy  iiortion. 
Aiur  allowing  this  to  tseiile,  the  fatty  layer  is 
filtered  through  a  warm  funnel,  and  the  fat 
oIitaiiir<l  a-^  a  clear  oil,  usually  nf  a  y<  Dow  colour, 
but  uader  certain  conditions  almost  colourless, 
setting  to  a  granular  erystaiiino  mass.  The  fat 
so  obtained  consists  of  ;jlv< cridis  of  fatty  acids 
together  with  tho  natuial  or  added  colour mg 
matter,  if  any,  of  the  butter,  and  some  unsaponi- 
fiable  .substances,  c.rj.  cholcstcrol,  a.s80ciate<l  with 
the  natural  fat.  The  total  quantity  of  tho 
uasaponiliablo  matter  does  not  exceed  0-4  p.c. 
(Bomcr,  Zeitooh.  Nahr.  Geaussm.  1901,  4, 
1070). 

The  glycerides  oi  buttei>fat  contahi  butyric, 
caproic,  caprylic,  capric,  lauric,  myristic, 
palmitic,  stearic,  and  oleic  acids,  as  triglycerides, 
with  a  possibly  small  quantity  of  mono-  and  di- 
alyceri<W  Bell  has  shoun  the  presence  of 
^mized'  glycerides,  and  describes  (Chemistry  of 
Foods,  45)  an  oleopalmitobotyrate.  Browne 
Vol.  l^T, 


(J.  Amer.  tliem.  Soo.  1800,  613)  fincbt  lO  p.c. 

of  dihydroxystearie  arid;  but  lAtw  kowit -ch 
throMs  doubt  upon  the  presence  of  any  hydroxy 
acids  (Oils  and  IWts,  4th  ed.  ii  667).  The 
C(>Mi]H)si*  i;  II.  IS  given  by  Bell  (Chein.  of  Fuods, 
4b),  is  compared  with  that  given  by  Browne  (J. 
Amer.  Ghem.  Soc  1800^  21, 807). 

100  parts  of  fat  on  saponification  }■  ield  : 


Butyric  aoid 

Caproic 
Capr^iio  „ 
Capno  „ 
T>auric 
Myristic  „ 
Palmitic 
Stearic 
Oleic 


6*13 

2  00 


Browne 

2  091 

0-49 

0-32 


2-W 


!  |4946 


9-89 1 
38-CI  50-38 
1-83) 
36  10  32-30 
Dihyilroxy  stearic  acid     —  1-00 
Cald\\ell  and  Hurtley  (Chem.  Soo.  Trans. 
1909,  95,  8o3)  have  fractionally  distilled  samples 
of  butter  fat  in  tho  vacuum  of  the  oathodo 
li^ht,  and  determined  riitaiii   valuc-s  of  tho 
distillates.    They  cuuclude   iliut  there  is  no 
tributyrin   in  butter-fat,  and  probably  no  tri- 
olein, the  oleic  acM.1  being  ili.stributed  amon;:;  tho 
glycerides  present,  most  of    it  us  oleoatcaro- 
palmitin.    (  aldwell  and  Hurtley  (i.e.)  have  also 
similarly  distilled  the  fatty  acids. 

The  most  characteristic  feature  of  butter-fat 
is  the  presence  of  fatty  acids  soluble  in  water 
and  volatile  in  steam ;  and  the  earliest  work  on 
butter  was  directed  to  the  estimation,  directly 
or  indirectly,  of  butyric  acid,  the  largest  con- 
stitueat  of  the  soluble  or  volatile  portion. 

Hehner  and  Angell  (Butter :  its  Analysis  and 
Adulteration-s,  Churchill,  2nd  ed.  1877),  fulluwinh" 
the  suggestion  of  Chevreul,  proposed  in  1874  to 
obtain  the  but3me  acid  by  distillation  of  the 
acids  lilierated  by  dilute  >ulj)huric  acid  after 
sa]>oaiiioation  of  the  fat  with  alkali.  In  con- 
sequence of  the  variation  in  the  results,  they 
proposed  tht  di  t*  rmiuat  ion  of  the  aciils  insoluble 
in  water,  Duprc  subsoquuutly  adding  in  the 
same  process  the  titration  of  the  water-soluble 
aci<ls  (iViudyst,  1870).  The  quantity  of  iuscdublo 
fatty  aoids  is  frequently  spoken  ol  as  the 
*  Hehner  value.*  The  process  oonsist-s  in  saponi- 
fying a  weighed  quantity  of  tho  fat  with  alcoholic 
jxjtash,  liberating  the  fatty  acids  from  tho 
aqueous,  alcohol-Free,  soap  solution  with  excess 
of  dilute  -.uljjhtiric  acid,  filtering  and  wa^hinj^ 
witli  hot  water  the  insoluble  acids,  tinaiiy  weigh- 
ing these,  and  titrating  the  disseilveil  acids.  The 
quantity  of  solid)!'-  aeids  n.-ually  falls  between 
4-2  and  fi-O  p.c.  |^caiculate<l  as  butyric  acid),  aud 
the  weight  of  the  insoluUe  acids  iwtween  90  and 
87-5  p.c. 

KeicUerL  adupled  a  luoditicuLiua  uf  Chovruul 

anil  Hehner's  distillation  of  the  butyric  acid, 

operating  with  a  detinito  quantity  of  fat  under 

prescribed  conditions,  antl  thus  avoiding  the 

necessity  of  the  distillatioa  of  the  whole  of 

t!u  volatile  aeids.    Reiehert  took  2*5  grams  of 

fut ;  aud  tUu  number  of  cubic  centimetres  of  tleci- 

normal  alkali  required  to  neutralise  the  diKtillate 

from  this  quantity,  operating  as  described,  was 

tho  original  Reiehert  number  (Chem.  Soc.  Trans. 

1879,  A,  40a  ;  Zeit.sch.  anal.  Chem.  1879,  18.  68). 

Meissl  suggeste<l  the  use  of  5  Grams  of  fat 

(Chem-  Soc.  1860,  A,  828),  and  Wollny  added 

a  number  of  modifications  (Chem.  Soc.  1888,..  , 

*        .gjp  ..d  byLiOOgle 
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At  200).   Tliis  prooeas  was  adopted  by  a  com- 
raitte«  consbtinp  of  the  Principal  of  the  Ouvcni- 
ment  Laboratory  anti   the    mcmb^rti  of    iho  i 
Society  of  I'uliiic  Analy  sts,  as  the  method  to  be  | 
used  in  the  estimation  of  buttiT-fat  in  margarine 
(Analyst,  19U0,  25,  309).    The  conditionb  of 
distillation  must  ()♦•  .strictly  uljtierved,  as  the 
W'holo  of  the  volatile  acid  is  not  distilled  during  ! 
the  experiment.    Richmond  (ibid.   1895,  20, 
218)  found  only  87  p.c.  of  the  total  %-olatile  acids 
iu  the  distillate.   Jensen's  results  confirm  this  i 
(Zeitsch.  Nahr.  Geoussm.  1906,  272).  Leffmann 
and  Buum  usc<l  sotla  dissolved  in  glycerol  for 
the  aapunificatioa  (An«iy«t»  mi,  16,  153).  The 
details  of  the  prooeBS,  as  ftdopted  by  the  com* 
raittec,  lire  :   5  Lpams  of  clear,  melted  fat  are 
weighed  into  a  naak  of  a  capacity  of  300  c.c, 
aniTflaponified  with  2  e.e.  of  soda  (prepared  by 
dis.-<<il\ ing  so<liuni  hydroxidf  in  equal  weight  of 
water),  and  10  cc.  of  alcohol,  by  heating  on  a 
hot  water-bath  under  reflux  condenser  for  16 
niiuutia.    After  evaporation   of   thv  alcohol, 
the  dry  soap  is  dissolved  in  lUU  c.c.  of  hot 
water,  40  o.e.  of  normal  sulphuric  acid  and  a 
few  fragnu-nts  of  pumice  are  added,  and  (hu 
flask  connected  with  a  oundenser.    It  is  then 
heated  so  that  1 10  o.c.  of  distillato  are  collected 
in  about  30  minute.--.    Tlif  di.-itillate  is  shaken, 
100  C.C.  filtered  oii,  and  titrated  with  deci- 
normal  alkali,  using  uhenolphtiudflbi  as  indi- 
cator.   (Furth«T  detail.-,  as  to  size  of  flask,  ttilx's. 
still-head,  condeai>er,  will  be  found  iu  the  Analyst, 
1900, 25, 309. )   The  number  of  cuImo centimetres 
of  tlfcinorrnal  alkali  rf<juircd  fur  ru'Utrali.siitiim, 
when  multiplied  by  1-1  aud  corrected  to  .>  grams, 
is  the  *  Reichert-WoUny  numl>er.' 

The  proportion  of  volatile  acids  in  butter- 
fat  varies.    In  the  late  autumu  tseasou,  in  the 
case  of  cows  fed  in  the  open,  the  butter-fat 
contain.^  less  Inityrie  acid  tnan  it  does  during 
the  spring  aud  summer.    Towards  the  close  of 
the  ttctation  period,  butter  fat  also  shows  a 
depreciation  in  the  amount  of  volatile  acids. 
Among  other  factors  affcctinu  the  character  of  > 
the  fat  ue  the  nature  of  the  food,  and  the  ' 
sensitiveness  of  the  cows  to  varying  climatic 
conditions  and  their  surrouudLugi.    ileiice  the 
uncertainty  as  regard.s  the  limits  that  should  bo 
adopted.    In  the  case  of  butter  made  from  the 
milk  of  mixed  herds,  when  the  influence  of  ' 
individual  cases  does  not  seriously  depreciate 
the  butter  Irom  the  whole  herd,  the  proportion  | 
of  volatile  acids  under  ordinary  conditions  of  j 
feeding  and  housing  roacbeij  a  maximum  in  | 
Apnl-May-June,  and  is  »t  a  minimum  in  i 
Octot)er-NoTember.   Lewkowitsch  has  collected  \ 
a  nunibfcr  of  result. s  repre^jcnting  the  produce  of  i 


of  24;  Germany,  of  25;  Sweden,  of  23 ;  th« 
United  States,  of  24 ;  Italy  declares  tnittec  with 
a  Reichert-Wolluy  number  below  20  adulterated, 
between  20  and  26  suspicious,  above  26  purv  , 
Belgium  declares  butter  to  be  abnormal,  and 
sale  is  prohibited,  if  the  Reichert-Wollny  number 
falls  below  28,  and  if  in  addition  the  fat  has  a 
Zeiss  number  above  44  at  40^,  »  >P^'  bekm 
0-865  at  100*=*,  a  saponification  ralue  below  221 
and  a  Hehner  number  above  88-5. 

Handby  BaU  (Analyst.  1907,  32,  202)  Eiv«« 
results  of  butters  produced  in  Ireluid,  *nd  toowi 
that  during  the  nionth-sof  Decemberand  .T.^miAt . 
when  the  output  of  milk  is  lowest,  the  Keiclxert- 
Wollny  number  frequently  falls  Mow  S4.  Tbr 
lowest  numbers  ixcur  when  the  milk  i.s  derived 
from  cows  at  the  end  of  the  lactation  period. 

Brownlee  (Jour.  Dept.  Agric  for  Ifdaad. 
1910.  10,  4:}8)  ha-<  publi.^ied  result s  ,.f  an^i5y-*>> 
of  Irish  butter  produced  in  1908-9.  He  fotin<i 
16*2  p.e.  of  samplcB  below  24, 11*4  p.e.  bdow  23. 
5-5  p.c  below  22, and  1-4  p.c.  below  21.  The  tabk- 
given  by  Brownlee  show  that  throu^lKKit  the 
year  the  Reiehert-Wollny  number  Tmrfe*  m  each 
I  I-  with  the  percentage  output  of  butter  frum 
the  particular  dairy,  and  the  rcsidt-*  confirm  th< 
opiuon  that  the  chief  factor  inflnnnffing  the 

Reichort-W  11t  V  number  ia  the  lactation  

of  the  cows  bupplying  the  milk. 

The  conolusKHi  that  batter  is  genuine 
tlic  Rcichert-WoUny  exceeds  24,  may  be  erro 
neous,  as  this  number  may  have  l>ecn  the  result 
of  mixing  genuine  butter  bftving  a  high  Reichert  • 
W'oUny  number  with  some  other  fat.  On  th<- 
other  hand,  butter  falling  below  24  may  be 
genuine  but  abnormal.  In  order  to  be  in  a 
position  to  establi.sh  the  ■renuinenr'y'  rvf  hotter, 
the  Netherlands  (Government  has  organised  a 
system  of  butter  control*  by  meuiB  of  w  hich  the 
associated  creameries  are  frequent !y  in-»pected 
aud  the  butter  produced  regularly  atialviwvl. 
Consignments  from  the  factories  bear  a  govern- 
ment label,  giving  particulars  of  (origin,  *>  that 
the  officials  can  trace  the  butter  and  ascertain  the 
Reichert-WoUny  number  of  the  butter  produced 
at,  the  creamery. 

Higher  jiomologues  of  butyric  acid  volatilised 
in  the  steam  during  the  Reichert  prtH-ej**  do  not 
wliolly  dissolve  in  the  distillate,  and  the  detec- 
iniuation  of  the  insoluble  portion  aSorda  another 
index  to  the  character  of  the  iatk  aa  will  be  teen 
later. 

Butter-fat  has  a  sp.gr.  at  ai'S^/ST-S*  el 

0-910-0-913  (Th^)rpe,  Chem.  Soc.  IVana,  1904, 
249).  The  individual  data  in  Bella  xeMihs 
range  from  0-9094  to  0*9139,  but  be  ttatiM  tiie 

ordinary  range  is  0-911  to  0-9 13.   Th<-  >j>.i:r.  is 


dideront  countries  (Oils  and  Fate,  4th  ed.  iL  U86).  afiected  by  prolonged  heating  of  the  fat  and  also 
Although  the  milk  from  indiyidual  cows  or  small  I  by  the  storage  of  the  fat  for  a  lengtlienea  period. 


herds  may,  in  consequenee  of  sp<clil  cireum- 
stancost  octiasioually  viekl  buttei-fat  giving  a 
Reichert'Wollny  numW  below  24,  the  butter 
fiuin  the  mixed  milk  of  lieids  under  normal 
conditions  usualiv  has  a  Keichert-WoUny  number 
falling  between  24  and  32.  The  Committee  on 
Hutti-r  Regulations  apjx.inted  by  the  Board  of 
Agriculture  in  ttiis  country  recommended  that 
the  figure  24,  arrived  at  by  the  Reichert- WoUny 
nietliod,  bhould  be  the  limit  l>elow  which  a  |jrc- 
sumption  should  be  raised  that  butter  is  not 
genuine  (Com.  on  Butter  Regns.  Report,  Cd. 
1749,  Ibt.   France  has  fixed  a  minimum  limit 


The  reading  with  the  Zeis.s  but  yn  •  refra<  t- 
meter  at  45°  fails  usually  between  38  aAd  4:^ 
In  371  samples  oi  genuine  butter  examined,  the 
range  waa  37  to  45  (Cora,  nn  Htitt«T  Rc;^t:> 
Ap.  585).  Excluding  14  exceptional  butters 
the  average  range  was  39*4  to  u-O  (Chem.  Soc. 
Trans,  IWl,  L'4'»).  (Zeiss  r<  adings  are  taken  at 
various  temperatures  by  ditlerent  oU»ef vcfj*- 
To  convert  the  soi^  divisions  observed  at  a 
lower  temperature  into  the  s-rale  division'  .nt  a 
higher  temperature,  deduct  0*66  of  a  diviiOMO 
for  each  degree  of  temperature  that  the  wding 
ha*  been  taken  below  toe  requited  temMrature ; 


BUTTER. 


579 


conversely,  add  0-55  of  a  division  for  eaoh 
degree  of  tempeCRton  (hat  the  reading  has  been 
taken  above  tne  requimt  temperatun^). 

The  saponification  value  of  the  fat  wa^ 
HU((gested  by  Koetstorffer  (Krdl.  1879,  199),  and 
is  irequenily  known  a^  the  Kuet«torffer  number. 
It  is  the  quantity  of  potatih  expressed  in  niilli- 
grains  rfquiroil  to  saponify  1  gram  of  fat.  The 
glycerklfitt  in  hutter-fai  contain  twids  of  com- 
pamtiyelylowmoIecahirweightH;  inoonaequence, 
the  qnantity  of  potash  fur  suponitication  will  l>e 
reUtively  high  when  compared  with  fat«  in 
which  the  glycendee  oontain  only  Bcida  of  high 
molciular  utnj^ht.  Jis  in  animal  fats  in  general. 
Butter-fat  gives  figures  on  the  average  between 
219-9  and  232*5  (Thorpe).  KoStalorffer  gave 
227  a<  .1  )ri(>an  figure.  Thin  value  l>ean  *  eloei^ 
relatiuiiMhip  to  the  Heiuhert  number. 

Tlie  iodine  value  varies  oonsiderably*  falling 
betuc-ri  2f?  0  and  35  0  (HuM).  29-0  and  48*0 
(Jensen),  and  20  0  and  38  0  (WoUny). 

The  varinns  data  show  their  dependence 
Tipon  one  ATv  tfuT.  within  <  tTtain  lirnitiJ.  when  a 
<  umparihon  made.  Thisparallelism  is  shown 
in  the  foliowiog  table  (Thorpe,  (3henL  Soc. 
Tfwu.  1904,  264)  :— 
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The  i-xantination  of  Iiutter  comprises  :  (1): 
the  determination  of  water,  fat,  ooni,  salt ;  (2)  1 
examination  of  the  &t ;  (3)  examination  of  the  I 
butU-r  for  prc-servativeH,  LoloariQg  matter,  and 
substances  foreign  to  butter.  • 

1.  Watwr.  The   sample  for  examination  | 
should  be  not  less  than  50  grains,  and  .><hould  be 
placed  in  a  bottle  and  closed  securely  with  | 
screw-cap  or  stopper.  The  bottle  is  then  heated  | 
at  A  tcmp*Tature  of  about  50"  until  the  hutter- 
iat  has  melted,  when  it  is  vigorously  shaken  tu 
emnh^  the  fat  and  water.   The  shaking  is 
continnod  while  the  bottle  and  contents  cool, 
until  the  butter  is  of  the  consistency  of  thick 
cream.    From  6  to  8  grams  are  then  weighed  | 
into  a  flat-bottomed  dish,  in  wlii(  h  is  a  ^la^-s  nnl 
with  flattened  end.    The  dish  i-<  heated  on  a  , 
steam-bath  for  an  hour  with  fnH|u( nt  stirring  j 
..f  the  hiitter,  after  which  it  i.s<  cH))«(i  and  weighed. 
It  is  aj:ain  heated  until  thu  wt^ight  ik  ccmstant. 
The  operation  is  <:oiisi(UTablv  accelerated  by 
using  ahiniiniuin  dishes,  heated  on  an  aluminium 
hot  plate  adjusted  to  a  temperature  of  100  to  , 
10B«.  I 


Other  methods  are  Henzold's  (in  which 
pamice  is  mixe<l  with  the  l>utter)  and  Wibel*a 
(J.  Soc.  (3iem.  Ind.  1893,  630». 

Fat.  The  butter  from  which  the  moisture 
has  been  evaporated  is  extracted  with  ether, 
filtered  from  curd  and  salt,  and,  after  evapora- 
tion of  the  solvent,  is  dried  and  weighed,  or  the 
matter  insohil)le  in  ether  is  weighed,  and  the  fat 
taken  by  difierenoo.  The  Govemmenta  of 
Queensland,  Victoria,  and  Germany  have  fixed 
a  Hiinimuiu  limit  for  fat  of  80  p.e. ;  Italy,  of 
82  p.c. ;  and  the  United  States,  of  82-5  p.c. 

Cord.  In  the  case  of  butters  free  nom  salt 
and  preservative,  the  curd  is  the  matter  not 
soluble  in  ether  or  other  solvent.  The  separate 
determination  of  the  proteins  and  lactose  must 
l>e  carried  out  to  de<  ido  whetli'  i  t  l  iitter  enii- 
tains  added  nun-fatty  milk  piuiiucts.  15-20 
grams  of  butter  are  weighed  in  a  dish  and  dried 
on  the  water-b»ith  with  frequent  .stirring.  The 
fat  is  extracteii  with  ether,  and  the  ether- 
insoluble  matter  transferred  with  concentrated 
sulphuric  acid  to  a  Kjeldahl  ditrestion  flask, 
addin;^  the  filter  paper  used  for  filtration.  The 
quantity  of  nitrogen  multiplied  by  (3-38  gives  the 
proteins.  Riolunond  givea  6*S9  (Analyst,  1906, 
33,  180). 

The  lactose  is  taken  by  difference,  after 

deducting  from  the  total  curd  the  proteins  and 
inorganic  saliM.  liut  it  is  in  all  cases  preferable 
to  make  a  direct  determination,  and  thw  becomes 
necessary  wh'-n  bt*rir  acid  is  present.  The 
lactose  and  proteni^  may  then  lie  estimated  as 
follows:  The  residue  from  extraction  with  ether 
of  20  grams  of  butter  is  mixed  with  about  40c.c. 
of  water,  made  just  acid  with  acetic  acid,  and 
tlie  proteins  precipitated  by  adding  a  few  dropsi, 
bein^  careful  to  avoid  excess,  of  Fehling's  copper 
sulphate  sululiun.  It  is  then  filtereil  on  tared 
paper,  washed,  dried  at  100'^,  weighed,  and 
incinerated.  The  weight  less  the  ash  is  the 
proteins.  The  filtrate  is  made  up  to  100  CO. 
ami  an  aliquot  portitin  taken  for  gravimetric 
lM:t«>se  det<Tminatiun.  Where  sugar  only  is 
required,  the-  residue  from  ether  extraction  may 
be  washed  into  100  e.c.  flask,  cleared  with  c  oj)j)er 
sulphate,  made  up  to  100  i;.c.,  and  an  aliquot 
portion  filtered.  The  quantity  of  hMtose  should 
not  exceetl  0-4  p.c.  an<l  i<  usually  nuieh  less. 

The  matter  insoluble  in  ether  contains,  in 
addition  to  the  true  curd  and  other  non-fatty 
solids  of  milk.  comnKui  salt,  bora  v,  i  p  irtion  of 
the  boric  acid  (partly  in  solution  in  ether and 
certain  other  preservatives,  if  these  have  been 
added  to  the*  butter.  The  common  salt  is 
estimated  by  extracting  the  weighed  quantity 
of  curd  in  the  total  eurddeterminatioaHrith  hot 
water,  and  titrating  the  Solution  with  standard 
silver  nitrate. 

2.  KramlmHoiiof  the  fat  Theezammation 

of  the  fat  to  ascertain  its  puritv'  is  one  of  con- 
siderable difficulty,  since  butter  adulteration  hits 
been  directed  to  the  admixture  of  fats  prepared 
so  as  to  give  no  distim  live  reaction.  All  animal 
fats,  such  as  refined  lard  and  iMHif  fat,  and  many 
vegetable  fats  use<l  for  this  purpose,  h>ive 
practically  no  volat  ile  iu'i<l!».  Hence  the  addit  i«  >n 
to  butter  of  fats  of  this  class  reduces  the  soluble 
volatile  acids  numl>er.  Other  vegctal^ie  fats 
contain  volatile  aci<h  only  partially  sohil  l'  in 
water.  To  this  class  belong  cocoa-nut  oil  and 
palm-kemol  olL 
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Vegetable  £ats,  unless  specially  prepared, 
contain  phytosterol,  and  the  detection  of  this 
substance  cstabliBhes  the  presence  of  foreign 
fat.  Other  fats, as  cotton  seed  and  sesame,  give 
spec i tic  reactions,  and  may  therefore  be  directly 
tested  for.  It  has,  however,  been  established 
thtit  the  constituent  giving  the  reaction  may  be 
communicated  to  a  slight  extent  to  milk  and 
thence  to  butter  through  feeding  the  animalit 
with  oil-cakes  made  from  these  weeAn.  Positive 
reactions  in  thisc  cahrs  nui.^t  thcrtfnrc  l»c' 
supported  by  other  evidence.  With  the  object 
of  detecting  the  addition  of  foreign  fat,  it  is 
ena<  ted  in  wunc  countries  (li-it  margarine  and 
margarine  i&t»  must  contain,  when  preporod  lor 
sale,  a  small  quantity  of  sesame  oQ,  as  a  tell* 
tale  substance  when  butter  with  vlucli  such  fat 
has  been  mixed  is  examined. 

{a)  The  soluble  volatile  aeids  are  estimated 
by  the  lUnchort-VVulln\  pfKi-vs  de-mbetl  above. 

RcvchJcr  (BuiL  t>oo.  chuu.  1901,  25,  142) 
])ru}Hihed  the  extension  of  the  Reichert-WoUny 
priK  i  t(i  include  the  e>tiniatir(n  of  the  volatile 
insoluble  acids.  Wauten  (Analyst,  1901,  2<>, 
128)  modified  the  Reichert  process  and  made  U\  o 
distillations,  dcterniiniiiy  th<-  values  tot  both 
soluble  and  msolubie  voJaliic  acids. 

PoleDSke  (Zeitsch.  Kahr.  Qenussm.  1904, 
273)  adopts  the  Reichert -Wdllny  process  and 
etftimates  in  the  same  upuration  the  soluble  and 
insoluble  volatile  acids.  5  grams  of  the  fat  arc 
weighed  into  a  30C)  c-.e.  fla.«k  ntul  i:i"!iiticd  with 
2  c.c.  ol  sodii  t-cihition  and  20  grams  oi  glycerol 
by  heating  the  flask  over  the  free  flame.  1'he 
flivsk  is  cooled  1x1  ..u  100".  iind  90  c.c.  of  hot 
water  ami  a  little  jju\vdere<l  ixiiniee  are  addc-tl. 
When  the  soap  i.s  in  solution  the  fatty  aeid.s  are 
lihernted  with  TiO  i  c.  of  sulphuric  acid  (25  c.c. 
pure  JijSOi  in  uae  litre),  the  Mask  attached  at 
once  to  a  condenser  arrai\go<l  vertically,  and 
heated  so  that  1 10  c.c.  of  diHtillate  are  cuilccted 
in  about  20  ininut*'.'^.  'I'hti  heating  is  then 
stopped,  and  the  receiving  liask  replaced  by  a 
measuring  jar  to  catch  the  drainings  of  the  con- 
denser. The  dLstillate  is  cooled  to  ir>**,  gently 
shaken,  and  100  c.c.  filtered  off  and  titrated 
with  decinormal  soda.  The  number  of  cubk: 
centimetres  (muUiplie<l  by  1«1  and  corrected 
to  6  grams)  is  the  Reiohcrt-Wollny  number. 
1'hc  remainder  of  the  distillate  is  poured  on 
the  filter  paper,  and  then  washed  wth  three 
quantities,  of  15  c.c.  <  ach,  (^f  wat.  r,  cju  h  of 
which  has  been  passed  iu  sucees.sion  through 
the  condenser  tube,  the  measuring  jar,  and  Ine 
110  c.c.  Hask.  These  \va>hiiiLrs  are  rejected, 
'j'ho  110  0.0.  flask  is  then  placed  under  the 
filter  funn^,  and  the  water-insoluble  acids  dis* 
holvctl  in  alcohol  hy  ]^as,-in<:;  tluee  quiintif ies, 
of  15  CO.  each,  of  neutral  alcohol,  successively 
through  the  condenser  tube,  measuring  jar,  and 
t'ltt  r  i>ii]"  r.  The  alroholic  filtrate^:  are  titrated 
with  1/10  normal  .noda,  using  phenolphlhalem  as 
indicator.  The  number  of  cubic  centimetres 
required  i-  the  insoluble  volatile  ncids  nural)er. 

In  butter-fat  this  numlxr  varies  with  the 
soluble  acids  number.  Polenske  {I.e.)  j^ave  a 
r.iii^e  of  1-3.5  iris-.liihle  for  200  of  ^..lulrl,-.  (n 
3*0  insoluble  lur  30  of  soluble.  Individual 
butters  may,  however,  give  numbers  out*<ide 
thisran^e.  Hideul  and  Hurri-on  (Aiialvst,  ]f>O0. 
31}  254)  give  results  of  examination  ot  a  number 
of  Engluh  butters.    Hanis  {ibid,  1006^  31, 


353)  showti  the  variation  in  insoluble  acid< 
number  for  the  .'<aiiie  .soluble  acids  nnmbt^r 
Hesse  (Cliem.  Zentr.  1905,  1,  566)  says  the  limiu- 
given  by  Polenske  should  be  higher.  Hesse  aj>i 
Harris  (I.e.)  point  out  the  im]K»rt«ncc  of  follow in^' 
exact  details  of  process,  particularly  in  n^ni 
to  size  of  pomioe.  Harris  gives  varying  n^&uii.^ 
obtained  opmting  with  pumioe  of  diffeicnt 
sisee. 

Cocoa-nut  fat  gives  a  soluble  acida  number 
hy  this  process  of  7-9  and  an  insoluble  acki^^ 
number  of  16-18.  Henoe  the  additaoo  of  t^ 
fat  to  butter  depresses  the  Reidbeit>Wo]lay 

nifhilxT,  and  increases  the  insoluble  volatji?; 
acids  number.  At  the  same  time,  the  Zeaas  mod 
iodine  numbers  would  be  lown«d,  and  the 

8ap>nificati<  in  value  would  Ke  increaseil.  Thuis. 
while  the  Polenske  value  alono  might  not  it«di 
lie  sufficient  evidence  of  adulteration  in  easea  of 

small  quantifiers  of  adniived  ef>e(>;i-niit  f%t,  tht 
disturbance  of  the  co-relation  between  the  otber 
numbers  would  establish  the  preseraoe  d  the 
adulterant.  Palm-kcrnel  fat  has  a  Rt.:(K.-rt- 
Wollny  number  of  6,  and  insoluble  volatile  acid 
number  of  K^IS;  other  vegetaUe  and 
fats  lia\e  a  total  volatile  a<  ids  nuniVtr  less  than 
1.  The  addition  of  palm-keznel  oil  wo>uki 
operate  in  a  similar  manner  to  that  of  ooooa-mt 
fat  ;  animal  fat  would  rkpre=t,«  both  the  soluble 
and  insoluble  volatile  acids,  but  the  iurmer  t<;> 
a  greater  extent  than  the  latter.  Thorj> 
(Analy.st,  lOOO.  31.  173)  niakf-^  n  M-ctid  fU.till*- 
tion  in  the  ordinary  lieicherl  proctfi^s,  alt«T 
addition  of  more  water,  and  obtaiiui  an  increaaeii 
value  for  the  total  insolul-le  volatile  acids.  He 
gives  results  of  exainiuation  of  butters  and 
mixtures. 

Muntz  and  Coudoti  (Moii.  Sci.  1W4,  18; 
Analj'st,  iy05,  30,  155}  have  tit;vi!>ed  a  ^im3ar 
method  for  determining  the  ratio  between  the 
soluble  and  jn«oluble  volatile  aeid^.  Thc\ 
saix>nhy  10  Kf^uis  of  fat  \\'ith  hot  strong  iMjueou> 
potash,  dissolve  the  soap  in  water,  add  ]»oq»horio 
acid  solution,  and  distil  2(K)  c.c,  tifirrj;  a  spiral 
dephlegmator  of  considerable  length.  Thv  di>- 
tilfate  IS  filtered,  and  the  soluble  acids  t  itrate*! . 
The  insoluble  aeids  in  the  condenser  Uih*^  ir.^i 
fiask,  and  on  the  paper  are  also  disstjlvt^l  .** 
aloohol  and  titrated.  They  found  that  purt^ 
butters  yielded  from  4-79  to  »i  01  p.c.  of  solubl'- 
volatile  acids  (as  but^Tic  acid)  ami  0-5  to  O  Sl 
p.c.  of  insoluble ;  while  cocoa-nut  fat  gaw 
Mfi  to  l-27p.o.  soluble,  and  3-01  to  3  63  p.i.. 
inaoIuUe.   They  determine  the  full.  >  w  ni^  rattuo  : 

........ 

for  genuine  bntta-,aiid20O'3to  282'3  for  ooooe- 

nut  tat. 

Vandam  (Analyst,  1901,  26,  320)  dct^rniin.At 
the  ratio  l)etweon  the  total  fatty  acids  soluUc 
in  60  p.c.  alcohol,  and  thoae  soluble  in  the  ali^hoi 
but  insoluble  in  water.  Robin  (Cumpt.  rend. 
1906^  143)  praotioally  applies  the  same  piinciplt 

in  his  method.    He  found  that  the  ratio  ^^^^1* 

10  was  8  3  to  12  7  butter,  232  for  in  .r^.ir;:  -. 
aiul  226  for  cocoa-nut  fat.  Siirewsbury  amd 
Kjxapp  (Analyst,  1910,  35,  385)  remove  theaeiddi 
soluVile  in  water,  and  then  determine  the 
solubility  of  the  remainuig  fattv  acids  in  dUui-. 
aloohoL  They  find  a  •«*ttWlit  v 
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buttfT  atui  ir»3  for  cocoa-mit  fnf.  Tt  }<rrn  '  quatititios  of  racoa-nut  f;»f  cnn  Im»  detectwi  by- 
shonii  (Caldwell  and  liurtley,  Aualyrtt,  ilMjl^,  i  the  fractiuaai  distillation  m  a  high  vacuum  of 
34,  274)  that  lauric  and  myristic  acicbi  are  the   the  fatty  acids. 

fhiof  c<mstituiHit.M  f»f  (vwoa-nut  fatty  ucidii,  IfUt  (h)  The  foregoing  tost.s  for  tho  dHccfidn  of 
t  hat  thcw  aciils  are  only  prrsont  to  a  Hlight  tlu*  adulteration  of  buttt-r-fat  arc  ba«'d  ujhju  tin* 
(■xt<^nt  in  butter;  and  thc^n  ]>rocoMHCH  are  I  (IbturlMUicc  of  the  ratio  cxi^tiug  in  normal  or 
therefore  ba-^^d  ujMin  thr  sohibility  in  ]>.*'..  |  averajo  Imttfr-fat  between  the  prop- >it ions  of 
alcohol  !in<l  iii>olu liilit y  iu  water  of  theiw  acids.  soluble  ami  iti.solublo  acids.  It  has,  huwcver, 
Fendier  (Zeits<  h.  Xahr.  i  ioniuam.  191(V  19^844;  '  beea  «llo^vil  tluit  special  feeding  may  affect  this 
Analyst,  IIHO,  35,  355)  ha.«  n  similftr  process.      I  relationnhip  and  protluce  butter  giving  abnormal 

Ave-Lallomant  (ZoiUwh.  Sulix.  CJenusMin.  •  results.  I  ncertuinty  as  to  the  conclusions  to 
1907,  14,  317)  precipitates  the  neutralised,  i  be  drawTi  niay  l>o  removed  if  direct  evidence  is 
alcohol-free  soap  solution  with  barium  chloride,  I  obtained  from  the  application  of  specific  tests, 
and  determines  the  bar>'ta  values  for  the  soluble  The  following  qualitative  tests  may  bo  applied  :— 
barium  salts,  and  for  the  insoluble  barium  salts.  Phytoslerol  test  for  deteciion  of  vegdabU  faU 
He  finds  that  nonnal  butter  ha«  insoluble  baryta  i  (Bdmer,  Zeitsch.  Nahr.  (tenussm.  1901»  4,  1070, 
value  of  247  to  251,  and  soluble  baryta  value  of  and  1002,  5,  1018).— The  absolute  alcohol 
rA)  to  65.  Tho  value  [insol.  — (200-(-8oluble))  is  extract  of  tho  unsa{)onifiable  matter  from  100 
negative  for  butter,  whereas  other  fats  have  a  i  grams  of  fat  is  treated  with  acetic  anhydride, 
positive  value  not  less  than  39.  {Sw  aleo  the  excess  of  which  is  removed,  and  the  aoetatee 
fWtxschf-.  Zt  it.-^oh.  N'ahr.  (  Jemiaam.  1907,  14,329.)    dissolved  in  alcohol,  orystaUiiMnl,  and  recrj'stal- 

Ewers  {ibid.  1910, 19, 529)  proposes  a  method  lised  several  times.  (Jholesteryl  acetate  melts  at 
depending  upon  the  different  aolubility  of  tite  ,  113'S*  to  114'S*,  vhile  the  meltinf^-point  of 
ma'^in'sium  stilts  of  the  fatty  acid.s,  and  on  the  Phyt<>>(<  r\ I  acctati-  Is  alxnit  120**.  If  tho  melt- 
var^iug  solubility  in  petroleum  s^iirit  of  the  ing-point  of  the  mixed  acetates  from  the  sample 
fatty  adds  from  the  sorable  magnesium  salts,    i  under  examtnaiton  is  between  116*  and  117*,  it 

Variou.H  ni<  tho<ls  have  Ix  cn  ))rojM»s(Ml  t<»  In  ])ru!)ably  adultrratcd  n-ith  vegelaMe  fat  ;  if 
distinguish  between  cocoa-nut  fat  and  butter  above  117",  vegetable  fat  is  certainly  present, 
fat  by  means  of  the  solubilities  of  the  silver  |  The  test  is  not  of  value  if  paraffin  wax  is  also 
salts  i.f  thf  distilled  acids  in  th(  5'  i  hert-Wollny    pr(M  at. 

Srocess  (K.  Jensoo,  Analyst,  1905,  30,  396 ;  !  Jiiniaf'  test  Jor  cocoa-nut  Jal  (Analyst,  1907, 
I.  Jensen,  Zeiteoh.  Nahr.  Genuasm.  1905,  10,  I  32,  IflO). — 6  e.c.  of  the  fat  are  dissolved  in 
^fi.*)  :  Kirschner,  ibid.  1905,9,  65;  Wijsman  ami  TO  c  .c,  (tf  cth'T.  and  the  solution  (onjcd  in  ice. 
liciist,  ibid,  1906,  11,  267 ;  Dean,  Aim.  Chim.  After  half  an  hoiur,  it  is  rapidly  tiiu*reti,  tho 
anal  1900.  11,  121).  !  ether  evaporated  from  the  filtrate*  and  the  fatty 

Dons  (Zeitsrh.  Nahr.  Tlrnnssm.  1908,  15,  76)  residue  dissolved  in  Oft  p.c.  (vol.)  nlrohol.  The 
ba^  modified  tho  process.  The  mixed  fatty  ;  solution  is  c<x>led  to  for  15  minutes,  filtered 
acicbt  are  treated  with  water  to  remove  the  |  rapidly,  and  the  filtrate  cooled  to  0*.  The 
-(>lul>lr  [Kirtion.  Caprvlic  aiid,  whiih  remains  deposit  uhlih  srparatea  at  this  temperature  is 
behind  with  the  insoluble  acid-s,  removed  by  th(.-u  cxamuKnl  on  a  cold  slide  under  a  power 
distillation,  and  estimated  in  the  distillate  by   of  about  250.     Butter  fat  jields  a  depi^it 

f)recipitation  y<\\\\  «ilvfr  nitrate  solution.    Pure   of  round  granular  masses:  cocoannf  fat,  fine 
)utter-fat  gives  a  value  1-6  to  2  0 and  cocoa-nut    needle-shaixMl  crystals;  and  mixturus  of  butter 
fat  5-3.  I  and  cocoa-nut  fat,  Bne  feathety  crystals  attached 

Juckennc  k  and  I'a^trrnack  (Zeitsch.  Xahr.  i  to  the  granular  butter  masses.  Tho  teat  ia 
Genussm.  1904,  7,  193)  proposed  to  detrrtiune  capable  of  detecting  5  p.c.  of  cocoa-nut  fat  in 
the  presence  of  cocoa-nut  oil  in  l)utter  from  tlic    butter  fat. 

relationship  bet«^-<  n  the  ItricluTt  -  \Volliiy  Badouin  t'  lf  fur  «  <atiit^  oil. — 5  c.c.  of  tho  fat 
number  and  the  Bapomticatiou  value.  'rhev  are  mixed  in  a  tube  with  5  c.c.  of  HCl  (sp.gr. 
point  out  that  acconling  to  the  formula  [R.W.    1-19)  and  0-1  c.c.  of  a  2  p.c.  furfural  solution. 

—  ffinp<m.  value— 200)J  butter  fluctuates  between  Tho  mixture  is  well  shaken  and  allowed  to  stand. 
—3-5  an«l  -f4-25.    For  cocoa-nut  oil  its  value  is   The  aqucoas  layer  which  separates  assumes  a 

—  47.  Harris  (.\naly.st,  1906, 31, 366)  ha^  sh-iw  n  reddish  colour  in  presence  of  .sesame  oil.  Hull*  ra 
that  the  metho<l  of  r<*asoning  sugge-steil  is  of  coloured  with  some  aniline  dyes  give  with  hydro* 
no  value  for  small  adini.xtnres  of  c«)eoa-nut  fat  chloric  nei»l  a  pink -to- violet  colouration,  and  in 
with  butter.  su<  h  i     i  •  the  acicl  and  fat  mixture  nmst  Iw 

Paal  and  Aml>erger  (Zeitsch.  Nalu-.  Genussm.  ,  heated  until  colourless  before  the  addition  of 

1909,  17,  23)  ilistil  Heparated  solid  fatty  acids  in  <  the  furfural  solution. 

a  current  of  steam  iu  special  flask,  and  preoipi-  Iltdphen  ifM  for  cotton  - '/  oiL — 5  c.c.  of  tho 
tate  the  cadmium  salts  m  di.stillate.  •  fat  are  dissolved  in  5  co.  of  amy!  alcohol,  1  c.o. 

Hanus  {ibid.  1907,  13,  IH)  and  HantiS  and  of  a  solution  of  sulphur  in  carbon  disu]|4iide  is 
§tokl  {ibid.  1908,  15,  577)  and  Fendler  {ibid,    added,  and  th.-  niixlun-  li«ati<I  for  20  minutes 

1910,  19,544)  propose  methods  based  u|X)n  the  at  105**  in  a  briue-bath.  A  red  colouration  is 
ditttillation  of  tne  ethyl  esters  of  the  f att  \-  acids,  produced  in  presence  of  ootton'Seed  oil.  The 
Fendler  prepares  the  esters  aft<  r  tin-  manner  of  chromogenetic  siibstance  ma\',  hi>\vnver,  in 
Ucmriquee  (Analyst,  1898,  23,  ISlland  ooUecte  [  exceptional  cases,  bo  communicated  to  butter  by 
the  esters  boiling  below  300*.  This  fraction  feeding  cows  with  cotton  oftke ;  and  a  positive 
wotdd  include  the  ethyl  esters  of  th<-  u(  id^  up  to  reaction  must  be  ooofirmed  by  other  data  of 
utd  including  myristic  acid.    The  volume  in  \  the  examination. 

the  ease  <rf  butter  ranges  from  2*5  to  8»1 ;  cocoa- 1  (c)  The  specifio  gravity  and  the  Zeiss  r^ing 
nnt  fat,  40  to  42 ;  and  lard,  0-5  to  M  c.c.  should  bo  tak'-n  and  o«msidf  r<'<l  iti  conjunction 

Cttidweil  and  Uurtley  {j^c)  state  that  small  i  with  aud  relation  to  the  data  lor  the  UeioUert? 
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VVoUny  numlier,  sapouiiication  and  iodine 
values. 

Of  oitu  r  pbysioal  inethadB  ttwro  nwy  be 

mentioned : 

VtUenta  Mt. — 3  c.c.  of  fat  aro  d[i«M>lv«d  in 

all  (  (lual  voliiiiu'  of  glacial  a<'t  tjc  ac  id,  niid  thru 
allowed  to  cool  while  Wing  Htimnl  with  a  ther- 
mometer. Immediately  a  turbidity  is  noted,  the 
t»*m]WTatiirr  is  read.  A  modification  introcluccd 
byJe^n  is  to  meaaure  the  volume  of  aoid  dissolved 
in  the  fat  at  fiO". 

CrUmfr  test. — This  method  is  nn  official 
one  in  Belgium.  0-6  c.c.  of  melted  fat  ami  1  c.c. 
of  alMolate  alcohol  are  placed  in  a  tube  fitted 
with  rnrk  and  thfrmnmet^r,  thi*  bulb  of  which 
dip  into  the  liquid.  iTie  tube  in  gently  heated 
inside  a  iaigcr  tube  until  the  liquid  oecomes 
horaogeneouf<.  It  is  then  allowed  to  cool,  and 
the  temperature  noted  when  turbidity  appears. 
This  point  is  the  critical  temperature  of  disso- 
lution (('rismcr.  Vyuilysl,  1897,  21.  71). 

3.  Examination  for  preservatives.— (a)  Boron 
compounds.  Boric  acid  or  borax  is  detect€<l 
by  moistening  a  strip  of  turmcrio  paper  (ti!t«T 
paper  j^naked  ii»  an  alcoholic  solution  i»f  t  iirciiniu 
and  drie<l)  with  a  drop  of  water  sqneeml  from 
the  butter,  or  with  the  aqueous  layer  obtained 
on  melting  the  bultir.  The  paper  is  then  drie<l. 
Free  b.  t  -  u  id  gives  a  pink  colour  changed  to 
green  with  alkali.  For  borax  a  drop  of  dilute 
hydrochloric  acid  must  be  added  to  the  paper 
before  <lrying. 

The  boric  acid  is  estimated  by  Richmond  and 
Harrismi*8  method  (Analyst,  1002,  27,  179)  or  by 
waHhing  the  butter  in  a  separator  with  hot 
water,  evaporating  the  aqueous  portion  after 
addition  of  soda,  incinerating,  and  proceeding  as 
in  Thomson's  process. 

A  method  suitable  for  rapid  determinatioiut 
ifl  as  follows ;  10  grams  of  butter  are  shaken  in  a 
I  ]  vtiLl  ir  uith  20  c.c.  of  hot  water  and  10  c.c.  (jf 
decuiormal  sulphuric  acid.  The  aqucoua  layer  is 
run  oil  after  a  few  minutes,  and  tne  fat  washed 
twice  more  with  Binall  tuiantities  of  liot  water. 
The  mineral  acid  in  the  combined  water  extracts 
is  then  neutralised,  with  laemoid  as  indicator. 
2  ;.'ranis  of  mannite  are  now  added,  and  ])henol- 
phthalei'n.  Dccinormal  soda  ia  then  added  until 
pinic  colour  is  permanent.  The  qmmtity  of 
so<Ia  Mserl  after  (he  solution  wa.s  neutral  l<i 
laemoid  indicat«-M  tiie  pn>|iortion  of  boric  acitl 
present.  A  control  exi)orinient  should  be 
carrie<l  out  with  pure  butter  and  indicators. 

Tlie  Committ-ee  <>n  Pre.servatives  in  I'tHnl 
n  etirnmendcd  that  borax  or  boric  acid  should 
Im-  tlie  (»ii!y  jm^servnt  iv  e  alIo\u  d  in  butter,  and 
that  the  tiuiuitil>  .-huuld  not  exectti  0-5  p.c. 
calculated  a.s  boric  acid. 

{h)  Formalin  in  di  tec  ted  by  the  application 
f»f  Hehner's  test  (Richmond,  .Analyst,  1898,  21, 
92).  A  little  milk  is  added  to  the  aqueous  layer 
fn>m  melted  butter,  and  the  mixttire  poured  on 
to  the  surface  of  sulphuric  a<  id  eoutainuig  a 
trace  of  ferric  chloride.  In  pre-<  iie.  of  formal- 
dehyde a  blu«'  rin'^'  a]>|>ear«  atitho  juncture  of 
the  aqueous  and  acid  layers. 

(c)  Fluoride*.  Fluorine  is  detected  by  eva- 
porating the  aqueoUH  portion  remlennl  alkaline 
from  anout  30  grani.s  of  butter,  incinerating, 
and  heating  the  ash  in  a  platinum  erucible 
uith  atrong  foilpburic  acid.  'ITie  crucible  ih 
oovered  with  a  watch-glass  coated  with  wax 


through  which  a  mark  or  design  has  been  ifcratebk 
with  a  fine  instrument,    fn  preMwioe  of  f  unridr 

the  glass  will  he  etched. 

O.  and  C.  W.  Uohncr  (.VnaJyst,  11«U2,  27. 
173)  indicate  how  to  remove  the  borio  add  if 

[ireM  iil  before  touting  for  fluori<le. 

[d)  Benzoic  acid  and  benzoaicjt.  10  grama  U 
butt«r  are  heated  for  some  time  vtith  aleoU 
acidified  ^virli  dilute  sulphuric  aei<!.  Tbe 
alcoholic  extract,  aft^^r  dilution  with  ^^ia.  n 
extracted  with  ether  in  a  separator.  Tlie  ethrr 
solution  i<»  then  shsikrri  v,  ith  dilute  ammonk. 
and  the  animouiacal  extract  evapurat«l  u> 
dr^-neaii  in  a  poTOelain  dish.  The  residoe  i« 
di.H.so!ve<l  in  water,  just  acidifie<l  with  acrtir 
aci<l  to  ensure  that  no  free  ammonia  remain-, 
and  a  tlrop  of  ferric  chloride  solution  added. 
Benzoic  acid  ^ves  a  but!   i  ]  nr  i  I  {>n'<  ipttaK'. 

(e)  Salicylic  acid.  A  jiortioii  of  the  alcoholic 
solution  prepaiwl  for  benzoic  acid  w  tfsttd 
directl\  with  a  dn)])  of  ferric  chloride  solutiDa. 
8alicviic  acul  give*;  a  violet  colour. 

(jO  Richmond  (Analyst,  1908,  33,  lir>] 
pointR  out  that  formic  acid  and  glucose  arB  sbo 
used  as  preitervalive  agents. 

Oolonring  matters.  The  colour  of  hath* 
prepared  without  afldition  of  artificial  coloariB|! 
matter,  varies  accortling  to  the  food  of  the  oowi. 
Winter  butter  from  stall-fed  cows  i«  nearly 
colourless.  Colouring  matter  is  freqneatlv 
added  to  butter  dtiring  manufacture.  Annstto. 
turmeric,  carrot  juice,  saffron,  nmrigold,  safflowrr 
and  aniline  dves  are  among  the  artificial  ockfm 
employed.  Agitation  of  the  butter  fat  with  hot 
alcohol  will  give  an  indication  whether  coluur 
has  bi-en  added.  ComeliBon  (J.  Amer.  (Vro. 
Soc.  1908.  30,  1478)  Rhahesthorougldy  10  grams 
of  nielted  fat  with  10  to  20  grams  uf  utJe  :*l 
acetic  acid  at  about  35^  The  acid  laj-er  b> 
drawn  off  and  tested  with  Tarious  resyrta  for 
the  detection  of  aniline  and  vo;.rtlHble  '!■.  - 
Leeds  (Analyst,  1887,  150)  has  aldo  propu^tl  % 
scheme  for  identifioation  of  dyet. 

Annatto  am)  nzo-  dyes  may  1h'  rapidly 
tested  for  as  foiiowa :  5  c.c  of  melted  fat  arv 
placed  in  each  of  two  test-tubes.  To  one  6  &«■ 
of  hydroehloric  acid  are  added,  and  the  mixtur* 
shaken.  Aio-  dyes  will  impart  a  reddish  eelour 
to  the  acid  layorl  To  the  second  tube  add  5  e.e. 
of  ether,  nrid  shake,  and  then  r.r.  .if  If  y 
jx»ta44h  soliitiun.  Shake  ami  allow  to  wparnf 
If  annatto  is  ))resent,  the  alkaline  layer  will  be 
coloured  yellow.  To  confirm  the  annatte.  thf 
alkaline  liquid  is  withdrHMn,  evap<.>mtol  ^■ 
dryness,  and  toudied  «ith  a  rirop  of  sulphuric 
Hc'id.  Annatto  gives  an  indigo-blue  to  riolrt 
colouration. 

CYampton  and  Simons  (J.  Amcr.  Chenu  Soc 
lOOf).  27,  270)  point  -  it  the  use  of  palm  oil  a- 
a  colouring  aubstaucc,  and  its  detection  by  th< 
Halphen  and  Liebeniiana*Storch  methods  fur 
rosin  oil. 

The  further  examination  of  the  l>utl«'  i' 
concerned  \\  ith  ita  Ha vour,  appearance,  ranciditT. 
.As  H'gards  rancidity,  the  qunntity  e.f  fiw  •fi  i 
dif»solve<l  in  alcohol  may  be  a.Hc:crlain»-d.  but  thi- 
is  frequently  no  guide  to  or  measure  of  '.lii< 
rancidity, wliich  is  beat  judged  bv  smell  and  ta^tn 

The  (lefiuition  of 'butter 'in  the  Margarine  .\fl 
1887  (r>()  &  61  Viet.  e.  29)  i«  aa  follo\%T» :  *  TW 
word  "  butter "  shall  mean  the  suhstanf* 
usually  knoMH  as  butt«r,  nuid$  ^^cJuji^vclj' Jj^4t 
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nulk  »if  criuiijj,  or  botii,  with  or  without  salt  or 
other  preservative,  aiid  with  or  without  tiie 
additinii  I  if  c  <  ildiirinf;  nmtt^^r.* 

'I  he  Bulk  rand  Miiryarine  Art.  1W)7  (7  K«l\v. 
7,  c.  21)  desiribes  milk  l'l<n<lt«l  butt<T  sh  '  any 
rnixtiirf^  pn><iii(  i'<l  by  inixiu);  or  l>U'n(lin^  butlvr 
V.  ith  null  ur  crciiin  (other  than  condeiijHHl  milk 
or  iTi-atn).'  By  th»  provisions  of  this  Act 
milk-bl<  ikLhI  butter  may  oontain  a  nwximain 
of  24  p.c.  water. 

*  Renovatetl  *  or  '  process  '  butter  is  a  pro- 
duct maitUy  of  tlic  Uniied  Htal*?^.  It  is  detineil 
by  Act  of  Cuti^Ti  sH  as  '  butter  w  hich  ium  l)eefi 
0Ubjcct<Hl  to  any  process  by  which  »t  is  meltetl, 
clarilitd.  or  n^tiiuHl  and  nia<U>  to  rest^mble 
^tniuiiie  bult«  r.'  Butter  which  Is  unsaleable 
through  rancidity,  mould  j^wiwths,  or  *»ther 
causesii,  is  njeltc<l,  and  the  oil  separated  from  the 
curtl  and  water.    The  oil  is  then  a^rato<l  by 

*  blowing'  with  air,  and  aft^rwanls  emulsified 
with  fresh  milk  inoculated  with  a  bacterial 
culture.  It  is  then  churned  and  worked  as  for 
ordinary  butter. 

Crampton  (J.  Amer.  Chem.  Soo.  1903.  25. 
35S)  f^rttt  d«tidl8  of  analyuM  and  testit.  Several 
similar  processes  havt-  iKHm  pat«ntt'(l  h<Ti\  and 
in  some  lactones  the  melting  and  purification 
of  inferior  butter  w  now  oarried  on.  Hence 
Htich  ])r<Mlu<ts  juiirht  cittitairi  i-rystalline  fat, 
tuxd  the  microscopical  examination  ia  now  of  no 
-value  ae  a  test  for  foreign  fat% 

'  Fai  lory  '  Ituttvr  Is  butter  which  has  been 
reworked  or  blended  with  other  butter  j  by 

*  dairy  *  butter  is  understood  butter  made  at 
the  farint  r's  homestead,  whetherfrom  who!*-  milk 
or  cream;  and  the  term  'creamery'  butter  i<4 
f^erally  applied  to  butter  made  from  eream 
>*i-|»ir.'it<'<l  hy  n  iitrifiiLial  forre  from  the  mixe*! 
mdk  of  a  number  ot  herds  in  premises  s]x>cially 
utilised  for  the  purpoae  {mt  tne  Report  of  the 
f'ommittee  of  the  Dejiartment  of  Agriculturr  for 
Ireland,  on  the  Irish  Butter  Industrv,  Cd.  5092, 
1910). 

In  hot  countrif>i,  uuincrto  llic  rapid  df<<)in|)o- 
Aition  of  onlinary  butter,  the  clarirted  lat,  frw 
fn>m  Mater  and  curd,  is  prepuod  for  sale,  as 
schrTu  I  Kiitt^r,  ghee.  G.  S. 

BUTTERINE  V.  ■Muu;ai!ivk. 

BUTTER  SUBSTITUTES  /  .  M  \ROABINS. 

BUTTER  SURROGATE  r.  Mak  iAmvR. 

BUTTER,  VEGETABLE.  A  greasy  substance 
t  .\j)n'H.sed  from  the  kernel  of  the  Bassiabutyraeea 
(lioxb,),  a  mitivi'  r)f  North  India.  This  grease 
iH  said  to  ntake  excuilent  iioap.  Shea  butter  is 
obtained  from  the  Buiyro«permum  Parkii,  of 
West  Africa,  and  has  been  used  in  making 
candled  and  soap.  The  butter-treo  of  Sierra 
I>!one  ia  the  Pentade/ttna  buit/racm  (Subine),  the 
fruit  of  which  yields  much  grease,  and  ia  eaten 
by  the  negroes  {v.  Oils  and  Fats). 

BUTTER  YELLOW.  uz' neazodimethyl 
aniline  C^H^  N  :  N  ('.H<  N{CH,)^  A  yellow 
colouring  matter  (m.p.  11 T)  ) ;  insoluble  in  water, 
soluble  in  dilute  Ht'l,  with  rod  colour  ;  soluble 
in  fats.  Used  for  colouring  butter  (Witt.  Grieae. 
Ber.  1877. 10,528)(t>.  Atsq.  ootovnilfa  mattuto). 

BUTTERS,  MINERAL.    A  term  fonnt  rly  ap 
plied  to  aeveral  of  the  metaliio  chlorides,  f.g. 
chlotMes  of  antimony,  tin,  bimnttth,  rine,  ftc. 

BUTYL  or  TETRYL.    A  univalent  radical 
yiddin^  four  isc<nicric  mono*  derivatives  : 
(i)  CH,CH,CH,CH,X  (normal); 


(2)  CH.-CH,-CH.K  CH,  (secondary) ; 

(3)  <CH,),CH  CH,X ; 

(4)  (GH,),GX  (tertiary}, 

BrTYL  CoMPOI'NDS. 

Butyl  aleohoL  TeUyl  alcohol  (JtH.OU.  All 
the  four  pomible  bodies  corresponding  to  this 
formula  are  kn  m. 

1.  Normal  hult^l  alcolwl :  butancl :  propyl 
carbinol  CH,CH,'CH,CH,OH ;  b.p.  llll*. 
Lieben  and  Rossi  (Compt.  rend.  68,  1562) 
117-2^  (BruhU  Annalcn,  203,  16);  sp.gr. 
0"«i  OSaSS^  iff*  =^  0-8100, 40"  »  0-7004,  08-7* 

0-77SS,  9074** »  O'OOOO  (B.) ;  m      1-30000,  mol. 

refraction ^35-45  (B.).  Oi-curs  in  the  ht-avy 
oil  of  (Jognac  brandy  to  the  extent  of  49  p.c. 
Is  not  formed  in  the  fermentation  of  sugar 
pro<Iaced  by  eUiptical  yeast  (Claudon  and  Morin. 
Chem.  Soo.  Tians.  mi,  iL  714).  Ia  produced 
by  the  action  of  sodium  amalgam  upon  butyryl 
chloride  and  l  iit  Mi.  i  id  (SnvtzefT.  Zeitsch. 
(  hem.  1870, 108;  Liunemann,  Annalen,  161, 178). 
Abo  by  the  fermentation  of  glycerol  by  AsciIIim 
hutylieus  and  certain  other  hacferia  in  presence 
of  oakium  oartx>nate  and  various  loodstuffe, 
ammonium  tartrate ;  the  yield  amounts  to 
0  p.c.  of  the  glycerol  u.sod.  Butyric  acid  and  .i 
little  elhyl  alcohol  are  also  formed  (Fitz,  Ber.  U, 
1348  :  Vigna,  Ber.  16,  1340).  Is  also  produced 
by  the  action  of  nascent  hydrotrf-n  (iron  and 
acetic  acid)  upon  crotonaldehvde  and  trichloro- 
butyraldehyde  (Lieben  and  ^eisel,  Honatih.  1, 
825,  842). 

Beyerinck  has  shown  that  the  BaeiUwt 
bulijlivm  of  PiU  (Ber.  1882,  867)  ia  in  reality 
the  but\ii'-  ferment.  The  trii.'  hut  vlii'  frntn-nt, 
GmnuUJxn  U  r  btUylicum,  has  ijeen  isolated  in  a 

fture  condition,  and  an  account  of  the  whole 
crinentation  process  is  given  (J.  Soc.  Chem.  Ind. 
1S!U.  1U7  ;  thui.  iHitt).  {See  also  Emmerling, 
Her.  1896,  2726 ;  1897,  451  ;  Bnofamer  aod 
Mei.-*enheirner.  Her.  1908,  1410.) 

FroptrtttJs. — Colourless  liquid,  soluble  in  12 
parts  of  water,  from  which  solution  it  can  be 
separated  by  means  of  calcium  chloride.  Soluble 
in  concentrated  hydrochloric  acid  ;  is  readily 
oxidised  to  butyric  acid.  Fused  zinc  chloride 
abstracts  water,  and  yields  /3djutyk>n»  and 
smaller  amounts  of  normal  butyleue  (Le  Bel 
and  Creene,  Amer.  Chem.  J.  2,  24). 

Bromine  acting  on  n-butyl  alcohol  yiehls, 
with  some  difficulty,  mono-brombutaldehyde, 
b.p.  235"  (fetanl,  Compt.  rend.  114.  753).  The 
I  action  of  alunnniuni  niTiiiljtm  ntj  tlio  butyl 
alcohob,  producing  liquid  alumuuum  alkoxides, 
has  been  studied  by  Tistshenko  (Cham.  6oo. 
Abstr.  1890.  i.  408). 

2.  Iso-butyl  alcohol,  isopropyl  carlnnol' 
a  hydrojy  B-mMylpropane  ( C  M , )  ,C  H  CH  ,0 H,b.ii. 
108'4''  (Linnemann.  Annalen,  ItiO,  238);  sp.gr. 
0-7265  at  lO«-6°/4°  (Kchitf.  .Annalen,  220,  102), 
0-8168  at  (1^  (L  ).  0-806it  at  15715°.  0-8008  at 
25V25^  Perkin  (Chem.  Soc.  J  rans.  18S4.  4n8) :  p. 
heat— 0-686  ;  molecular  rotation = 4- 93U  ut  1 7-7^ 


(P.);  molscnlar  refraction  ~  36-41 ; 


1-4007. 


.Si>.<.'r.  of  ,-u|iieoiis  solutions  (Duclaux,  Ann. 
Chiui.  Phys.  (oj  Li,  91)  : 


Percentage  of  aico- 1  <,  _ 
hoi  (by  vol.) 


0 


10 
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Occurs  in  fusel  oil  from  potatoes  and  beet 
(Wurtz,  Ann.  Chim.  Phya.  [31  42,  120),  and 
(combined  with  angolic  and  wouut^ic  acids  iu 
Roiuan  oil  of  cbamouulft  (Kobtg*  Aiutaleii* 
196.  96). 

PreparaiUm, — By  th«  action  of  sodium 
amidgam  and  water  upon  /S-chlon'sobuf  yl  alrohol, 
which  results  from  the  action  of  hypochlorooa 
acid  upon  i>obutylene  (Bntlerow,  Annalen,  144, 
24).  iB  fnrmod  in  small  quantity  by  the  action 
of  eUiptical  yeast  upon  sugac  or  glycerol 
(Claudon  and  Horin,  Ubem.  Boo.  ^Kmiu.  1887, 
ii.  711).  Jiy  the  ndiiction  uf  I'xobntyric  aldehyde 
with  sodium  amalgam  (Linnemami  aad  Zotta, 
Annalen,  162,  11). 

Properties. — C'<ilourlcs.s  liiniiJ,  8oltij)le  hi 
10*6  parta  of  water,  from  which  calcium  chloride 
causes  it  to  eepamte.  Smells  like  fnsel  o3. 
Is  oxidised  by  clirotiiic  acid  into  Hobntyric  .noid, 
acetic  acid,  carbon  dioxide,  acetone,  and  other 
products  (KT&mer,  Ber.  7,  268 ;  Sclunitt,  thid. 
8,  HBI).  7.mc  >lmt  yields  wal«r  mad  mo- 
butylene  (Jahn,  ibid.  13,  989). 

Treated  with  lo^liie  and  aluminfaun,  alumi- 
nium trii>obutoxidc  Al{C4H,.0l,  is  formed.  It  is 
a  liquid  which  may  be  distilled  m  mcuo  (Glad- 
stone and  Tribe,  Chextu  Soo.  Tram.  1881.  6). 

i-''n:fv!  alioho]  may  be  catnlj-tieally 
oxidised  to  t«obutyl  aldehyde.  The  vaiwur  of 
the  alcohol  mixed  with  air,  is  passed  over  warm 
frc'Ahly  reduced  copper  spirals  and  the  produc  ts 
collected.  A  yield  of  50  p.c.  is  obtaiiuihle  (E. 
Orlou,  J.  Soc.  Chem.  Ind.  190s.  (♦.■)7). 

When  chlorine  is  pu.s.sed  into  dry  i>obutyl 
alcohol,  and  the  solutiuu  subsequently  heated 
gently,  the  product  can  be  separated  into  two 
fractions,  IxjUing  at  80°- IOC*  nn<l  170^-250'. 
The  lower  fraction  consists  of  ddorisc^jiLtalih:. 
hydf,  boiling  at  90"-91*' :  sp.gr.  M86,  15*  4°.  It 
combines  with  sodium  hydrogen  .-iulphite,  and 
when  oxidised  with  alkaline  permanganate  yields 
acetone  and  hydroxytw butyric  acid  C(CH,),OH' 
CO  OH.  melting  at  78°.  A  Jcrmolecular  polyme- 
rido  CtHj.CijO,.  which  melts  at  107%  is 
obtained  by  shaking  with  strong  sulphuric  acid 
(A.  Brochet,  Comnt.  rend.  114,  1538).  If  the 
alcohol  is  kept  cold,  the  chief  pro<luct  is  dichlor- 
iiobtUyl  oxide  C(CH,),(  1CHC10  CH,CH(CH,), 
boiling  at  192-5°  7150,  and  of  sp.gr.  1-031. 1674°. 
Water  is  w  ithout  action  on  this  product  at  low 
temperatures,  but  at  100°  produces  hydrogen 
chloride  and  a-chlorwobutuldehyde  and  diiao- 
butylmonochlor/«(?butyralC(CH,),(:lCH(OC4H,) 
boiling  at  218°,  and  of  sp.gr.  0-9355,  15° /4° 
(A.  Brochet,  Compt^  rend.  118,  1280;  v.  also 
Brochet,  BtilL  Soo.  chim.  1896,  10 ;  ibid.  20). 

When  chlorine  is  led  into  hot  Mobutyl  alco- 
hoi,  ohiort«obutyrici«obutyl  ester,  aj9-dicmor»'«o- 
fratyrio  acid,  Mobutyl  ester,  mono*  and  dichlor- 
isobutyric  aldehyde,  i^obutyric  acid,  oxywo- 
butyrni  acid,  crotoaio  acid  CO.CO,,  and  methyl 
chloride  are  produced.  Treating  aqueous  mo> 
btifyl  ikohol  with  chlorine  water  produces 
ii«(ybutsrio  acid,  and  a-chlort^obutyric  acid 
ijobutyl  ester.  CShlorine  acting  on  cold  dry 
t«obutyl  aleoliol  in  the  lii^lit  prtMluees  1  : 2 
dichloriMbutyl  ester  (Brochet,  Ann.  Chim. 
Phys.  pi  10,  363). 

f  -oDutyl  alcohol,  when  acted  on  by  bromine, 
readily  yields  i<ob»ityl  bromide,  mixed  with 
fwbntyl  Mobutyrate,  "and  brom*«obQt»ldehyde 
(Ktard,  Gompt.  rand.  114,  753). 


(For  combinationsaad  derivatives  of  i^butyt 
al(  olinl  r.  Gladstone  and  Tribe,  Cbem,  Sex. 
Truuii.  iS81,  6;  Pierrt  and  Puchot,  Annalen, 
163,  274;  and  Heiudl,  Monkish.  2,  20S.) 

3.6'econ(fary  butyl  al>  nhol,  2'f:'/-fr,yrifhn 
tane,  methyl  et^yl  carluud,    hnttilfnr  hudrat'. 

,  J^}f^*^  CHOH;  b.p.  09^  at  7;{S  S  mm.  (l^icben. 

;  Annalen,  150,  114);  sp.gr.  0-827  at  O*.  O-810 
at  22°  (L.). 

Formed  by  the  action  of  water  upon  the 
'  compound  of  zincethyl  and  aldehyde  : 

CH,CH(C,H,)0-Zn(C,H4) 

;thus: 

CH,GH(CaH«)OZaC«H, + H,0 

^CiHjOH-f  ZnO  —  r.H, 

(Wagner,  Annalen,  181,  2tjl).  Al.^>  by  acttn^ 
upon  secondary  butyl  iodide  with  silver  Msetitd 

j  and  saponifying  the  resulting  acetate  by  means 
of  potaali.    Normal   butyl   alcohol    may  be 

I  changed  into  the  secondary  alcohol ;  the  mmnai 

'  iodide  is  heated  with  potash,  and  the  normal 
butylene  so  obtained  on  treatment  with  hydbi- 
odic  acid  yields  «»x  ondary  butvl  iotiide  (SaytxefE, 

'  Zeitsch.  anal.  Chem.  1870,  327).  It  may  also  l>e 
prepared  from  the  normal  isomeride  by  treating 
n-butylamine  with  nitrous  acid  (Mcver,  Ber.  10, 
130;  Kanonoikofi  and  Saytiefi,  Chem.  Soc. 
Trans.  1876,  626). 

J'roprrtir.f. — Liquid,  witli  strong  odour  ;  upon 
oxidation  yields  a  ketone  C|iL.'CO-CUj  (b.D. 
so  ),  and  acetic  acid  (Kanoonikoff  and  Saytoen, 
(  lu  rn.  So<  .  Trans.  1875,  626).    Heated  with 

,  a  trace  of  hydrochloric,  hydrobromic,  or  bydri- 
odic  aoid.  in  a  sealed  tube,  to  240",  yields  C«U. 
(pseudo-butvlene).  It  has  been  pepj\rat<  d  into 
iU  optkial  aoUpodes  by  R.  Meth  (Bee.  1907, 69t5j ; 

'  the  alcohol  has  [a]^ .  0*32*. 

4.    Tertiary    butyl    alcokot,  Irum^M 

xirhiiuA  (CH,)aC-OH.  A  solid;  m.p.  e.''>-l>' 
(Do  l  orcrand,  Compt.  reud.  13t»,  lUiUj  ;  b.p. 
82-94°  (corr.)  (Linnemann,  Annalen,  162,  2S>; 
81-5°-82='(P*  ikin.  Chem.  So  .  Tran^.  4f'<|. 
Sp.gr.  0-771)2  at  iJT"  (L.);  0-77!i5i  ml  Hn  (  I'ullcrosk, 
Annalen,  162,  220) ;  0-7864  *t  20*  4^,  U-7Si>2  at 
2t', 


t"  (Briihl.  Annalen.    20:?.    17);  t»-7S3«  at 
o  ,  2o \  0-7761  at  35°/;i5^  ;  molccuLu  rot4^ 
\  tion  at  24*3**  =  6<122  (P.) ;  u  =  1-3824;  nofe. 

cular  refraction  :i')  .~>3  :  crit.  temp,  S$l*9^ 
(Pawlowski,  Ber.  16,  2634). 
J  Formed  from  t«obutyI  iodide  by  troatmeot 
with  .-xcetic  acid  .ind  silver  oxide  (iJnnei 
Bntlerow,  Annalen,  168,  143) ;  also  from 
butylamine  by  treatment  with  nitrous  acid,  and 
from  jVobufyl  curbimido  CO-N  CiTT^.  by  actioD 
of  iM>t.^sh  (Unnemami,  Annalen,  162,  12).  Qua 
be  pr<  pirod  by  allowing  20  grama  of  tertiary 
butyl  i'ldide  and  50  >j[ninis  of  wiiter  t^>  stjud  in 
contact  for  two  or  throe  days  (Dobbin,  Chett. 
Soo.  Tnuu.  1680,  238). 

/«obutyl  alcohol  hented  with  exoe^>'  of  liydr  ^- 
chlorio  acid  yields  a  mixture  of  aocondary  and 

'  tertiaiT  butyl  ohloridet,  and  when  heated  witt 
six  volume-i  of  wftter  only  the  Litter  is  decom- 

^  posed,  yielding  the  ak;ohol  and  hydrochkxto 
aeid  (Freund,  J.  Fitam.  OUm.  [t\  \%  26). 

Propfrtie.'^. — Forms  rhombic  plate*  or  pri«!m?. 
Unites  with  water  to  form  a  liquid  hydrate 
2(^,H,oO,H,0  (b.p.  80» ;  8p.gT.  0-8276  at  0" 
(Butierow,  Annalen,  162,  220).   On  ozid^km, 

.  kj  .i^ od  by  Googu 
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yields  acetone,  carbon  dioxide,  acetic  acid,  and 
*  small  qtiantity  of  isobntyrio  ftcid  (Bntlarov, 

ZciUi  h.  (  hem.  ISTI.  48.')). 

i'hc  cxisUjuco  of  the  hy<lmU'  U4H„0,2lla<>. 
m.p.  0"*,  ifl  oonfirmed  by  i:rvo«<'opwi  density 
and  viscositv  lUtt-rniiiiations  I'ltcmo  and 
Mieii,  Atti.  B.  Accad.  LincoL  1907  (v.),  10,  ii. 
163). 

In  snnli;^hl  it  c  ombines  with  chlorine,  form- 
ing tertiary  butyl  chloride  and  other  substanccis 
(lyOtreppe,  J.  1881,  612). 

Ttiiiu'thyl  carbinol  explodes  feeWv  'vhen 
treated  with  bromine,  yklding  inobuiylene 
frroiRMb  C(CH,),BrCU«Br  boO&ig  at  148" 
(£tard,  Compt.  rend.  114,  753). 

Tertiary  butvl  alcohol  has  »  slightly  narcotic 
action  when  taxen  internally,  and  is  fonnd  in 
tlu'  uritie  in  romlnnatiun  with  glvLuronit'  acid 
(Thierfelder  and  v.  Meriof,  Chom.  Soc.  Abittr. 
1885,  i.  1008). 

NitroJii/flrnjriffml'im  .i  may  bo  obtained  quanti- 
tatively aafoUows:  By  the  action  of  nitromethane 
on  fonnablediy  dc.  in  presence  of  a  little  potaasinm 
carbonate,  tertiary  nitrotrihydroxybutnno 
NO.'CCU.OU),,  a  wmtecrystallino'solidi'meiting 
at  lS8"->]60°,  is  prodnoed.  Nftroethane  pro- 
duces  tertiarv  nitn)dihydroxvbutaneNO,  C{CH,) 
(CH,OH)„  "melting  at  139^-140".  Secondary 
nitropropane  yields  nitrojiobntyl  akohol 
N0,-("  Ml  :,  f'lT.OH,  melting  atS^  (L.  Hnuj, 
Compt.  rend.  ib95,  121,  210). 

BBlrl  bromides.  Tefcryl  bromidea  C^M.Br. 

1.  Normal  butyl  bfoin!dp,  a-bromofriffaiie 

(H.  f'H.-CH.cHgBr ; 
b.p.  OD  O"  (corr.)  (Lumeuiaiin,  Annalen,  161, 
193) ;    sp.gT.  1-3050  at  0*,  1-2792  at  20*,  1-2671 
At  40"  (Lieben  ainl  Rossi,         158,  161). 

Formed  from  normal  butyl  alcohol  and 
hydrobromio  acid  (L.  and  R.). 

Bv  tho  affirm  of  bromine,  afl-dibrombutane 
C^H.Br^  (b.p.  Kit)")  is  formed 

2.  Jsobvtyl  brninide,  a-brciiio  /j-mcthyl 
pm|»am-  f(ir  ,),(  H  (  Il.Br ;  b.p.  »2-3*  (corr.) 
(Luincniaua,  *\jiual(  n,  162,  34);  91-3*  (Perkin, 
Chom.  Soc.  TranH.  1S84.  4n!>i;  ,si).-r.  I  JO.'JS  at 
U\'*(h.),  1-2722 at  15°/15",  1 -2598 at  25725'*  (P.). 
Molecnlar  rotation ^8  003  at  16-2'  (P.).  From 
ijwbut  .  J  I'f  ohiil,  bromine,  and  phosphorus 
(Wurtz,  Annalen,  03, 1 14).  Unites  witli  bromine 
at  150"  to  form  C^H^Br,  (I^). 

^.Tertiary  bulyl  hTomtdi .  $-brom)-^-in'thyl 
propane.  (CHa),CBr;  b.p.  72"  at  761-6  mml ; 
Hp.gr.  1-215  at  20",  1-2020  at  15"/15",  1-18W  at 
■m^;  molecular  rotation =8-238 at  17-8" (P.). 


uuorpropane.  w,tx^}^\A^i  o.p.  oi  ^rei 
Chero.  8oc.  Trans.  1884,  451);  sp.gr.  0*f 

at  0"  fPuchnt).  0-8471  at  15"/ 15*,  0-838J 


Formed  when  Mobutyl  bromide  is  heated  to  240" 
(Eltelcow,  Ber.  8,  1244).  Also  from  trimethyl 
carbinol  and  p]\osphoru.s  pent;ibromide(ni-bouJ, 
J.  1881,  409).  May  also  be  prepared  by  loadins 
«folnitidene  into  a  solution  of  hvdrobromio  acia 
of  sp.up.  I"  (Roo/.el>oom,  B-r*  14.  2396).  Is 
readily  deoompoecd  at  300"  into  Mobutylene 
itnd  hydrobromio  add.  Water,  in  the  oold,  forms 
the  alcohol. 

4.  Hecondarfy  butyl  bromide,  fi-brom- 
UOam  CIH,-CH,-CHBrCH, ;  b.pw  90"-fl3"  (V. 
Meyer  and  Muller.  J.  pr.  'ch. m.  [2]  46,  183); 
obtained  from  secondary  butyl  alcohol  by  the 
•efcion  of  hydrobromio  aoid,  and  Tields  k  (y)- 
•  librombutaoe  by  wanning  wttb  iron  and 
bromine. 

Butyl  ehloridat.  Tetcyl  chlotides  CfH^a 


1.  Normal  butyl  chloride,  a-cfUorbntane 

CHj  CH/CHj-CHjCl ; 
b.pw 77-90"  (rorr.)(Linnomann,  .Annalen,  61. 197): 
Hp.gr.  0  !M>71  ;it  fi°.  0  SS7 1  .vf  I'fl"  ffjeln-n  and 
Kossi.  ^b^d,  158,  101)  ;  (MMtTi  at  U  (  I*),  U-K972 
at  14".  Formed  by  the  action  of  chiorino  upon 
n>butane  (Pelouze  and  Uahuurs,  J.  1863,  524). 
More  easily  by  the  action  ot  hydnx  hlorie  acid 
upon  'i-biityl  alcoliol  (Licbrn  and  Koxsi). 

2.  I aobutyl  chloride,  fi-methyl-a-cMor pro- 
pane (CHjj.CH-CHjCl :  b.p.  68-5"  (Limic- 
mann,  Annalen,  162,  17);  68-5"-69"  (Perkin, 
Chem.  Soc  Trans.  1884,  451);  8p.j?r.  0-8798  at 
16"  (L.),  0-8953  at  0",  0-8651  at  27-8",  0-8281 
at  59"  (Pierre,  Puchot,  Annalen,  163,  276). 
0-8836 at  16"/16",  0-8739  at25"/25"  (P.).  Mohs 
colar  rotation  at  21-8*=6-144  (Perkin).  Formed 
by  the  action  of  hydrochloric  acid  or  PClj  upon 
the  alcohol  (Wurtz,  ibid.  93,  113^  By  the 
action  of  chlorine,  hezaoUorbutane  n  Tvoduoed. 

/«obutyl  chloride  is  alto  ]>rodiic<-<l  by  the 
iuteractioi)  of  clUorioo  and  wobutaae  in  diffused 
sunlight  (Mabory  and  Hudson,  Amer.  CSiem.  J. 
10,  245);  and  also  by  trcatinj,'  tsobulylainine 
cooled  to  -—Id"  with  nitrosyl  chloride  (Soloniaa, 
Chem.  Zentr.  1898,  iL  887). 

3.  Tertiary  butt/l  chloride,  $-fn«th}/l-$' 
chiorpropam  (CU,),Ca;  b.p.  61"-^2"  (Perkin, 

8368  at 

26725";  molecular  rototion   at    16"  6-267 
(Pwkin). 

Fornml  (1)  by  the  ohlorination  of  tertiary 
butane  (Butlerow) ;  (2)  by  the  action  of  iodine 
monoehloride  upon  iaobutyl  iodide  (Linnemann, 
Annalen,  162,  1^:  ;  '■'<)  by  the  action  of  Ir  !r 
cUoric  acid  upon  tdobutylene  at  iUU"  (Zale.-«skv, 
Ber.  5,  480 ;  Le  Bel,  Bull.  Soc.  chim.  28,  462) : 
(4)  by  sattimtint,'  trimethyl  carbinol  at  0*  with 
UU  gas  (,S(  bramm,  Monatah.  0,  619). 

mated  M  ith  five  or  sixvohi.  of  water  to  100*, 
the  alcohol  is  pnxluced  (Rutbrow,  Annalen, 
144,  33).  Chlorme  in  diffused  daylight,  in  the 
cold,  forms  C\H,C1,  (b.p.  106M67"),  C,H,Cl, 
and  C4HjClj,  whilMt  in  direct  sunlight  C'4H4C'1<, 
(b.p.  in  partial  vacuum  about  115"),  and  other 
prtKlucts  are  forme<i  (D'Ottrepp( ,  J.  1882,  441). 

Tertiary  butyl  cliloride  is  also  formed  by  the 
action  of  on  trinjuthyl  carbinol  (Janschenko, 
Chem.  Zentr.  1897,  ii.  334).  It  also  results, 
together  with  fTofnUyl  chloride  from  the  action 
uf  nilruc^vl  chl  ua"  on  tertiary  butylamine  in 
xylene  h  i  at  —16*  to  —20*  (Salonina, 
ibid.  1898,  u.  888). 

4.  Secondary  butyl  chloride,  $-chlorcbu- 
tone  CH,-CHj-CHCl-CH^  is  produced  by  the 
action  of  nilroayl  chloride  on  secondary  butyl- 
amine in  xylene  solution  at  —20"  (Solonina, 
Chem.  Zentr.  JS'.IS,  ii.  888). 

Butyl  cyanatM.  Only  the  tso-oyaoates  have 
been  described. 

1.  Ifiohu(i/l  isocyanate.  /aobutyl  carbi- 
mide  (UH,).CU*CHg-ij(;0 ;  b.p.  110"  obtained 
by  the  distilhition  of  iiobutyl  iodide  with  silver 
cyanate  and  sand  (Tirauner,  Ber.  12,  1877)> 

2.  Tertiary  huiy!  t  soc  r/a  note 

(CU,),CXCO; 
b.p.  85-6*  (oorr.) ;  sp.gr.  0-8676  at  0"  ;  remains 
liqniil  at     'Jf)".     1-  formrd,  toij.  thrr  with  other 
substanccfi,  when  silver  cyanate  actH  u|k>u  «*obutyl 
iodide  (Br»uoer»  Ber.  12,  1874).   ^^^  ^fi*)  5P^>^oq 
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of  hydnx-hloric  acid,  furms  tertiary  butylamine 
(<'H,),C -NHj.  PdtAMh  pnxluces  '  symmetrioal 
ditJtobtitvI  iin-a,  melting  at  242*. 

Butyl  cyanides.  C«H,(;N. 

1.  Wormal  buijfl  €jfanide,  valeromitriU 

fir,('H,'UH,-CH,CN; 
b.p.  m-A"  at  739-3  mm. ;  8p.gr.  0-8164  ftt  0* 

(LielK'n  and  Ronsi,  Annalen,  158,  171). 

2.  r^nhntul  cianiit  (CH,),-CH<3H,<?N : 
b.p.  126^-128"  at  714  mm.  (Erienmej-er  and 
Hell,  Annalen.  160,  266);  129-3°- 129-5**  at 
7(i4  M  mm.  (R.Schiff,  Ber.  19.567):  «p.jfr.  0-8227 
ftt0°,0-»t>69at  20''(ErlenmeverBnd  Hell);  0-6921 
at  129V4**  (S.).  Ftirmeil  by  the  oxitlation  of 
gelatin  (SchJiejier,  Annalen,  69,  16)  or  casein 
(Gunckelberger,  ibid.  64,  76)  with  chromic  Mid  ; 
aldo  b}*  the  action  of  P«0,  upon  ammonium 
tAovalerat4}  (I)iim;ii<,  Malaguti,  and  Ix-hlunc, 
ibid.  M.  334).  May  be  prejMied  by  heating  300 
gmms  Mobutyl  iodide,  98  granw  of  potsBsiuin 
cyanide,  I'H  ^ram.-<  of  alcoh'tl,  and  2.'5  ^rams  of 
water  for  tbrvt)  days  ou  the  water- bath  (£rlen> 
inever  and  Hell). 

3.  Ttriiary  butyl  cyanide  (( •M^)jr"  ('X  ; 
m.j).  ia»-16®;  b.p."  106*»-10t)".  j-orraeil  by 
mixing  100  parts  cnf  tertiary  butyl  iodide,  110 
parts  (if  nu  n  iiry  ]>(>faM.siuro  cyanide  Hi:(("N)j- 
2KCN  with  75  part«  of  dry  magnesia,  and  allow- 
ing the  mixture  to  remain  for  two  or  three  days 
a1  u  tt-miM-rature  not  exceeding  6*.  The  mass  is 
then  treated  with  water,  ana  distilled  on  the 
pamffiQ'bath  (Butlerow,  Annalen,  170,  154). 

4.  Sfcondii  ri/  hntyl  cyanide,  methylethyl 
aoeUmitrileCjH.-l'Hj-CH-CN  ;  b.p.  125*;  np.gr. 
0*8061  atO*.  Sodium  (i  eqv.)  m  ditwolvwl  in 
acetonitrilc  in  In  r  -"-ii'-,  and  ethyl  iotlido  (1  et^v.) 
a^lde^^l  (lianrioi  Hn>l  l>ouvuault.  Bull.  ii>oc.  chim. 
(3),  I.  172).  I 

Butyl  hydrides.    Hutftne**.  tetranes. 

1.  Nortnul  butane,  diethyl,  mfthylpro- 
paw  CHj-CHj-CHj-CH,;  b.p.  1"  (Butlen)W. 
Zeitflch.  ("hem.  1867.  363):  spp-.  0-60  at  0* 
(Ii<mald«,  ('hem.  Soc.  Trans.  IgRfi.  54). 
Occurs*  in  crude  petnileum  (Ronalds.  I/cfrh\re. 
Zeitsch.  (  hem.  1869.  186).  Fcrmed  by  h.at- 
ing  ethyl  ioditle  with  line  t^j  160"  (Frank- 
land,  Annalen,  71,  173:  Schoven,  ibid.  130, 
2.'i3).  Also  by  the  action  of  sodium  amalgam 
u|x>n  ethyl  iodide  (Ixiwig.  J.  18*W>.  397).  \ 
colourleN-t  gas.  in.Holubte  in  wat<*r.  i  vol.  of 
alcohol  at  14-2*  and  744 -H  mm.  abtturbfl  18-13 
volri.  of  butane  (Frankland). 

2.  I  fiobuin  nr,  trimflhyhmthayif  {rH^jjCH; 
b.p.  17*.  Fornu-*!  by  heating  O  U  jwtrt  of 
Mobutvl  iculido  with  2-4  part.s  of  aluminium 
chloride  to  120*  (Kohnlein.  Ber.  10.  662).  Also 
by  the  action  of  zinc  and  water  \\\nm  tertiary 
butyl  iodide  (Butlerow,  Annalen,  144,  10).  The 
ga^  i.s  readily  Moluble  in  alcohol,  from  M-hioh  it 
can  be  expelled  by  dilution  with  water. 

3.  Cytlob w f a ne,  telramethylene,  | 

ha«  not  yet  been  obtained,  but  many  derivativeii 

have  Im>»'ii  pt -  jHire*!  bv  picfkin  {(Them.  Soc. 
Trans.  1893,  693  ;  1894.  950). 

Butyl  iOdUw.   THiyI  iodidee  (  ,H,f. 

1.  Normal  butyl  iodtdf 

CHa-C  H   (ilj-CHJ  ; 
b.p.  129-8*  (corr.)  (Lmnemann,  Annalen,  161, 
100);  130-4*-131-4*  at  746-4  mm.  (BrtlU,  ibid. 


203, 21);  8p.gr.  1-643  at  0^  1  -til 36  at  20*(Liebeo 
and  Ro«ii.itMlL  168, 16.3),  1  ni66a(20"/4*(BrtUV 

From  «-butyl  alrf>hul  and  hydriodic  acid  (Linnr- 
mann,  ibid.  Mil  196).  By  the  avtioa  of  judmc 
t  riehloride  at  250*  it  viekls  bexaehkiethane C .(!« 
(KraflFt.  B<  r.  I(t.  Hory). 

2.  Isobufffl  todide,  a-iodo-fi-nuiJ*yijm>- 
pane  (CH,),  (HK  H,I :  h.p.  120-0»  (cocr.) 
(Linneniann,  Annal.n.  IfiO.  24ft:  1*»2.  <»i 
83*-83-26*  at  2.'.4i  mm.  (Perkui.  Chtm.  S<k 
Tranf.  1884,  l.-.ll;  Bp.gr.  1-6401  at  0*  iL.;. 
1-6054} at  20*/ 4^  I  Hruhl.  Annal.-n. 203,  21 ).  I  ^AH-i 
at  15*/15*,  1  tiOOi  at  25\25='  (P.).  Moitcukr 
rotation  at  19-4*  =  12-199  (P.).  Fn»m  Mobutyl 
alcohol,  phoephonutaod iodine  (Wurti,  AnDako, 
93,  116). 

3.  Seeondarp  butyl  iodide,  ^-itdabtdaof 

C.Hj-CHl-CH,; 
b.n.  in*-118*  (Lu^-nee.  Bull.  Hoc,  chira.  2,  3); 
llV-iaO"  (Lieben.  Annalen,  180,  96):  sp^. 
1  •(•,203  at  0°  0*,  1  •.'5052  at  20'  0^,  1  57K7  it  3t  t°  0" 
j  (Lieben).    Forme<i  by  diatiliing  erv  thrital  wiik 
I  hydriodie  acid  (I.,uynes)  or  from  ii>DUt}*leii0  wd 
ln(lrI<Hlic  acid  (Wurtz,  Annaltn.  152.  23).  (See 
I  aiflo  Uarko,  CJhem.  Zentr.  lUOti,  ii  101&) 

4.  Tertiary  but  f  I  iodide,  fi-utttkyt-B-ied^ 
\  propane  (CHOi^'I  .  b.p.  98*-99*  (with  drcnrr  , 

(Butlerow);  100-3"  (Puchot,  Ann.  Chim.  Plus. 
(5128.646):  8p.gr.  1-671  atO",  1-479  at63*(P.V 
I  From  tertiary  butyl  alcohol  and  hvdri<'di<  .i.  i  i 
or  Mobutylcnc  aod  hj^driodic  acid  (Kutif*ru», 
j  Annalen,  144,  6,  22) ;  is  eadlv  deeompotuwd  (by 
'silver  oxide,  ]xitash.  or  by  heating'  \^itb  xjno 
and  water),  into  hydriodie  acid  and  t^obuTvlene 
(ButJerow,  Zeitsoh.  Chem.  1867,  362).    Is  aluo 
diTomposfd    by  water   in   thi-    oold,  yieldin:; 
hydriodie  acid  and  tertiary  but 3  I  alcohol. 
{  heatii^;  with  sodium,  yields  a  mixture  of  hydn>- 
jren,  tVjbutvlene,  and  triixobvit  vlene  (C|^|4) 
(Dobbin,  (.'hem.  Soc.  Tnuia.  1880,  230). 
Butyl  mereaptans  C«H«-SH. 

i       1*  Normal   butyl  tnercaptau 
'  CH,-CH,-CHa-CH,SH: 
b.p.  gr-eS*;  sp.gr.  0-868  at  0*  (Saytzeff  and 

'  GraU.wsky,  Annafi  n.  171,  2.')1  ;  176,  35IX 
:       2.  Isobutyl   m€  rcaptan 

(('H,),CH  (  HjSH : 
b.p.  88*;  sp.gr.  0-ai8at  ll-5*(Humann,  .\iinalcn. 
!>.').  2r)fi),  0-83673  at  aO*/4*  (Naaini,  Ber.  i&» 
2882). 

3»8ee9ndaT>)  hutyl  mfrcaptan 
i  (.■,Hj-CH(SH)CH,; 
I  b.i».  84*"86* ;  »i».Kr.  0-8299  at  17*.    a*he  mereiirj 
'  oompound  (C4H«S)(Hg  melts  at  180*  (lU-vraaiiA, 

Bit.  7,  1287). 

4.  Tertiary  buiifl  mtrcapian 
(CHJ/SH 
is  prepared  from  tertiary  butyl  iodide, 
.xulphide,   and   alcohol   (Dobbin,  (.Ticm. 
Trans.   1890,  641).    It  boils  at  li5*-«7*, 
solid iti'  s  in  a  freezing  mtxllin^ 

Butyl  oltntos. 

1.  Normal  butyl  nitrate 

CH,«CH,<?H,-CH,-0  NO, ; 
hoil^  at  136*;  sp.gr.  1 -048  at  0*  (Bertoni,  Gats. 

chim.  ital.  20,  374). 

2.  Jaobutyl  w  i/rwle  (CH,),CH-C;H,-4:>-N0, 
b.p.  123*  ;  sp.gr.  1  -0384  at  0*.  molecular  r-  tar  i« 
at  8-9*=5-l8  (P.);  molecular  refraction  ^4*)- 72 
(P.);  b.ii.l23'6»-124'6*(I«ii^C:he.n.J^ 


Socs. 
and 
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I •0124  2o725^  (!'.).  IVinii  Hilver  nitmtr.  un  a. 
Mid  teriNltyl  io<lid«  (Wurtz,  Annah  ri.  9.'),  liM); 
IThapman  and  Smith,  ZcitHoh.  Choin.  18«>i),  433). 

3.  Secondary  butyl  nitrate  builit  at  121°; 
*<p.f!T.  10382  atO^  (fiertoni.tiMUE.  chim.  itol.  20. 
375). 

Butyl  nitrite,  nitrobulanes  c^H^NO,. 

1.  laobutyl  nitrite  (( H J/'H-OH^-NO^ ; 
b.p.  «7**;  8p.gr.  0-89445  at  0"  {Chapman  and 
Smith,  Zeit«ch.  Chem.  1869,  433),  0-8878  at  4*/4*', 
(>  H,s(>t;  at  10°  10°,  0-87")2  at  16715*,  0-8702  at 
20720^  0-8652  at  25°/26*';  molecular  roUtit.n  at 
8*2*=5*51  ;  molecular  refraction  —43-9  (Porkin, 
tlivm.  Hoc.  Tranf.  1 SS!),  686  and  757  j.  I'roparctI 
by  mixing  Mobutv  1  alcohol  and  sulfuric  acia,aiid 
gradually  pouring  the  cooled  mixture,  into  an 
AquouuH  solution  of  f<t><liuiii  iiitrit<'  (1  :  3)  ;  the 
upper  layer,  conaktiog  of  i.$obutyl  nilriW,  is 
decanted,  waahed  with  ]>otafl8iam  oarbonate 


MoI)Utyl  ii>di(l<»  upon  pnta!!«?inm  j'vnbutvlate— 
\\hit.li,  acconiing  to  Wurtit,  yields  thiH  other 
really  </\\f'-^  ii  mixture  of  diiibbntylfiiie  and  mq- 
butyl  aleohol  (Hebi»ul). 

3,  Htcondary  butyl  ether 
[C,H,-CH<CH,)I,0; 
b.pb  120'-121*  :  s|..^'r.  0  "r.«at  21"  (Kpss^-I.  Anna- 
leo»175,  50).  From  cthylidme  ohlorbydrin,an<l 
zino  ethyl  (K.).  Formed  in  mere  traoea  only  by 
the  acti»m  of  .st-oondary  butyl  lir  n  i  li<  upon  the 
iKKlium  derivative  oi  tho  secondary  alcohol 
(Rebonl,  Oompt.  rend  108.  162).  Reboid  ob- 
tained ajto  the  followiii<.'  mixe<i  ethers  : — 

Secondary  butyl  utobutyl  ether;  b.p.  121**- 
1220;  sp.gr.  O-Ttt^atSl"; 

Normal  butvl  Mobutyl  ether;  b.p.  1S1*S"; 
8p.Kr.  0-763  at  15-5; 

rformat  butyl  eeeondary  butyl  ether;  b.p. 
131*;  fp.jn-.  0-7087  nt  15*; 

Normal  butyl  tertiary  butyl  ether  ;  b.p.  124**; 


solution,  and  dritHl.    It  ia  a  pale-yollow  liquid.  |       ^^^^  notobtain  the  Hecondary, tertiary,  an < I 

"  JJ^^^  I  the  ditflrtiaiy  ethen  (BulL  Soe.  ohim.  p]  2, 

rapid  deoompoeition  eetB  m.   Taken   medi*   ^\  ^  *  ' 

cinally,  loHi'r:^  the  blood  pn-Ksun-  ajid  ])ro<luce8 

respiratory  parai3-si8  (Dunatau  and  Wooliey, 

Fham.  J.  [3]  19,  487).  1 

2.  Terti'irij  hutyl  nltrlt'  (( •HJ^CXO,  ;  ' 


b.p.  t^*;  8p.gr.  U-8914  at  U*  (Bertoni,  Uazz.  chim. 
Hal.  16, 361) ;  97*-68*(Tachemiak.  Annalen,  180. 

165).  From  tbr'  alcohol  and  glyceryl  nitrite 
(B.) ;  also  from  the  iodide  and  silver  nitrit*  (T.). 
A  yellow,  mobile  licjuid;  eoluUe  in  alcohol, 
ether,  and  ofaloroform ;  aparingly  aolnblie  in  ! 

water.  ' 
Aromatic  nitrobutyl  derivatives. 

The  butyl  derivatives  of  many  aronatic 
n  itruhvdrocarbons  have  a  musk-like  uduur,  and 
are  sold  as  '  artificial  muMk.*    Musk  Bnur,  tri- 
nitronK(abutyl  tolu«  nfC,H((  HjIfXO  ),C'(C'H,),.  , 
is  formed  by  nitrating  rmla  butyl  toluene  with 
fuming  nitric  and  fuming  sulphuric  acitU.  Butyl  ^ 
toluene  in  form***!  l>y  Frii><lel  and  Craft's  im  thod. 
as  deticribe<l  beluw,  by  the  action  of  tertiary  { 
boiyl  bromide  on  toluene  in  the  presence  of  alu-  i 
minium  chloride.    Butyl  henT.enp.  r-thyl  beosene,  I 
and  xylene  are  furmetl  at  the  rtante  time.  ' 

An  uni^mimetrical  butyl  creeol  is  formtnl 
by  adding  butyl  alcohol  and  zinc  chloride  to 
meta-crecol.  When  etherifietl  anil  nitrat«l, 
|M>.s.sts.«s  the  odour  of  civet  (A.  Baur.  .1.  iS<.»c. 
i;hem.  Ind.  1892,  307  ;  Dingl.  iioly.  J.  273,  622 ; 
J.  Soc  Chem.  Ind.  1894,  1218). 

Butyl  xylene  may  be  preparc<l  by  paswing  a  1 
current  of  Mobutylone  ga^  through  a  niixtim-  of 
5  kiloa.  fNoXylene,  50  graniH  tViobutyl  chlori<le, 
and  200  ^am8  aluminium  chloriih^  at  10*.  The 
product  IS  watihtnl  with  water,  and  the  fraction  . 
of  Uie  oil  boiling  at  200^-302*  collected.   Ganeotis  ; 
hydrochloric  and  hydrobromic  acid**  may  be 
employed  to  start  the  reaction  (Act.  UeseU.  f&r 
Anain*Fabnken.  Fr.  Pat.  972603).  ; 

Butyl  ethers  f(\Tl,).n.  I 

1.  Normal  butyl  ether;  b.p.  140  5**  at. 
741'6  mm.  (Liebon  and  Rami.  AnnaJen,  165, 1 10) ;  ' 
ap  CT.  0-7H4  at  0°,  0-7685 at  20*  (T..  anrl  R.).  0-7865 
at  0**  (Douiacr,  Annalen,  243,  8).    By  the  actitm 
of  the  sodium  derivatives  of  the  alcohol  UfHui  > 
ft-butvl  I  r  iiii  l.  'IMh)u1.  Compt.  rend.  108,39).  S 

2.  'ltiobtttyl  t^/i^T  I(CH,),C;H-CH,],0;  b.u.  I 
^-m-B*  (Rebonl,  Compt.  rend.  108.  162);  1 

sp.flr.  0'761Rat  1,1*  (R.).  From  r-ohutyl  bn»nii.le  ' 
and  sodium  Mobutylatc  (ii.).    The  action  of  ^ 


Butyl  sulphides. 

1.  Normal  Inti^l  sulphide 
[CH,(GH,),].S; 

b  p.  182**:  Hp.gT.  0-8528  at  0°  (Saytzeff,  Annalen, 

171.  2.">H).  I'Votii  butyl  io<li(l<>  and  ])ota,'<'^ium 
Hulphide.  Fuming  nitric  acid  yields  the  8Ul> 
phone  (C^H^j.SiL  (m.p.  43-5*)  (Orabowsky, 
Aiuialen,  175.  34S).  Nitric  acitl  of  sp.gr.  1-3 
converts  it  into  the  oxide  (C^UgJjSOf  melting 
at  32*. 

2.  Isobutyl  ffulphldr  [(rH3),CH-CH,l,S ; 
b.p.  172*'~n3*'  at  747  mm.  (Urabowsky  and  Sayt- 
ztff,  Annalen.  171,  254),  170*0^  a«  762  mm. 
(B<-ckninnn.  .7.  pr.  Cham.  [2]  17*  446);  ap>gr. 
0-8363  at  10*"  (B.). 

l9oh%iyldi9^lphid€  (C4H,),St;  b.p.  220* 
(Sprinp  and  Ix'^:ros,  Bcr.  15,  1940). 

3.  Secondarii  butyl  sulphide 

(CH,CHC,H5),S; 
b.p.  l<>r>0;  ap^gr.  0*8317 at 83*  (Reymann,  Ber.  7, 

1288). 

Butyl  thiooarbimldes.   Butyl  muiitard  oils; 
tMthiocyanatf-M. 

1.  Normal  butyl  th  iorarbimidt 

((■,h;)Nvs; 

b.i).  Iti7°  (Hofiniinn,  Ber.  7,  512).  Fnim 
n-btityiamine,  carbon  disulphide,  and  alcohol 
(H.). 

2.  Itobuiffl  tkioearbimidt 

(('H,).rH-('H,  NCS; 

b  p.  162^;  ep.gr.  O-WKMiat  U"  (Hofroann,  Bcr.  7, 

511). 

3.  Secondary  hniyl  thiocarhimidt 

C,H,-('H(('H3)N('S  ; 
b.p.  159-5'';  xp.gr.  0-944  at  12*.    Occurs  in  the 
ethereal  oil  fn^m  spoonwort  {Cochl^4Mria  ojjtei' 
mlis)  (Hofnumn.  Ber.  2.  102  :  7,  512). 

4.  Tertiary  butyl  thtocarbimide 

(CH,),CNC8s 
ni.j..  It)  .')":  1..]).  1  in"  at  770-3  mm.;  .'•p.gr.  O  niS7 
at  10^  U-!RI03  at  34°  (Rudnew,  BulL  Soc.  chim. 
1880,  300).   Hat  a  pleasant  aromatic  odour. 

BUTTXiAMIKlS* 

1.  Monobutybunlnes. 

(a)  Normal  but ylnmi ne^  ami nohntnne 

CU,-CH,-CH,  CHa-NH,  ;    ^  ^  y  Google 
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I). p.  lH'S^at  740  mm.  (Liebon  and  Rossi,  Annalen,  | 
158, 172);  sp.tn  n  7:.r»3  atO®.  O'T.m  at  20*  (L.  and 
R. ),  0-740 1  at  20°  ( I <innomann  and  Zotta,  Annalcn, 
162,  3).  Formwl  by  the  action  of  pot«S8ium  hy- 
ilroxkip  upon  butyl  c^anat<;  (LielH-n  and  RoshI)  ; 
also  from  propyl  cyanido  by  zincand.sulphuric  acid 
(Linnemann  and  Zotta,  Annalcn,  Hi2,  3),  or  from 
nitrobutant'  bv  nctif>n  of  tin  and  bv«lrochloric 
acid  (Zublin,  Ber.  10,  2083).  Is  mucible  with 
water ;  reduces  copi^er,  silver,  and  mercury 
>nhiliofi»  in  jm  St  111  (•  of  alkalis.  Tbc  chloride 
forms  a  yellow  cryataUino  compound  with  Ji:*tCl|, 
vrtitAk  b  almost  mmhible  in  cMd  tntter. 

(b)  1 8ohntr)lij  II)  in  f ,  aa  m  i  n  n.$- m  fth  yj  pro- 
pane (CH,),CU  CH,  ^'H. ;  b.p.  68°  (iichifi,  Bor. 
19,  SeS),  68*-4M)*  (Perkin.  Chem.  Soe.  Trans.  65, 
604):  "P  gr-  0-7357  at  r^Tt*  (l.iimcmann.  Animk  n, 
162, 23).  0-7464  at  474°,  0-7408  at  10710°,  0-7363 
at  16»/16»,  0-7283  at  26726»:  mol.  rot.  at 
ir.  3°    5  002  ;    heat    of   combust icn  726.990. 
From  tiobutyl  cyanate  and   potash  (Liune- 
mann,  Annawn,  162,  23);  also  from  Mobutyl 
iodide  and  ammonia  (Hnphcf;  nnrl  Rnmer,  Bcr.  7, 
fill);  also  from  Mobutyl  chloride  and  ammonia 
dissolved  in  water  or  {aobntyl  aloohol.   Afl  three 
Mobutylaniinesaro  prc  'lnr  >  'l,thctriwobutylamine  i 
in  laziest  quantity,    ihu  bases  can  then  be 
separated  by  means  of  ethyl  oxalate.  The  I 
yiroduct  is  first  separated  into  two  fractions,  the  ' 
one  rich  in  the  monuMobutylamino,  the  other  > 
rieh  in  the  di-  and  tri-  oompounds.   To  the  i 
former  water  and  then  ethyl  oxalate  are  added  ; 
the  primaiy  base  ia  thus  converted  into  the 
ozamide  CjOjfNHC^H,),,    which   is  almost 
insoluble    in    fxiilin'j    water,    the  secondary 
amine  being  changed  into  the  ethvl  oxanmte 
C,HgO-CjOs-N(C4H,)^     The    other  fraction 
(nnliydrnus)  being  poured  into  ethyl  oxalate,  the 
primary  and  nccundary  bancs  are  converte<l  into 
oxamates.  The  tertiary  base  is  distilled  off,  and  I 
the  oxamates  are  sapfmifitnl  by  heating  with 
slaked  lime.    The  calcium  oxaniate.s  can  be 
separated  by  orystallisation,  the  diifobutyloxa- 
mate  being  the  more  soluble  in  alcohol,  from 
which   it  FoparatiH   in   slender  hilkv  noo<lles 
{Man)ot,  Cbmpt.  rend.  104.  228). 

Can  be  produced  l)y  heating  wobutyl  alcohol 
with  auimoniacal  zinc  cliloride  to  260"  (Merz 
and  Gaaioiowski,  Ber.  17.  624),  or  by  the  aotkm 
of  caustic  ^wtafh  (lO  p.c.  solution)  upon  a  mix- 
ture of  bromine  and  wovaleraniide  (equal  mole- 
cules) at  60"  (Hofmann,  Ber.  15,  769). 

Mixed  with  water,  contraction  and  develop- 
ment of  heat  are  jmxiuced,  A  mixture  of  equal 
volumes  of  wat4T  and  iJJobutylanune  ha«  a  sp.gr. 
of  0-9002  at  15=  15°,  in^tejul  of  the  caks.  density 
0-8081  (Perkin,  (.liem.  Soe.  'IVans.  1889.  69<)). 
With  absolute  alcolml  mtd  the  amino  similar 
results  were  obtained,  the  sp.gr.  of  a  mixture 
of  equal  volumes  U-ing  0-791  at  15°/ 15°,  instead 
of  0-7652,  the  calculated  number. 

ifi)  8tC0ndary  hutylamint 

CJlj  (Jl(NH,)  CH3; 

b.p.  68*;  Bp.gr.  0-718  at  23**  (Measohutkin,  Chem. 
Zentr.  1898,  i.  702).  Formed  by  the  actkm  of 
]K>tash  upon  secondiiry  Inityl  cyanale,  or  of  am- 
moniA  upon  secondary  butyl  iodide  (Holmann, 
Ber.  7.  613).  Also  by  the  action  of  dilute  sol* 
phurio  acid  u]>nu  secondary  hutyl  moataid  oU 
(iteymann.  Ber.  7,  1289). 

By  the  reduction  of  methyl  ethyl  ketozime 


by  hydrogen  and  finelv  divided  nickel  at 
160°-i7(»°,  secondary  butylamine  and  di- 
secondary  butylamine  are  produced.  They  are 
liquids,  the  latt<>r  Itoiling  at  ]3277<'>^  mm.  and 
forming  an  oxalate  melting  at  104*  (Mailhe^ 
CompU  tend.  i»05.  113). 

Secondary  butylamine  has  been  separated 
into  its  optical  anti|>odcs  by  TIMMI16  (BCT.  1908» 
682);  [al^^  7-42°  at  20°. 

(d)  Tertiary  butylamine  (CH,),CXH,: 
b.p.  46*2*  at  76D  mm.  (Rndnew,  iMon,  Soe. 
Abstr.  1879.  40,  Ul);  43-8°  at  760  nun.;  sp.  er. 
0-7137  at  3%  0-7064  at  8^  0-G931  at  16'  iR.). 
Formed  in  small  quantity  by  the  action  of 
potash  upon  wobutvl  cyanate  (Linnemann. 
Annalen,  162,  19;  Uofmann,  Ber.  7.  513).  Aito 
as  a  by*prodnet  tn  pre]^aring  tcimethyl  acctie 
acid  from  tri  methyl  carmnol  iodide  and  mwouic 
cyanide  (Rudue w). 

2.  DiMrtylMiliMt. 

(a)  Di-normal  butyf amine 

(CHj-CIK-CH.-CH  J.NH  • 

b.p.  ltio°.  Forme*l  in  snmll  quantities  by  the 
action  <»f  ]i  '  I  h  upon  but\-l  cyanate  (Liebea  and 
Ko.«'-i,  Annali  n,  158.  175);  also  by  the  action  c! 
butyl  chloride  on  ammonia  (Berg,  Ann.  CLim. 
Phys.  [7],  3, 294).  Gives  [(C,H ,),NH-HCl],PtC"l^ 
yellow  needles,  altnost  insoluble  in  oold  water. 

(6)  Di-i8o-butyl amine 

f(CH,),CH'CH,l,!fH ; 
b.p.  135°-137°;  sp.gr.  0-7677  at  4°/4°.  0-7491  at 
15°/15°,  0-7425  at  26726*  (Perkin,  Chem.  Soc 
Trans.  1889,  697).  From  Mobntyl  bromide  and 
alcoholic  ammonia  at  150°  (Ladenburg.  lier.  12, 
949);  also  from  Mobutyl  alcohol  and  ammomiaflai 
zinc  chloride  at  270*  (Mere  and  Oadorowaki,  Ber. 
17,  627).  The  hydrochloride  (C,HJ,NH-Hn 
forma  plates  or  leaflets  easily  soluble  in  alcohol 
and  water,  slightly  in  ether.  The  platinum  eom* 
pound  forms  dark-red  prL^ms,  soluble  in  water, 
alcohol,  and  ether  (Malbot,  Compt.  rend.  104, 
366).  The  nitroao-  derivatWe  (C«II,)2N*N0  is 
a  disagreeably  smelling  oil ;  m.p.  0' ;  b  p. 
213*'216°  (with  decomposition) ;  obtained  bjtbe 
action  of  potassinm  nitrite  upon  the  hydro- 
chloride  (Ladcnbui-r.  Ber.  12.  949). 

(c)  Di-ttrtia  r  1/  h  uttfUtvi  t  ne 

[(UH,),Cj,NH  ; 

produced  as  iodide  when  tertiary  but3rl  iodide 

and  tertiary  butylannnc  are  heate<l  to  5<»';  at 
70^  the  mixture  is  decomposed,  forming  iso- 
butylene  and  tertiary  bntylammonium  iodide 
(Kudnew).  The  iodide  is  ea-<ily  sohib].-  in  \%  it-  r 
or  alcohol ;  on  heating  the  aqueoua  solution 
evolres  tertiary  bo^lamine. 

3.  Tributylamines. 

(a)  Tri-normal  &u(y/umtne(U4U,)^;b.p. 
21 1^-216* at  740  mm.;  8p.gr.  0-791  at  0*, 0*7782 
at  20°,  ()-7677  at  40°.  From  butyl  cyanate  and 
potash,  together  with  the  mono-  and  di-  com- 
pounds (Ideben  and  Roiri,  Annalen,  165,  II5>. 
With  butyl  iodide  forms  iodide  of  tetrabiityl- 
ammonium  N(C4U,)«I.  which  crystallises  in 
small  platea  (L.  and  R.).  Also  by  th«  netioQ  of 
ammonia  on  butylchloride ;  b.pi.  216*5*  (Bs^^ 
Ann.  Chira.  Phvs."  [71  3,  299). 

(6)  Tri-inoAtutylamine  (C«H,)aN ;  b.p 
177'-1S0°  (Reimer,  Ber.  3,  757);  184°-188* 
^achtleben,  Ber.  11,733).  6p.gr.  0-785  at  21*  (&). 

fVom  diMobntylamine  ana  wbutyl  ^bpomids , 

*  L;iyitiAd  byGooglc 
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(R.).  From  the  akuhul  and  ammoniuical  zinc  water)  (Butlerow) ;  from  wobutyl  alcohul  and 
chloride  at  270"  (Merz  and  Gasiorowski,  Bar.  17*  ;  zinc  chloride,  though  in  very  Binall  quantity 
627) ;  also  from  tVrobutyl  iodide  rind  aqripous  (Nevole,  Bull  Soc.  chim.  24,  122). 
ammonia,  at  ItK)*  (Malbot,  Cuiupt.  reud.  lOo,  Preparation.  (1)5  parts  of  t>obutyl  alcohol, 
574).  la  not  miacible  with  water.  Forms  salts  5  parts  sulphuric  acid,  1  part  of  water  and  saiul 
with  hydrochloric,  nitric,  and  sulphuric  acids,  are  heated  together  (Lermontow,  Annalen,  196, 
which  are  extromelv  soluble  and  crystallise  with  117).  (2)  Puchot's  metibod  (Ann.  Chim.  Phys. 
difficulty.  The  platinum  double  salt  forms  [o|  2S,  5US)  of  heating  i>obutyl  alcohol  with  a 
large  ruby>red  oiystali  (MAlbot*  Ck>mpt.  rend.  ;  mixture  of  sulphuric  acid,  potassium  sulphate, 
104.  366).  !  and  gypsum,  gives  a  mixture  of  ptteudo-  and  mo- 

Butylenes  C«H..  Three  isomierio  butylenw  butyictie.  (:{)  A  mixture  of  2  parts  of  caustic 
«re  posaible  and  all  are  known.  potash  aud  3  parts  of  alcohol  (90  d.o.)  is  slowly 

1.  Normal  {a)'butylen€.  Kt/iyl  dhylent  added  to  S  parts  of  UohMtfl  iodide,  and 
CH,-CH,-CH:CHj ;  b.p.  —  5^  gently  wanufd  { I^utliTow,  Zoitsf-b.  f .  chem.  1870, 

Formation, — From  normal  butyl  iodide  and  238).  Butylene  is  a  ga^,  with  uapleaaaat  smell, 
alooholk)  potarii  (Saytzeff,  J.  pr.  Chem.  [2]  3.  filightlysolttble  in  water;  comhinea  with  hychlodio 
S8  ;  Gnibowdky  and  Saytzi'tT,  Aiin.dcn,  ITM.  acid  to  form  tertiary  butyl  iodide.  A  mixture 
330).  from  bromethylene  and  sino-ethyl ,  of  throe  parts  of  sulphuric  acid  and  1  part  ol 
(WtirtB,  Annalen,  152,  21),  tof<:ethe>r  with  batyl '  water  oompletely  aboorbs  the  gas ;  on  *if«fcniing 
alcohol.  From  normal  butylaniine  and  idfn>ii>s  the  diluU^l  Holutiun  trimetnyl  oarbinol  Ih 
uoid  (V\  Meyer,  Ber.  10, 136).  Prepared  by  digent-  evuU'cd.  It  forms  a  mercury  compound 
ing  on  the  water-bath  100  gmma  norma]  butyl  C4ll«(HgN0,)(H^,N0,)  (Deniges,  Compt.  rend, 
iolide.  200  grama  potasb.  ;ind  ir*0  grams  120,  1013).  Oxidising  agents— t.f/.  potassium 
alcohol  (00  p.c. )  (S*).  A  gas  a t  ord iuary  t« mpora-  per manganate— lorm  carbon  dioxide,  formic  and 
toiee,  wbien  combines  readily  with'  hydnodic  aoetio  acids,  and  oxallo  acid  (and  in  the  case  of 
acid  to  form  secondary  butyl  iodide;  and  with  chromium  trioxide,  acetone)  (Zeidler,  Annalen. 
ixypochlorous  acid  to  form  chloromethylethyl ,  197,  251).  By  the  action  of  a  mixture  ol  5  parts 
earbinol  CH,  CH3  CH(0H)  CH,CL  |  snlphutie  aeid  and  1  part  of  water  forms  dode- 

2.  ^'Bui'jUne.  Si/mmclrical  dimrihylcthyl-  cylene  (trinobutylene)  C,,Hj,;  b.p.  177-5*- 
t nc  CHvUli:CH  UH,;  b.p.  1*  at  741-4  mm.  i  178-5*;  sp.gr.  0-774  at  0^  (Butlerow,  Bor.  6^ 
(LiebeD,  Annalen,  ISO,  106):  »<p.gr.  0*635  at -13-5  '  561). 

(Puchnt,  Bull.  Soc.  chim.  30,  188).  '      Butylene  alcohol  v.  Bafyfeiis  (^eolt. 

Formed  by  the  action  of  potash  upon       Butylene  dlbromides. 
eeoondary  butyl  iodide  (Tjuynes,  Annalen,  120,       1.   Normal  butylene    dibromidit  siS* 

200;  Liebnn,  ibid.  150.  108).  Together  ,  ditromftulone  CH,-CH,  CnRr  CIT.Rr ;  b.p. 
with  wiobutylene  by  drupping  wo-  or  normal^  166-6-^-166°  ;  8p.gr.  1-876  at  U*^  (Wurtz,  Annalen, 
bntyl  alcohol  upon  strongly  heated  sino  chloride  I  162,  23),  1-8503  at  0*>,  1-6204  at  2070*  (Gra- 
(Nevole,  Bull.  Soc.  chim.  24,  122;  Le  Bel  and  bowsky  aud S  iyty.efT,  Annalen.  179,  332).  Formed 
Greene,  Amer.  Chem.  J.  2,  23).  From  trithio-  from  a- butylene  aud  bromine  (Wurtz);  from 
aldehyde  (CsHfS),  and  copper  (Bltekow,  Ber.  normal  butyl  bromide  and  bromine  ai  100^ 
10,  1904).  By  heating:  a  mixture  of  methyl  (Linnemann,  Annal' n  IGl,  190),  Oivet  «• 
iodide  and  allyl  iodide  witb  wdium  (Wurtz,  butylene  by  action  ut  fwxiium. 
Annalen,  144,  235).  2.  fi'Butylene  dibromide,  fiy-dibrom- 

Preparaiion. — /^obutyl  alcohol  is  allowed  to  butane  CH,-CHBr-CHBrCH,:  b.p.  158°;  8p.gr. 
drop  upon  heated  zinc  cldorido,  and  the  evolved  1-821  at  0*.  Formed  from /3- butylene  and  bromine 
gas  is  led  into  sulphuric  a*  id  diluted  with  half '  (Wurts,  AmuJen,  144,  236),  or  by  heating  a-  or 
it^  volume  of  water  ;  thisrtlain.s  t  he  Mobuty lone.  i9-brombutane  witb  iron  and  bromine  (V.  Meyer 
i  he  unabnurbcd  gas  is  led  iuto  bromine,  and  is  and  Muller.  J.  pr.  Cht-m.  [2]  46,  180).  Bccum- 
agiain  liberated  by  action  of  sodium  (I^  Bel  and  poeed  by  heating  to  140'*  with  water  and 
Greene,  Bull.  Soc.  chim.  20,  306).  Two  stereo-  lead  oxide,  fnrmintr  lead  bromide  and  methyl 
isomeric  modificatioixsi  aro  known  (Wislicenus,  ethyl  k€t<>ue  (Eltekuw,  Chum.  Soc.  Alwtr.  187*0, 
Chem.  Zentr.  1897,  u.  267).  '  34). 

fl-Butylene  combine.s  with  bromine  to  form  a  3.  I«o  butyUnt  di-bromide,  afi-dibronr- 
dibromide  boiling  at  166 -168*.  This  compound,  /3-mf%i  /propane  (CH3)jCBr  CHjBr;  b.p.  148°- 
by  the  action  of  potash,  forms  niono-bromo- .  149*at  737  mm.;  wp.gr.  l-7y8at  14°(Lianemann, 
pscudo-butylene  CHj  CBr  :CH-CH,;  b.p.  8T°-88°  Annalen,  162,-36).  Fn  .m  iw- butylene  and  bromine 
(Holz,  Annalen,  250, 230).  Chlorine  forms  a  di-  :  al^«  Wurt?.,  .\imalen,  104,  249  :  Hell  mh\ 
chloride ;  b.p.  112^-1 14" (Ghechonkow,  BnlL  Soc.  I  Bothberg.  Bor.  22. 1737).  By  heating  with  water 
chim.  43,  127).  to  150''  ('«obutyialdfihyde  and  uobutylene  glycol 

3.  y-Butyltne.   /<»obutylene,  umymnutncai         '  'rnietl. 

dimethyl  tthyUntt  (CH,),C :  CH,  ;  b.p.  —6*  A.  T  ttrnmtthyl»-ntd  tbromide,  ai-dt  - 
(Butlerow,  it 9cb.  rhem.  1870,  236).  liquefied  brotnbuian4^,  CHjHr  VH.  CH^'CH,  Br. ;  boils  at 
by  a  pressuro  of  2-2i  atmospheres  at  16*-18*.  Is  188*-190*  (Gustavsou  aud  l>emjauolf,  J.  pr. 
modnced  by  the  dry  distillation  of  fats  (Faraday,  Ch'  ">  l  -1  39, 543).  (flee  also  Uainoourt,  OompL 
Phil.  Trans.  1825,  440) ;  by  heating  the  vapour  A^--  ) 

of  fusel  oil  to  redness  (Wurtz,  Annalen,  104,        ^-   0B-I»tbrombuiane  CH,CBr,-CH,CH,; 

240).  together  with  ethylene  and  ethane:  also   '^i'**      144°-145*  (WisUcenus  and  Holi,  Anna- 

from  light  petroleum,  '  ligroin  '  (b.p.  60^-90*)  -^^^ 

(Prunier,  J.  1873,  347);  from  iso-  or  tertiary-        ^-  ay Uibromhutane 

batyl  iodide  and  alcoholic  potash  (Butlerow,  (  H  .Br  C'Hj-CHjBr-CH,; 

Annalen,  144,  19) ;  by  heating  trimethyl  earbinol   boil-  at  174*-175*  (Perkin,  Chem.  8oc.  Trans. 

and  dilute  sulphuric  acid  (1  voL  HgSO^  to  2  vols.   1894,  963).  Digitized  by  Google 
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Batytaw  eyaalde. 

/  -oh  utyle.ne  dicyanide  (dimethyl  mrci- 
nomtriU)  UN  C;tCHj),  C'H,CN  ;  b.p.  218°-220''. 
By  tvwting  an  a<)ueouH  alrobulio  solution  of 
potassium  cyanide  uith  7-butylfne  hrumidr,  ami 
allowiny  the  mixture  to  Kt«n<l  f(»r  a  fortnight. 
A  c<)l<)urlcs.s  oil,  modefmtely  .nolublo  in  \vat<>r. 
Ht'AtiMl  U)  150**  with  strong  hycLrocliJoric  acid.  it. 
it)  decompi>stHl  into  ammonia  and  (linu-thviMuc- 
dDic  Mid  (Hell  and  Rothberg.  Bt^r.  22,  1737). 

Butylene  glycolehlorhydrln,  /3-chloroi«obutyl- 
alcohol  (C  H,),  CCi  CH,OH ;  b.p.  137.  tVom 
Mobutylenu  and  hypochlorouH  aoid  (Aotictttw, 
Annalon,  144.  25).  Solubh-  in  inrgf  oxr<>ss  of 
water.  iS«'f  alM)  Michael  and  Lcighton  (Ber. 
\m\,  2157). 

^-Cldoroiwbutyl  al(^•hl•l  i.s  alwj  formed  by  tlio 
union  of  hytlrogon  cldoridc  with  MobuWlenc 
oxide,  Mhic'h  reottlto  front  the  aotkm  of  dry 
l^owdcn-^l  ]K>ta88ium  hydroxide  on  ehloro- 
trinn  ih\  l  carbinol.  The  last  may  Ik*  prejiared 
frt)m  maj^ncsimii  methyl  bromide,  chloroacctone 
and  eth\l  ihluroacctate.  3-chlorOMobutvl 
alcohol  hinU  at  132*'  133*.  It  forms  a  nitrate 
by  the  action  of  concentrat^'d  sulphuric  and 
nitric  acids  ('(Me),t'l-CHsNO„  and  a  nitrite 
C(Me)jClCHjN()2  with  nitrous  acid,  which 
distinguishes  it  from  the  isomeric  chlorotri- 
methyl  carbiooi  (L.  Henry,  Compt.  rend.  19U<i, 
142,  493). 

Butylene  dUunines. 

1.  Tttramethyltnediamine  (putreminr), 
oa-diaminobutone  NH,-CH,  CHj  (^H,  CH,  NH 
occurs  in  urine  and  fa'ccs  in  cases  of  cystinuria, 
and  also  arises  durinj;  the  |)utrefaction  of  hor- 
rings.  It  is  jjrepare<l  by  reilucing  an  alooholic 
solution  of  dicyanoethylt  iif  w  ith  .so<lium  (I^den- 
burg,  fier.  188(i,  78U  ;  L<cUmann  and  Winthaer, 
Annalcn,  228, 229) ;  or  in  a  similar  manner  from 
succinaMi  hvde  dioxime  (Ciamicinii  and  Zanetti, 
Ber.  22, 1968,  1970).  Culourleas  oryHtaLi 
meltingat  27*-28*  (O.  Z.)and  boiling  at  IfSS'^iaO'*. 
Siiii  ll-*  like  pi[>«'ri4line.  It  i.s  stn>ML'l\  liasit-, 
readily  abaorb^  C0|,  and  forms  a  weli-de  lined 
dihydrocMoride,  aunohloride,  and  platinichloride. 
Tht  picrnloiiati"  is  of  some  jjhy^iolo^ical  import- 
ance (Utori,  (Jhem.  80c.  Abstr.  iiK)5,  ii.  126}. 

Wtllstftl^  and  Heuhner  have  pref>ared  the 
tetranu'thyl  derivative  of  tctrarnrthx  line  dia> 
mine,  and  the  biquatemary  hexamethylammo* 
ninm  salt  oorreeponding  to  it  (Ber.  1907,  3871, 
3S74).  The  identity  of  aS-dianiinobutano 
with  putreacine  resta  on  the  experimcntti  of 
UdnuBBky  and  Bavmann  (B«r.  1888,  2988). 
Brieger  {Chem.  Zenlr.  lf>(>7.  i.  1703)  connidcrs 
the  identity  not  proven,  as  also  do  WiUatiitter 
and  Henbner  (<.e. ). 

2.  Dinifffii/lrthiflfittdintntnr,  0yfftn- 
minobuianc  Cll,-(  li.NHj-CHNH|-CH,,  has  been 
prepared  by  Angeli  (Ber.  189U.  1358). 

/"o-Butylacetlc  acid  v.  <  'apboio  acid. 
Butyl  chloral  v.  (.'hloral. 
Bu^l-lMtinlc  aeld  v.  Hyobox  ybutybio  acidb. 
Butylene  glycols. 

1.  S  vr  mal-{a)-bulylf  nc  iili/col,  afi-di- 
hffdrorybuianc  CH  ,-CH,«CHO  H  ( '  H  .OH:  b.  p. 
I'»r  I!»2°  at  747  !  mm.;  sp.yr.  I  OlS!*  at  0°  0', 
1  (Hir»!»  at  17-5/0°.  From  normal  butylene  di- 
bronnde  (Savtxeff  and  Qrabowaky,  Annalen,  179, 
332). 

2.  fi-Bulylene  glycol,  ay  dihudroxyLuUint 
CUa-CHiOHl-CHa-CHiOH;  b.p.208'5*-2<)4''(Ke. 


kn](r,  Annalen,  182,  310) ;  8p.gr.  IHttA  (Wwts, 

J.  H7:?.  474:  Bull.  S..c.  chim.  41,  362».  Pro- 
duced in  .small  «|uant  ity  by  the  reduction  of  dilute 
HqueouH  solution  of  aldehyde  by  aodinm-MMi^faa 
(K.).    Pre))ari  d  from  ^-r,x\  l.utyric  aldehyde 
reducli(jn  with  iHxiium  amalgam  (W.). 

3.  ItobutpUne  glpeol,  mfl  iOtjfirwy-*- 
>neihylpropane((  'H  ,y('{OH)  rH  .()H  :  b.p.  176^ 
178";  8p.gr.  1012J»  at  0%  1-003  at  20°.  Plw 
ducod  by  tiie  fermentation  of  BOOT  in  pnnm 
of  tartaric  acid  (Henninfrer  and  &*nst>n.  0>mpl. 
rend.  10(},  2()S).  Forme<l  by  heating  Mobutyknr 
bromide  with  potajtsium  carbonate  and  water 
(Nevole,  Biill.  .S(K\  rliii;i  27.  '>3)  ;  also  bv  nTid*- 
tiori  of  Mobutylono  by  muana  of  putaaaium  per- 
nian^aiiat<^  in  neutral  aqiMKKW  flolution  (WafMr. 
B<  r.  21.  1232). 

4.  Symmttrirtil  d  i  rnr  ( h  y  leth  ylene  gtf' 
e»i» 0y-difi  >/droxi/b  w/m  « f  ( '  H , •( " H < ) H  •( j HOH -CH,; 
b.p.  18.3°- 1  H4°.  Formed  by  heat  in::  f-.r  or  7 
hours  1  vol.  of  symmetrical  dini«'tH\  lethyieor 
oxide  ('4H,U  with  3  vols,  of  water  to' IW 
(Elt^'kow,  Chem.  Soc.  Abstr.  1H83.  506). 

5.  Tetramt  thiflf m  t/lycol,  ai-diht/dmr^- 
btUnrif  ()H  ((  H  ,)4  0H  ;  Iwils  at  203°-205*;  sp-^r. 
101 1 1  (l)ekkery'.  (  hem.  tiiw.  Abstr..  1891,  164). 

6.  A-butyieue  rjlycol,  diffenng  from  the 
above,  boiling  at  183®-184°;  ha*i  also  been  pre- 
pared by  Wurt/.  (Ann.  Uum.  fhya.  [3166^453); 
Hp.gr.  1-048  at  0°. 

7>  urM ethyl  propan^dM 

oh-uh,-(;H(('H,)-cHjOH 

(Henry,  Bull.  Soc  ohim.  I3J  13,'  1002 ;  Cman, 
Chem.  Zentr.  1897,  ii  179). 

Bntarlaie  dllodlde,  ay-dHodobutam 

rHj-CHl-cilj-cHjl : 
sp-nr.    2-2S>l.    From    3-butvleno    glycol  and 
hy<lriodic  acid  (Wurtz.  Bull.  Soc.  chim.  41, 16S)i 

Isobutylene  dinitrlte  (^IIhINO,)..  By  treat- 
ment of  Mobutylenc  with  conoeotrated  nitnc 
acid  (Haitii^er,  MonatHh.  2,  287).  Vonm  a 
cry.st^dline  mass.  Pn.lMibly  the  .same  b<^y  »-as 
obtaineil  l)\  Jieilstein  and  Kurlwktow  (Ber.  U, 
1621)  bv  treating  the  petroleum  of  TiHis  (b.p^ 
40°-.'>0°j  with  nitric  acid  (sp.pr.  1.52).  It  formed 
ne*xlle.s  which  melU'd  at  96°.  They  were  ukioluble 
in  water,  but  soluble  in  alcohol  and  ether. 

BatjrlMM  oiMee  u«H«0.  o 

1.  IsohutffUne  oxide  (('Hj),C  CH,; 
b.p.  51°-52*;  wp-gr.  0-831 1  atO°.  From  the chlor- 
hvdrin  C4H4UIO,  anfl  pota«h  (Eltekow,  Chem. 
Soc.  Abstr.  188.3.  tMi>). 

2.  t'DimtihjfUthyltne  oxiit 

() 


(  •II3  ("II  (  HCH^  ; 
b.p.  5»)°-57°;  sp.gr.  U-H344  at  0°.    Formed  Irons 
tbe  chlorh\<lrin  (prepaml  from  the  symmetrieal 
dimethyethyleiic  and  hy}>oehlon)n^  acidl  an  1 
potaah  (mtekow.  them.  Hoc.  Abstr.  1883,  666). 

BUTYRALDBHYDE.  Butyric  aUdkgie  CtH^a 
'riiis  compound  exists  in  two  isomeric  forms 
U'rme<l  normal  and  (.vobutyric  aldehyde  rospec- 
tively. 

Normal  butyraldehyde  <  (CH,). -CHO  n 
roruie<l  together  with  acelaidchydc  and  prupal- 
dehydc  by  the  actioit  of  ehiomio  acid  npon 
tibrin,  casein,  and  allmmen  (CiickellK  rj^r. 
..-Vnuaien,  (>4,  39).  It  ruadUy  prepared  b^  dis- 
tilling •  mizture  of  celeiuiaforttate  (2  mci$A  end  , 
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oalcium  butjrrate  (I  moL)  in  quftatittea  of  60 

ffmns  at  a  timt>  with  t\vic(^  tho  weight  of  iron 
filinga.  The  distillate  is  frActionatetl,  the 
fnusiion  70*-110*  treated  with  sodium  hydrogen 
Hulphite  (bisulphite),  then  shaken  with  ether  to 
extract  impuritios,  and  finally  distilled  with 
ezwos  of  aoda  (Lipp,  Annalen,  211*  3S6 ;  Linne- 
mann,  i7jid.  Ifil,  ISfi;  Kahn,  Bit.  1885, 
3364).  Bodroux  ha«  apphed  Grunard  a  reagent 
to  »  Mhition  of  ortholomiio  mad  aoetaldehjde, 
thereby  obtaining  a  75  p.c.  vield  of  baiyralde* 
hydo  (Chcm.  Zentr.  1904,  i.  i077). 

Properties. — Normal  butjTaldehvde  ifl  a 
liquid  which  boils  at  73*-74*'  (Lipp.  at  7.1*  77°) 
aud  han  a  iip.gr.  0*81 70  at  20°/4  (Briih),  An- 
nalen, 203, 18).  It  is  soluble  in  27  parts  of  water. 
With  .-odiuni  hydrogen  8ulphit(  f  !ii  nlpliite)  it 
uniteK,  yielding  a  crystalline  coni^xjund  (.Jiutin, 
Ber.  1884,  2505).  When  treatetl  with  aqueous 
ammonia  at  0*,  it  yicMs  hiitxraldehvde-am- 
monia  C^UgjNO.ii^HjU,  uhicli  (TyntalliijeH  in 
acut^  rhorabio  tetrahedra  ami  im  Itu  at  SO'-Sl" 
(Gucken>en:»Tl  If.  however,  alcoholic  nnimnnia 
aad  the  aldehyde  are  allowed  to  stand  for  a 
mooih,  and  then  heate<l  for  a  day  at  100*,  oon- 
den«atinn  omir*.  ami,  after  removal  of  ammonia, 
alcohol  uml  unattacked  bxityraldeh^xle  by  din- 
t  illation,  two  hBi»e»,  tetrabutymldme  and  di- 
butyraldliic  ('.,H,-NO  can  l)o  Meparate<l  by 
fractional  pr(cii)itatiua  mtli  pjatinic  chloride. 
The  latter  only  can  be  eiygtalljsed,  and  when 
heated  i»  c<mvtTt<'<l  into  parnconino  C,H,jN  and 
water  (Schifi,  Annalen,  157,  352}.  The  trichlo- 
robutvraldfihyde  (bntylchloral)  and  its  hydrate 
liave  b*'«*n  pr»*p«re<l  bv  Pinner  (Annalen,  179,  26). 

/«obutyraldehyde  (CH,),CH  CHO  can  be  pre- 
{lared  by  the  oxidation  of  Mobutyl  alcohol  with 
}K)ta8.sium  dichromate  and  sulphuric  acid  (Lipp, 
Annalen,  205,  2  ;  Pinner,  Ber.  5,  699  ;  Fosiwk, 
MonatMh.  2,  614  ;  4,  661),  or  by  distilling  calcium 
formate  with  calcium  i«obutyrate  (Linaemann 
and  Zotta,  Annalcti,  162,  7).  It  di-ssolves  in  9 
parts  of  water  at  20"*,  and  is  soluble  in  alcohol 
and  ether.  The  boiling-point  is  63*^-64*'  at 
757  mm.  (Bruhl,  Annafon,  203,  18),  and  the 
8p.gr.  0-7!»:Js  at  20"  4"  (Briihl),  (>7'J722  at  15* 
(Ferkin.  Chem.  Hoc.  Tians.  1884»  476).  (jun- 
denmtion  oomponnds  have  been  obtained  by 
Plrrk'n  fCliriii.  S.,c.  Tran^.  1SS3,  91). 

BUTYRIC  ACID  C.UaO,.  Two  isomoriu 
forms  of  this  acid  are  known,  normal  butyric 
antl  iVohutvric  acid 

Momua  btttyrie  acid  UHa  CU,  (JH.  CUOH. 
Oeemmnee. — ^fn  ordinary  butter  in  oombinu  - 

tinn  with  glycerol  to  the  extent  of  2  p.c.  ;  idso 
in  the  fruits  of  Uemckum  viUontm  (Fisch)  and  of 
Peveedattum  aativum  (Benth.  CI  Hook,  /.)  as 
hexyl  butyratc  and  octyl  luityrat)  rcspi  1 1 1\ cly. 
butyric  acid  is  also  found  m  ilesh  juice,  and  in 
frequently  a  oonstituent  of  deoompoeing  organic 
niatti-r  {v.  art.  Fermentation)  (J.  1857. 363,  402, 
403, 559  ;  1858, 231  ;  1859, 363,  364  ;  1861,  454  ; 
186A,  311).  The  occurrence  of  butyric  acid  in 
(tour  milk  is  in  ued  of  by  Thorpe  (Chem.  Zentr. 
1909.  ii.  1774). 

IVepoitrtKm.— ( 1 )  Butyric  acid  in  a  frequent 
prodtirt  of  the  nxidatiou  of  organic  suh.-^tancjw  ; 
casein,  bbnn,  and  albumen,  for  example,  yield 
this  acid  among  other  products  on  oxidation 
uith  manganeHe  dioxide  and  sulphurio  acid 
(Uuckelbeiger,  Aunalen,  64,  68). 

(3)  All  amylaoeoiu  and  aaooharine  iiub- 


atanoes  whioh  yield  lactic  aoid  as  a  produot  of 

their  fcmicnt^itiun  cun  undergo  a  further  for- 
meutation  to  butyric  acid,  and  this  fact  is  made 
UM  of  for  the  preparation  of  the  aoid.  6  Idlos. 
of  rice  or  potato  .^tartdi  are  boiled  with  60  litres 
of  water  for  some  hours,  allowed  to  cool,  and  the 
product  after  24  hours  ie  trcated  with  60  grams 
of  malt  stirred  up  with  2  litres  of  milk,  with  1 
kilo,  of  tineiv  divided  Hesh,  and  with  2  kilos,  of 
chalk,  the  malSk  being  added  to  nentraliee  the 
laette  Uid  butyric  acids  as  rapidly  as  they  are 
formed,  and  the  whole  is  allowed  to  remain  with 
oocaaional  stirring  for  several  wedn  at  a  tempe- 
rature of  26*-30  .  Whm  tho  evolution  of  gas 
has  ceased,  the  product  is  heated  to  80%  filtered, 
preci])itated  withiKidium  carbonate  to  deoompoae 
the  calcinm  snlt,  again  filteml,  eva]K>ratcd  to  a 
small  l>ulk,  and  treated  with  sulphuric  acid. 
The  oily  layer  of  acid  so  obtained  is  fractionated 
to  free  it  from  the  acetic  and  caprnie  arids 
formed  simultaneously,  and  the  fraction  loo"- 
174**  is  <'Xtraeled  with  water,  which  dissolves 
the  butyric  aci<l  bnt  leaves  the  caproic  acid  im- 
disKolved  ;  the  aqueous  extract  is  then  neutral- 
is(>d  with  lime,  the  solution  concentrated,  and 
t  he  sn]i  finally  decomposed  by  hydroohlorio  avid 
(Griiloue,  Annalen,  105,  127). 

(3)  In  the  presence  of  a  schizomycfis — the 
so-called  BaciUius  9vbtUi«,  which  can  readily  be 
obtained  by  stirring  hay  in  water,  straining  the 
liquor  through  a  .sieve,  and  boiling  for  6  minutes 
— Fitz  (Ber.  11,  52)  has  found  that  .^tan  h  readily 
undergoes  fermentation,  yielding  normal  butyric 
acid  as  chief  product. 

ButATic  acid  han  also  been  obt-ainod  by  the 
fermentation  of  glycerol  in  3  p.c.  aqueous 
solution  with  a  species  of  schizomyoee  (Fitz, 
Ber.  9,  1348  ;  10,  276),  and  ha.s  hceii  prepared  by 
various  synthetical  methods  (Frauklaud  and 
Duppa,  Annalen,  138,  218;  Geuther  and 
Frijlich,  ibid.  202.  306).  (For  condition;^ 
affecting  tho  jirtHiuction  of  butyric  acid  by 
fermentation,  see  Febbontation.)' 

Propertiai. — ButjTir  arid  i.s  a  colourless, 
transparent  liquid,  havni'^  an  odour  resembling 
that  of  rancid  butter,  and  a  sour  burning  taste. 
Cooled  to  —19"  it  .-solidities,  and  the  crystals 
melt  at  al)Out  —2^.  The  acid  boils  at  l(;i-5*'  at 
760  mm.  (Kahlbaum,  Ber.  16.  2480) ;  at  162-3* 
(corr.)  (Linnemann,  Annslen,  160,  228;  Zander. 
ilnd,  224,  64);  and  has  a  .sp.gr.  0-96704  at  IS''/ 15° 
(Perkin,  Chem.  Soc.  Trans.  1884,  4H:i\,  (i  !I590  at 
20'  4° ;  "!  ,  !  -.imm  fScheig. R.  18i»J>.  Butyric 
aci<l  i.s  liiliunmmble  ami  bums  with  a  blue  flame. 
Alcohol,  wood-spirit,  and  water  dissolve  it  in  all 
proportions,  and  from  tho  aqueous  snhition  it 
can  be  separattxl  by  addition  of  calcium  chlurale. 
Proloiiged  boiling  with  nitric  acid  converts  it 
into  succinic  aciil.  By  the  action  of  calcium 
carbide,  dipropvl  ketone  mav  be  obtaiutU 
(Haehn,  ('hem.  Zentr.  1906,  ii.  17). 

Sallfi» — The  metallic  salts  of  normal  butyric 
aoid  are  generally  soluble  in  water,  and  arc  crys- 
talline. NaB  and  KB  crystallise  in  indistinct 
cauliHowor-liko  groups.  AgB  crystalli.ses  in 
ntHHiles  or  monoolinio  prisms,  and  dissolves  in 
2(K)  parts  of  water  at  14*  (Linnemann  and 
Zotta,  Annalen,  161.  177):  I'Wi  i>arls  of  water 
dissolve  0-413  |>art  at  16**  ((.iriinzut  if.  .Xiuialen, 
162,  203).    Mi^,,5HjO   crystAlli^es    ni  very 

soluble  sosles  (Pelouse  and  Uelis,  An'^al^'Hi  ^7-  i 

Uiyiiizcci  by  tjOOgU 
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249).  Bi3}j,4H.O  crystaUises  in  naoreoiis 
scaleOyaadduBolvcs  in  2-48  pirt  s  of  wat^r  at  14** 

(Linnoniann  and  Zotta).  CuB,,H_.0  crystal- 
li.soti  in  rhombic  forms;  lOOpartd  of  water  diasolve 
19-4  parts  at  0**.  (For  solubility  taUe^  tee 
llecht,  Antialon,  213,  72.)  SiB,  forms  monoclinic 
priiima ;  lUO  parts  of  water  at  20*  dissolve  39-2 
pttrts  of  the  nit  (Grilnzweig).  ZnB2,2H.O 
forms  monoclinic  prisms  ;  100  parte  of  water  *at 
16"  diiMsolve  10-7  parts  of  tht;  orystjillisctl  f*alt 
(Grunzweig).  PbB,  is  an  oil  which  slowly 
solidifies  (Markowaikow,  Annaleo,  IBS,  Ml). 
CuBj.HjO  crystaliises  in  triclinic  forma  (Alth, 

Annalen,  91»  176).  and  CuBg,2U,0  ci;yst*Uiae8 
in  monoclinic  forms  (Pdonse  and  GtHia). 

Stparntion  from  formic,  acrlic,  and  propionic 
aci^.— .Mach  and  Portele  (Cbem.  iSoo.  Abstr. 
1890.  1344)  cive  the  feUowmg  method  for  the 
estimation  i>T  h!it\ric  juiil  in  the  jiresence  of 
acetic  acid  (aa  in  wine) :  500  cc.  of  the  solutioD  i 
is  distilled  to  a  bulk  of  186  ce.,  diluted  to  the  I 
<ffUtnAl  volum' ,  an  l  again  distilled  till  only 
185  c.c.  remains.  This  is  done  four  times.  The 
total  Mid  in  the  distillate  is  estimated  b  v 
titration  with  >(>rl.T  nr  Ijuryta.  If  scula  in  used, 
the  neutraiiticd  distillate  is  evaporated  down.  • 

sulphuric  acid  is  added,  and  the  mixture  steam-  !  fiwntana)  (Sigel,  Annalen,  170,  348). 
distilled.  The  distillate  is  neutralised  with  Preparation. — /aobutyTic  acid  is  n«o-;t 
baryta  and  evaporated  so  far  that  it  will  solidify  pmrnrt-d  by  the  oxidation  of  i\sobut  \i  aiooboi 
when  cold.  The  barium  butyrate  is  then  ez>  ^  i^^  ^  mixture  of  siUphune  acid  and  iKit4t.-i.<ium 
tractfd  with  absolute  alcohol,  and  the  aqueous  <lithromate.  Pierre  and  Piuhrd  (Ann.  Chitn. 
solutions  of  the  Mcparated  salts  treated  with  Phys<.  [4]  28,  30t»)  give  the  following  propoc- 
sulphuric  acid  and  stoam-distilled,  the  acid  in  '  *>on8  :  /«>butyl  alcohol  (300  j>art.s)  is  mixed  with 
the  distUlate  being  subsequently  titrated.  Wfiter  {ITiOO  parts)  and  sulphuric  aciil  (540  p-irt*) 

The  sejiaration  of  formic,  acetic,  propionic  ^'id  into  the  well-cooled  mixture  finely  powxicnd 


«jB>IMelilorobutyrle  aeM 

CH,-CHtI-rHCl  (  (>,H,  meJt.<  at  72»-73»  (Mdi- 
kow,  Annalen,  234.  201 ;  266,  372). 

^y-IMalilarotatyrio  aald 
('H,Cl-("HCl-rH,-f'0,H;  melt«  at  48^60* (Lm- 
pieau,  Compt.  rend.  128,  225). 

attg-THcalarobtttjrrle  aeU 

rH3  ('H('l  (T'l,-C0.1I;  melt8  at  60*  (Kahlbauoi 
Ber.  1879,  2337    Gaigaroiii,  Annaieo,  182,  m), 

C'HjCl-rH,-CX'l  .-CO.H;  melt*  at  73*-75P  (Kst. 
terer,  Monatsh.  4,  551 ;  5.  256). 

a^3-TrleUorolnityite  mU 
CH,-CC1,-CHCI CO^H;  melts  at  58*  (Snak  sad 

Taggcscll,  Ber.  1895,  2665). 

TBtxaeUorofemvile  aflld  C«H«a.Os ;  bm2u  st 
140**  (FdoQse  and         Aroh.  Pharm.  m 

434). 

BromokntyitoMids  have  also  been  oblaiBBd 

by  Naunmnn  (.Annalen.  110,  120),  Schneider 
(J.  l8Ui,  458),  and  Michael  and  Ivorton  (Abhv 
Chem.  J.  2,  16).   (^es  abo  doTes,  Ckmrn,  Zentr. 

1902,  I.  406.) 

/wbutyric  acid  (CHj)j  CH-COOH. 

Occurrence — /.foljutyrio  acid  occurs  in  ths 
fruit  of  Siliqua  dukts  ((Grunzweig,  Chem.  8oc. 
Trauf.  1873,  373),  and  in  arnica  root  {Ai 


and  butvric  acids  is  also  dealt  witn  b 
^^■Ill^(.x  (Chem.  Soc.  Proc.  1896,  202);  T,iir 
(Zeitsch.  Anal.  Chem.  10,  186);  liaberland 
{ibid.  1899.  217);  and  .Muspiatt  (J.  Soc. 
Chem.  Ind.  1900,  204).  An  expression  con- 
necting the  percentage  of  butyric  acid  in  an 
aqueous  distillate  with  the  proportion  of  the 
distillate  to  tlie  oritjinal  solution  is  given  by 
Leonard,  Smith,  and  Hichmond  (.Analyst,  1897, 
92). 

Butyryl  chloride,  obtaine<l  by  treating  96 
graraf  ot  butjTio  acid  with  100  grams  of  phos- 
phorus trichloride  (Burcker,  Aim.  Chim.  Fhys. 
[5]  20,  468);  bods  at  100*-101-5*  (Linnemann); 
and  has  a  sp.gT.  1-0277  at  2374*  (Briibl). 

Butyric  anhydride,  prepared  by  t  ho  aotioa  of 


'  potassium  dichromate  (400  paita)  ill  gtadoaOy 

introtlucetl.  An  ethereal  layer  separate.'',  con- 
sisting of  wobutyl  i^cjbutyrate,  which  is  de- 
coraix)sed  by  allu\Mng  55  parts  to  fall  slowly  on 
100  parts  of  caustic  potash  to  which  one-tenth 
its  weight  of  water  has  been  added  ;  the  re- 
sulting potassium  salt  is  then  '^*«*'lltini  iriA 
dilute  sulphuric  acid,  and  the  aqiMons  said 
purified  by  fractional  distillation. 

Sv'nthetioal  methods  for  preimring  thL«  acid 
have  been  described  by  Frankland  and  Duppa 
(Annalen,  138,  337),  and  Markownikow  (Ann»- 
len,  138,  361). 

Properiiea. — ^/«obutyric  acid  resembled  lU 
isomcride  in  appearance,  but  has  a  less  disagree- 
able odour.    It  biMlsat  152"  at  760  mm.  (Kahl- 


butjT)  1  chloride  on  butyric  acid  (Linnemann,  I  baum,  Ber.  16^  2480) ;  at  163-6*-163-8«  at  750-3 


Annalen,  1»31,  179),  or  by  the  action  of  1  molecule 
of  acetic  anhydride  or  2  ni«>l>.  sodium  butyrate 
(Michael,  Chem.  Zentr.  1901,  i.  IdNy).  boils  at 
19l*-193°  (L.);  and  ha«  a  .'^p.gr.  0  978  at  12-6* 
(Gerhanlt,  At  tialen,  87,  15»i). 

Butyramide,  formed  by  heating  dry  ammo- 
nium butjTate  for  six  hours  at  230®  (Hofmann, 
Ber.  1882,  9S2) ;  .  r v-t  illi-es  in  tables;  melts  at 
115* :  boils  at  216°  (J.  1856,  616);  and  is  readily 
soluble  in  water. 

a-ChlorobutyrIc  acid  CHj-CH^  CHCI  COJl 
is  a  thick  liquid  difficultly  soluble  in  water 
(Markownikow,  Annalen,  153,  241). 

)8-Chlorobutyr!c  acid  (  Hj-cHCl  (  H .  (  0,H, 
thick  liquid  (Pinner,  Ber.  1879,  2056;  1884, 
2008). 

7-ChlorobutyrIc  acid  CII,C1CH,  (  H,  Co,ir. 
Kbters  only  known  (Henry,  Chem.  Zentr.  1898, 
iL  273). 


mm.  (Bruhl,  Annalen,  200,  180) :  at  I64'-154  J* 
(Zaixler.  i/n<f.  224,  77):  sp.gr.  0-0651  at  0* 
(Zandi  r) ;  0-9503  at  20*  (Linnemann,  Annalsa, 
162,  9).  It  dissolves  hi  fire  times  its  TohinM  of 
water  (L.).  The  metallic  salts  of  Mobut  \xic  aoid 
are  more  soluble  in  water  than  those  of  ths 
normal  add.  Hie  potassinm  aad_aodiani  sril* 

form  cauliflower-like  masses.  AgB  cry:it&lli«« 
in  characteristic  tabular  forms  ;  1»X)  parts  of 
water  dissolve  0-928  part  at  16*  (Cfriinxweig, 
Anjialen,  168,  210).  llgSi  forma  iHiito  anafcn 
CaB2,5HjO  forms  four  ?i(k<l  monoclinic  ci^fS- 
tals ;  hK>  parts  of  water  at  18*  disMlve  36  parts 
ot  (  rystallilMd  Salt  (G.),  and  th«  tolnbaity  ia- 
creases  as  the  temperature  rises.  SrH2,5H,0; 
UK)  parts  of  water  at  17*  dissolve  44-1  parti 
of  the  crystallised  salt  (G.).  B«B^iH,U 
formsmonoclmfe  o.yrt»J.(Rt.,j^^lg|0,i3Jg^^j^, 
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Znl<s,H^O  ;  100  parta  of  w-»tcr  at         dissolve  ] 
17*3  parte  of  th«  orystallised  salt  (Grilnxmig). 
PbB,  crvstallLiea  iu  rhombic  taUee  uid  diaaolvea  I 
jin  1 1  pttf  to  of  water  at  16<>.  I 
>     /Mbdtyryl  ehlorUA,  prepared  By  troating 
»*obut\Tio  acid  (12  parts)  with  phosphoni'^  tri- 
cUloride  (7  parts),  aad  Hubscqucntiy  dktiUing 
(Tbnn\e»  and  Staiib,  Ber.  1884,  850);  boOs  at 
m-r»* -025*  at  74S2  mm.;  and  has  a  ap.gr.  | 
I  0174  at  (Brtihl,  Aanalen,  203,  m 

/MMfiyl  aimydride,  obtained  by  boiling  I 
i,*ohTit%Tic  acid  with  t>(oIjutyryl  chloride  for 
12  iiours  iu  a  rvflux  a[>paratua  and  fraotioa- 
ating  the  product  (Tdumea  and  Staub,  Ber. 
1S84,  850);  hulls  at  iMi-5«  at 734  mm.;  and  haa 
a  iip.gr.  O  yij74  at  Irt-O*. 

/MfeiitynunMe,  formed  by  heating  dry  am* 
moniura  t^obutvrato  at  230"  for  8ix hours;  melta 
at  128*-129*  (ilofmann,  Ber.  1882,  982). 

o-ChloroMobutyrie  acid  (CH,).CC1C0,H ; 
melts  nt  Sl^and  boils  at  118*  (Honry,  Bull.  Soo. 
chiiu.  2U,  24  ;  Balbiano,  Ber.  1878,  1693).  I 

a/3-DIehloroMobutyTle  acid  ! 
( H ,  CH{(  H ,( 1 )  ( X '1C0,H  (BnMhetk  Ann.  Ghim.  i 
Phys.  [7]  10.  37j). 

TrichlofMobutyilo  acid  C^H^Cl^Ot;  radta  at 

fii)"  (( ;,,fr!i,.l,.  J   vr  ( 'hfii.  [2]  12,  1).  I 
Bromo(>o6utyric  acids  huve  been  prepannl  by  j 
Marko>%*nikow  (Annalen,  153,  229) ;  Engelhom  . 
^i  /.  2(>0,  05^  68);  Oibours  {ibid.  Supplt.  2, 

Butyric  esters.  These  compounds  are  for 
the  most  ]>art  prepared  by  the  action  of  butyric 
acid  on  the  corresponding  alcohols  in  presence 
of  some  dehydrating  agent  such  as  sulphuric 
acid,  the  temperature  being  raisc<l  eventually 
to  complete  the  reaction.  But>Tic  caters  are  i 
liquids  which  dissolve  in  alcohol  and  ether  in 
all  proportions,  but  are  only  very  sparingly 
soluble  in  water.  On  saponiScation  with  . 
caustic  potash  they  yield  the  OOfXesponding 
•icohol  and  potassium  hutyrate.  I 

Methyl  butyrate  CtU^OsMe,  prepared  simi- 
larly to  the  ethyl  ester,  is  a  colourless  liquid 
with  a  pleasant  odomr  reaemhiing  that  of  pine-  ' 
apples,  ft  boib  at  102*3*  at  7w  mm.  (Schu- 
r:!ann,  Pogg.  Ann.  [2]  12,  41);  and  has  a  sp.;>r. 
0-9194  at  074**  (El^asser,  Annalen.  218,  314). 

BOiyl  batyrate,  butyric  e^er,  is  prepared  by 
i<l(ling  1  jmrt  hy  weight  of  .sulpliuric  acid  lo  2  ' 
parts  each  by  weight  of  butyric  acid  and  aloohoL 
The  liquid  becomes  heated,  end  the  mixture  at  ' 
once  t;oparat«'.H  into  tuo  layers  of  vhich  the 
dipper  ono  consists  of  oth^l  butyrate.   To  com-  , 
I'lote  the  reaction  it  is  necessary  to  heat  the  pro-  I 
duct  at  about  80*  for  a  short  time.    The  upper 
layer  is  separated,  waabed  with  water,  dried  . 
over  ealdnrn  ehloride,  aad  d&tnied.  The  pre.  1 
sence  of  considorahlc  qiiantitios  of  water  does 
not  seem  to  Ixinder  esteritication  (Pelouze  and  | 
Annaleii,  47,  2fi0).  I 

Ethyl  hnt^Tato  is  a  oolourkes  liquid  havint;  ' 
an  odour  like  that  of  ptne-applse.    It  boils  at 
119*0*  at  760  mm.  (Sohnmaan);  and  has  a 
=:p.gr.  0-8996  at  0V4*'  (Elsasscr).    A  st)lutioii  of 
ethyl  butyrate  is  used  in  perfumery  and  in  con-  : 
fectionerv  under  the  name  of  pine-apple  oil  I 

fiopyl  bntfiste  boib  at  142*7*  at  700  mm. 


Vol.  I.— r. 


(Schumann);  and  has  a  sp.gr.  0  8030  at  0V4* 
(Elsiisser). 

/^opropyl  butyrate  boils  at  129<*  at  756  mm.  ; 
and  ha.s  a  sp.gr.  0-8787  at  0"  (Silva,  Ber.  1869, 
28:)),  0-9027    it    0*   (Pribram  and  Handl, 

Motiatsh.  '2.  <5'»'M 

Butyl  butyrate  boils  at  1(51-8*  (corr.),  and 
has  a  sp.gr.  0-8700  at  12'  (Linnemann.  .Ann- 
alen, 161,  195 ;  compare  alao  Lieben  and  Bossi. 
ibid.  158.  170). 

/«obutyl  butyrate  boib  at  IfiO'O"  at  760  mm. 
(Schumann);  and  ha.s  a  sp.gr.  0-8708  at  0^, 
0-8664  at  16*»  (Griinzweig,  Annalon,  162,  2U7). 

laotitayl  butyrate  boils  at  178-6**  at  760  mm. 
(Sohamann);  and  has  a  sp.ffr.  0*8823  at  0V4** 
(Elsiasor). 

The  hexyl-  and  octyl-butyratos  occur  in  the 
oib  from  the  fruits  of  Ueracleum  gigantrum 
(Franohhnont  and  Zincke,  Ber.  4,  824)  ami 
Piistlnaca  sativa  (Renesae,  Annahm,  106,  80) 
respectively. 

Rth«real  salts  of  i«obutyric  acid  have  been 
prcj       1  : 

Methyl  Mobntyrate  boils  at  92-3<'  at  760  mm. 
(Sehumann);  and  haa  a  8p.gr.  0-91 12  ( Klsasser). 

Btbyl  t'vobutyrate  boiU  at  llo  i'»  nt  7«iO  mm. 
(Schumann) ;  its  sp.gr.  is  0*8903  (Eisasser). 

Propyl  i«obutynta  boib  at  133*0*  at  760  mm. 
(Schumann;  its  sp.gr.  is  0-8843  (Elsi  mt). 

/«opropyl  bobatyrate  boib  at  118*>-121''  at 
727  mm. :  and  haa  a  8p.gr.  0-8787  at  0*  (Pf  ibrara 
and  Handl). 

/sobutyl  iwbutyrate  boils  at  146-6**  at 
760  mm.  (Sehnmann);  its  sp.gr.  at  0*  0*8752 
(Grfinzwci^r). 

/«oamyl  t«obutyxate  boils  at  168-8"  at 
760  mm.  (Schumann);  and  haa  a  sp.gr.  0*8700 

BUTYROLACTON£    v,  Hyd]ioxvbutyiuo 

Acina^  

BUTYRONE,  Ih'propyl  ketone  C^\l^^O. 

Butyrone  is  obtained  by  diufcilHng  calcium 
butyrate,  or  preferably  a  mixture  m  ealoinm 
butyrate  and  calcium  carbonate'  (Schmidt,  Ber. 
5,  597) ;  the  crude  product  is  dehydrated  by 
treatment  with  calcium  chloride,  and  purified  bv 
fractional  distillation.  Butyrone  bnik  at  144^ 
ami  ha.s  sp.L,'r.  0-8195  at  20**,  does  not  com- 
bine with  ai7i mania  or  sodium  hydrogen  8al« 
phite  (bisuljihite),  yields  a  mixture  of  propionic 
and  butyric  acids  on  oxidation  with  chromic 
acid,  and  is  converted  into  a  eeoondary  aloohd 
n,Hj,0  and  hiityronc-pinnconc  T,  ,Tl;,„0 ,  on 
treatment  with  sodium  amalgam  and  water 
(Kurtz,  Annalen,  iUl,  206). 

An  isDmerido  di-isojtropyllretone  can  bo  pit- 
INirwl  by  tlistilliri?  calcium  »«obutyrate  (Miiuoh, 
Annalen,  180,  :i27) :  it  boils  at  I24**-i26*,baa  a 
sp.gr.  0-8254  at  17**,  and  doi>8  not  oombine 
with  sodium  hydrogen  sulphite. 

BUTTRO-BEFRACTOMETER  v.  RmACro- 

MKTERS. 

BUXIN.  An  alkaloid  obtained  from  the  box- 
trt  <■  ( Bujcu.-i  -innptrvirens^  Hager  (CSiem.  Zcutr. 
1877,  119)  found  it  in  hf^r  a?  an  adultpmnt.  It 
is  said  by  Wab  (N.  J.  P.  14,  16)  to  bo  identical 
vith  bebeerine  (v.  VBoaro-  alkaXiOIDSJ. 
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CABBAGE,  Brassica  ftteratsM.    This  plant 

hm  been  mtMlified  by  csinful  !<«I<*(i<jn  and 
cultivation  so  M  to  produce  iiever&l  apparently 
very  diflterent  varielieB : 

1.  ThoBo  whiili  f'>rm  a  compact  head  by 
overlapping  of  the  leaves,  m  in  th«  ordinary 
(»bbage. 

2.  Those  of  a  strai^^-lii  open  habit  of 
growth,  with  a  branching  tttem  but  no  distinct 
^heiut '  or  head.  e.g.  thooMnd-hMded  kale. 

3.  Thdsi-  ill  which  a  (li-a.s*-  head  of  imperfect 
flowers  are  formed,  aH  cauliflower  and  broccoli. 

4  Those  in  whiek  the  stem  ia  enormously 
deye]<»ied  eo  m  to  form  a  globe,  m  in  kohl- 

6.  Those  in  whkh  it  laige  number  of  small 
'  h(  ads '  aie  formed  on  a  toll  stem^Bmssels 

sprouts. 

Of  the  oftbba^e  it«elf,  there  are  many 
varieties,  difTt  rinL;  m  size,  fihape,  and  colour. 

Like  all  the  members  of  the  Cruciferw, 
cabbages  oontaan  sulphur  oomix)un(U,  Home  of 
which  eaisily  iinfloT^o  decomposition  with  pro- 
duction of  sulphuretted  hydrogen. 

The  averaue  composition  of  cablmgos,  as  used 
for  oattie  food,  is,  aocording  to  KcUner — 

Sol.  carbo- 

WaUr  Protein  Fat  hydrstM  Fibre  Ash 
84-7         2-5        0-7         8  1         2-4  1-6 

whilst,  aocording  to  American  analyses,  the  edible 
portkm  of  eiiUnary  oabbages  oontains  : 

Sol.  carboliydratM  Fibre 
Water   Protein    Fat  —      —  - — ^  Afh 

90*3      2*1      0*4  6-6  14 

Caldia^f's,  a.s  a  farm  rr(  p.  rc-spond  to  liberal 
manuring,  and  in  inland  districts  are  benefited 
by  a  sinul  dxewing  of  the  soil  with  common  salt. 
They  do  best,  as  a  rule,  on  heavy  land,  and  are 
umially  transplanted  from  seed-be<ls.      H.  I. 

OAOAO  BUTTBR  (spelt  also  Goooa  Butt(r). 
is  ex])reKs»  <l  from  the  cacao  bean,  the  seeds  of 
the  cacao  trtf,  Theobroma  cacao  (Linn.). 

The  eacao  tree  is  indig<*nous  to  the  West 
Indies,  but  has  been  intrfxliu e<I  into  variou.'f 
tropical  countries,  especially  I  ciitrai  and  South 
America  and  t4>  t  )ie  \\  est  Coast  of  Africa  and  the 
ishuids  in  the  Hay  of  B< niii.  It  has  also  ht^m 
introduced  into  Nigeria,  and  an  inducement  hac 
been  held  out  by  tiM  Government  to  the  Nigerian 
]H'asant«  to  irrnw  cacao.  As  the  beans  are 
chielly  worked  up  for  the  pre])arati(»»  of  cacao, 
the  cacao  butter  must  bt-  cf»nsi<l«'red,  to  some 
extent,  a  l)\ -prmluct  of  the  chocolate  industry. 
For  the  pruiluction  of  cacao  butter,  the  beans 
are  roasted  over  a  eoke  fire,  an<l  the  husks  are 
separated  by  winnowing.  The  kernels  thus  laid 
bare  are  groun»l  under  millstones  an<l  retluced  to 
a  paste,  when  the  bulk  of  the  fat  is  removeii 
hy  hot  expression  in  hyilraulic  pres.s«»s.  As  the 
lat  in  the  bl^an  has  undergone  slight  hydrolysis, 
it  is  usual  to  add  a  carl>onate,  either  of  potassium 
or  aromnninro,  to  the  beana  before  roasting. 
Hence,  in  the  examination  el  caoao  butter,  tl^ 
presonci^  of  ammonia  or  potash  soap  may  be 
expected. 

The  average  eompo^tkm  of  the  cacao  bean 
is,  aocording  to  Kiinig,  as  follows : — 


Fat 

Water  . 
Albominoids  . 

Carbohydrates 
Crude  6bre 


.  49-0 

.  5-4 

.  12-8 

.  25-7 

.  3-71 

.  M-il 

The  oomposition  of  the  diell  it  foUows!^ 

Fat   4-21 

Water   1119 

Albuminoids  ,       •       •        .  1S-<I1 
Carbohvdratea       .       .  . 

Crude  fibre     .       «       .       .  17-ti3 

Ash  


10fM7 


The  proportion  of  fat  in  the  bean  vanes  £roa 

00  to  66  p.e.  In  the  prodnetion  of  oaoao  powdir. 
(iidy  a  jxtrtiun  of  th<  <  aiM  hutU-r  i-*  expr«j.-<<'i, 
whereas  the  beans  intendetl  for  the  manafacimr 
of  but  ehoeolate  are  not  expresaod,  m>  tfte 
full  amount  of  fat  is  allowe<{  to  remain  in  tLr 
ground  mass.  Manufacturers  of  cheap  ckuet^ 
fates  remove  a  portion  of  the  coetlv  oaoao  better 

by  exprr-^-irin,  rt  jilarir- .:  it  hy  cfieA|>T  -ubrt;- 
tutes  Chocolate  vat^).  The  kernels  conum 
a  small  amount  of  theonomiBe,  *  portioo  oi 
M'hich  passes  into  the  caoao  butt«r  on  expre«sic<r. 

Cacao  butter  has  a  ydlowish-whiie  colou;, 
turning  white  on  keeping,  an  agreeable  tasleanl 
pleafsanT  imIout,  recalliirj  ^hat  of  chcK  olate. 
the  onlinary  temperatvire,  the  fat  i»  jfomt^iL-iJ 
brittle.  It  appears  to  consist,  to  a  very  larerc- 
extent,  of  oh-odistearin  and  olt>odipalmitin.  The 
solid  acids  of  cacao  butter  constat  of  stearic  anit 
p^mitio  acids;  small  qusatities  of  arachidic  add 
are  Rtatod  to  oocuT  also  amoagst  tho  aotid  fatty 
acid* 

The  proportion  of  stearic  acid  in  t  he  fat  is  s^ 

high  as  39^0  p.c.    Amongst  the  liquid  fatt^ 
acids  then^  seem  to  be-  present  about  6  p.c. 
acids  less  saturated  than  oleic  acid,  m<iat  Kkrit 

linolic  acid.    From  the  iodine  s  alue  nf  th**  r*c»  ^ 

1  butter,  viz.  34,  the  oonclusiou  mav  ihtT«-fi»rp  t*' 
I  dra^^-n  that  it  oontains  less  than  30  p.c.  of  o^i-- 
!  acifl.    The  unsanoniHable  matter  of  cacao  batter 

amount  s  to  less  than  1  p.c.  Matthos  and  Kohdul) 
found  in  the  un.Ha|)oniHlable  niatteir  a  hydp^ 
carbon  (most  likely  identical  with  amvrikar.. 
stigmasterol,   and   a   ph^-tosterol    melting  »t 

In  the  older  literature,  the  statement  fn 
(juently  occurs,  that  cacao  butter  does  not  ivrr 
rancid.    But  it  is  a  matter  of  common  exp^r 
ence,  as  the  wTiter  has  shown,  that  cacao  hutus 
exposed  to  light  and  air  at  the  ordinary'  tempm^ 
ture,  Ix  etdnos  rancid  in  the  courBo  of  tiny 
Equally  orroneous  is  the  statement  thax  caac«.' 
caoao  butter  ia  obtained  from  mookiy* 
Most  shipments  of  cacao  beaivs  1 
in  transit,  but  as  the  beans  in  the  initial  state  t 
manuf aoture  are  manted,  the  mould  is  detetmrtc 
so  tliat  eaeai)  hutt<T  ]in  i>are<l  from  th«"<« 
need  not,  of  necessity,  become  rancid.  Wiu 
the  growtii  of  die  oonaumption  of  ebocolats  sa> 
oaoao,  the  tnde  m  oaoao  beans  has  Wcowf  «• 
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very  gVMt  importance.  In  UK)?  tlio  import  of 
cacao  beans  into  EurojW'  and  the  United  States 
of  America  amounted  to  about  220»000  tons. 
The  oonaamptioii  ia  still  growing,  Mid  the  im> 
ports  nwy  bo  exttectcd  to  lt'  v  in  proix>rtion. 

Caoao  butter,  being  vtr\  hij^h  in  price, 
even  higher  than  cow  butter,  is  frequently 
ruliiHprateil  with,  if  not  complett-ly  suljstitulwi 

,  '  chocolate  lat.«.'  The  ailulterants  formorly 
employoil,  8uch  an  lailou  and  paraffin  wax,  are 
easily  detected,  and  hence  thocM?  adulterant* 
have  di^ppeared.  The  same  holdsi  uood  of 
coconut  and  palm-nut  steariuH,  which,  for  some 
time,  were  largely  used  to  athiltrrat*  cacao 
butter,  latterly,  adulteration  uith  eacao-ahell 
biittor  has  been  practised  tad  to  Hill  in  vogue  ; 
fur  this  purpoHe,  the  husks  arc  ground  and  again 
oxpresjie*!.  <»r  even  extracte<l  with  volatile  sol- 
vents. As  the  fat  thus  obtained  xirlds,  in 
analysis,  practically  the  same  characteriiitic 
numbers  as  genuine  cacao  butter  itijcU,  chemical 
«nal3raiB  ali^nr-  is  mmble  to  lereftl  adtilterfttion 
with  oacao-shell  butter. 

Cacao  butter,  being  chiefly  |iroduce<l  aa  a 
bv-product  in  the  manufacture  of  cocoa,  is 
obtainable  in  lai^e  quantities :  it  is  at  present 
mainlv  used  in  the  manufacture  of  cheaper 
chocolate.  Smaller  (juantities  are  used  in 
ooofeotioiiery,  in  pharmacy  for  making  aupposi* 
torioB  ud  nitroglycerin  t«bleta»  uid  m  the 
'  enfleurage  *  pncMB  of  pieparing  delioate 
ethoffoiJ  Otis.  Jm  L, 

OAOHALOT  OIL.  Oa  obtamed  from  the 
l)Iu}ilxr  of  the  caehalot.  (For  its  pro|)ertie8 and 
compoflition*  v.  Fendler,  Chem.  Zeit.  1906,  29, 
606.) 

CACODYLIC  ACID  atxl  CACODYLAm  v. 

Aramnc,  OBOAJiio  cximfounds  or. 

CADAVERINE  v.  Ptomaikxs. 

CADIE  GUM  V.  (-.VMS. 

CADINENE  V.  Tkhpibes. 

CADMIUM.  {Kadmium,  Ger.)  Sym.  Cd. 
At.  wt.  112-4. 

Catlmjum  oooura  in  bdmU  quantities  m  sul* 
phide  in  CfreenoekUe  at  Binhopton,  Renfrew- 
shire,  and  in  Pennsyl\ ania  and  Bohemia.  ThU 
in  the  only  ore  ocataioing  cadmium  aa  the  prin- 
cipoi  element.  Oadmiiim  occura  in  amall  quan- 
tities in  nearly  all  zinc  on  ,  1  i*  tlie  jm  rrenta^e 
is  considerably  lower  than  that  usually  statcil. 
Jeoeob  and  lUieeifwn  have  ahown  that  the  cad< 
iniuin  in  zine  ores  averages  almut  01  [i.e.,  0-5  p.c. 
boiug  only  reached  in  the  richest  samples,  though 
oooMoonu  speeimene  are  stated  to  nave  yielded 
(•oi\sIderal)ly  higher  values.  It  occurs  also  in 
the  silicate  and  oarbonato  of  zinc  at  l<>ciboi:g, 
Derbyshire^  and  Oomberiand*  and  in  most  com- 
nercial  /inc. 

preparation. — In  the  reduction  of  zino  ores» 
the  fint  portions  of  the  distiUato  eonsist  of  a 
mixture  of  the  metals  zinc  and  ni  lMiiuni  an<l 
thoir  oxides,  but  containing  a  higher  ]>ercentage 
of  oadminm  (on  aocoont  of  itM  greater  volatility) 
tluin  the  origituil  ore.  and  l>y  further  similar 
treatment  it  is  still  further  incrcase<t.  When 
anfficienUy  rich,  it  is  used  for  the  extraction  of 
^he  cadmium.  .\t  Silf'.sia.  <he  first  jMirtion  f>f  the 
tlintiUate,  which  contains  trom  2  t<j  G  p.c.  of 
eadmium,  is  mixed  with  about  one-fourth  of  its 
weight  of  coal,  and  distillfd  at  a  ilull  ri  <l  heat  ; 
tho  cadmium  then  distils  with  a  little  zinc,  but 
(ho  giMler  put  of  (he  hitler  metal  xemakis 


behind.   The  otdmiiun  is  puriSed  by  fanetiooal 

distillation  until  a  product  of  99-5  p.c.  or  more  is 
obtainod;  it  is  then  cast  into  small  oylindm 
about  J.  inch  thick. 

Various  wet  niefho<lK  for  tho  extracti<m  of 
the  cadmium  from  the  conctmtrated  Hue  dust, 
I  have  iMtru  proposed  and  tried.  Some  of  these 
are  (le]>en«lent  on  the  pn'ei|iitation  of  cadmium 
from  acid  solutioiu  by  means  of  zinc  ;  others  on 
the  solubility  of  zinc  in  neutral  ammonium 
carbonate.  None  of  these  wet  methods,  how- 
ever, has  been  successful  commercially  (Schnabel 
and  Louis,  Metallurgy,  1907). 

Electrolytic  methwls  for  the  refining?  of 
ca<iiiuuui,  are  employe>d,  the  cadmium  i»eing 
deposited  on  pUtinum  eleotfodea  and  distilled 
in  mcu6. 

Properties. — Cadmium  is  a  white  metal  « ith 
a  tinge  of  blue,  of  strong  lustre,  and  capable  of 
taking  a  high  polish.  It  produces  a  mctallio 
streak  im  {taper  like  lead,  but  loss  readily. 
Cadmium  is  com|)act  in  texture  and  of  librutm 
fracture,  harder  and  more  tenacious  than  tin, 
it  may  lie  draw'n  into  thin  wire  or  hammned 
into  loaves,  but  when  heated  to  80'  it  becomes 
brittle,  and  may  bo  powdered  in  a  mortar.  On 
account  of  its  crystalline  structure,  it  crackles, 
like  tin,  when  bent. 

By  distillation  in  a  current  of  hydrogen^  cad> 
ndnm  may  be  prodnoed  in  n^^rtiiar  ootahedra  and 
other  forms  of  tho  cubic  systi-m. 

Cadmium  melts  at  321  -V  ( Holboro  and  Day), 
and  boils  a(  (778+(A-760)/9]^  where  A  iethe 
barometric  height  in  millimetres  (Bertholot). 
Its  vapour  density  at  1040*  is  3-94  referred  to 
air,  or  S6'3  referred  to  hydrogen.  Henoe  it 
8])jMars  llxat  the  molecule  of  cadmium  rontain.s 
but  one  atom  at  that  temperature,  whiUt  further 
the  valnee  for  (he  la(ent  heat  of  vaporiaation 
(calculate*!  from  the  vapour  pressure),  imlicate 
similar  molecular  states  in  liquid  and  gas 
(Tranbe).  It  Is  obtained  in  oolloidal  eolation  oy 
electric  sperking  with  a  cadmium  cathode  in 
water. 

Aooording  to  Demaioay,  it  emits  vapours 

when  heatecl  below  the  melting-point  fCompt. 
rend.  95,  183).  When  heated  in  air,  it  burns 
rea<Uly,  evolving  br«)wn  fumes  of  the  oxide. 
Cadmium  dissolves  in  hyilrochlorie  ami  sul- 
phuric acids  with  evolution  of  hytlrogen.  It  is 
readilv  attacked  by  nitric  acid.  It  combines 
directly  with  chlorine,  bromine,  ami  iodine  when 
ptace<l  in  solutions  of  tho.Ho  elements.  fJadmium 

f;ives  a  brilliant  spectrum  of  red,  green,  and  Une 
incs,  an<l  its  u.^e  ha.H  lK>en  PUfrcestotl  as  a  con- 
venient hta,udanl  iu  refractonictry  (Lowry). 

The  salts  of  cadmium,  as  a  rule,  are  but 
slightly  dissociate<l  in  solution — -this  is  especially 
so  in  the  case  of  the  iodide — and  aix'  hence  liable 
to  bo  incomfdetelv  pneipitated  by  reagenta. 

Deiejciion. — All  comywjunds  of  cadmium, 
when  heated  on  charcoal  in  the  n^ducing 
flame,  ^ve  a  brown  incrustation.  Sulpharetted 
hydrogen  produces  a  yellow  precipitate  in  aci<l 
solutions,  soluble  in  strong  nv<lrochloric  acid, 
insoluble  in  alkaline  sulphides ;  it  is  thus  die* 
tinguished  from  antimony  and  arsenic. 

K^iimUion, — Cadmium  may  bo  precipitate<l 
as  oarbooate  and  weighc^l  m  oxide.  Owing, 
however,  to  tho  recluction  of  t)ir  oxide  and  the 
great  volatility  of  the  metal,  if  hlter  papers  are 
employed,  (he  fosvlte  are  low,  even  when  careful.  >  , 


CADMIUM. 


precautious  are  taken,  A  Gooch  cniciMo  uikI 
asbestos  (liter  ahouid  therefoTO  be  eiu^ioycd. 
Cadmium  may  also  be  eBtimatod  hy  preotintation 
from  a  neutral  njluf  ir  n  by  excess  of  diammonium 
phoephafte,  and,  alter  standing  some  time, 
ooUMting  the  precipit«te  on  a  weighed  filter 
p^pcr,  dried  at  Itt.")"  (Page  and  MilKr). 

£looitmlytic  wotbods  of  eetimation  have  also 
been  fovind  to  be  suitable  and  to  yield  aeeurate 
lesultH.  A  cyuudc  r-olnlion  \vitli  an  K.M.F.  of 
3  to  3  5  volte  and  a  current  of  U  02  to  0-05 
ampere,  is  a  convenient  MTangement  (Rim- 
bach!- 

Toij*  paraleitfrom  other  metals  not  prccipit- 
aUe  by  Fitlphuretted  hydrogen  in  aeid  BOintion,  it 
is  pr<-i  ipitat<  d  as  buliihido  l)y  th/it  yai,  uaslicd, 
di^lved  in  mtric  acid,  and  pnxiipttatcd  with 
■odium  carbonate. 

Alloys  of  cadmium.  The  addition  of  cad- 
mium to  metals  usually  increases  their  fu^ibiiiiy 
without  deetroyinGf  their  malleAbility. 

The  alloys  with  gold  and  copper  are  brittle; 
the  others  are  usually  ductile  and  malleable. 
With  gold,  a  crystalline  brittle  silveiy  alloy, 
corresponding  with  AuCd,  has  been  prepared, 
and  the  existence  of  a  compound,  Au4Cd,, 
IB  also  indicttted.  Alloys,  oontuning  between 
61  and  63  p.c.  of  cadmium,  are  very  brlttk-. 
With  platinum,  a  white  crystalline  compuund 
appears  to  exist;  and  with  copper  compounds 
Cu,rd  and  CujCdj,  are  indicated,  'I'he  alloys 
rich  in  cadmium  are  steel-grey  and  Boft,  but 
become  harder  and  more  brittle  n  ith  increase  of 
copper  up  tu  2CT»  p.c.,  when  the  barduess  again 
decreases  and  the  yellow  colour  of  copper 
appears.  Researches  by  Rose  on  alloys  of  silver 
and  cadmium  indicate  the  exLsleuce  of  the  com- 
pounds AgCd^  AgjCd,,  AgCd,  Ag,Cd„  Ag,Cd, 
and  Ag«Oa.  AUoys  oontamii^  over  80  p.c. 
silver  are  uniform  and  homogeneous,  and  well 
suited  as  muteria.1  for  trial  plates  for  silver 
eoinage  and  ware,  for  which  the  silver-copper 
alloy  is  not  quite  satisfactory.  With  soaium 
a  compound,  Cd,Na,  has  been  prepared,  and 
compounds  CdMg  and  CdMg«  are  indicated  in 
the  alloys  with  magnesium.  The  addition  of 
^  p.c.  cadmium  to  zinc  increases  the  breakfaig 
strain,  but  more  than  ^  p.c.  has  the  uj)posite 
effect.  The  amalgam,  with  merouryf  was 
formerly  used  in  dentistry,  but  its  use  has  been 
diacontmued,  as  it  j)roduces  discolouration  of 
the  dentine.  Multiple  alloys,  ooutaining  bis* 
muth.  frequently  melt  below  100*,  and  am  used 
as  fusible  alloys;  for  th' s  •  and  other  alloys  con- 
taining bismuth  and  c>admium,  v.  Alloys  of 
hisnmth,  art.  BiSHUTB. 

Cadmium  oxide  CdO  is  prepared  by  heating 
the  carbonate,  in  which  case  it  is  of  a  pale-brown 
colour ;  or  by  igniting  the  nitrate,  when  it  is 
much  darker  and  forms  minute  crystals.  By 
heating  cadmium  in  a  current  of  oxygen,  tlfcs 
ox^  may  be  condensed  in  oetahedial  crfifcals ; 
at  low  temperatures,  some  peroxide  i.s  also 
formed  (Mauchot).  Cadmium  oxide  is  infusible, 
insoluble  in  irater,  solnbfe  in  adds.  It  eon* 
stitutes  the  brown  deposit  found  in  the  OOn- 
densors  in  the  distillation  of  zinc. 

Oniiinlinn  ehloride  CdClg  is  prepared  by 
evaporating  the  solution  of  the  metal  or  oxide 
iu  hydrocmorio  acid.  It  melts  below  a  red  heat 
and  Bublimes  at  a  higher  temperature,  condeming 
in  mioaoeotts  plates. 


Cadmium  Iodide  Cdlj  ia  obtained  bv  diceftin? 
1  part  of  the  metal  with  2  parte  at  iowe  ia 
water  and  evapor^kting  the  soratton.  It  crvftal- 
lises  in  lar^e  transparent  tablets,  s-oluL!c  m 
water  and  aJcohoL  it  is  used  in  mcdicino  aiui, 
on  aoconnt  of  ita  slabilfii^  and  aolnbflity  b 
alcohol,  for  iodising  odlodion  p]»te»  ia  photO' 
graphy. 

Cadmlmn  snlplifde.  Cadtnimm  pdhw,  Jfmt 

brtUanit  This  j  iunif  nt  may  be  produced  by  thi- 
addition  of  sulphuretted  hydrogen  or  an  aUsalbc 
sulphide  to  a  smntion  of  a  cadminin  salt.  It  nay 
also  be  prepared  by  heating  a  mixture  of  cad- 
mium oxide  and  excess  of  smphur,  bat  that  pro- 
duced by  the  former  method  is  of  a  finer  ooloat 
and  has  greater  covering  power. 

It  is  an  oranse-  or  lemon-yeliow  powder,  bat 
may  be  obtainea  in  prismatic  crystals.  Wheo 
heated  to  redness,  it  becomes  first  brown,  th«-ri 
i  carmine ;  it  melts  at  a  bright-red  beat»  and 
solidifies,  on  oooling,  in  laminn  of  the  orijgiDal 
colour. 

It  is  a  very  brilliant  permanent  colottr. 
According  to  Jacqnet,  it  is  acted  upon  by  light 

and  hy  i  hlorine.  It  is  much  nse^  as  an  <>il 
and  wat^^r  colour,  for  colouring  cert.ain  toik-t 
soaps,  for  the  production  of  a  blue  flame  in 
pyrotcchny,  ancl  in  calico  printing.  The  .  liH 
I  udulterants  are  compounds  of  zinc.  Accoriim^ 
I  to  Buchnor  (Chem.  Zentr.  15, 329).  two  modifica- 
tions exist  :  (1)  t!ic  a  VTri^'y.  pn-<  ipitated  by 
hydrogen  sulphide  in  lamtiy  acai  iMilution ;  it 
is  iemim-i^llow.  and  posseases  good  eowiug 
power.  When  heated,  it  darkens  temporari}' 
to  violet-red,  but  no  peruiaueut  change  occ-ixs 
unless  the  temperature  is  high  enough  to  produce 
oxidation.  (2)  The  /3-varicty.  prfnlaced  in 
struugiy  acid  solution  ;  it  resembii-3  red  le»d, 
posseeses  good  covering  power,  and  is  ordinarily 
quite  permanent ;  if  heated,  it  changes  to  the 
a-variety.  Various  shades  are  obtaioabki  dt 
mixture.  The  sulphide  can  also  be  ottaiiied  m 
colloidal  solution. 

Schmid  (Diugl.  poly.  J.  241,  149)  prepared  • 
steam  yellow  for  calico-printing  as  follows  :  lb 
parts  wheaten  starch  and  40  parts  burnt  starcb 
are  boiled  in  1000  parts  of  water  and  mixed 
while  hot  with  350  parts  of  .<^odium  thiosulphate. 
To  tho  cooled  solution,  350  parts  of 
powdered  cadmium  nitrate  are  siddcd  with  ceo- 
stant  stirring  until  dissolved.  This  solutioc 
does  not  react  in  the  cold,  and  may  be  axmliM 
to  the  fabric  end  stMmod,  the  yellow  sn^phidB 
l.)eiiiL'  l^M'ii  pirci]>ll.,itril. 

Cximlnm  sulphate  Ckk»u^411gO  is  a  vciy 
soluble  salt  prepared  by  dfasohring  the  oxide  or 

carb  ii  itc  iji  sulphuric  acid.  It  is  usfd  to  lue 
exteut  in  medioioe  iu  place  of  ainc  snlpha^', 
especially  (Ml  the  Cbntfoent.  Itisalaoneed  m  ths 
construction  of  the  Weston  cell  as  a  standard  of 
KILlf.  The  cell  is  usually  made  in  the  form  (A 
anH.  Oneof  the  limbs  contains  mercury,  cowd 
by  a  paste  of  cadmium  and  mercurv)i :  sulphates 
The  othiw  contains  cadmium  amalgam.  Abore 
both,  to  nearly  ^top  of  the  UmSs,  whioli  are 
closed  by  cork  and  wax,  is  a  saturated  aolutioa. 
with  crystals  of  cadmium  sulph^e.  Through  thr 
glass  of  the  tower  limbs,  pbtinnm  wifva  pas. 
The  cell  has  an  E.M.F.  of  1-019  volts  .it  l.-^-lST. 
and  has  the  advantage  of  a  very  low  temperatan: 
coefficient. 

CadffliBiii  oltnrf*  0d(NO.)a.4H«O  is  pRpaied 
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by  dittsolving  the  oxidu  or  carbonate  in  nitric 
acid.     It  crystallines  in  deliquescent  fibrous  , 
needles,  soluble  in  alcohol.  | 

OMimiiini  sallcylata  is  prepared  from  the  acid  j 
and  oxide  or  carboiiKte.  It  is  readily  soluble  in 
alcohol,  ether,  or  glycerol,  and  it  wed  in  madil^ne 
as  an  external  antiseptic. 

CAESIUM.  Symb.  Cs,  At.  wt.  132-8. 
Ciesium  was  diatoveret!  in  18G0  by  Bunsc-n  and 
Kirchhofi,  in  the  Diirkheim  wat«rp  beii^  the  first 
element  detected  by  means  of  the  spectroscope. 

It  is  widely  but  sparsely  distributed,  usuuUy 
in  aseuciatioa  with  rubidium,  as  in  the  Icpidolite 
from  Hebron  in  Maine,  tT.S.A.,  whioli  contain  8 

0-4  p.i'.  e.i--fiuni  oxide  and  0*2  p.c.  rubidiiitii  : 
oxide  i  in  petaltte  ;  in  the  mother  liqaors  of  the 
Naolieim  salt  spring,  and  in  the  ash  of  sea-weed, 
tobacco,  tea,  and  other  plant*.  Settorborg 
(Anaaleo,  210,  100)  deecribes  a  method  for  the 
separation  of  ccsiiini  and  mbidium  from  the 
alum«  obtained  as  a  by-product  in  the  manu* 
facture  of  lithia  inm  iq>iddite.  C«siam  and 
mbidium  cUorides  are  also  obtained  from 
carnallite  by  repeated  fractional  crystalliintian. 
The  caisium  is  separate  from  the  rubidium  b^ 
the  addition  of  antimony  chloride,  whfeh  preci- 
pitates only  the  c.-rsiura  in  the  form  of  the 
double  salt  iSbCl,  ti(;sCl  (Feit  and  Kubieracky). 

CSesium  occurs  free  from  mbidiam  in  the 
rare  mineral  pollux,  from  Elba,  to  tho  extent  of 
3-1  Q.c.  uf  casium  oxide  ;  to  ihe  extent  of  I -7 1 
parts  of  cat^sium  chloride  per  million  in  the  water 
of  the  Wheal  Clitford  Mine  (Yorlw).  and  in  the 
mineral  waters  of  Fraukhausen. 

Ca  .smm  may  be  prepared  by  eleotcdyiJa  of 
a  fused  mixture  of  c a. slum  '•yr\nide  4  parts  and 
barium  cyanide  1  part,  using  eluictrodes  of 
aluminium  (Setterbers).  it  is  more  readily  ob- 
t  linrf?  [i  s-  heating  the  hydroxide  with  aluminium 
ill  a  mckei  retort,  and  condensing  the  metal  in 
a  glass  receiver  (BeketoS);  or  oy  heating  the 
rarb'in-it(^  or  hydrate  with  magnesium  in  a 
current  of  dry  hydrojjen  (<  Jrai  be  and  Eckhardt). 
A  more  rapicC  method,  yielding  a  better  yield,  in 
Btatetl  to  be  thf  refliK  tion  by  calcium  ;  3  f^rams 
of  thin  metal  in  small  pieces  with  12  grams  of 
LM  siuni  chloride  are  heated  in  a  wide  inverted 
Y-tubc,  tho  vertical  limb  being  connected  to  a 
bpren^^el  pump,  lieduction  occurs  at  about  j 
400^,  and  the  ctesium  volatilises  and  condenses  | 
in  the  vertical  t  ubv.  It  resembles  nibiiiium  and  | 
potassium  iu  uppcarauce,  beiug  tulvery  white, 
and  soft  at  ordinarr  temperatures.  It  quickly 
oxidises  in  air,  and  rapidly  decomposes  water 
with  ignition  of  the  liberated  hydrogen.  Its 
sp.gr.  at  15°  is  1*89*  it*  ]naltiiig-p<MUit  it  86'*-27*' 
(iietterberg). 

Ca-sium  is  the  most  electro-positive  uf  all  the 
elements.  Its  salts  are  stable,  and  have  a  .strung 
tendency  to  form  double  salts.  The  salts  are 
isomorpli  ous  with  those  of  potassium  and  I 
rubidium,  and  impart  a  more  reddish  tinge  to  ' 
the  buosen  flame  than  salts  of  those  metals. 
The  hydroxide  OsHO  U  a  greyish-white  highly 
dtdi^uesKjent  solid,  melting  below  a  re<l  heat.  The 
oxide  Cs^O  is  prepared  by  ezposing  the  metal  to 
inraffioient  oxygen  and  distuUng  off  exoeea  of 
I  1  Mil  ,  1  [)cruxido  C-hO^  i.<  fonm  d  by  heating 
tu  aw  m^gxceiia  of  oacygun  (Kcngudc). 

CAPPBINB  V.  Vasno-ALKALOiiML 

CAFFEONE  (Caffeol).  A  brown  oil.  heavier 
tliao  water,  and  sUgntly  soluble  iu  boiling  water. 


Constitutes  the  aromatic  princ  i[»le  of  cofTec. 
May  be  obtained  by  distilUng  freshly  roasted 
coffee  with  water,  and  agitatuiff  the  distillate 
with  ether,  which  dissolves  out  the  oiL  Accord- 
ing to  Lehmann  and  WilheUu  (Chem.  Zentr. 
18  J8,  ii.  372).  it  has  no  phyaiological  action  on  a 
healthy  t>i  tn  ('offbb). 

CAFFETANNIC  ACID  v.  Tanni.ns. 

CAIIrOBDBA.  Khaua  tene^tOensia  (A. 
Juss.).  A  tree  of  the  meuaccnns  order,  growing 
on  tliu  banks  of  the  Gambia  and  on  the  lowlands 
of  the  peninsula  of  Gape  do  Verde,  tta  bark  is 
very  bitter,  and  i««  rmifh  prize<l  by  tin  ti  i^ives  as 
a  febrifuge,  on  which  account  it  has  beeu  called 
the  cinchona  of  Senegal.  Its  wood  resembles 
American  (Hondura'^,  Ctiba,  Spanish)  mahogany, 
is  onf)  of  the  t«u-cailed  African  mahoganies,  and 
is  used  in  making  the  finer  kinds  ^fnmitnre. 
The  bark  contains,  amongst  other  substances, 
an  extremely  bitter,  neutral  resinous  substance, 
called  cafl-eedrin,  to  wldch  its  actiye  properties 
appear  to  be  due. 

Cail-cedrin  is  very  sparingly  soluble  in  water, 
hut  readily  soluble  in  alcohol,  etiher,  and  chloro- 
form. It  is  obtained  by  repeatedly  oxhauftinc 
the  coarsely  pulverised  bark  with  boiling  wat«r ; 
evaporating  the  filtered  liquids  over  tiio  water- 
bath  to  the  ctmyistenco  of  a  syrup;  exhausting 
Lhia  extract  with  alcohol  of  90  p.c.  ;  precipitating 
the  alcohol  filtrate  \vith  basic  lead  acetate  ;  filter 
ing,  distilling  off  the  alcohol,  and  agitatinj;  the 
residue  with  chloroform,  which  diisolvea  nothing 
Init  the  bitter  principle.  1  kilogram  of  the  bark 
vielda  abotit  8  milligrams  of  cail  cedrin  (Caven* 
tou,  J.  Pharm,  i^J  16,  356  ;  33.  123). 

GAllfOBTIlf  V,  Qlucosidbs. 

CAiNCIN   .  Glucosidks. 

CAIRNQORM.  A  yellow  or  pale-brown 
transparent  Tariety  of  quartz,  largely  used  as  an 
ornjiniental  stone.  A  rich  yellow  tint  h  (*ft«  n 
produced  artiiicially  by  the  action  of  heat  upon 
dull,  smoky  quarts.  Tlie  mineral  deriiree  its 
name  from  Cairngorm  (the  Blue  Mountain),  one 
of  the  highest  peaks  of  the  Central  Grampians, 
Most  of  the  cairngorm  of  commerce  is  now 
obtained  from  Spain  or  from  Bra/.ll.  Certain 
cairngorms  bear  a  strong  resemblance  to  yellow 
topax,  and  are  hence  known  to  ieweHiefa  aa 
'Scotch  topaz  '  or  '  Spanish  topaz.  The  sim- 
plest way  of  distinguishing  such  tsdse  topa»  from 
the  tme  stone  is  to  take  its  speeifio  gravity 
(cairngorm  2  0,  topaz  3"5).  When  determina- 
tions have  to  be  made  frequently,  it  is  con- 
venient to  have  Sonstadt*s  solution  or  other 
heavy  liquid  made  up  to  a  d  ir  ir  v  of  nearly  3. 
On  droppiiij^  the  stones  into  such  a  liquid,  the 
true  topas  nnlcs,  while  the  cairngorm  floats. 

F.  W.  11. 

CAJEFUT  or  CAJUPUT  OIL  v.  Oim,  Esuls- 

TIAL. 

CAJEPUTOL  V.  Camphors. 

'  CAL '  V.  Tltnostek. 

CALABAR  BEAN  v.  OrdxaL  bxan. 

CALABAR  FAT  v.  Phys  •stigmink. 

CALABABllifi  p.  VsaBTO-ALKAUims. 

OALAMINB.  A  term  applied  indifferently 
to  l">th  siii<  ;it«'  and  carbonate  of  zinc.  In  this 
country,  the  term  is  usually  restricted  to  the  car- 
bonate, whilst  the  silicate  is  called  Smitlatmite 
or  el'  :  I  i'  r  il.imine  (f.  Zinc). 

CALAMUS.   The  Indian  variety  ijii^jioo^ejO 
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raiatnm  (Linti.) ;  in  xiavd  an  a  inodicmt:  in  the 
Levant ;  the  Turks  candy  it  and  empluy  it  as 

a  remedy  agntnst  efmtagion.  The  vrnatile  oil 
ocrasiunally  enterit  into  the  compu»ition  of 
arouirttie  vinegar.  According  to  Thom«,  etc  or  in 
C„H,„0«.in  i''>ntact  <.vith  fermettta,  ^Jita up mto 
Migar  and  oil  of  calamus 

(rf.  von  8<>don  and  Rojahn,  Chem.  Zt-nlr.  1901. 
i.  843 ;  Thonui  and  Beckstroern,  Ber.  lUOl,  'H, 

1021)  (v.  ACOBVS  CALAMVft). 

CALCITE  or  CALC-SPAR.  One  of  the 
dimorphous  cryBtaUi«ed  forms  oi  calcium  car- 
bonate (CaCOa).   Thb  rhombohedral  farm  is 

less  i\i-nms  (sp>gr.  2-72)  and  less  hard  (H.  3)  than 
the  orthorhombic  form  aragonite  (q.v.).  It  is 
alao  the  more  stable  form :  when  angonite  is 
heated  to  low  rc<Iiu'Ks  it  pnsjit's  into  calcite,  and 
uaramorphs  of  calcite  aft«i  aragonite  arc  of 
frequent  ooourresoe  in  nature.  From  an 
nquf'ous  solution  containing  tarlxm  dioxide, 
calcium  carbonate  crystallises  as  calcite  at 
temperatures  ol  O^'-IS^,  and  as  «  mixture  of 
ealcrte  and  aragonite  at  higher  tempcrnt tires : 
the  presence  of  various  salts  in  the  solution  also 
favoors  the  formation  of  angonite.  (For  a 
summary  of  the  literature  on  the  crystallisation 
of  calcium  carbonate,  see  F.  Vetter,  Zeitsch. 
Kryst.  1010,  zlviii.  4&)  Calcite  may  be  readily 
distinguished  from  aragonite  by  the  possession 
of  thff^e  perfect  cleavRcej*  parallel  to  the  faces  of 
the  pritiiat y  rhombohedron,  the  angles  l»etween 
whith  arc  "4"  55' and  105'  .Ti'  (tlie  plane  anodes 
on  the  rhomb-shapi-d  facea  are  78'  and  1U2  ). 
The  mineral  is  readily  scratched  with  a  knife, 
and  it  effervescet  briskly  in  contact  with  cold 
dilute  ncids. 

With  (lie  excc^ioo  of  quartz,  calcite  is  the 
commonest  of  mmeruls.  It  frequently  f»ccun» 
well  crystallised  and  in  a  great  vai  icl^  uf  furnis, 
the  various  forms  of  its  crystals  suggesting  the 
trivial  names  *  dog-tooth -spar.'  '  naiTnead-spar,' 
*  papcr-.HiNir,'  '  cannon-spar,'  &c.  As  the  essen- 
tial constituent  of  the  rocks  limestone,  marble, 
and  chalk,  it  is  of  abundant  occurrence.  In 
these  forms  it  finds  extensive  applications  as 
building  and  ornamental  stones,  and  in  the 
nuinufacture  of  lime,  mortar,  and  cement.  The 
clear,  transparent  variety,  known  as  Iceland- 
spur  or  doubly. refracting  spar,  is  used  in  the 
construction  ol  nicol prisms  lor  optical  p<  Ja  rising 
apparatus.  Material  suitable  for  this  purjxj^  is 
obtuincrl  almoHt  excluMvely  from  a  quarry  in 
boKait  on  the  lioydnr  fjordlir  on  the  east  coast 
of  Iceland,  but  the  siip])ly  is  limited  and  rarfaiUe. 

L.  J.  S. 

CALCIUM.  Symbol  Ca.  At.  wt.  400. 
Lime,  the  oxide  of  calcium,  has  been  employed 

in  the  preparation  of  nunl:<t  finrn  \  i  ry  earlv 
times.  Interesting  accfiunts  of  the  proccjis  of 
lime-burning  are  civen  by  Dioecorides  am! 
J'liny.  It  Mas  imt.  liowevci*  nntil  IT^H  that  the 
dilfcrencc  between  burnt  and  uuburut  lime  was 
explained  by  l^lack. 

inni  i<  litiiv-T-.ilh  f.oiinl  as  (  .I'rfhuintc 
CaC'O,  in  the  iormH  of  cnlf.tjKir,  inarblt,  and 
lime^mtft  often  in  whole  innnntain  rant^ea  or 
inimeii-Jr'  cora!  recf.x.  Ih^mtiitr  or  ^^'f^r 
the  ilouUlc  earbonatc  of  lalenint  and  nia^^ncsiuui, 
con.stitutes  the geott^ical  formation  termed  mng> 
iicsian  limestone,  ('alfiiini  sutjchate  ns  «»Av- 
drilc  ('aS04  or  tdciiilc  {'jyi^^um}  (  n.SU^  fSHjO, 


is  also  v«ry  plentiful.  The  phosphate  uniioi 
with  the  I  Idoride  or  Huoride  also  occurs  wi<iely 
distributi^d.  often  as  niinvitc  inclosuree  in  crystili 
of  the  primary  rocks,  as  the  mineral  afohit, 
whilst  calcium  is  an  important  base  in  thegieafaf 
number  of  natural  silicates.  The  solid  matter 
carried  away  by  rivers  largely  consists  of  the 
carbonate  and  sulphate  of  calcium,  while  «a- 
water  contains,  in  addition  to  thr--u\  Ixtth  ph<«- 
phatc  and  fluoriiie  uf  takiuui.  The  l>tmes  of 
animals  consist  largely  of  calcium  pbaspbste. 
rind  the  shells  of  mollufsrs  of  the  carbonate. 
iUkium  salts  are  never  absent  from  plant 
tissues,  concentrating  mainly  in  the  h-^ives. 

Calcium  al«o  oecnr«<  in  «»xtra- terrestrial 
bodies,  in  the  sun,  inetcoritts,  und  many  fixed 
stars. 

Preparation  oj  the  metal. — Calcium  was  ob- 
tained as  an  impure  metallic  powder  by  Davy  in 
by  the  electrolysis  ctf  the  chloride,  ujonsj 
mercury  as  negative  electrode,  and  afterwardi 
heating  the  amal(^am  thus  formed  until  the 
mercury  was  volatilised.  It  was  obtained  as  a 
metalUc  solid  by  Matthiessen  in  1866  (€3mib. 
Soc.  Trans.  8,  28),  by  electrolysing  a  faaeo  Bdx- 
ture  of  calcium  and  strontium  chiorid**^  in  the 
proportion  of  two  molecules  to  <N)e  with  a  lictk) 
ammonium  chloride,  the  whole  being  cootaineQ 
in  a  porcelain  crucible.  On  passing:  the  onrrent, 
beads  of  "i^titJ^ift  calcium  separated  at  the 
negative  pole  and  were  ladlea  tat.  Metaao 
(Ann.  Chim.  Phys.  [7]  IS,  2S0)  npeated  the 
emeriment,  increasing  the  size  of  the  apparatna. 
and  ohtahted  a  metal  poesesring  a  yeOowirii 
colour. 

Lies-Bodart  and  Gobin  (Cumpt.  rend.  47,  23) 
ohtafaMd  calohim  by  heating  the  iodkle  with  aa 

equivalent  of  sodium  in  an  u-cn  <  rwi  iMr.  the  It ! 
of  which  was  screwed  down.  Moissan  repeated 
the  experiment  several  times,  and  states  tttrt  the 
yield  and  pruil  ,  v  iry  (greatly,  the  richest  metal 
obtained  ooutaiuiog  from  83  p.c.  to  ^  p.c> 
calcinm.  The  reaction  praeeeds  beet  at  •  oall 
red  heat,  and  is  roversiV.le  if  aftevwanli  the 
temperature  ia  raised  to  whiteness. 

Fret  obtained  caleinm  bi  globuke  weighme 
2'4  to  4  grams  l)y  the  eli-«  trolysis  of  the  chl  -rid- 

Another  process  consists  in  fusing  3  part> 
of  calcium  chloride  with  4  parte  of  cine  and 
1  part  of  Bo<livim,  thus  forming  an  alloy  >i  /  in 
and  calcium,  which,  wht>n  heated  in  a  gaM-<-arU«u 
crucible,  decompoe^es,  the  ftino  volatilising  and 
a  button  of  fused  calcium  remaioidg  (Csron. 
Annaien,  115,  365). 

Moinan  obtained  the  alloy  with  faoOity,  bat 
was  unable  to  .separate  the  calcium  from  it. 

Moisaan  (j.c^ points  out  that  in  all  the  above 
methods  the  diffioulty  is  to  free  the  ealriam  froai 
the  iiietal  with  whii  h  it  lias  l>ccome  ia ted 

in  the  preparation.    He,  however,  finally  «ie- 
ceeded  m  obtaining  the  pure  metal  by  utDiatBir 
the  property,  unknown  bef'ne  his  r'-ean.h«  s 
molten  sodium  to  dissolve  calcium.    ¥at  the 
preparation,  he  adopted  a  modification  of  the 
nut  III  h1  of  Lie.M-B<Klart  nnd  (Jobin.     In  an  ir^ 
crucible  of  about  1  litre  capacity  he  placed  a 
mixture  of  600  prrsms  of  conreely  enured  anhy- 
•  Irons  ealeiuin  i"di>le.  with  240  {grains  of  -slun; 
ill  pieces  as  larjje  as  imti*.    The  criKibte  wa.s 
closed  with  a  screw  lid  and  maintained  for  1  boar 
at  a  iluM  icd  heat,  then  allowed  t<>  <  ih.|.  The 
calcium,  whk'h  is  soluble  iu  oxtsef^  ot^^pd/uiDj^^le 


CALdUM. 


'  red  heet,  leparateB  at  the  point  o!  solidification 
and  IxM-omes  i)i  n  t  ically  iiuoluble.  The  mctal- 
Uc  portion  of  the  melt  is  cut  up  into  medium- 
sisea  fragments  and  gndnaOy  mtrodnoed  into 
absolute  alcohol.  The  sodium  dijwolvoH,  leaving 
the  calcium  in  brilliant  white  crystals,  08*0  p.c. 
to  90*2  p.c.  pore. 

Ruff  and  Plato  have  --urr,  »>detl  in  obtaining 
the  metal  in  relativelv  Itng/s  uuantitieH  by  the 
efeotfolysis  of  fnsed  oakHtim  ehloride  by  keeping 
the  tcrnjxTfitun'  of  the  catho<le  alxtve  the 
melting-point  of  calcium  (A.  P.  80600(5).  Bur. 
ehera  and  Stockhem,  bv  eleotrolysing  fuMtd 
nnhytlrous  calcium  salts,  kfM-ping  the  temiK-ra- 
ture  of  the  cathode  below  the  melting-point  of 
oaloinm,  otiCajned  the  metal  in  a  ftiK)ngy  state 
(.\.  P.  80806H).  By  nsinn;  n  vertical  cathode, 
which  only  just  touches  the  surface  of  the 
fiised  oaleram  salt,  the  metal  is  deposited  on 
this  surface,  and  by  nicchftiiically  raising  the 
Gftthode,  an  irregular  Hhaued  rod  of  cakium, 
reaembling  a  cabbage  steUE,  is  fanned,  which 
itself  forms  the  catho<le  (E.  P.  20655,  cf. 
Johnson,  J.  Ind.  £ns.  Chem.  1010,  2,  466). 
The  metal  melts  at  810*,  and  has  a  density  of 
1*548.  It  may  be  turneil  into  cylinders  having 
a  brilliant  lustre  tarnishing  in  air.  It  may  be 
dr»wn  into  wite  of  <HI  mm.  diameter.  Its 
elf  (  trie  oondtKtiTity  is  10,  thftt  of  silver  being 
100. 

Galcfaim  is  »  white  metal  approaching  silver 

in  colour.  It  can  be  cut  with  a  knife  or  broken 
with  a  blow,  and  the  fracture  is  crystalline.  It 
scratches  lead,  but  not  ealoite.  It  is  less  malle- 
able than  sodivim  or  potassium.  The  crystals 
are  of  tabular  habit  and  belong  to  the  rhombo- 
hedral  system. 

(iently  heated  in  air,  it  burns  with  incandes- 
cence, or  if  heated  in  a  current  of  air  at  a  dull-rod 
heat  it  leaves  a  spooigy  mass  which  decomposes 
water,  producing  ammonu  and  cnlriuni  hydrox- 
ide. Calcium,  therefore,  fixes  both  oitrogeu  and 
oxjrgen.  Calcium  inflames  when  heated  in 
oxygen  t<>  300''.  and  the  heat  is  so  gremt  that 
the  lime  formed  ia  both  fused  and  partly  volati- 
linda  Ffaiotiiie  gM  Tioleiltly  attacks  calcium  at 
the  ordinary  temperature.  rhle)rine,  bromine, 
and  iodine  have  no  action  until  heated  to  400° 
or  above.  Water  ia  attacked  at  the  ordinary 
tcmpcratoxe  with  the  liberation  of  hydrogen ; 
the  action  is  slow,  owing  to  the  formation  of  a 
crust  of  calcium  hydroxide;  the  addition  of  sugar 
hastens  the  action.  Fuming  nitric  acid  attacks 
it  only  slowly  if  free  from  lime ;  the  action  is 
hasteneci  on  dilution.  Fuming  sulphuric  acid  is 
immediately  retluced  in  the  cold  to  sulphur  and 
sulphur  dioxide.  Hydrochloric  and  acetic  acids 
attack  calcium  violently,  with  the  liberation  of 
hydrogen.  At  a  red  heat,  calcium  reduces  the 
fluorides  and  chlorides  of  potassium  and  nodium, 
setting  free  the  alkali  metals  ;  under  the  same 
conditions,  the  iodides  are  not  attacked. 

Calcium,  although  soluble  in  molten  sodinm, 
from  which  it  separates  in  the  crystAlline  Htate 
on  soliditication  of  the  solvent,  is  not  n(>t4i)ly 
sohtMe  in  potassium.  With  magnesium,  it 
furnishes  an  alloy  \vhi<di  dei-<)inp<is<>s  cold  water. 
With  sine  and  nickel,  it  forma  brittle  alloys.  Tin, 
heated  jnst  above  its  point  of  fusion,  combines 
witli  it  with  incandescence,  forming  a  white 
crystalline  alloy,  containing  3*82  p.c.  calcium. 

OMun  h|lrtd«.  CaU,.   CUchim  does  not 


unite  with  hydrogen  at  the  ordinary  tempera- 
tures. To  prepare  it,  the  metal  cut  into  small 
pieces  contaued  in  several  nickel  boats,  is  placed 
m  a  glass  tube  sealed  at  one  end.  Hydrc^en  is 
fed  in  at  a  pressure  of  4  to  5  cms.  mercury,  the 
tube  being  heated  to  redness ;  the  temperature  is 
kept  sufficiently  low  to  prevent  union  botweoo 
the  calcium  and  the  nickel.  So  obtained,  it  is  » 
fused  wh^  solid ;  f-ff*  it  may  be  heated 
to  rednem  in  air  wnhoat  ehange.  Itt  dmnc* 
teristli^  reaction  is  the  dcconip<<>itianof  water  In 
the  cold  with  the  liberation  of  hydrqgHL 

CMUnm  oiMt.  Ume.    OaO.  Anhydrons 

calcium  oxide  (quicklime)  is  obtained  by  heating 
to  redness  any  salt  of  calcium  containing  a 
volatile  acid,  as  the  carbonate  and  nitrate. 
Calcium  carbonate,  when  heated  in  a  close*! 
vessel,  may  be  fused  without  decomposition,  but 
when  raised  to  a  red  heat  unoer  ordhiary 
pressure  it  <;ivcs  of!  its  carbon  dioxide,  and 
becomes  converted  into  lime:  CaCOa=CaO 
+00.. 

To  obtain  pure  lime,  Iceland  .^j);ir  or  other 
forms  oi  calcite,  or  the  finest  marble,  may  be 
employed,  the  ignition  being  performed  in  a 
cnicihle  with  perforated  base  so  as  to  permit  of 
the  entrance  of  furnace  gases,  which  carry  away 
the  carlion  dioxide  as  fast  as  it  is  formed;  other* 
wise  the  decomposition  is  incomplete,  the  car- 
bonate undergoing  no  change  in  an  atmosphere 
of  carbon  dioxide. 

Lima  ii^  made  by  heating  calcium  carbonate 
to  a  temper  atoie  high  enough  to  drive  ofi  the 
carbonic  acid.  The  tension  of  dissociation  of 
CaCO,  is  27  mm.  at  547"  and  753  mm.  at 
812^ ;  in  practice,  the  temperature  for  burning 
lime  is  afaont  1000*.  The  raw  material  may  bo 
nearly  pure  calcium  carbonate  swh  as  marble 
or  chalk,  or, may  contain  so  much  clayey  matter 
that  the  product  is  a  cement  of  the  Portland  class 
rather  than  a  lime.  On  this  fact,  choice  of  the 
mode  of  burning  in  part  depends,  because  if  the 
lime  is  needed  to  be  pun  it  must  be  burnt  oat  oi 
contact  with  solid  fuel,  whereas  if  it  is  a  cement 
rather  than  a  lime,  the  addition  of  silicious 
matter  from  the  ash  of  the  fuel  may  be  actually 
an  advantage.  The  two  chief  uses  of  lime  arc 
for  building  and  for  chemical  manufacture,  and 
it  is  evident  that  for  the  former  purpose,  an 
impure  limestone,  burnt  in  contact  with  stolid 
fuel,  ia  to  be  preferred,  whereas  the  [mrest 
obtaiiuible  limestone,  heated  out  of  contact  with 
fuel,  yields  the  beat  material  for  chemical  use. 
In  practice  thej*e  principles  are  not  always 
observed,  partly  from  want  of  realisation  of  their 
validity  and  partly  because  it  is  sometimes 
economical  to  sacrifice  the  purity  of  the  product 
rather  than  incur  the  expense  in  capital  and  fuel 
of  kilns  designed  to  burn  limestone  out  of  contact 
with  solid  fuel,  but  the  knowledge  of  these  is  of 
value  in  deciding  on  the  type  oi  kiln  to  be 
adopted  in  any  given  case. 

The  siinplest  form  of  kiln  is  the  flare  kiln, 
shown  in  Fig.  1.  The  fuel  (wood  or  peat)  is 
burnt  pndor  an  arch  made  of  the  material  to  be 
calcined,  thus  the  lime  produced  is  nneontaml- 
nated  with  ash.  So  <-rude  a  device  is.  of  c<)urs<\ 
not  e<(momical  of  fuel,  but  its  simplicity  an<l 
cheapness,  and  the  fact  that  it  oao  produce 
excellent  linu>,  cause  it  to  be  Still  used  to  a  con- 
siderable extent. 

Another  shnple  form  is  the  «»»"ty[8it!5®fM^oogle 
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kiln  shown  in  Fig.  2.  The  linio8touo  or  chalk  , 
in  loaded  into  the  kiln  with  alternate  layers  i 

of  small  coal  or  loke,  and  the  product  is  from 
time  to  time  drawn  from  an  eye  at  the  bottom 
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of  the  kiln,  fresh  layers  of  raw  material  and  fuel 
being  added  through  the  charging  hole  at  the 
top  of  the  kiln.  Lime  made  in  a  kiln  of  this 
claaa,  of  oonne^  oontains  the  whole  of  the  aah  of 
the  fueL 

A  mm  elaborate  form  of  running  kiln  is  the 


I'ki.  2. 

(k»iKiili,i;:<  n  kiln,  shown  in  Vi)i.  'A.  It  is  of 
the  continuoui*-shaft  tyjM',  th<'  fuel  ami  litncbtone 
being  fed  in  at  the  top  ami  the  lime  withdrawn 


fuel  in  at  the  side  openings  living  into  the 
central  part  of  the  kiln.   The  mat  can  thna  be 

controlled  better  than  when  all  the  fuel  is 
tributed  through  the  whole  of  the  charge,  witk 
the  result  that  oonaamption  of  fuel  ii  deereaaed. 

Another  shaft  kiln  is  the  Ryan  kiln,  xims\  in 
the  Buxton  district.  Its  construction  is  thown 
in  Fig.  4.  The  fnei  is  fed  in  at  tho  sides  and 
the  limestone  at  the  top.  so  that  the  a<?h  of  the 
former  is  less  inextricably  mixed  with  the  burnt 
Kme.  In  conseqiieaoe  and  beoanse  of  the  hard- 
ness and  dense  structure  of  Buxton  limestone,  a 
large  part  of  the  output  is  in  lump  practically 
unoontaminated  with  Mh,  so  tiuvt  toe  pcodact 
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can  bo  picked  and  the  lump  of  lime  of 
purity  fold  for  chemical  use,  such  as  the  BUMM* 
facturc  of  bleaching  powder. 

Lime  can  be  bnnit  in  a  rotatory  kiln.  simOsr 
to  those  used  for  cement  but  w  orked  at  a  lowrr 
temperature,  but  few  such  kilns  arc  in  uj*.  the 
I>robablo  reason  being  thai  only  small  Umc 
would  l>e  prodnoed, and  lor  maqyoM  lamp  line 

is  preferred. 

The  Hoffmann  kiln  (Fig.  5)  is  used  in  pUo?^ 
where  labour  is  snlVi'  iently  cheap  to  .allow  nf 
loading  and  uiil  <.i<iuig  by  hand  being  perfonm^i 
at  a  low  cost  :  it  hu  the  advantage  of  Im^ 

e<  on«»mjeal  of  fuel. 

PasKinp  from  those  kilns,  liki-  all  the  foregoing: 
except  the  tlare  kiln,  which  all<»w  at  least  sonx 
contact  of  the  ash  of  the  fuel  with  the  lime,  tf 


at  the  bottom,  but  in  addition  a  definite  burning 
aono  is  established  by  feeding  a  portion  of  the  ,  gas-iirud  kilns  in  w  hich  coutiict  is  wholly  av«.>iUi!d. 

uiyitized  by  Google 
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nn  int<YmcdLifo  ty])c  is  found.  iUuatcated  by  the 
KuuifurU  kilu,  bbowii  iu  Fig.  6. 


ill 


11= 


Fn.  4. 

The  fnd  is  banift  on  tin  bearth  of  a  furtmoe 

beneath  a 
I r— ^ r-'Fir - bridge  up 
"  thnm^  which 

the  gaseous 
pruducts  of 
oombastion 

pass  to  the 
shaft  of  the 
kiln  and  over 

which  dpsconds 

the  burnt  lime  to  openings  at  the  side,  where  it 
can  be  drawn. 

A  gaa-fired  kiln  proper  is  the  Schmatolla 
kiln,  WDOwn  in  Fig.  7.    Gas,  from  a  producer 
at  the  side  of  the  kiln,  flows  through  ports  in  the 
walls  oi  the  kiln  shaft*  and  there  burns  with  u 
— .  supply  of  secon 

dary  air,  heated 
by  passage 
through  the'  hot 
lime  whii  h  has 
descended  below 
the  level  of  the 
gM inlets.  Kilns 
of  this  class 
have  the  advan- 
tages thiit  they 
are  continuous 
in  operation, 

need    hut  little 

labour,  and 
allow  tlie  use  of 

fuel  too  rich  in 
ash  to  be  suit- 
able for  burning 
in  foritaet  with 
the  lime. 
Qualities  and 

H.vr.s  of  Lintf. 

I'umnurciiil  iiuio  ranges  in  composition  from 
almost  ehemically  pure  calcium  oxide  to  a 

material  rl(i<ely  resembling  Portland  cement. 
The  fuliuwing  analyses  illustrate  this : — 


Insoluble  residue  . 
Comtiincd  silica  (SiO,) 
Alumina  (Al,0,)  . 
Ferric  oxide  iFe.O.) 
Llme(OaO)  .  '  ? 
Magnesia  (MgO)  . 
Sulphuric  Hiiliydride  (SO.) 
<;arbonic  anhydrids  (COa) 
Water  (H.O)  .  . 
AlksUes  sod  loss  . 


0-71 


)  13-20 
>  10-34 


it 


.-  0*1 1 


98-72 
0-46 


Hi' 


1-64 

5110 
104 
0-21 
8-00 

14'47 


0-  fi2 
22- 10 

1%S2 

rtrt'72 

1-  17 
0-40 
0-64 

16-86 

n*o0 


100*00  100*00  ,100H» 
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a 

2-39 
1417 

\  fi-70 

>  2:u 
«13-4:J 
1-54 

1-  «3 
8-H4 

2-  69 
1*88 

lOOHW 


As  mentioned  above,  the  purest  kinds  are 
needed  for  chemtesl  mamrfaotme^  uid  tbe  less 
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pure  varieticH  ^\hi^h  approach  the  nature  of 
cement,  are  generally  preferable  for  building* 
In  the  ease  of  limes  eontaining  so  mnon 
silica  as  dots  Chaux  de  Tcil  and  so  much 
silica  and  alumina  as  docs  Blue  Lias  lime, 
they  may  be  r^arded  as  hydraulic  cements 
rather  that)  limes  proper.  A  rough  tni<lf 
distinction  exists  between  *  fat '  and  '  poor  ' 
lime.  The  former  is  fairly  pure  and  slakes 
rapidly  and  with  a  higlh  rise  of  temperature  ; 
the  latter,  containing  some  combined  silica 
and  alnmina,  slakes  slowly  and  relstiyely  feebly. 
Both,  when  mixed  with  Siind,  form  inortarH, 
but  fat  lime  sets  onlv  by  drying  and  sub- 
sequent absorption  of  carbonic  acid  from 
the  air,  whereas  the  silieious  constituents  in 
poor  lime  will  thomaelTcs  set,  to  some  small 
Mctent,  in  the  manner  of  a  cement.   Pure  lime, 

mixed  with  pure  quartz  sand,  lias  n(»  appreciable 
action  on  it  at  the  ordinary  temperature,  but 
may  act  in  slight  degree  on  the  mote  attaokable 

silicious  cotK  iiinilaiits  of  eotintiKii  Imilding  Siuxl  : 
in  any  tutu:,  however,  the  action  in  tritluig.  and 
the  setting  of  common  mortar  is  practically 
unafTeeted  by  an}'  such  oeeurrence.  In  building, 
therefore,  where  an  hydraulic  ccmepLi^  ,iio4_iOOgle 
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necewsary.  a  tnoflcrately  silicious  linio,  which 
will  Bet  l%htly  per  «e,  iii  preferable  to  the  fat 
Ume  oommatuy  employed.  In  tihiii  country, 
lime  is  almost  always  wlakc-d  r)n  the  !^p"f  m  l  at 
the  time  where  it  is  to  be  uHed.  AbiotKi,  the 
lime  ifl  umuilly  daked  long  before  it  is  used,  ukI 
18  thus  allowed  to  brrnmr  Lnmpletcly  hydrated. 
The  easiest  plan  in  to  uiakti  a  ^>a«te  of  lime  and 
water  (lime  i)utty).  and  keep  it  in  a  pit  until  it 
is  nrcdt'd.  Ill  liko  manner,  slightly  hydraulic 
lime  is  slaked  with  a  limited  quantity  of  water 
and  allowed  to  remain  in  «ilos  until  the  lime 
itself  is  completely  hydratcd,  whilst  the  cementi- 
tious  silicates  remain  unafioctcd  and  ready  to 
act  as  cement  when  the  lime  ia  put  to  use. 

When  a  dol"!n'tii:  IimeHt"nc  l)urnt,  it 
yicldii  a  lime  of  which  the  iuliuwing  uu 
example  : —  Per  l  ent. 

Insoluble  silicions  matter  .  2-04 
Alumina+fcrric  oxide  (Al,0,-|-Fe,U,)    .     l  '^>0 

JJme(CaO)  46-72 

Magnesia  (MgO)  .....  32-00 
•Sulphuric  anhydride  (SU,)  .  .  .  0*92 
Oiroonic  anhydride  (CO^)  •  .  .  3'27 
Combined  waW  and  loee     ,      .      .  11*66 


100^ 

Lime  of  this  kind  needs  much  cnrc  in  slaking, 
as  the  hydration  of  the  niagne.Hia  takes  place 
dowljand  may  occur  after  the  mortar  ia  in  place, 
and  by  ejrpansion  cause  destruction  of  the  work. 

Although  lime  will  not  act  on  sand  at  the 
ordinary  temperature,  yet,  like  other  alkaline 
bodies  it  attacks  it  readily  at  a  moderate 
temperature.  The  manufacture  of  sand-lime 
bricks  is  dependent  on  this  fact.  The  bricks  of 
htind,  mixed  with  6-10  p.c.  of  lime  just  hard 
cnitugli  to  stick  together,  are  exposed  to  steam 
at  about  160^  ;  at  that  temperature  the  lime  arts 
on  the  sand,  producing  caloinm  olicatea,  which 
are  eementttious,  and  suffice  to  cement  the  mnd 
grains  together  into  a  brick  uf  ample  strength  fur 
ordinary  noilding  puxpoMs.  In  nlaoee  where  aand 
it  abniMhmt  and  clay  mitable  for  brick  making 
is  scaree,  the  process  is  nf  c nnsiderahle  use. 

Pure  caloium  oxide  forms  white  porous 
amorphoos  maasee  of  8p.gr.  2*S  to  308,  nighly 
infusible,  melting  only  in  the  highest  teni]>era- 
ture  of  the  oxyhydrogen  blowpipe  flame  or  in  the 
electric  arc.  In  the  ocdinary  ox^'hydrogen  flame 
it  emits  an  intetise  lights  which  u  mnoh  nied  for 
lantern  projection. 

Calenim  oxide  has  been  obtadned  by  BrOgel- 
mann  in  minute  t  uhie  crystals  of  sp.f:r.  3*251 
by  heating  the  nitrate  in  a  pcHvelain  flask  (Pogg. 
Ann.  [S]  2.  466 ;  and  [2]  4,  277). 

A  crystalllnf  mass,  found  upon  the  lining  of 
a  continuous  limekiln  at  C'hampigny  after  28 
months*  oontinnoue  work,  was  alao  shown  to  eon- 
KiHt  of  small  (  uhiral  crystals  nf  pure  lime,  of  sp.gr. 
3-32(IvevBlloi»and  Meunier,rompt.rend.90, 15«(J). 

Amorphous  lime  takes  up  water  with  re- 
mnrkahle  avidity,  forming  enlcium  hydroxide 
Ca(4)li)2,  the  r<iinbmutiun  being  accom^nied 
by  a  contraction  it)  volume  and  cTolution  of 
heat.  Owing  to  this  proprrty.  it  is  used  exten- 
sively in  the  laboratory  and  workn  a.**  ji  tliying 
agent.  On  exposure  to  »ir.  the  nnu)rpf>oiis 
variety  of  lirnr  r:i|iidly  abs<ti  I's  wafer  and  <  arlion 
dioxide  ;  anhyiiiuus  lime,  huwuver,  only  abe.url«>  | 
the  ga.H  when  heated  to  near  41')'.  Lime  is  , 
roadUy  solable  in  dilute  mineral  acids,    it  also  \ 


reacts  with  ethyl  alcohol  wVf  n  In  at«  <l  in  a  sc.nled 
tube  to  1X5"  to  125%  giving  a  uuxture  ot  hydxaU} 
and  ethvlate  of  calcfora. 

Caleium  hydroxide,  or  Hydrate  of  lime, 
Ca(UU)„  is  obtained  by  slaking  freah  well- 
burnt  qnfcklime  with  about  a  third  of  Ha  weight 
of  water.  It  forms  a  white  amorphous  powder  uf 
sp.gr.  2*078,  sparingly  soluble  in  water,  and  Usm 
so  in  hot  than  in  cold  water,  as  seen  from  the 
following  table  (Maben,  Pharm.  .J.  [3]  14,5*>o}:— 


Tempera- 
tore 


0» 

10" 
ISf 

20* 
25° 
30* 

40*» 

50* 


Part«  of  water 
required  to 
dUsolve  one 
HtftCoO 


7fiO 
704 
770 
779 
791 
831 


Tempera- 


909 
932 
OBS 

1019 


7C» 
99» 


Part  -  of  water 
reqairf«d  u> 
disAolw  one 
partOsO 


1104 

1136 
1208 
1236 

1313 
1362 


1579 
1650 

leso 


According  tu  Ijim\  (Cumpt.  rend-  333], 
the  solubility  varies  slightly  with  the  meAod  of 
preparation  of  the  hydroxide. 

The  solution  kno\m  as  lime  water  has  an 
alkaline  reaction,  and  absorbs  the  carbon  dioxide 
of  the  atmosphere,  forming  a  pellicle  of  calcium 
carbonate.  Lime  water  of  definite  strength  for 
pharmaceutical  purposes,  is  best  prcpAmi  by 
using  freshly  ignited  lime.  In  preparing  fiioe 
water  from  ordinary  lime,  the  first  solutioiM 
.Nlutuld  invariably  be  rejectetl,  as  they  will  contain 
nearly  all  the  soluble  salt«  of  the  alkalis  and  the 
bary  ta  and  strontia  present  in  the  \in»  as  in- 
puritics.  Milk  of  lime  is  an  eDnil.>ion  of  calcium 
hj'droxide  suspended  in  loss  wat^than  is  rw^nind 
for  its  complete  sdlntimi.  Oakinm  h>-dronds  is 
much  more  soluble  in  solution  of  .-ugar  than  in 
pure  water,  due  to  the  formation  of  solohle 
sacoharatee  (for  solnbOities,  r.  Weiabet^.  BttH 
Soc.  chim.  21,  773). 

Calcium  hj  droxido  is  precipitated  by  causlic 
potash  or  soda  from  snong  sohitioas  of  ^ 

chloride  ;    if  n   saturati^l  solution   of  calcium 
chloride  be  employed,  the  u  hole  bccomea  solid. 

A  solution  evaporated  over  sttlphiirio  acid  la 
a  vacuum  dc]x>8its  hexn(2<innl  pri-mN.  a.  >  onlint 
to  Gay-Lussac.  Crystals,  however,  which  bsd 
wparated  on  the  surfaee  of  sampleM  of  hnlraolic 
cement  were  found  by  tilinkn  to  h«  loie_'  t.>  the 
rhombic  system  in  spite  of  their  hexagouai 
appearance.  A  deposit  of  grey  lameDK,  eon- 
Histing  of  oalciuin  hydroxide,  waa  foond  hf 
Luedecke  in  a  Carre  ice  machine. 

Calcium  hydroxide  is  an  energetic  base  oon- 
bining  with  acids  to  form  solta  and  displsonif 
ammonia  from  its  com^>uncl.«L 

At  a  red  heat,  calcium  hydroxide  is  deeo» 
{N»  <  d.  \rater  being  driven  off  and  oxide  ie> 
mnining. 

Hlakeil  lime  is  used  extensively  in  the  ptt- 
IMtration  of  mortars  anrl  cements-  fr.  CF-vrSTV'. 
for  softening  hard  v»»terss  m  the  prei>anni>TJi  J 
lyes  and  defeoation  of  sugar,  and  for  agrieohsnl 
purposes, 
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Calcium  dioxide  CaO^  was  lint  prepanxl  by 
Thenard  by  tho  action  of  ozomd  of  hydrogen 
peroxide  upon  lime  vater,  when  microncopie 
quadratic  plates  d  the  oompontion  CaO^SUgO, 
RiiarinKly  soluble  in  water  and  insolnble  in 
alcohol,  were  precipitated.  A<  (  (jnlint:  to  f"<mrov 
(Chem.  Soo.  Trana.  1873,  8i0)»  tho  peroxide  is 
moat  conveniently  prcpMwl  by  adding  lime 
wat«r  in  con^i<l* Table  excess  to  an  aqueous 
aohition  of  sodium  peroxide  acidulated  with 
nitric  aeid.  It  n  abo  obtained  a«  a  finely 
divided  white  ]>n?<'iititat<>  on  atldin;^  ii  innitral  or 
alkaline  solution  of  sodium  peroxide  to  a  solu- 
tion of  a  ealeiiim  salt.  The  eryttals  are  iso- 
niori)hous  with  those  of  lu  lrattxl  barium  jK*r- 
oxide.  On  exposure  to  air  they  effloreaoe,  and 
when  heated  to  130*  ave  converted  into  the 
(UihyiirniiB  peroxide.  On  incruasin^  the  heat, 
half  the  oxygen  is  driven  ofi,  leaving  a  residue 
of  pore  lime. 

Calcium  chloride  ('a(')^  is  found  in  th*- 
water  of  nearly  all  springs  and  rivets,  and  is 
oonaequently  a  eonstitnent  of  lAie  saline  matter 
ilisaolved  in  8ea-wat<r.  This  •'alt  also  forms  the 
chief  saline  constituent  of  an  exudation  nc- 
omrmg  on  the  face  of  the  old  red  sandstone 
r<  »<  ks  at  Guy's  Cliff,  in  Warwick8hin\  oocurrinc 
to  the  extent  of  27-15  p.c  (Spiller,  Chem.  Hoc, 
Trans.  1876,  1,  154).  Galeiam  chloride  Itlcewise 
occTir-*,  tnjf  ther  with  raagnesinm  chIori'1'>  nnd 
alkaime  chlorides  in  the  lachjfdriti  hihI  carutitdU 
of  the  Staissfurt  deposit)?,  Utrhijdritf.  containing 
21  p.r.  CrtCl,  and  p.c.  MtrClj,  while  carnallitf 
contains  3  p.c.  CaCl^,  and  31  p.o.  MgCl^ 

Oldflinm  ohkiride  may  he  oMained  by  paaring 
chJnritu-  over  the  rwl-hot  oxide,  or  by  di-<.<oIviiiL' 
lime,  chalk,  or  marble  in  hydrochloric  acid  and 
evaporating.  If  it  is  necessarv  to  obtain  th«> 
Halt  pure,  chlorine  water  may  be  aildeci  to  the 
i!<olution  in  hydrochloric  acid  in  order  to  oxidim* 
any  iron  nresent,  which  may  then  be  precipitatetl 
by  the  addition  of  milk  nf  lime,  and  filtered  off. 
The  slightly  alkaline  hltrate  is  then  acidified 
with  hydrochloric  acnd  and  evaporated  to  the 
crj'Ktalli.-iin;^  |X)irit. 

'  Calcium  chloride  is  obtained  in  laroo  quan- 
tities as  a  by-t)ro<luct  in  many  manuiaoturing 
ppoee«*He<«.  notably  in  the  preparation  of  ])ota.H- 
i^mm  c:hlorato  and  in  the  manufacture  of  sodium 
carbonate  by  tho  ammonia-soda  process ;  it  may 
1m;  (dit^iinetl  in  the  pure  stato  from  these  rnxlo 
prtnlucts  by  the  methcxl  ju.st  indictitetl.  Many 
attempts  have  been  made  to  utiliw^  thin  wa.ste 
calcium  chlori<le.  Kichanlson  (E.  F.  101 IH) 
troattt  the  puriHe«l  crude  solution  witli  Hm- 
monium  sulphat^^  in  the  proportion  rei|nire4l  to 
rrtnvert  all  tho  chloride  into  .milphat'O :  the 
cHiciuni  sulphate  couM  then  l>e  Hlterwl  off,  an<l 
ammonium  chloride  recovored  by  uryKtalli»Hti<m. 
Pelouaw!  ((V>mpt.  rend.  52.  12H7)  was  the  first  to 
point  out  Uuil  cnlciuni  chloridu  mixed  with  sand 
to  prevent  fu.'^ion  is  almost  completely  decim- 
po»«Kl  when  heated  to  redness  and  treatwl  with 
steam,  tho  chlorine  being  cvolvwl  as  hydro- 
chloric acid.  The  process  was  pftt4'nte<l  by 
S«jjvay,  anil  the  nn'tho<l  applied  Ui  the  wa.ste 
calcium  ehIori<le  li<|uor.<«,  but  the  eondenwd 
hydr<K-hU»ric  aeid  obt4iinod  ia  diluU'  aiul  «loes  not 
f»ay  for  the  eiM»l  consumed  in  the  o]N?ration. 
lounge  conniders  that  m  long  sm  hyilroehl(»rio  acid 
is  m  cheap,  no  possible  methisl  ran  W  found  t^» 
Utilise  the  ohknrine  in  the  waste  liquors  at  a  protit. 


Saturated  solutions  of  calcium  chloride  de- 
posit tho  hydratod  salt  in  large  hexagonal  prisms 
tcrminatetl  bv  p^Tamids,  of  tho  eom  posit  ion 
Caa,»6U,0.  *  Tho  crystals  molt  at  29**  in 
thdr  water  of  crystallisation  and  deliquesce 
rapidly  in  tho  air,  forming  a  viscous  fluid, 
formerly  termed  oleum  calcic.  Heated  below 
200**,  or  in  a  vacuum  over  sulphuric  acid,  the 
crystals  lose  four  molecules  of  wator.  Theronmin- 
tng  two  moleoniee  can  only  be  expelled  above  200*". 
Aocnrdtniir  to  Weber  (Ber.  1 5.  23 1 6 ),  the  salt  dried 
at  ISO®-?!)©*  is  practically  anhvdroiis.  contain- 
ing only  0'2  p.c.  of  water,  ^cstdos  the  two 
hydrates  above  deseKbed,  Leeocsur  (Compt. 
rend.  92,  1 158),  from  determinations  of  maximnm 
tensions  of  solutions,  shows  tho  probable  exist- 
ence of  two  otheia  CsClj.tHjO  and  OsCl^HgO. 
The  t<4rahydmte,  however,  can  only  exist 
below  129^. 

Anhydrous  calcium  olUoride  is  a  white  poroos 
ma.ss,  which  fuse.s  af  a  n*cl  heat  or,  accortling  to 
;  Lc  Cliatelier  (Bull.  Soc.  ohira.  47,  300),  at  755^ 
I  On  cooling,  the  salt  solidifies  to  a  translQcent 
ma.M.s  of  cTVMfals  of  .sp.^r.  2  205.  A  .«lij:hl  de- 
.  composition  into  oxide  and  carbonate  occurs 
I  when  the  fusion  is  performed  in  air.   On  this 

'  account,  the  |K>rou.s  elil- >r;' oMained  },y  dr\  iTig 
the  crystals  at  2tX>''  is  butler  adapted  ior  desic- 
cating* purposes,  especially  for  the  alieorption  of 
water  in  organic  analysis.  If  t\\^  'n-rfl  mass  h 
exposed  to  the  sun's  rays,  it  becomes  phos- 

j  phorescent  in  tho  dark,  and  was  formerly  called 
Ifomhrn/'-t  phnspharmt  After  the  disooveter  of 

I  the  fact  in  1693. 

I      Anhydrous  calcium  chloride  is  highly  de- 

'  li(|iiescent.  100  parts  of  the  ]x>wder  exposed  to 
I  an  aiinosphero  .saturattHl  with  aqueous  vapour 
I  abK>rb  124  parts  of  water  in  96  da  vs.  Acconl- 
'  intr  to  Kri  nv  rs  (Pt)?p.  Ann.  103.  f>7  ;  104,  133  ; 
J.  iu),  the  following  quantities  of  water 

are  n  (|iiiretl  to  dissolve  one  part  by  we%ht  of 
the  anhvdrous  salt : — 

At  lO  ^"         20*         40"  flO» 
1«08         1*36       0-88  0*72 
In  the  followin*:  table,  drawn  up  by  the  same 
author,  arc  shown  tho  stiecifio  gravities  of  solu* 
tions  of  varying  strengths  t — 

QiiiiiifiticH  ill         ~>|<  irr.  (tf  M>luti"ii«  iit 
lOU  iwkrls  water     itf  5^  (water  at  U»  i  =1) 
(i!l7  l-054.'> 
12-58  1-0954 
23-33  1  1681 

36-33  1  -2  tort 

50-67  1-3234 
62-90  l'.^806 
According  to  Engel  (Bull.  So(\  (  him.  47*318), 
!00  parts  of  water  at  0'  di.ssolvc  tiO-3  pavtsCbCl^, 
formniL'  a  solution  of  «p.gr.  1-367. 

A  solution  of  50  ]>arts  anhydrous  C^Clg  in 
100  parts  water,  boils  at  112®,  one  containing 
200  p.o.  boils  at  158°,  and  a  325  p.c.  solution 
boils  at  180**. 

According  to  Lefebvre  (C<»mpt.  rend.  70.  684) 
a  supersaturated  solution  of  calcium  chloride  ia 
forme<l  by  diiwolving  .'i.'iO— 4(K»  grams  of  the  crj-s- 
talliscHl  salt  in  50  c.c.  warm  water  ur  2tlU  grams 
of  t  h«^  anhydron.s  .•*alt  in  2fl0  c.c  water ;  it  may  be 
.^hnken  afU-r  cooling  without  eryHtallisatioii,  but 
solidities  on  contact  with  a  crystal  of  tho  salt,  if 
cooled  to  5-8*,  this  solution  begins  to  crystallise, 
the  tenijierdure  rising  to  2S°-29**.  A  solutit»n 
containing  ^  piC.  CaCl^  deposits  atijp.bfiut  J)5ljOOgle 
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large  plates  of  the  tehmhjrdrate  CaCI^iH^O, 

whic-h  do  not  induce  xhv  i  r  >  1  dlisiition  of  the 
supentatant  liquor.  Tliis  solution,  in  pasfiing 
from  liquid  to  solid  state,  undergoes  at  70*  a 
contraction  00832  <>f  its  volunir. 

Tho  crystallised  chloride  Ok(2^,m.O  alao 
ddiqiH^BCos  rapidly-,  and  dissolves  in  tuUf  its 
weight  c.f  wntiT  at  0**,  in  one-foiirth  it.s  weight 
at  and  in  all  proportious  of  hot  water.  In 
diseolTing  it  absortw  neat,  while  the  anhydrous 
chlorido  dibsolve.s  with  evoliitinn  of  heat.  A 
mixturo  of  I'i^  parts  cr^ittalliiied  chloride  with 
I  part  of  snow  prodaoes  a  ooM  of  —64-9*,  more 
th-in  sufTifiont  to  frrorr  mercury. 

Both  the  anhydrous  and  hydratod  chloride 
dissolve  leadily  in  alcohol,  10  puts  at  80*  db- 
solving  ft  ]vu  ts  aiihydrcms  CaClj  ;  on  evaporriticii 
in  a  vaeuuiu  ui  wmt<*r  temperature,  rectangular 
plates  of  2CaCls,7C,H,0  are  deposited. 

Atdi\(lnn)s  calcium  chlorido  ab^nrlis  am- 
monia gas,  forming  the  compound  CaL'l^^HNH, 
an  a  white  powder,  which,  on  exposure  to  air, 
solution  in  water,  or  on  heating,  is  decomposed. 
Thrown  into  chloriue  gas,  the  coj^itound  takes 
fire. 

Caleium  oxyehloride.  When  ealcium  chlor- 
ide solution  is  boile<i  with  f«lakcd  lime,  and  the 
liquid  filtered,  white  needle-shaped  oiystals 

of  calcium  oxyehloride  sepamto  out  on  cooling 
of  the  composition  tK,'^  Ul.,tt(UH'^,7H,0  or 
3CaO  Caa„15H,0  (Grimshaw,  Chem.'  News,  30, 
280).  The  salt  is  Btable  out  of  contact  vith  air, 
loses  part  of  its  water  of  crystolliiatiDu  over 
aulpburio  acid  or  caustic  lime,  and  absorbs 
caroon  dioxide  from  the  ntmosphersi  It  is 
decouipoattl  hy  wat*;r  or  alcohoL 

According '  to  AodriS  (Oompt.   rend*  8S, 
ii62)«  the  cf>m])o«ition  of  the  salt  is 

Caa,-3CaO,16H,0 
and,  on  drying  m  a  vacuum,  it  becomes  converted 

into  CaC'lJ  .jr'aCSHsO. 

When  calcium  chloride  is  iascd  at  a  bright- 
red  heat  in  a  current  of  moist  air,  it  is  gradually 
I  iin\  t  rted  t(i  fin  cwt  Tide  of  the  composition 
CaCl,*CaO,  and  eventually  to  oxide  (Ooigeu, 
Compt.  rend.  09,  256). 

Calcium  hypochlorite     Blkachiku  rowoER. 

Caleium  chlorate  Ca(ClU,)«  is  produced  when 
chlorine  is  passed  into  hot  milk  of  lime,  but 
is  diflKidt  to  separate  from  the  chloride  siniul- 
t«meously  formed.  This  is  tho  first  step  in  tho 
manufaetuie  of  potasehun  chlorate,  and  the  re- 
action in  supposed  to  be  as  follows : — 

«K'a(OH )  j+ 6CI  j= C«(CU ),)  J +.'jC:aa,+ 6H,0. 

According  to  Lunge  (J.  i!:>oo.  Chem.  Ind.  lUiio, 
722),  the  reaction  really  takes  place  in  several 

Ml.ig(-,  caluiuiii  hyjxKldorit©  and  hypochlorou^ 
acid  being  first  formed  and  mutually  reacting 
with  prcKUietioQ  of  calcium  chlorate : 

( 1 )  Ca(0Cl)a-»-4Ch 2H),0=CaCl2+4UC10. 

Tilt!  free  elil'  iine  serves  only  as  carrier  of 
the  oxygt  ii  of  ts^(»  inol.  Lul<  >  t  akium  hypochlor- 
ite to  a  ihinl  molecule  of  the  hyi)o<hlorite  \Ahich 
is  oxidibcd  to  chlorate,  i.uuye'.s  experiments 
hhow  that  the  In-at  mode  of  converting  hy]to- 
chlorite  into  chlorate  i^  io  tainc  the  Icmmiature 
of  tho  solution,  s^iight  excesH  chlorine  neing  at 
the  same  time  ])reHent.  The  heat  protluced  by  j 
tho  r(>acti«n  on  the  large  scale  is  soilioicnt. 

Calcium  chlorate  can  best  be  prepared  by  the  I 


f  electrijlyBia  of  a  10  p.c.  solution  oi  eaitium  chitrr 
,  ide.   Tne  density  of  tlie  cunt^nt  should  be  10 
amperes  per  square  decimetre  at  the  anode  &d4 
double  at  the  eathode ;  temperature  50°  (ZeitacL 
Elektrochom  4,  4ft4), 

Pure  calcium  chlf>rafe  is  prf»paretl  by  prrte 
pitating  potossmni  cliktratu  with  i^cium  f!iij<x>- 
tiuoridf.    It  ci3rBtalliHes  in  deliquescent  ihoni- 
'  boidal  plates,  very  soluble  in  water  and  alcc»lK^ : 
,  the  crvstal»  contain  lfi-5  j).c.  \>ater,  melt  when 
warmetl,  and  dcei  .mjxise  on  further  heating. 

Calcium  perchlorate  CaCClO^);  may  be  ob- 
tained by  saturating  perchloric  acid  with  CAUatiC 
lime.  It  is  extremely  deli(|uescent  and  Cljltal- 
liscs  in  prisms  soluble  in  alcohol. 

Calcium  Iwonilde  OsBrt  is  formed  by  bumio:; 
» alrium  in  bromine  vapour,  or  by  dissolving 
lime  or  oaLoium  carbonate  in  hydrobromic  aod 
and  evaporating.   The  silky  needles  thus  ob- 
tained are  hydratcd,  but  may       converted  to 
the  anhydrous  salt  by  heatiiig.   CaJeium  bronj- 
ide  TimSh  rtmemVlm  the  ohlorMe  in  pn^pertie*. 
being  !•  li  j  i       i  '.  and  very  schiblc  in  alcohoL 
Calcium  iodide  Cal^t  may  also  be  }>rep&rr'd 
:  by  combustion  of  ealomm  in  iodine  vapour,  r>r 
[  by  solution  of  lime  or  the  carbonate  in  hydriodic 
'  acid,  evaporating  and  fusing  tho  reeidue  in  a 
'  closed  vesseL   Hcatwl .  in  contact  with  air.  it 
\  fuafs  below  a  red  heat,  and  ]■<  d.  (  oinjk.  •-I'-l  with 
[  liberation  of  iodine  vapoursaudformatiun  of  liBM, 
liebifr  (Annalen,  121,  SSS)  rreommends  de> 
'  compisif  ion  uf  Cafj  by  K^SOj  for  pn  jiaration  of 
I  iodide  oi  potassium.    To  prepare  the  ii'slntin 
iodide,  1  oz.  of  amorphous  pnosphorasis  drendwd 
I  with  30 oz.  hot  water,  and  liiiel\  ])ul\  eri^  ■■!  ic<dinc 
gradually  added  with  constant  stirnng  as  ions  am 
it  dissolves  without  oohmr  (quantity  thus  oii- 
solvcd  being'  1.*?^  07. ).    The  mlourless  liquid  i; 
then  decanted  fn>m  the  slight  deposit,  and  made 
'  slightly  alkaline  with  mils  of  b»e  (8  oc  Itas 
;  being   requir^^d)  :   the   solution    i>    aft.  r.rards 
I  strained,  and  residue  of  plio^pluitv,  }>ki^phit<>, 
I  and  hydrate  of  calcium  wa.shed.    The  solution 
then  contains  tho  cak  inni  iodiiL,-,  which  may,  if 
necessary,  bo  obtaiiieiL  by  evaporation  in  the 
form  of  hydrate  in  deliquescent  needles. 

A  double  iodide  of  c-alcium  and  silver  of  th*; 
composition  t;aI,-2.\gI,6H,0  has  t>oen  prepared 
by  Simpson  (Pkoo.  Roy.  Soc.  27,  120)  by  satorat- 
ing  a  hi>t  concentrated  solution  of  fViT,  with 
uioiftl  Mlver  iodide.  It  cry^taUisos  on  ooolil^ 
in  long  white  needle?,  dwomiKi-sed  by  water. 

Calcitim  lodate  Ga(10,),  is  obtaine  d  by  cry?- 
t-allising  mixed  solutions  of  potasc^mm  iodat^' 
and  calcium  ohloridi'.  'J'lt<'  hydrate<l  salt  fornix 
four-»idt«d  prisms  which  effloresce  in  the  air.  and 
become  anhydn>us  when  heated  to  200*.  From 
a  solution  acididatetl  with  nitric  acid,  it  seitarat*"* 
in  trimetric  cry<»t«Ls.  The  cr}>t«l8  arc  solabl'* 
in  454  })arts  water  at  18",  and  in  102  }iarts  oi 
boiling  water,  but  are  insoluble  in  alcohol.  The 
anhydrous  salt,  gently  heated  in  a  poroelaio 
retort,  evolves  14-78  p.c.  of  oxygen,  ami  o4-07  <^f 
icKline,  leaving  31*14  p.c.  of  a  residue  rich  in 
{XMitabasic  peri<Klnte  of  calcium.  IIe«U><l  motr 
Htrongly,  it  evolves  njore  oxygen  ami  iin line,  and 
leave;*  iO-H.'j  p.c.  of  a  mixture  of  jx'iitaliasic  ]>♦  r- 
ifidat^'  and  free  lime.  CaJciura  iudato  deUmate* 
violent  Iv  when  heated  on  rhareoaL 

Sonstadt  proposes  (£.  P.  G304,  1884}  to  USt 
calcium  iodate  as  nn  antiseptic- 

Periodatas  ol  Mkhiin.  V^^gy^gjj^ig 
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salt  Nail  1 1 is  deoomposed  by  cmleinin  nl-  >  Tta  ohtrMterbtte  roMtion  is  the  deeomponitioii 

of  dii-rilriurn  '  ()f  \Vdt(  r  ii>  th(;  colli,  with  the  lilitTat ion  <»f  (if-t'lv- 


trat«\  a  (,  r\  stall 


uhit« 


pri'<ipita1t 

t*hi«d.   When^         salt  is  heated '  water,  | 

oxy;_'i-n,  and  iodino  aro  fjivrn  ofT  an<l  ]v>nta- 
caioiuiD  p^rkxUto  Cail/Ji]  romaina  (Laimlok). 

OfeMimi  ffnoride  CaF;  is  foond  widefy  dis- 
tributwl  in  nature  and  is  kiiou  n  a>  fiior  spftr.  It 
ii»  tho  only  common  mineral  in  which  duoriue 
fomiB  cme  of  the  principal  oonstituents.  It 
occurs  }><)th  massive  and  in  hiantiful  crysliih, 
generally  cubes  or  forms  in  combination  with 
the  etibe.  It  is  a  eomnton  vem  nunerals  oocor* 
riiiL'  usually  in  a^f^ociation  with  metallif  ores, 
barytvu,  calcite»  &.c  It  pn^aenta  a  variety  oi 
cdottn,  somethneB  shadfag  into  one  another  as 
ITi  tho  beautiful  '  Blnr-  John  '  of  T)i  rln>hiro. 
ITreo  fluorine  has  been  shown  to  exist  m  a  dark 
▼iolet  fluor  spar  from  Qaineid,  Dept.  do  Rhdne. 
It  is  also  H  (•nnvtitiipnt  in  ?mnll  quantities  of 
many  plant  aahcs,  of  boneisi,  and  of  tho  enamel 
of  toetL  When  ealoiuni  fluoride,  obtained  b; 
])recipitating  any  soluhlr  calcium  salt  with 
iluoride  of  sodium  or  ]»ota.-«.>»ium,  is  hoatini  with 
-water  slightly  aciditied  with  hydrochloric  aold, 
tlie  ]>reri]>itato  is  fottod  (o  oouaist  of  mioTOSoopic 
oct«he<lrt>nft. 

Calcium  fluoride  i^  fiolublo  in  about  2000 
parts  of  water  at  15*,  and  is  ?<livihtly  more 
0olul<iu  in  water  containing  carbon  dioxide.  It 
dissolres  in  hydrofluoric  acid  and  in  strong  hydro* 
chloric  acid,  and  is  preoipitat(Ml  in  the  gelatinous 
form  by  ammonia.    It  in  fuiiiblu  at  902**,  and 


periodatc  Cali^lO^  or  2CaO-3UgO'ItO|  ia  ob-  i  leao  and  tho  formation  of  oalcium  hydroxide. 

Mn.__  ^^.i^         i_  — x_  I  ^  modem  mdnstnal  method,  as  for 

instancf>  the  Alby  l'nil*fl  Carbidu  Fat't<jrics,  Ltd., 
Odda,  Norway,  lime  and  anthracite  are  em- 
ployed and  the  deotricity  ia  generated  hy  water 

1^)W(  r.  ProductT-gas  fired  kilns  are  used  for 
)umiug  the  lime.  There  are  12  eleotrio  fumaoea 
of  1400  IdlowattB  capacity  in  use,  and  the  ourrent 
suppliotl  is  38.000  ainiKtes  at  50  volts.  Tho 
obaiging  is  practically  constant  and  the  carbide 
is  tappra  at  interrab  of  about  45  ndnntes.  Tho 
temperature  used  is  about  3000*. 

One  of  tho  most  interesting  dcvelopmente  of 
the  mannfaotnre  is  the  production  of  'nitralin,* 
calcium  cyanamido  Ca(CN)^,  from  calcium  <  ar- 
bido  for  manurial  purposes.    The  nitrogen  re- 

? aired  ia  obtained  from  tho  air  by  the  I^do 
bmpany's  plant  ,  which  produci's  hoth  nitroiicn 
and  oxygen.  Tho  union  of  powdered  calcium 
and  nitrogen  takes  place  with  the  evolution  of 
hrat.  hrnrc  thf  tnniyM'mturo  has  to  be  maintained 
l)etwoen  SW-lOUO",  as  at  higher  temperatures 
the  caloittm  cyanami<Ie  decompoacs.  Tlie  iib* 
sorption  occupif  .s  30  to  40  hours,  and  the  i>nMluct 
is  a  cokoliko  material  which  is  ground  to  jMwder 
befofo  beioK  pfauwd  on  the  market  (ft  NiTBOonr, 

UTILISATIOy  OK  \ TMUSPHBBIC). 

Calcium  carbonate  C-aCO,  occurs  naturally 
in  the  forms  of  limestone,  chalk,  marble,  and 
calcite  ;  it  also  constitutes  tho  principal  ingre- 
dient in  egg-shoUs,  mollusc-shells,  and  coral. 


ia  used  as  a  flux  in  many  metallurgical  o{)era-  |  It  is  fonned  when  the  oxide  or  hydroxide  is  ox* 


tions,  especially  in  thu  n  *hu  tion  of  aluminium 
It  decomposed  at  a  hiuh  temperature  bv 
water  vapour  into  lime  ana  hydrofluoric  acid. 
Fusion  with  alkaline  carbonates  or  hydroxide.-* 
yields  carbonate  or  oxide  of  calcium  and  aikalint^ 
fluorides.   Strong  sulphuric  acid,  on  gently  i  cipitating  the 


warming,  decomposes  it,  forming  c«lfiuni  >»ul- 
phato  and  liberating  hydroiiuuric  acid.  At  a 
red  heat  it  is  also  decomposed  )>y  chlorine. 
After  being  heated  fluor  spar  phosphoresces  in 
tho  dark.  There  is  a  consideraole  industry  car- 
ried on  in  fluor-spar  districts  in  the  car\  nit:  of 
ornamental  vases  and  other  articles,  tho  bril- 
liantly coloured  varieties  being  especially  in 
denriM'I. 

Calcium  carbide  CaC^  Wohlor  (Ann.  Chim. 
Phys.  125,  120)  showed  that  by  tho  action  of 
carbon  on  a  molten  alloy  of  zinc  and  calcium,  a 
|jJm1(  maas  is  obtained,  which  oa  contact  with 
ooM  water  liherat««  various  eases.  Winlder 
indicated  tlic  rcdu<  tinn  of  the  alkaline  earths  l>y 
magnesium  (Bcr.  22,  120).  Maquonue,  in  1892, 
prepared  calcium  carbide  as  an  impure  amor- 
plmns  Mack  powder,  and  Trascrs  obtained  it  by 
hcatiog  together  calcium  chloride,  sodium,  and 
carbon.  It  was  not,  however,  untU  the  advent 
of  the  fltctric  furii  ic  'hat  it  hetamc  possible  to 
manufacture  a  pure  carbide  suitable  for  the 
preparation  of  aeetylem.  Moissan  (Compt. 
rend.  138.  243)  umhI  a  mixture  of  linir  120  grams, 
sugar  carbon  70  grams,  which  waa  heated  in  the 
crucible  of  an  eleetrie  furnace  for  20  minutes 
with  a  cumiit  of  3r»0  amp*Tt's  and  70  volts. 
At  the  temperature  ol  liquefaction  oi  the  lime, 
this  reaotum  oecun:  OaO<f  8C«CaC,+C0. 
I*uro  calcium  carbide  is  crystallin'",  colourless, 
and  transparent,  but  the  commercial  variety, 
disoolonreo  by  ison*  is  iiraaUy  bvomu^^red. 


Eosetl  to  jnc)ist  air  oontainini;  carbon  dioxidn, 
ut  is  not  produced  by  tho  action  of  dry  carbon 
dioxide  on  tlry  lime.  It  may  be  obtained  in 
the  pure  .'Ttate  by  dissolving  chalk  or  marble  or 
calcined  uyster-shells  in  hydrochloric  aciii,  pro- 

>,  OKide  of  iron,  and  earthy 


phoaphates  by  ammonia  or  milk  of  lime,  filtering, 
then  precipitating  the  calcium  by  ummunium 
I  carbonate,  washing  and  drying. 
'      Calcium  carbonato  is  dimorphous,  crystal - 
'  Using  in  tho  hexagonal  system  as  calcite  {q-V.) 
'  and  in  tho  rhombic  system  as  aragonito  {q.v.}- 
A  litre  of  water  dissolves  about  18  milligrams 
of  calcium  carbonate.    The  solution  has  a  slight 
alkaline  reaction.    Water  containing  carbonic 
acid  dissolves  it  much  more  readily,  forming  the 
acid  carbonate  CaH^fCO,),,  which  is  known  only 
in  .solution.    SohiiHlity  n\  hi^'her  pressures  in 
water  containing  carlx)nic  acid  follows  iho  law 
of  Schloesing  pretty  closely  (Engcl,  Cbmpt.  rend. 
101,  910).    Tlie  .solul)ility  incre.ises  under  an 
iucreasti  of  pressure  only  up  to  3  grams  per  litre 
aooordinff  to  Garo.    One  litre  of  water  aaturated 
with  carhon  dioxide  dissolves  0-7  i;ram  of  the 
carbonate  at  0*,  but  U-88  gram  at  10*.  Thia 
acid  earbonat<e  plays  a  most  important  part  in 
nature,  for  Mhenever  water  containing  car}>onio 
acid  comes  in  contact  with  carbonato  or  silicates 
of  oaloium,  the  calcium  is  gradually  converted 
into  this  snluMe  form,  and  is  thrrrf< -re  found  in 
almo.'<t  all  natural  waters.    Hence  also  the  de> 
poflits  in  kettles  and  boilere  ;  tho  formation  of 
which  may  be  prevented  by  the  addition  of  am- 
monium chloride  to  the  water. 

Calcium  earbonat<>,  when  heated  to  full  red- 
nef"*  in  open  vessels,  is  derompot-rd  into  limo 
and  carbon  dioxide.  The  decomposition  com- 
mences at  a  low  red  heat,  and  in  a  cunrent>  i 

uiyiiized^DyVjOOgle 
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of  air,  or  In'ttor  Mtcam,  the  tompcratxire  of  dis- 
sociation Ih  lower  still.  Th«-  Ini^ion  of  dh- 
sociation  becomes  equal  to  tlie  prL-ssun*  of  the 
atmosphere,  nccurdiiii;  tn  l^*-  ( 'hatflitr  (Compt. 
rend.  102,  1243),  at  about  812°.  If  heaU-d 
rapidly,  the  ntatiouar)'  U-uJiH-ralure  of  dis- 
sociation i»  925**.  At  the  tenaon  of 
dissociation  is  27  mm.  ;  at  61 0^  4(1  mm.  ;  at 
fi25*,  fitJ  mm.  ;  at  740°,  245  mm.  :  at  8I0^ 
078  mm. ;  and  at  SGS*.  1333  mm.  If  the  car- 
bonate bo  ignitetl  in  a  oloi^  vessel,  it  fuses, 
resolidifying  to  a  mam  of  marble-like  calcite. 
According;  to  Becker  (Jahrb.  Min.  1886,  1,  Ref. 
403),  any  form  of  C'aCOj,  even  at  a  low  pressure, 
is  changed  on  heating  in  a  c1os(h1  space  with 
exclusion  of  air  into  the  rhombohe<lral  form 
without  fusion.  If  small  quantities  of  the 
precipitated  oarbonato  are  thrown  into  a  fused 
mixture  of  sodium  and  potassium  chlorides  in 
eqatvalent  proportioiiB,  no  carbon  dioxide  is 
evolved,  but  the  carbonate  beoomes  orystaUine 
calcite,  usimlly  in  aggit^gat  ions  of  crystals  like 
mow  orystala  (Bouiieout,  BulL  Sue.  chim.  12] 

37*  un 

FwliliyinUed  cakslum  carbonate 

The  evaporation  of  naturul  solutions  of  the 
acid  car)M>nate  generally  results  in  the  depcwition 
of  the  ordinary  carbonate,  fctrminp  the  stalac- 
tites and  stalagmites  of  ca\  erns,  travertine,  and 
other  fomiB  oif  deposit ;  but  sometimes  the 
solution  yields  six-sided  rhombic  prisms  of  tho 
composition  (.'aCOj.SHjO.  These  crj'staLs  an- 
oltea  found  in  pumps  and  pi]M*8  leading  from 
well'',  ftlsn  ftdhering  to  tho  confervfp  in  ponds. 
They  keep  unaltered  under  wat<>T  at  20°,  but  at 
■lig^tfy  higher  temperatures  lose  their  terns- 
parency  and  water  of  crystallisation  In  air 
thev  crumble  to  powder  through  loss  of  water 
(Pfeiffer,  Arch.  Pharm.  [2]  16,  212),  This  salt, 
according  to  Pelouze  (.Aim.  Chim.  Phys.  [21  48, 
301 ).  is  obtained  in  small  acute  rhombonedra, 
sp.gr,  1-783,  by  boiling'  linu-  in  a  concentratoil 
solution  of  augar,  starch,  or  gum*  and  leaving 
the  solution  for  some  montlu  in  a  cold  fdaoe. 
Beci|nt  r(  I,  by  ex]>osing  a  solution  of  limo  in 
sugar  water  to  a  voltaic  battery  of  12  cells, 
obtained  ervHtals  of  the  name  composition,  but 
in  ftirni  >  T  i  IimmiI     |  iri-  m-. 

Basic  carbonates  of  lime.  Calcium  oxide 
oommenoes  to  absorb  carbon  dioxide  at  a  tem- 

}>erature  t»f  415".  fortnin<_'  a  basic  carbonat<vof  the 
ooittiKMitiou  2V4lO  CO^  (Bimbaum  and  Mahu, 
Ber.  12.  1M7). 

Raoult  ((>>mpt.  r.  iid.  n2.  1  l."7)  sliou.s  (hat 
when  freshly  burnt  limo  ia  heated  in  a  current  of 
carbon  dioxide,  it  glows  strongly,  forminfr 
2('aO  ('0^.  whic'li  ilix  s  not  disintc-jratr  in  moist 
air,  and  does  not  tako  up  Mater  from  steam  at 
200*.  When  finely  powoered  and  treated  with 
a  littl('  Mater,  it  ViardonK  lilco  hydraulic  cement. 
The  hydrated  ])r(xluct  has  the  composition 
CaCO.^CafOH)..  On  heatins  to  dull  xedneos.  it 
lox-^  watrr  and  i»  convortod  into  a  mixture  of 
tJa(  t  >a  an«l  (  aO. 

MHien  burnt  lime  is  heated  in  oontaot  with 
carbon  dioxide  for  He\fml  rln\s.  the  basic  salt 
2(  at  *Oj<'aO  is  obtained,  mIuoH  siiU  absorbs  CO^. 
forming  a  third  salt  3CaCK),  (-'aO.  The  oarbon 
dioxide  continues  to  lie  afi^mlxd.  however, 
and  appears  eventually  to  f(*rm  the  normal  car- 
bonate. 


Calcitim  nitfUto  Ch^N^  is  best  obt«iiMd  W 
passing  dry  nitrogen  over  motallii.-  c  ali.  ium  con- 
tained in  a  nickel  boat  and  tube  heated  to  bng^ 
redness.  Two  to  throe  hours  are  reqnind,  swl 
the  resulting  material  is  fritted  and  poasesSK  t 
bniMiiish-red  colour,  lin  fusion  point  i^^i  alioui 
1200*':  sp.gr.  2-63  at  17^  Whm  thfown  ialA 
wntt  v  it  produet-s  a  lively  effervcaoenoe,  yieUiag 
auiuioiiia  and  calcium  hydroxide 

Oa,N,+6H,O«90a(OH),-|-SNH, 
(Moissan,  Ann.  Chim.  Phys.  [71  18.  2*«'«V 

Calcium  ammonium  Cai^iH,)^  is  iormed  «trQ 
a  current  of  dry  ammonia  is  passt*!  over 
metallio  calcium,  maintained  at  a  trmp-mturf-  of 
15^  to  20".  it  possesses  a  broMuish-retl  coiuur, 
and  takes  fire  wnen  exposed  to  air. 

Calcium  amide  ('a(NH,),.  CalrMim  .am- 
monium ."luw  jy  (lf€i>mpo8cs,  forming  transpareni 
cr>-stAlA  of  calcium  amide,  hydroi^n  ana  aai- 
nioi>in  h(  iTi<T  evolvwl. 

Calcium  nitrite  Ca(NO,)„H,0  prepaxtxi  m 
decomposing  a  boiling  solution  of  silver  nitrite 
>vith  lime  water,  treatinjj  thr  fihrat*-  with  sul- 
phuretted hydrogen  and  carbonic  acid  lo  remove 
exeess  of  silver  Mid  cakiom,  and  evaporating  at 
a  gentle  hrat.  It  crystalliaee  in  ddiqiiemss 
prisni>i  iiiHoluble  in  alcohoL 

Calcium  nitrate  Ca(N0j)^4H«O  oocvis  as  a 
silky  fTI  n  .^cence  in  limestone  caverns,  especially 
thosf  ul  Kentucky,  also  on  the  waUs  of  places 
where  there  is  much  organic  refuseu  It  is  found 
in  many  well  wster^.  In  in)^  dt-rived  from  the  aoil. 
It  is  extremely  deli4ut.;sct'ut  and  soluble,  and 
causes  rapid  disintegration  of  mortar,  and  hsoee 
is  called  '  saltpetre  rot.'  It  may  l>e  pn*pared  br 
dissolving  the  carbonate  in  nitric  acid,  the 
solution  depcMtiing  on  slow  evaporation  nK>n«> 
clinic  six-sided  prisms  terminat-ed  by  acut« 
p^Tamids  of  tho  above  composition.  On  evapo- 
rating  tho  solution  to  dr\  nc*w,  the  anhydroos  sak 
of  <ip.gr.  2-472  is  obtained,  possessing  a  warn 
bitter  taste  and  readily  soluble  in  water  and 
alcohol.  On  heating  more  ittronglv,  it  becomes 
phosphoreeoent,  aa  noticed  by  Barawin  in  1674, 
and  hence  is  termed  BaidiHn*0  pkotpharu$.  At 
a  higher  temperatun-.  oxygt-n  and  nitric  peroxide 
are  evolved,  and  with  combustthle  bodies  detoqa* 
tion  ooonrs.  It  is  eztenaivelT  prepared  on  tlkp 
Contint-nt  for  tlu*  niaiuifacturr  of  nitre  bv 
mixing  vegetable  and  animal  refuae  w  ith  chalk, 
mari,  cinders,  fte.,  motstoninK  from  time  to 

time  \\\\]\  ]if)iii(l  ^tal)^•  nuinun-.  and  <  x]«i^ing  to 
the  air  for  two  or  throe  yoars,  w  hen  the  mass  » 
lixiviated  and  tho  crado  nitvato  of  oakitim  de- 
( ()m|Mif<c<l  by  carbonate, suliAate,  or  olikride  of 

potaissium. 

GaMam  phosphNte.  Motsaan  (Oomp*.  rend. 

128,  787)  pri-jian-d  caleium  jihos|»hid'-  from  pur»- 
crystallised  calcium  and  red  phosphoruai  The 
two  bodfos  were  placed  apart  in  a  tabe  whieh 
i  was  exhausted  and  tho  piii>sj(hnru«  was  g«itJv 
j  heated.    The  vapours  evolved  combined  with 
I  the  calcium  with  inoandeaoeooeu   Be  also  ob> 
I  taine<l  it  f  v  ivdnction  of  pure  calcium  phuesphat*" 
with  carbon  in  an  electric  furnace,  u-ting  310 
parts  and  96  part<s  respeetively  of  the  ingredi«nta 
and  a  current  of  050  amperes  and  \T>  \  olt.-.  S> 
obtaiiied,  it  is  a  browTiish-red  body,  cr^-staUint 
when  prepared  in  the  electrio  inmaea.  lu 
charact'Cristic  rr>nrtinn  is  thf  d'^TninpiTi'Ttton  of 
water  in  the  cold  with  the  pnxiucnon  of  calcium 
hydnixide  and  bydfosen  phc^a^  by^tS8^e 
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by  either  of  tbe  above  metlioda,  it  has  the  eom- 

Thtnard  (Ann.  Chim.  Pliya.  [3]  14,  12)  ob- 
tained calcium  phosphide  mixed  fdtosphftto 
l>y  paming  the  vapour  of  i)hos|>h<inis  ovrr  re<l- 
hot  lime.  The  substance  iimy  be  prejiured  on  a 
]ar<^»>r  scale  by  filling  a  cniciblo  with  u  holo  in 
its  base  with  i^>llet'<i  of  lime,  and  placing'  it  upon 
the  grate  of  a  funiace.  A  flask  containing  phos- 
phorus is  i^aoed  below  the  grating  with  its  neck 
ymntiiiig  into  the  hole  of  the  crucible.  When  the 
lime  haii  been  heated  to  redness,  the  pho»phura» 
ia  gradually  heatetl  so  that  ita  vapour  passes 
throw;.'*!  thf  lime.  The  brown  mass  i.><  stated  by 
Gmeiin  i  Handb.  3,  188)  to  be  a  mixture  of  muiiu- 
oaJcium  phot^phide  and  trioalcium  phosphate. 

When  thrifwn  into  water,  the  product  is  in- 
stantly dccumposod  with  evolution  of  upon- 
t4neoiuiy  inflammaUephosphoretted  hydrogens, 

Owing  to  this  property,  calcium  phosphide  is 
utilised  for  the  production  of  signal  tires  at  sea. 
The  manufacture  is  carritxl  on  in  an  arrange- 
ment similar  to  the  above,  the  crucibles  being 
larger  and  divided  by  a  false  perforated  bottom 
into  two  compartments,  in  the  upper  of  which 
the  pieces  of  lime  are  raised  to  a  red  heat,  the 
phosphorus  placed  in  the  lower  compartment 
iK'ing  afterwards  volatilised  by  the  heat  radiated 
from  above.  In  about  6  hours,  a  ohaixe, 
VMlding  20  lbs.  of  ymxlnet.  is  finished.  Tne 
brown  stonv  mass  is  immediately  worked  up  inti> 
the  *  lights.^  These  consist  of  cylindrical  tinned- 
inn  boxes,  the  lower  half  of  whieh  is  filled  with 
about  Ifi  oz.  of  the  fragments  of  ]ihosj)hi<le. 
Two  snudi  circular  portions  of  the  upper  and 
under  sitrfaoes  of  inetaJ  are  ftmned  of  soft  lead, 
so  tS.if  til  \  may  1m-  piere»<l  by  a  knife  just  be- 
fore being  thrown  overboard.  The  tins  are  sup- 
ported by  a  wooden  float  wlien  in  use.  The 
\\;iti  r  1  nt<  low  and  the  gas  issue-n  from  (he 
upper  outlet,  burning  with  a  flame  9  to  18 
inches  high,  lasting  abcMit  haif  an  hour.  Larger 
but  similar  '  lights  '  are  preparer!  to  be  placed  in 
a  bucket  of  water  on  deok.  In  the  British  Navy 
toipedo  practice,  a  peooltar  form  of  the  phos- 
phide is  also  r.  '  1 

GalellUll  phosphite  CallPU,.H,0  separates 
M  a  Of^ratalune  omat  from  a  solution  of  the 
ammonium  ssnlt  TTtixed  with  calcium  chloride. 
It  is  sparingly  soluble  in  cold  water,  and  the 
■olutioii  dcoompoees  when  heated,  depositing 
ft  ba.Hie  salt,  an  acid  s^ilt  remaining  dissolvecL 
It  gives  of!  its  water  at  100".  It  is  a  white 
etyatallme  powder,  whi(di,  on  heating,  evolves 
spontaneously  inflammable phosphoretti-d  hydro- 
gen, accompanied  by  slight  dct^inationn.  At  a 
certain  temperature,  it  becomes  incandeaoentk 
and  leaves  a  reniduo  of  calcium  phosphate. 

An  acid  phosphite  CaH4(Pi>2),,li,0  is  ob- 
tained as  a  oiystalline  criist  by  acting  upon 
marble  with  aqupous  phosphorous  acid  as  long 
as  carbon  dioxide  escapes.  The  crust  consists 
of  needle-shaped  crystals  aoluhle  in  water,  and 
losinj?  their  writer  at  lOO". 

Calcium  hypophosphiie  Ca(PO,U,),  or 
CaH4(POi)2  is  used  medicinally,  and  is  prepared 
by  ])hft«*phorus  with  milk  of  lime 

3Ca<UHj,^2i«+nH,0=2PH,+3CaH,(PO,),. 
On  evaporation  the  hypophosphite  is  obtaiiMd 
in  mcnoeltnic  flexible  prism?  iiv-  lublo  in  alcohol. 
When  heated  it  evolves  phosphorettcd  hydrogen 
and  water,  having  ealomm  pyrophosphate. 
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ofthophosphata  Ca,(i'(>«)2 

pOfO  in  the  mineral  o«teolite,  and  as 
Ca,(P0<),.2H,0 

in  omithite.  Combined  with  calcium  fluoride  or 
chlocide,  it  occurs  in  natnre  as  apatite 

3CJaa(P0,),-fCaP, 
in  which  form  it  is  found  in  birge  crystals  in  the 
metamorphic  limestones  at  Burgess,  Ontario, 
Canada.  The  massive  varwty,  phosphorite,  is 
mined  on  a  large  scale  at  Odegarden,  Norway. 
In  certain  apatites,  the  CaF,  is  more  or  less 
replaced  by  CaCl,. 

Calcium  phosphate  also  forms  a  principal 
constituent  of  the  coprolites  frequently  found  in 
extensive  beds  in  the  stratitied  rocks.  This 
material  lorms  the  principal  source  of  the  rock 
phosphate  of  commerce.  It  tlie  chief  in- 
organic material  of  bon«a»  foirmiim  about  80  PiiO* 
of  burnt  bones. 

It  Is  obtained  in  the  amorphous  state  by  pre« 
cipitating  an  ammoniacal  solution  of  calcium 
chloride  with  excess  of  hydrogen  disodium  phos- 
phate. The  precipitate  u  gMatinons,  but  dries 
up  to  a  white  earthy  powiler,  m  mi  Iv  insoluble  in 
water,  but  is  decomp<^ed  by  long  boiling  into  an 
insohtble  baaie  salt  of  the  composition 

Ca3(P04),-Ca,(PO,)OH 
and  a  soluble  acid  salt.  This  reaction  also 
(K-eurs  shjwlv  in  the  cold.  Calcium  phosphate 
Ls  uIho  soluble  in  water  containing  carix>nic  acid 
(1  part  in  178ft  parts  of  water  saturated  with 
carbon  dioxide),  ammonium  salts,  sodium  ni- 
trate, sodium  chloride,  and  otlier  salts.  Its' 
absorption  by  the  roots  of  plants  \n  therefoie 
promoted  by  the  agency  of  suline  solutions. 

Freshly  precipitated  calcium  phosphate  com- 
bines with  sulphur  dioxide,  becoming  soluble  in 
water.  On  heating  the  solution,  some  of  the 
gas  is  liberated  and  a  crystalline  precipitate, 
naving  the  composition  Ca3SOjl'jO.„2H30.  is 
formed,  a  ccnupound  which  is  very  stable  (Ber. 
16,  1441). 

Calcium  orthophosphate  may  be  obtained  in 
the  crvstalline  form  by  heating  dicalcium  uyro- 
phosppate  with  water,  whereby  it  is  resolveu  into 
phosphoric  acid  and  tricalcium  pluMphate,  which 
separates  in  rectangular  plates 

8Ca.P|07-f3H|0»2Gag(FO«)|-{-2H^«. 

Tricalcium  phoqihate  is  not  decomposed  hy 

ignition. 

DfeaMiun  orthophosphate  Ca,H,(P04),.  An 

aqueous  solution  of  ])hosphoric  acid  acts  un 
precipitated  chalk,  forming  stnall  necdle-shajped 
crystals  of  diealohim  phosphate.  Dried  at  100", 
the  salt  contains  5H,0.  which  it  dtwrt  not  lose 
below  116°.  It  is  soluble  in  ammonium  citrate. 
Boiled  with  water,  it  is  partially  decomposed 
into  tricalcium  jjhosj  li  iti  . 

On  mixing  boiling  solutions  of  sodium  phos- 
phate,  cakinm  chlorMe.  and  acetio  acid, 

CaA(P04)„H,0 

is  formed  ;  if  the  solutions  are  mixed  in  the  roM. 
Ca,H,(P04)„GH,0  is  formed  (Millot.  Boll.  8<k-. 
chim.  [2]  33, 194).  The  salt  is  also  formed  (Joly 
and  Sorrel,  Compt.  rend.  11^^.  Til)  when  satu- 
rated solutions  are  mixed  in  the  cold  if  hydro- 
chloric Mid  is  added. 

When  a  solution  of  calcium  chloride  is  mixed 
with  one  of  ordinary  sodium  phosphate,  a  white 


608 


thrown  down.  It  is  this  suit  which  is  occasion* 
aUy  deposited  from  wine  in  stellar  aggr^tei. 
According  to  Becquorel  and  Beraeliua,  A  tri- 
hydrate  may  also  be  obtained.  Thoao  dtfTcrent 
results  as  regards  water  of  orystaUisatioii  are 
probably  owing  to  the  foot  that  the  precipitates 
vary  in  amount  of  water  and  solubility  in  acids 
according  to  the  conditions  of  their  precipita* 
tion. 

Monocalcium  phosphate  r'air,fPOj,  is  ob 
tained  in  rhombic  tables  by  dissolving  cither  of 
the  former  phosphates  in  phosphoric  aoid  and 
allowing  the  solution  to  spiintiun  ously  evaporate. 
It  has  a  strong  aoid  reaction,  and  deiiqaesoes 
in  air,  dimolvuig  readily  in  water.  A  small 
quantity  of  water  decotnp  -  -  it,  f  >:[:iing  in- 
solable  dicalcium  phosphate  and  free  phosphoric 
aoid.  If  cold,  the  hydrate  Ca,U,(P04),.4H,0  is 
T'lrmed  ;  if  hot,  the  Same  Salt,  me  from  water, 
is  precipitated. 

Monoealoiam  phosphate  fnses  on  heating, 
giving  up  its  water,  and  when  heated  to  200*  it 
parts  with  the  elements  of  water,  leaving  a  mix- 
ture of  ealoium  pyrophosphate  and  metaphot* 
photic  aoid 

2(jaHj(P04),  <^'ajP,0,+2HP03+3H,0. 

When  the  mixture  is  heated  to  a  still  higher 
temperature,  pure  oaleium  metaphosphate  re- 
main- 
Superphosphate  of  lime  is  a  mixture  of  mono- 
ealehim  pho«phate  and  oaldnm  8alphat6»  whicli 
is  manufactured  as  a  manure.  It  is  prepared 
by  acting  on  bone-ash,  rook  phosphate,  phos- 
phorites, or  other  mineral  phosphates  with  two- 
t birds  their  weiu'ht  of  sulphuri*-  uoM  : 
r'»,(P04),  -f  2  H  ,80 ,  -  Ca  1 1 ,( ro ,  I  2CaS04. 

iiosides  its  use  as  a  manure  for  root-crops,  it  is 
used  fa  tiho  mannfaotnre  of  pbosphorna  (t^  Fbk- 

TII.T'<rT"<i, 

Calcium  pyrophosphate  CajP.O;  ia  prepared 
by  aotion  of  aqueous  pyrophoaphoric  aoid  npon 
lime  water,  or  sodium  pyrophosphute  upon  cal- 
cium chloride.  If  the  precipitate  thus  obtained 
is  dissolved  in  snlphuroos  aoid  and  the  solution 
heated,  the  salt  s^'parntf"*  as  n  crystalline  crust. 
The  crvstuU  cotitaiu  four  iiioleculos  of  water. 

Calcium  metaphosphates.  The  monosalt 
ra{P() is  obtained  by  disaolvmg  calcium  car- 
liuuat<;  iu  orthophosphoric  acid,  evaporating,  and 
heating  the  reodtto  to  316^  It  is  tui  Insoluble 

whit«  powder. 

The  diuieUphosphate  Ca,(P0j)|,4H,0  is  ob- 
tained pure  in  the  crystalline  form  by  precipi- 
tating the  corresponding  alkali  salt  with  excess 
of  calcium  chloride.  It  Is  insoluble  in  water, 
but  is  dc  (;<tinpused  by  strong  sulphuric  acid. 
A  double  ditnttaphoHphatc  of  calcium  and  am* 
moniiim  Ca(NH4),(POa),.2H,0  is  obtained  in 
Hnicular  crystals  by  mixing  a  solution  of  calcium 
chloride  with  excess  of  the  ammonium  salt.  It 
is  insoluble  in  water. 

Phosphato  chlorides  of  calcium  an-  obtained 
by  evaporating  solutions  of  tricalcium  phosphate 
in  hydrochloric  aoid.  A  saturated  solution,  on 
spontaneous  evati  ration,  deposits  rhomboidal 
platee  of  7Call4(P04),<;aCl.,UU«O.  If  the 
solntion  is  evaporated  over  the  water-bath,  di- 
••alcium  phosphate  is  fii^t  d.  positt  d,  then,  on 
further  evaporation,  the  above  phos^hatio  chlor- 
ide comes  aown,  and  a! tefwanu  white  scales  of 
CaH4(P0c)a*CaCi„H,0.   When  a  mlutioii  of 


dicalcium  orthophosphatc  in  hydrochloric  acid 
Is  saturated  at  ordinary  temperatures  with  ch- 
ealciom  phosphate,  then  mixed  with  half  the 
quantity  of  h\ drtK-Idoric  acid  already  contained 
in  it,  and  evaporated,  on  ooolmg  below  &^  ctystak 
scpamte  ont  of  the  compodlioii 

4(»«(PO«)t'CkCl„8H,0 
(Erlenraeyrr,  J  1«"7  11*1. 

Calcium  siUco-phosphate.  Aooordiag  to 
Camot  and  Richard  (Compt.  rencL  99,  3l6),t]be 
brownish  lilaok  sIal',  f'  T:i.  d  in  wrirkin.^  the 
Thoma^-Giloiirist  proceais  at  Jocuf  (Meurthe-«t> 
Moselle),  is  covered  with  blaoli  crystals,  sow 
filcTr  !r  r  needles,  others  riiiht  rhombic  prisma 
with  briliinnt  faces,  frequeully  aggregated  is 
columnar  nias.ses  terminating  in  vitreous,  trsos- 
lucent,  blue  crystals.  Similar  blue  crystal?  i-? 
found  in  the  cavities,  po&sie&AiQg  the  consiont 
oomposttlon  8P,O.SSiO,Al,0,FcO'300sO, 
essentially  a  calcium  silioo-phosphate 
Ca3(POj)j-fCa,SiO|. 

Calcium  arsenates.  Dicalcium  arsenate  oc- 
curs native  as  haitliinjerile.  Ca,H^AsO«)«3flO. 
and  pharmacoliU  Ca,H,(As04)s.5H,0,  ajid  may 
be  prepared  by  adding  a  solution  of  disodiam 
arsenate  to  excess  of  calcium  chloride.  The 
tctrahydric  nrs<  nato  obtained  by  additidn  of 
lime  water  to  arsenic  acid  is  soluble,  while  the 
tricalcium  arsenate  is  insoluble  in  wat«r,  and 
ni;»y  bf  prepan^d  by  precipitating  calcium  -^IiI't- 
ido  with  triso<iiura  arsenate.  On  evd^porating 
a  hydrochloric  acid  solution  of  calcium 
nium  arsenate  with  platinum  chloridi-,  the  m^ss 
left  on  i^itiuu  of  the  platiuuchloride  is  iouod 
to  contam  fine  white  prbms  of  the  trioalehua 
orthoars<'tiatc  ('a3(A804),  insoluble  in  n-nd?. 
The  melaarscuate  Ca(AsO,),  is  formed  dui  tax 
insoluble  crystalline  powder  when  mixtures  of 
arsenious  anhydride  ami  cakiam  carbonate  ace 
ignited. 

ffaHtlnm  ammoniom  arsenate 
CaNH«A80„7H,O 

is  produced  by  mixing  a  hot  solution  of  OTMoic 
acid  in  excess  of  ammonia  with  ciilcium  nitrate 
or  chloride,  when  it  crystallises  on  cooling  in 
tables.  In  a  vacuum  over  sulphuric  acid,  thev 
become  Ca,(NH4)H,(A804),.3H,O.  and  when 
dried  at  lOO''  have  the  composition 

Ca,(NHjH,(A.sO.),.3H,0. 

On  ignition  they  are  converted  into  calcium  pyro- 
arsenate  Ca,A8.,().  (Hloxam,  Chem.  News. 
168). 

Another  salt,  Ga(Nli4}.Ht(  AsOa)^  b  obtamed 
b^  adding  excess  m  ammonia  to  a  eolotioii  of 

dicalctiini  arsenate  in  nitric  acid,  as  a  flocculent 
precipitate,  soon  becoming  a  mass  of  nei^le^. 
The  same  salt  is  obtained  In  er3rrtals  belonging 
to  the  regular  system  when  th'-  snbifi^.n  «  t  i.-ie 
dicaloium  salt  is  onlv  partially  precipitated  and 
allowed  to  stand ;  nmoe  it  appears  to  be  di- 
morphous (Baumann). 

Calcium  SlUelde  was  obtained  by  Moiassn  by 
heating  calcium  oxide  with  excess  of  silicon  in  a 
carbon  tube  by  means  of  the  electric  furnace. 
It  forms  greyish  crystals,  8p.gr.  2*6,  which  aiv 
slowly  decomposed  by  water  with  evointloa  ef 
hydrogen. 

Calcium  silicates.  Calcium  oxide  is  aa 
important  bate  in  a  largje  number  of  nataial 
silieateSt  and  b  the  prinaqpai  baaie  eoostitoent 
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off  the  foOowing  mbienh :  WoOatiomh  OdSiO, 

or  tabular  spar,  occurring  in  monocliniociyrt»U} 
okeniU  CaH|(SiO,)„U,0 ;  xonaUUe 

4CaSiO„H.O ; 
'jtiroliU    Ca,U,(SiO,)„H,Os   and  apopkdtUe 
4CaH,(SiO,),-KF,4IJ  ,0. 

6or:geu  (Compt.  read.  99,  256)  obtaiued  arti- 
ficial wollastonite  by  fusing  1  gram  of  liliM  with 
15  grains  calcium  chloride  and  3  prams  comraon 
salt  at  a  cherry-red  heat  in  u  currcut  uf  mout 
air  for  half  an  hour.  On  treating  the  product 
with  cold  water  and  acetic  acid,  a  residue  of 
long  prisms  of  wollastonite  mixed  with  round 
grains  of  tridymite  was  obtained.  The  artificial 
wollastonite  posseaaed  the  same  chemical  and 
optical  properties  and  ciTBtalline  form  as  the 
natural,  but  was  somewhat  eofUT,  the  hard- 
aeas  of  the  mineral  being  5,  and  that  of  the 
artificial  3-8. 

If  molecular  proportions  of  precipitated  silica 
aad  calcinm  chloride  ace  heated  to  a  high  tern- 
[>eratafe  in  pveaenoe  of  water  vapour,  CaSiO,  is 
also  formed,  but  not  in  form  of  wollaatonite. 
With  twice  the  amount  of  chloride  the  noonal 
sflieate  Ca^i04  is  formed, 

Doelter  (.Tahrb.  Min.  1886,  1,  119)  found  that 
in  absence  of  steam,  a  hexagonal  CaSiO|  is 
always  formed ;  henoe  wollastofiite  BMMt  have 
been  formed  in  presence  of  steam*  OaTftfatP 
tiilicato  is  therefore  dimorphous. 

The  olieates  20aO-SiO„  2CkO-S8iO,. 
c;aO-2SiOj.  and  CaO-SSiOj  are  produced  by  ex- 
posing mixtures  <rf  quartz  and  marble  in  these 
proportiotts  to  the  heat  d  a  raiith*t  forge,  llie 
last  three  are  the  most  fusible. 

On  precipitating  the  solution  of  any  calcium 
■alt  with  sodium  or  potassfaim  ailioate,  the  «Qi* 
cates  2CaO-9SiO„3H,0  and  CaO-SiOj  have 
been  obtained  by  Leiort  and  Von  Ammoo  re- 
spectively. 

Corgou  (Compt.  rend.  99,  256)  obtained  two 
chlorosiiicates  by  heating  to  a  high  temperature 
silica  and  calohim  ehlocMa  in  proportion  <d  one 
inulccule  to  seven  in  presence  of  water  vapour. 
The  first,  2CsOSiO,-CsCl,,  forms  birefractive 
rhombic  plates.  The  second,  CaO-SiOi-CaClt, 
foriT!=<  hexagonal  plates,  and  is  produced  more 
rapidiv  than  the  former,  which  requires  pro* 
longed  heating.  Both  eomponnds  are  deoom- 1 
posed  by  water. 

Calcium  boride  CaBf  was  obtained  by  Moii>&vu 
and  Williams  by  heatmg  quicklime  with  boron 
in  an  electric  furnace,  and  by  reducing  calcium 
borate  with  aluminium  in  the  presence  of  carbon, 
then  washing  with  hydrochloric  and  hydro- 
lUioric  acids  and  ether.  It  is  a  black  crystalline 
bod}-  ;  sp  gr.  2-33.  Nitric  acid  attacks  it 
Vig'  >r(iiisly. 

Calcium  borate  occurs  in  nature  in  several 
combinations.  The  best  known  is  colcmauitc 
HCa(B0,)„2H,0,  whioh otystsUtes  m  beantifnl 
monoclink)  prisms. 

Calelum  silicoborate  CaO^SiOjCaB.O, 
occurs  with  one  molecule  of  water  an  datholile, 
and  with  two  molecules  of  water  as  bolryolile. 
Calcjuni  titanate  or  GaTiO,  occurs  in  nature  as 
perovtkite. 

Calcium  lUleotttanrnts  GaO-3SiOt-2CaTiO, 
oocnm  as  spfteae. 

Calcium  monosulphlde  CaS.  PecfeeUy  dry 
lime  remains  unaltered  on  passing  over  it  a 
current  of  dnr  sulphureHed  hydrogen  ;  but  on 
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hydrating  the  lime  and  again  peering  the  gas, 
sulphide  is  formed  : 

Ca(0H),-fH,S-CaS-l-2H,0. 

The  most  favourable  temperature  is  60^ 
I  (Veley,  Chem.  fioe.  Ttens.  1885,  478). 

It  may  also  be  prepared  by  heating  the  sul- 
phate with  coal  or  charcoal,  or  by  action  of 
I  earbonio  oxide  at  a  led  heat  t 

C!aSO«+4CO=^CaS-f400,. 

It  may  be  preparetl  in  the  oryst^llino  state 
by  direct  reduction  of  the  sulphate  with  carbon 
in  the  electric  furnace ;  Miillcr  (Cent.  BCm. 
1900,  178)  has  obtained  it  in  small  cubes. 
I  Anhydrous  calcium  sulphide  is  a  white  powder 
whfoh  emits  a  smell  of  SH,  in  the  air.  It  turns 
yellow  on  moist-ening,  duo  to  the  formation  of 
oxidised  products,  ll  is  but  sparingly  soluble 
\  in  wat^T,  and  is  decomposed  by  boiling  water, 
with  formation  of  hvdroxide  and  sulphydrate  of 
calcium  2CaS-f2H,6=Ca(HS),+CB(HO),.  Sua- 
nended  in  water,  it  is  readily  decomposed  by  car* 
Donio  acid,  with  formation  of  "^Iffl^m  carbonate 
and  sxilphuretted  hydrogen 

Od9+H,0+00.-iQiCOt+H;8. 

After  being  heated,  calcium  sulphide  shines  in 
the  dark,  and  was  long  known  as  Canton't 
phoaphonu* 

According  to  VenieuU  (Compt.  rend.  103, 
600),  oaioium  sulphide  mth.  a  violet  phosphor* 
eeoenoe  may  be  prepared  as  follows:  20gram8of 
finely  po\vdere<f  linu-,  i  lit  iim  d  by  heating  the 
shells  of  Hypopu8  viUgarU,  is  intimately  mixed 
with  6  grams  of  sulphur  and  2  grams  m  starch, 
and  8  CO.  of  a  solution  containing  0'5  gram  hasic 
bismuth  nitrate  and  100  0.0.  of  absolute  alcohol 
aoidifled  with  a  lew  drops  of  hydroehlorio  acid 
nro  added.  The  mixture  is  exposed  to  the  air 
until  most  of  the  alcohol  has  evaporated,  and  is 
then  heated  to  cherry  redness  for  20  minutes. 
When  complet-ely  cooled,  the  upper  layer  of  cal- 
I  cium  sulphate  is  removoil,  and  the  calcined  mass 
I  powdered  and  agafal  heated  for  15  minutes.  The 
violet  phos])hore.scence  of  the  product  is  duo  to 
the  trace  of  bismuth.  01  p.c.  of  sulphides  of 
I  antimony,  cadmium,  merouiy,  tin,  copper,  lead, 
uranium,  platinum,  or  zinc  imparts  a  bluish-  or 
yellowish -green  tint  to  the  phosphorescence. 
I  llanganese  produces  an  orange  shade.  A  mix- 
ture of  100  j>arts  lime,  30  parts  sulphur,  10  of 
rttarch,  and  U  035  of  lead  acetate  yields  a  sulphide 
with  a  beautiful  yellowish*green  phosphoresoenoe. 

Pure  calcium  carbonate  mixed  with  2  p.c. 
sodium  carbonate,  and  0-02  p.c.  common  salt, 
I  heated  with  30  p.c.  sulphur  and  0-02  p.c.  bis- 
muth  nitrate,  yields  a  similar  product  to  that 
obtained  by  use  of  Uypopus  shells,  l^ue  calcium 
sulphide  does  not  phosphoresce ;  the  phenomenon 
is  due  to  small  quantities  of  impurities  ;  thus  in 
the  last  mixture  it  has  been  showTi  by  Vemouil 
J  to  be  due  to  simultaneous  nn^senco  of  traces  of 
bismuth  oxide,  sodium  carbonate  and  chloride, 
and  calcium  sulphate. 

These  phosphorescing  varieties  of  calcium 
sulphide  are  utilised  in  the  manufacture  of 
luminous  paints.  Abney  (Phil.  Mag.  [5]  13,  212) 
found  that  the  emission  spectrum  showed  ^n  atest 
luminosity  between  Q  and  F,  and  a  feebler  one 
f  extending  from  between  E  and  F  as  far  as  the 
red.  The  rays  of  the  elertrio  light  somewhat 
beyond  H  on  one  side  and  Q  on  the  other  are 
most  active  in  ezcitmg  phosphcresoei^^.,^^^  Google 
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Calcium  dlsulphide  (  a.S^  is  i  <;dted  in 
yoUow  crj'staJjB  ol  the  composition  (JaS^3H20 
from  the  sohitioii  olvtained  by  boiling  mUphur 
with  milk  r.f  lime  and  filtering  while  hot. 

Calcium  pentasulphlde  Ca£$.  ia  formed  when 
the  mooomilphide  or  hydnte  ol  cwleiom  is  boiled 
for  a  long  time  with  excess  of  sulphur,  ("on- 
centratod  solutions  of  o«lcium  hydroaulphide 
Ca(US),  also  react  energetkally  upon  powdered 
roll  sulphur;  on  prr venting  access  of  air  by  per- 
forming the  operation  in  a  current  of  hydroscn, 
an  oiaage-fed  acdntion  is  produced  vilOi  fall  of 
temperature,  and  on  warminfr  tlie  oalcittfll  is 
compltjiely  couvcrUtl  iiito  (Ja8,.  The  reaction 
is  reversible,  a  current  of  sulphuretted  hydrosen 
causing  deposition  of  8al|iihur  and  relcnnBation 
of  h\'dro8ulphide. 

Calcium  oxysulphMtB.  When  calcium  hydrox- 
ide irt  D.scd  HK  aljovp,  besides  C'aSj  there  is 
also  formed  an  oxy&ulpliid©  of  the  composition 
fiOsS<GaO,20H,O  (Rose).  The  same  stibetance 
is  obtainefl  in  gold-coloured  needles  when  the 
eolution  obtained  by  boiling  crude  calcium 
mcmosulphide  with  much  water  is  evaporated. 

Accortlinp  to  Hoffmann  (Conipt.  rend.  C2, 
291),  a  mixture  of  tw  o  molecules  of  calcium  mouo- 
solphide  sad  one  molecule  lime  at  a  red  heat, 
forms  the  ox\ sulphide  2CaS-U0.  This  oxv- 
stilphide  irt  cuuluiued  in  recently  lixiviated  »o^ 
residues. 

Geuther  (Annalen,  224,  178)  obtuinrd  r-rvstals 
of  CaS3-2CaO,10H,O  by  boiling  sulphur  jti  mdkof 
lime.  They  dissolve  in  hydrochloric  acid,  form* 
ing  hydrogen  perBuIphido  H.Sj,  and  a  little 
HJ9.  On  boiling  calcium  luunu^ukibide  and 
sulphur  with  waU^r.or^tals  of  CaSj-aOaO.lSHsO 
were  obtained.    Divers  obtained  a  comiKdind  of 


pro- 


the  formula  llCaS  dCaO  by  ignitiuc  lime  in 
a  mixture  of  oarbcm  dioxide  and  oarbon  " 
phide. 


GaMlim  fUlphydrate  Ca(HS),  is  formed  to- 
gether with  the  hydroxide  when  the  monosulphide 
IS  boiled  with  water.  The  best  mode  of  pro- 
paring  it  ii  to  pass  Bulphurettetl  hydrogen 
through  the  h\droxide  or  sulphide  suspended  in 
water*  w  ith  conetaut  agitation,  until  it  ceases  to 
be  absorbed.  It  is  diffioalt  to  obtain  in  the  solid 
state,  being  decoiiijujsed,  when  the  stage  of  crys- 
taiiifiation  is  rtachud,  into  SHg  and  UaS  which 
sopacatea  in  silky  prisma. 

Divers  (Chem.  Soc.  Tranis.  1884, 270)  obuined 
it  in  the  solid  form  by  forcing  sulphuretted  hydro- 
gen through  semi-solid  calcium  hydroxide  and 
water  t^o  as  to  obtain  a  saturated  solution  of  the 
sulphydrate.  Air  was  excluded,  and,  on  settling, 
doMnting  in  a  stream  of  and  cooling  by 
ice,  crvNtalB  fornKtl  in  abiuidaiue.  The^^  were 
oolourless  prisms,  melting  on  slij^ht  rise  of  tem- 
pttature  with  partial  decomposition.  'I'hey 
readily  dinsolved  in  a  fourth  of  their  weight  of 
water,  and  could  not  be  removed  from  the  atmo- 
ai^Mffe  of  snlphiiretted  h3'drogen  without  decom- 
position.  T%ey  possessed  the  f  OTmula 

CaH,S„6HjO. 

Calcium  sulphydrate  may  be  used  as  a 
depilatory.  If  flulphuxetled  hyiirogen  be  passed 
into  thin  milk  of  lime  till  the  mass  acquires  a 
blui.sh-grey  colour,  the  paste  thus  formed,  when 
tliinly  laid  upon  tho  surface  from  wiuoh  the 
hair  is  to  be  removed,  permits  of  the  ready  re- 
movaj  of  tho  hair  a  minute  or  two  aftarwaras  by 


scraping  with  a  dull  knife.    It  has 
pos^  to  employ  it  in  the  tar-^-arfl. 

Caleinm   hydroxy-sulphydrate  Ca(SHXOH| 
is  formed,  according  to  Divers,  by  action  of  walct 
upon  the  crystals  of  the  last -dc»scri bed  salt : 
(Ja(SH),-f  HjO  =  t;e(bH)UH-f  H^. 

Also  by  unuMi  of  water  with  oaleiiim  sulphide, 
as  in  interior  of  heaps  of  soda  wii>t<-  ;  and  hv  i'  - 
action  between  Ca(OH),H-H^  in  the  ooai-ga* 
purifier.  Exposed  to  air,  crystals  of  Ca(HS),  ue 
rapidly  nvf^rti'd  to  Ca(SH)OH,  an.!  concen- 
trated solutions  of  the  sulphydrate  exported  to 
air  become  rapidly  covered  witb  ctystala,  and  aa 
abundant  rmji  of  rrv^Tnl>  f  rA(SH)OH  i>  -ob- 
tained on  passing  in  a  current  of  air.  The 
crystab  are  oolouriess  foor^ided  prisma  of  sflky 
lustre,  easily  obtained  dry,  of  the  composition 
Cy8H)OH,3H,0.  They  slowly  evolve  SH,  m 
air,  and  become  yellow  by  absorption  of  oxyfm. 
They  are  readily  f-oluble  in  «  ater,  but  the  solution 
rapidly  decomposes  into  hydroxide  and  sulphy- 
drate.   They  are  insoluble  in  aleohoL 

According  to  Folkanl  (C'hem.  Now«,  40, 2.'>**\  by 
exposing  calcium  hydroxide  to  the  action  of  Mii- 
{draretted  hydrogen  until  it  ceases  to  gain  iwif[bt 
a  grey  powder  of  ihf  composition  ICai'HO)  ,-3H-S 
is  obtained.  By  the  action  of  coal  gas  »ai- 
{•biiretted  hydrogen  is^  evolved  from  it*  and  at 
100*  water  is  eliminated,  leavint: 

Ca(OH),-C'«(bH)OH. 
This  groyiah-green  jKiwder,  when  gently  heaUd 
in  coal  gas»  leaver  a  yellowish- white  snit 

2Ca(H0),  Ca(SH  )0H  CaS, 
and  this  at  a  rod  heat  forms  2t  'a< » l'a(SH  )OH  •€«>. 
which,  when  ignited  in  air,  burrm  like  tinder  to 
CaSO,. 

Calcium   sulphocarbonate    ( Lim* 

over  which  coal  gas  contatuiug  sulphuretted 
hydrogen  has  been  passed  readily  absorbs  carbcs 
disulphide.    Absorption  is  most  c«>mplftf 
the  lime  is  moistened  with  water  ;  this  uiatt  r,^^ 
when  fouled,  is  mixe<i  %vith  an  equal  weight 
slaked  lime.  The  absorption  of  carbon  tiisuljih*!*- 
stops  when  one-third  of  the  8ulj)hide  is  coti- 
\erte<I  to  sulphocarbonate  CaS  +  C>>j  —  CaCS^ 
On  exposing  the  product  for  a  short  time  to  thf 
air,  it  is  again  rendered  capable  of  removing 
carbon  disuljihidi'. 

On  passing  hvdro|[en  saturated  with  vapour 
of  carbon  disulphide  into  a  mixture  of  calciua 
monosulphide  and  a  little  water,  the  liquid  be* 
cuities  red,  and  in  vacuo  dejposits  red  pritfmatH 
very  deliquesoeot  needles  of  oompoeitioQ 
Ca(OH),<3aC8„7H,a 

Whi  n  th<;  hydroxy-sulphydrate  is  employed  in- 
stead of  monosulphide,  yellow  cry!«taU  ol* 

2U»(011),-Uatti„10HgO 
are  obtained. 

From  these  fact**  Veley  (C'hem.  S.m  Trmos. 
47b)  concludes  that  the  carbon  di^ulukide 
is  absorbed  by  Ga(SH)OH,  and  not  by  GbS.  and 
that  the  reactions  are  as  follr>\i  .s  : — 

(1)  CaS  +  H.O  «=  Ca(SH)OH. 
(2)  Ca(SH),-f  H,0  =  Ca(SH)OH-rH JS- 
CS) 2Ca(SH)OH+CS»»Ga(6H)t<3aCS»+BA 
The    ])asic    sulphocarbonate    i>i  un.<tabK 
being  decomposed  slowj^  by  suiphoretted  ky- 
drogon  and  readilv  by  oarbon  dknida 

When  milk  of  lima  it  agiteted  with  aoboa 
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dumlphide,  br^t  orange  necdlM  of  »  bftrio 
sulphoowbooato  0ft(H0y,'0iiGSa»6Hg0  we  de- 
posited. 

CdlliaB  WhaMif.   The   imnHMelenide  is 

formed  as  a  flesh-colfuirod  |iro(  ij>itat<>  liy  })n'- 
oipitating  oaloium  chloride  with  |X)ta^um 
monoseleiude.  lAme  water  ntnrated  with  iele- 
ninretted  hydrogen  dcposite  crt'stals  r  f  raloium 
aelenide  when  exposed  to  the  air.  \S  hen  lime 
and  ademuin  are  heated  just  below  redneas,  a 
]>oly8cIenide  mixed  wilh  oalcium  aelenite  in 
formed. 

Galetom  nilllUte  is  formed  when  ft 

solxjtinn  of  an  alkaline  gidphite  \n  mhUd  1o  the 
solution  of  a  calcium  salt ;  it  ia  a  white  powder 
soluble  in  800  partA  of  water.  It  diMnlves  in 
sulphurous  acicl,  and  the  solution  on  f  xpnsuri' 
to  air  deposits  six-si(lc<l  nceclles  of  the  couukwi- 
tion  CaS0„2H,0. 

The  hohition  in  sulphurous  acid  is  kno\ni 
commeruialiy  bi«uiphite  of  lime,  and  iH 
ni*nitfacture<l  by  pasMing  solphnr  dioadde  into 
milk  of  linn-  In  Kynaxton's  process  (Pat. 
15659,  1H84)  a  mixture  of  calcium  chloridi-  soiu- 
t  ion,  magnesia,  and  a  little  carbonate  of  lim<^  is 
brouubt  mto  contact  with  sulphur  dioxide.  The 
80|  Hi  caused  to  ascend  a  flagstone  louer  packed 
with  pigeon-holed  brickwork,  while  the  mixture 
ia  allowed  to  nin  down  the  towrr  in  surh  propor- 
tions, that  from  the  imse  there  ruius  a  mixture  of 
neutral  oeloinm  sulphite,  suspended  in  a  solu- 
tion of  magnesium  chloride  containing  the  cxcesH 
of  sulphurous  acid.  The  siilphite  is  settlc<l  out 
in  tanks,  the  supernatant  liquor  drawn  off  and 
r(»ncentratcd  to  40*-^5*Tw.  r  ih^n  a  quantity  of 
alkali  waste  is  addc<l  tu  it  in  a  clufiiii  ii'on  vessel, 
•nd  the  whole  heated,  when  sulphuretted  hydro- 
gen is  civcn  off,  and  calcium  chloride,  magnesis, 
and  caluiunt  carbonate  with  alkali  cinders  remain. 
Tbe  latter  ere  removed  in  a  strainer,  and  the 
emulsion  is  ready  to  bo  again  treat«>«l  w  ith  sulphur 
dioxide.  The  whole  of  the  calcium  carbonate 
t»r<  sent  is  converted  to  siili^te»  oerbon  dioxide 
being  evolved. 

According  to  Bimbaum  and  Wittich  (Ber. 
13,  651),  calcium  oxidtt  docs  not  absorb  sulphur 
dioxide  gas  below  400",  but  at  this  temperature 
combination  takes  place  rapidly  with  formation 
«,t  I  1)  isic  fiiiljihite  (Jla,S(Oi.  tt(^O-6S0,.  At 
6U0°  the  gaa  ia  rapidly  absorbed,  but  the  suljpbite 
BpKte  up  into  mtlpbate  and  sulphide. 

Calcium  sulphate  ('ii.'>04  is  fn  iniontly  found 
in  limestone  rocks  or  in  company  with  common 
salt  in  the  anhydrous  state  as  the  mineral  anhy- 
drite. Anhydrite  occfirs  T>tjth  in  rhombic  crystal.s 
and  in  a  semi'Orystalline  massive  form.  More 
frequently  the  sulphate  is  found  hydrated  as 
ffypsnm  ("aS0,,2H,O,  of  which  the  wellcrv.sial- 
lised  form  is  termed  aehniUt  a  fibrous  variety 
sotin-^ipar,  and  a  finely  orystallo-granular  form 
alabaster,  8elenit«  occurs  in  Hne  monoclinic 
prisms*  frequently  twinned  in  oharaoteristic 
aTTOW'head  shapes. 

Thn  anhydrotis  gulphato  may  be  artificially 
c>btaine<l  in  crystals  resembling  anhydrite^  of 
»p.gr.  2*9,  by  fusing  ealeium  ohioride  with  excess 
of  pfitassinni  sulphate  (Manros.a,  J.  0\ 

Uydratcd  oalcium  sulphate  is  precipitato<i  on 
addn^  dilute  sulphuric  acid  or  a  soluble  sulphate 
to  an  aqueous  wmition  of  calcium  chloride.  The 
l^gr.  of  cyptfum  is  2-31.  When  it  is  heated 
to  100*<-18fr  it  givM  up  thrae*fourlhs  of  it* 


water  rather  quieUy,  bat  it  requires  a  tem> 

pi  rat  41*  uf  lW-260'  to  expel  thi-  rfniaind.  r. 
bried  at  100^  the  hydrate  2Caj:iO«,UtO  of  sp.gr. 
S*7  is  left.  The  aimydroos  salt  rasea  at  a  nd 

hf-at  without  dr-coinposition,  and  on  cooliuu;, 
assumes  the  structure  of  anhydrite.  When  de- 
hydrated ealeium  solphato  is  pnlTeiised  and 
niixtnl  with  water,  it  absorbs  two  iiioleculcs  of 
water,  and  solidifies  to  a  very  hard  mass  with 
evolution  of  heat,  expanding  in  so  doing  so  as  to 
fill  any  mould  in  which  it  is  cast ;  h^nco  tht- 
use  of  gyjwum  or  plaster  of  Paris  in  preparing 
outs,  u  the  g^Tisnm  has  been  heated  to  a  little 
over  200",  ihvm  being  deprixod  of  all  its  wat-er,  it 
becomes  dead  burnt,  and  takes  up  water  very 
dowly  and  without  hardening. 

Plaster  of  Pari^  i3  prepared  very  ext'ensively 
on  the  large  scale  by  burning  gypsum.  Its  cood 
qualities  mainly  depend  upon  the  choice  oT raw 
materia!  In  i^ifr  and  flon/n?r  varieties  j'ielding 
the  best  couum  rc  uii  residte— and  upon  the  mode 
of  burning.  The  lowest  temperature  at  which 
g^-pstim  can  bo  advantageouslv  burnt  ,  is  80**, 
but  a  tempuraturo  of  ll(r-120*  gives  the  best 
technical  results.  As  a  role  also,  the  smaller 
the  pieces,  tht-  more  homopenrous  the  product. 

It  is  burnt  iu  kihi^  or  ovens,  taking  precau- 
tions not  to  permit  the  fuel  to  come  in  contact 
with  it  so  as  to  nxhu  e  it  {.<  >uli»hide.  The  walb 
of  the  kilns  are  of  strong  masonry,  spanned  by  a 
ventilated  aioh.  The  mterior  is  divided  into 
two  {)arts — an  upper  Inrtjer  chaml>er  for  recoption 
of  the  g^*psum,  and  a  lower  i>erie.s  of  huiuII  fire 
chambers  Ix^neath,  where  bruj<hwood  or  coko  is 
burnt  to  obtain  the  requin-fl  teni|X'rature.  In 
Scanegatty's  oven  the  interior  is  divided  by  an 
arch  al)out  a  foot  from  the  floor,  upon  the  under 
side  of  which  play  the  Hanios  from  a  fumaoo 
connected  with  u  lower  tluimber,  the  hot  air 
and  gases  passiBg  afterwards  through  apertmea 
into  the  gypsum  chamber.  T)ie  aqueous  vaponr 
paasoM  away  by  a  chimney  at  the  top  ot  the 
oven. 

Dumosnil's  oven  is  a  form  which  has  been 
much  employed  ;  it  differs  from  Scanegatty's  in 
the  peculiar  arrangement  of  the  lower  nre*room, 
;  which  has  twelve  opentalgB,  the  lower  blocks  of 
I  gypsum  being  arranged  so  as  to  facilitate  the 
i  circulation  oi  the  draught  from  tht-M-.  The 
I  firing  is  continued  for  about  4  hours,  then  the 
'•  heat  is  increased  for  8  hours,  when  all  openings 
are  closed,  and  5-6  eubic  metres  ot  coarse 
ffjrpsum  powder  spread  equally  over  the  top  oi 
I  the  bunmg  sulphate.   By  this  means  connder- 
able  ^  i\  iiiiT  of  fuel  is  efTeeted.    After  htandinu 
)  12  houra  to  cool,  the  contents  of  the  lulu  ore 
1  removed.   It  ia  mostly  in  state  of  poirder, 

and  the  pulverisation  i'^  completed  by  grindin;^ 

in  a  atamp  or  roller  mill.    The  powder  is  then 

sifted  and  storsd  in  a  dry  place. 

Many  improvements  on  the  old  forms  have 

been  effected  by  maiung  the  furnaces  continuous, 

and  so  deeigning  them  tbat  the  gypsum  is  equally 
I  heated,  and.  ei m^cquently,  dehyamt  i  (I  r,  n^h- 
I  out.  Thb  end  is  ahio  ensured  by  grinding  the 
I  gypsum  before  calcination.   The  t\7>os  of  ovens 

employed  arc  very  numrroii!'.  That  of  Petry 
,  and  Kecking,  Dortmund,  is  a  rotary  kiln,  with 
I  mill  and  funiaoe  arranged  similarly  to  those  of 

a  cement  works.  The  liarrcl  oven  uf  Perin  of 
I  Paris  is  a  revolving  cylinder,  supported  upon 

hollow  tninnions,  one  of  which  serves  for  tl 
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entrance  of  the  heated  gases  from  the  furnace, 
and  the  other  for  exit.  The  charging  ia  per- 
formed from  a  hopper  placed  above  through  a 
trap-door  in  the  side  of  the  cylinder,  which 
similarly  serves  to  discharge  the  material 
when  burnt.  Other  ovens  are  made  st-ationary, 
but  are  provided  with  revolving  screws  or  vanes, 
which  serve  to  keep  the  ground  gypsum  in 
constant  motion,  and  also  to  discharge  it. 
Some  ovens  are  heated  by  means  of  steam.  In 
burning  gypsum  for  ordinary  plaster  work,  the 
mineral  is  u»ed  in  lumps,  and  the  temperature 
employed  is  considerably  higher  than  lor  finer 
qualities  of  stucco.  Where  a  harder  plaster  is 
required  capable  of  giving  a  polish,  tne  burnt 
gypsum  is  soaked  in  alum  and  roburnt  before 
grinding. 

Calcium  sulphate  cements,  (iypsum,  hv- 
drated  calcium  sulphate  CaS04,2U,0,  is  the 
source  of  thi«  class  of  cements,  which  doj>end 
for  this  property  of  setting  on  the  reacquisition 
of  the  water  associated  with  calcium  sulphate 
in  gypsum. 

The  chemistry  of  calcium  sulphate  cements, 
though  much  the  simplest  of  tnat  concerned 
with  cements  depending  for  their  setting  on 
hydration,  is  of  considerable  difficulty,  and  its 
present  condition  is  far  from  definitive.  Putting 
aside  controversial  views,  the  situation  may  be 
summarised  thus  :  When  CaS04,2H,0  is  heated, 
it  loses  water,  and  at  a  temperature  of  about 
107°  becomes  converted  into  the  hemi- 
hydrate  2CaS04,HjO.  When  this  substance  is 
mixed  with  water,  it  is  hydrated,  and  reforms 
('aS()4,2HjO,  which  crystallises  first  in  the 
orthorhombic,  and  linailly  in  the  monoclinic, 
system.  The  quantity  of  water  sufficient  to 
bring  the  hemi-hydrate  back  to  the  fully  hydrated 
condition  is  much  smaller  than  is  necessary  to 
dissolve  it ;  but,  nevertheless,  complete  crystal- 
liiiation  is  accomplished  thus  :  the  hemi-hydrate 
readily  forms  a  supersaturated  solution,  from 
which  not  it  but  the  dihydrate  is  deposited. 
The  water  thus  released  dissolves  another  por- 
tion of  the  hemi-hydrate,  and  the  process  of 
ileposition  is  repeated  indefinitely  until,  pro- 
vided there  was  originally  enough  water  to 
transform  2CaS04,U,0  into  CaS0«,2H,0.  the 
whole  of  the  former  M'iD  have  been  dissolved  in 
detail  and  deposited  in  detail  in  the  shape  of 
the  latter.  As  stated  in  the  section  dealing 
with  Portland  cement,  it  in  believed  that  th's 
formation  of  a  supersaturated  solution,  deposi- 
tion of  the  surplus  dissolved  material,  and  re-use 
of  the  water  for  the  solution  of  another  fraction 
of  the  material  is  general  for  cements  which  set 
when  mixed  with  water,  and,  although  there  are 
many  gaps  in  the  proof,  yei  the  h3T>othe8i3  is 
useful.  In  the  case  of  calcmm  sulphate  cements, 
it  may  be  regarded  as  well  established. 

The  hemi-hydrate  2CaS0.H,(),  constitutes 

ttloMter  of  Paris.  If  gypsum  i.H  heated  to  a 
ligher  temperature,  e.g.  above  130^,  it  becomes 
completely  dehydrated,  and  yields  CaS04.  It 
appears  that  CaSO^  can  exist  in  two  or  more 
modifications,  which  behave  differently  with 
water  As  all  eventually  become  hydrated, 
but  not  all  will  set  as  plaster  of  Paris,  it  is 
probable  that  only  those  which  will  set  possess 
the  characteristic  property  of  forming  a  super- 
saturated solution,  and  allowing  the  mabs  to 
crystallise  in  stages  in  the  manner  described 


above.  Keene's  cement  and  Estrichgips  (flor>r 
ing  plaster)  are  examples  of  cements  consisLui: 
.•substantially  of  anhydrous  calcium  sulphate 
Their  setting  is  infiuenced  by  both  the  tempen- 
ture  at  which  they  have  been  burnt  and  hy 
the  presence  in  them  of  small  quantities  ui 
substances  other  than  CaSO,,  the  mod\i* 
operandi,  of  which  is  exceedingly  obecure.  In 
whatever  way  they  are  prepared,  the  final 
product  of  setting  is  CaS04.2H,0. 

The  manufacture  of  plaster  of  Paris  is 
conducted  by  heating  the  mineral  gypeum  to  a 
temperature  above  that  necessary  to  remov* 


Fio.  b. 


I  of  its  water  of  crystallisation,  and  below  that 
requisite  to  dehydrate  it  completely.  Several 
methods  of  burning  arc  in  use,  ovens,  kettiee, 
and  rotatory  kilns  being  employed.  In  English 
practice  a  simple  oven  oi  the  kind  shown  (Fig*. 
8  and  9)  is  adopted,  the  gypsum  in  lumps  beins 
piled  on  arches  in  which  the  fuel  is  burnt.  la 


Fio.  9. 

the  United  States  the  common  plan  l«  to  grind 
the  gypsum  first,  and  heat  it  iu  a  large  iroo  pot 
on  kettle  set  in  brickwork  and  heated  from 
below.  During  the  process  the  powdeced 
material  is  stirred  by  an  agitat'Or  driven  by 
power.    The  most  modem  method  is  to  burn 


CALCIUM, 


6T3 


the  roughly  rnt^licil  mnfcrlnl  in  a  rotatory 
oaloiner,  heated  extemaliy  so  as  to  pref«nt 
oontoet  with  the  fnet  the  ptodnet  like  that  maHo 
in  ovens  needing  to  he  j^roiind  afu-r  l>urning  im 
complete.  In  all  cases  tiie  temperature  iiuist  be 
carcfuUy  regulated  so  that  only  the  heiui* 
hydrate  is  obtained  On  account  of  the  fact 
that  a  considerable  quantity  of  water  luu  to  be 
driven  off,  the  temperature  of  the  aource  of 
!ie,it  may  :md  in  prnctice  is  considerably 
higher  than  lol^,  but  the  temperature  of  the 
tOMm  of  gypsum  mnst  not  be  allowed  to  lue 
»bove  this,  lest  Poinj>lpte  Hrhydration  occur. 

Plaster  of  Paris  vanes  m  eompoeition  accord- 
ing to  the  puritv  of  the  gypoun  nom  which  it  is 
made.  The  folJowinf?  ansJyses  are  illustrative, 
and  for  comparisdh  the  compoeition  pf  the  hemt- 
hydxmto  ii  appended  >^ 


2CaS04.H,0 

Oomnraetal 
Mi 

1  2 

rak-ium  Bolptiate  (OnSO^)  . 

Wafi  r  (HjO) 
Silica  (SiOj) 

Aluniinu  and  fprrie  oxide  j 

Calcium  car  tHinate  (CsCO^ ) 
lIegDeetameitlMiiateCKftCb») 

p.c. 
6-2 

p.c.  p.c. 
04-53  83-55 
4-12  ««7 

—  4-27 

0.67 

<3-07 

—  1-47 

Keeoe's  cement  ui  UHually  made  in  this 
country  by  first  burning  the  gypsum  to  the  con- 
<lition  f>f  plaster  of  Pari-,  diyifiing  the  lumps 
in  a  solution  of  alum  or  oi  aluminium  sulphate, 
nod  reburning  at  a  temperature  of  about  500'', 
theopemtion  being  condtifted  in  ovens  in  which 
the  fuel  is  prevented  from  coming  into  contact 
\N  itli  the  material,  so  as  to  avoid  discolouration. 
The  fallowing  i.f  a  tjrpical  aaalyua  of  Keene's 
cement  ol  gorni  quality  : — 


Per  cent. 

txace 
tvaoe 
4204 
trace 
66-54 
1-37 


Silica  (SiO.)  . 
Alnmina  (A],0,) 
Lime  (CaO)   .  ... 
Ifagnena  (MeO) 
Sulphuric  anhydride  (8O0 
Carbo  nic  anhydride  (CO,) 

It  will  be  Hccu  that  Keene's  fernent  is  almost 
chemically  pure  CaJSOj,,  the  quantity  of  added 
matter,  such  as  alum,  being  negligible.  As 
mentioned  above,  the  fu  net  inn  of  this  and  similar 
additions  is  obscure,  and  even  the  necessity  for 
their  use  appears  doubtiul  because  flooring 
plaster  (Estrichgipe)  ia  made  bv  burning  pure 
gYpeum  at  about  500°,  and,  though  destitute 
0<  alum  and  the  like,  sets  welL 

There  are  many  different  qualities  of  plaster, 
bat  all  are  of  the  type  of  plaster  of  Paris,  or  of 
Keene'e  cement.  The  former  set  in  a  fcw 
minutea,  whilst  the  latter  take  several  hours, 
and  as  the  rate  of  setting  of  plaster  of  Paris  is 
inconveniently  raj  i  I  for  some  purporteti,  '  re- 
tarders,'  consisting  of  such  organic  substances  as 
glue,  blood,  and  vegetable  jnioee,  ar?  often 
adcle<l.  These  substances  of  a  colloi'lal  nature 
probably  act  by  obstructing  the  growth  of  the 
OTTstals  of  Os80«,2H,0,  and  Ana  dtolaying  the 
process  of  Ijdcation,  aod»  eomequently,  the 
netting. 

Tm  chief  uses  of  plasters  made  from  ealdnm 
solphate  is  for  nakii^t  otatings  or  monldingafor 


interior  decoration,  for  which  their  white  colour, 
conspicuous  in  the  purer  kinds,  and  their 
expansion  on  setting  and  causing  the  production 
of  sharp  outlines,  pernliarly  adapt  them.  On 
aceuunt  of  the  soluuility  of  calcium  sulphate  in 
water,  these  plaslen  cannot  be  nsed  for  outdoor 
w  ork.  Minor  uses  an'  for  mnkinp  moulds  for  nny 
material  whieli  can  be  cast  at  a  sutlicieutly  low 
temperature,  for  making  surreal  support  for 
broken  limb>»,  and.  ns  an  otldition  to  Portland 
cement,  to  lengthen  itii  time  of  setting. 

Calcium  sulphate  is  very  slightly  solnblo  in 
water,  the  anhydrous  sulphate  being  nearly 
insoluble.  The  solubility  of  the  hydrate  attains 
a  maximum  at  35  ;  one  part  rlissolving  in  39,3 
parts  water  (Poggiale):  at  0®  in  4HH  parts,  and  at 
100'  in  4ti0  parts.  The  solubility  is  increased 
br  presence  of  hydroehlocio  or  mtrio  acids,  or 
cnlorides  of  nmmonium  or  sodium,  hence  its 
presence  in  salt  sprinjid  ;  probably  in  most  cases 
partial  double  decomposition  has  occurreil. 

According  to  Lun^o  (J.  Sor.  Chem.  Ind.  1885, 
31),tho  solubility  of  calcium  sulphate  in  solutions 
of  sodium  chloride  increases  with  the  per- 
centage of  ealt,  bat  dimhiishefl  with  inorease  of 
temperatur". 

At  21-5'',  100  c.c.  of  a  3-53  n.o.  sohltbn  of 
NaQ  dissolves  0-5116  gram  CaS04. 

At  18  0',  100  c.c.  of  a  1418  p.c.  solntion  of 
I  NaCl  dissolves  0-7340  gram  CaSO,. 

At  101-0'',  100  c.c.  of  a  3-53  p.c.  solution  of 
Naa  dissolves  0-4891  gram  CaSO,. 

At  102-5*,  KMjc.e.  of  a  1 4  ■  i  s  p.e.  Mlntlon  ol 
NaCl  dissolves  0-6248  gram  CaSO^. 

Calcium  chloride  diminishes  the  scdubility  of 
CaS04  the  more  it  is  cotu  entrated,  but  at  the 
boiling-point  the  concentration  is  immaterial. 
Hydroehlorio  add  inersaMa  the  aolnbilitj  both 
with  incraaae  of  ooneentiatkm  and  of  tempeia> 
tore. 

Gypsum  ti  readQ^  sohible  hi  exoess  of  sodfnm 

thiosulphate,  formmg  calcium  thi«i  nly  h itr, 
which  combines  with  the  of  the  sodium 

salt  to  form  a  sohible  double  thloaalphate.  On 
addition  of  idcohol,  this  double  salt  separates  ns 
a  thick  heavy  liquid,  which  solidities,  forming 
needle-shaped  crystals. 

Aeld  calcium  sulphate  CaSO^  HjSO,  f  rn  c  1 
by  heat  ng  the  neutral  sulphate  with  strong 
sulphurfe  acid  to  80*^100".  A  portion  of  the 
ponnis  mass  produced  dissolves  and  separates 
on  cooling  in  microscopic  prisms  of  the  com- 
position above  indloated.  It  is  decomposed  by 
water,  even  the  moisture  of  the  air,  into  gypsum 
and  sulphuric  acid. 

Calenun-sodium  sulphate  CaNaj^so^)..  occurs 

native  in  rhombic  prisms  aa  the  mineral  glau- 
heritf.  It  may  bo  obtained  in  the  saim;  form  by 
fusing  together  calcium  and  sodium  sulphates. 
On  heating  50  partj*  .snditim  sulphate  (<  ilaubi  r''? 
salt)  with  an  emuhsion  of  1  part  gvpsum  in  25 
p«rt8  water  to  90Pt  crystalline  needlea  of 

raS0,-2Xa_,S0,,?H,O 

are  deposited.  On  further  heating,  these  cn'stals 
are  transformed  into  miorosoopio  rhombohedral 
cry-^tids  uf  ^-laulx  rite. 

lu  the  Welsh  process  of  mauufactttriu|[  so- 
dium aoetate,  during  evaporation  of  the  hquor 
formt'd   bv  double  ileromposition  of  calciuTii 
I  acetate  by  sodium  sulphate,  mioaoeous  spangles 

•  of  ffbvberite  have  been  noticed  rb;;.:|^ml-^^^i^ 

•  (Ch£in.  News,  43,  6)  to  aepant^iii^^^m'OOSt^ 
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explains  why  oaloiam  sulpliato  ao  teiuiciously 
retains  sodium  sulphate. 

CMetam  potamui  iQ^liato 

occurtt  native  in  moiiut  linic  cryt»tal8  as  fftjaricnilc. 
It  i«  formed  by  jiiixiug  iwlutionH  of  the  two 
9aXi».  When  a  mixture  of  equal  weights  of 
anhydrous  calcium  sulphiito  and  potassium  8ul- 
phato  ia  stirred  up  w  ixh.  leHs  than  it«  weight  of 
water*  tiie  whim  suddenly  solidifiefl.  If  4-5  parts 
of  water  are  used,  the  solidification  is  not  quite 
8o  rapid,  but  ^ives  caats  superior  to  thuiM^  uf 
|da8ter  of  Puna,  inMnmeli  as  they  pomeM  % 
poliiihed  surface, 

A  salt  of  the  composition 

it  obtained  by  adding  an  excosa  of  potassium 

sulphato  to  a  warm  concentnifc'<l  solution  of 
ammonium  siilphate  which  hns  b«-en  iiaturatcd 
with  calcium  sulphate.  The  n&mv  .salt  is  formed 
when  tin-  iliiuMe  pulphatf  of  caliiutn  and  \yo- 
tafcsiutii  in  trfato<l  Mith  a  Avarni  Mt)lu1iuii  of  am- 
monium f*iilphiitf  (Fassbender,  Ber.  11,  1068). 

Calcium  thiosulphate  (n.s.Oj.OHjO  is  pre- 
parvti  by  Leuting  aii  umuUiou  of  calcium  sul- 
phate and  sulphur  in  water.*  It  forms  tricUnic 
prisms  soluble  in  their  own  weight  of  culd 
water.  On  heating  the  soluliuu  to  60**,  it  is 
decomposed  with  deposition  of  sulphur.  It  is 
u^ed  for  the  preparation  of  antimony  cinnabar 
Sb^OS*.  used  in  oil  painting. 

Calcium  chromato  CaCr04,4H,0  is  prepansd 
by  dissolving  calcium  carbonate  in  aqueous 
chromic  acid,  or  as  a  light-yellow  precipitate 
on  mixing  concentrated  solutions  of  calcium 
chloride  and  potassiiun  ohromate.  Bourgeois 
(Jahrb.  Min.  1880,  1  Bef.  351)  prc))aroti  the 
anhydrous  salt  by  heating  to  bright  redness  two 
moleoulea  of  the  chioriiw  with  a  molecule  of 
potftMitum  ohromate  and  one  of  sodium  carbon- 
ate. It  furrns  sIi-ikIvt  yellow  needles,  formed 
from  a  rectangular  prism,  moderatdy  solable  in 
water,  and  is  used  as  a  pigment,  lie  hydrated 
salt  gives  u])  its  water  at  2W. 

liaie  acid  chromato  CaCrtO,,3H20  is  ob- 
tained in  red  deltqueaoent  erystalaby  evaporating 
a  M  'lution  of  the  neuteal  salb  in  aqneooa  ohromic 
acid. 

C«IelDiDpetaitliimehroiiuite(CaK,)(Cr04),Aq. 

fdnii-s  .silky  tierHllos,  obtaijieil  liy  Matu- 

rating acid  putai>bium  chromato  with  calcium 
hydroxide. 

Jhlfclliui  tDiiJ  EMmation  of  Cdknon. — The 
hydrat^xi  chloride,  when  heated  in  a  noa-lumi- 
nons  flame  on  platinum  wire,  imparts  to  the 

flame  a  rt  <1  < ddur  of  less  brilliancy  than  stron- 
tium, but  still  very  distinct.  If  the  compound 
to  be  tested  is  deoompoeed  by  hydrochloric 

acid,  it  i"?  onlv  iiorossarv  lu  ni<u,>frn  (he  pla- 
tinum wire  with  the  acid,  and  theu  dip  it  into 
the  powdered  substance.   If  the  compound  is  I 

ft  pilirnte.  it  shnuhl  be  pi^wflerrd  find  mixed 
with  ammonium  tluoride.  xentiy  heating  on  I 
platinum  foil  until  the  fluoride  is  voIatiliHcd  ;  it  I 

then  moistened  witli  >iil]«luiric  add  and  tested  ' 
in  the  flamo  oti  ](l:iiiiium  v\  ire,  w  hi-n  l  he  xvd  i 

I  j)ivt»r«  (t'ht  it)  >i>r  Trann.  1k84.  27('  .l.taiii*  it  by 
oxldttttoii  of  caleiiuu  -tili  hviirate  In  » iirretit  of 
air,  calcium  hyflrexyulpliydratc  t>»'lnK  first  formed 
and  th«'n  oxidised  l<v  fhe  SHj  to  llilnmil[)hate 


t  colouration  is  obtained  as  soon  as  the  excess  of 

acid  is  driven  off. 

The  spectrum  of  this  red  flame  cotitmts  erf  a 
large  number  of  lines,  of  which  tho  green  Imo 
V4kfi  in  most  prominent.  Another  chatmetersiitie 
line  is  the  strong  orange  one  Caa.  A  quantity 
of  calcium  chloride  as  little  as  n^^in.  may 
be  detected  by  the  spectroscope. 

All  the  calcium  salts  except  the  sulphate  dis- 
solve readily'  in  nitric  or  hydroohlonc  acid  ;  the 
carbonate,  phosphate,  arsenate,  and  oxalate  are 
insoluble,  the  siulphate  sjwirin^ly,  and  altnort-  all 
the  other  salts  of  calcium  are  readi^*  soiiibie  n 
water. 

Ammonium  carbonate  precipitates  oalriuia 
carbonate  from  solutions  of  calcium  aalt«,  thiu 
separating  it  ficom  tiie  alkali  metals.  In  otdv 
to  corri jil' 1  -ly  remove  calcium  (the  carbonate 
being  .nlightly  soluble,  1  part  dissolving  in 
40,000  puts  water),  it  is  usual  to  precipitnte  it 
by  moans  of  ammonium  oxalate  in  .-immomacal 
solution,  calcium  oxalate  bein^  almoist  cou> 
pletelv  insoluble  in  water.  It  m  diatin^ished 
from  narinm  and  titrontiuni  bv  the  greattT  ;- 
bility  of  its  sulphate,  a  solution  of  cakium  sul- 
phate giving  an  immediata  precipitete  nfith 
'  i>arium  salts,  and  one  after  some  ftima  vith 
soluble  strontium  salts. 

Calcium  is  generally  estimated  quantiintively 
a;^  c  \if!e  tr  carlMinatc  with  int  rmediate  precipita- 
tion  as  oxalate,  by  addition  of  ammonia  tiU  the 
leaotion  is  alkaUne,  and  afterwards  oi  niwB»> 
nium  oxalate.  The  washed  and  drii'd  oxalate 
is  heat<Hl  to  low  reilness  if  it  is  to  be  converted 
into  carbonate ;  but  if  the  oxide  is  required  it  is 
i  ignite<l  ov<  r  th'-  l  low  pijx-  in  a  platinum  cruciWe. 
i  If  boric  or  phosphoric  acids  are  prrscnt',  this 
method  cannot  be  employed,  and  the  calcium  ii 
then  precipitated  a.^  sulphate  by  adding  dilute 
sulphuric  acid  and  alcohol.  Phosphoric  acid 
may  also  be  first  eUminated  by  addjiu  fems 
chloride  and  sopftratin;»  the  iron  and  phosphoric 
acid  b}'  precipitation  with  ammuuia  and  ammo> 
nium  acetate.  The  calcium  may  then  be 
estimated  in  the  filtrate  in  the  usual  way. 

If  strontium  or  barium  are  prcs^ent  tu  i>nia,ll 
amounts,  the  weighed  calcium  oxide  is  dia9i>lv«d 
in  nitric  a<  i(l,  evaporates!  to  drxnefs,  and  <  ((uaI 
partjj  of  alcohol  and  ether  added.  The  caicitim 
nitrate  dissolves  and  barium  and  stioatium  laU 
as  a  crystalline  precipitate. 

In  privteuce  of  much  magnesiuui  Son^tadt 
(Chem.  News,  29,  209)  recommends  u^e  uf 
|K)tas8ium  iodatc,  which  completely  precipitates 
calcium,  but  not  a  trace  of  magnesium.     G,  S.  B. 
CALCULI  r.  Ubin  e 

CALICHE.  Tho  term  by  which  the  impure 
native  sodium  nitrate  or  Chili  saltpetre  is  known 
throughout  South  America.  .\lso  applied  to  a 
limestone  hardpan  found  in  AiUE<ma  and  else- 
where (r.  SoDnTM). 

CALLUTANNIC  ACID  i.  Tannins. 
CALMATAMBIN  v.  Glugobides. 
CALOMEL.  Mercimms  ekionde  (r.  MntctmT). 
CALOPHYLLUM  IMOPHYLLUM  (Unn.).  A 
tree  (ord.  OnMi/eroi),  Alexandrian  laurel,  dito  d 
Fiji,  tanu^hid  of  K.  Fdynesia.  and  sahaaa 
champH  fHind.)  of  Tndia^.  the  seeds  of  which 
yield  tM)  p.c.  of  a  fragrant  green  oil,  fluid  at 
ordinary  temperatares,  soUditying  when  eocM 
below    10°.     The   trtn-    Ix'ar^i  fruirrant  white 
flowers.   The  oil,  the  woondcl  or  iuttej  ailjo|^le 
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finli.ia  » .»miiiercc,  Uiit'd  for  tiU'dicino  aiui  for 
lunp  oil.  is  of  •  greenish  tint,  mid  m  wry  little 
imjiarts  rolnnr  to  a  uhol©  cauk  of  OOOOft-nut 
oil  (rimrin.  J.  {HI  8,  :?<i:?). 

CALOTYPE  r.  Photoorai-hv. 

CALUMBA.  Colombo,  Columbo,  Rndix  Ca- 
luftAtx.  {Jtacine  de  Colomho,  Fr.  ;  Kaliimb<i  or 
Ccltmboumrzel,  Gcr.) 

The  root  of  th«  Jatrorhirn  Cohimha  (Micrs). 
a  herbaceous  dimbin;;;  pUuit,  iiikabitlag  the  , 
forests  of  Eastern  Africa  (Fliiok.  a,  Hanb.  23  ; 
Bcntl.  a.  Trim.  13).  The  fleshy  root  is  tUicocl 
transversely  and  dried.  Tt  was  introduced  into 
Europe  in  the  I7th  (iiitiiry  as  an  antidote 
for  poison,  and  found  a  place  in  the  London 
PharmacopoBia  of  1788.  It  possesses  mild  bitter 
tonic  properties,  for  which  purpose  it  ie  now 
chiefly  employed  in  medicine. 

Proximate  ana]3r!iefi  of  cahimba  urere  made 
by  Planche  (Bl.  Ph.  3,  189)  and  Buchn.  r  (Pli.  C. 
1831,  429).  It  conaiats  of  hitUr  matUr,  10-13 
p.c.  ;  yellow  reainmu  admetive,  5  p.c. ;  volatiU 

oil,  traces;    slarrJi,  3f>        p.c  ;    [/U"i,  ^-9  pc.  ; 

and  tcoody  Jibrct  12-39  p.c.  The  tuh  is  about 
6  p.e.   Tfttmto  aeid  i«  ftment. 

Tin-  fi)lli)\\  in;i  ph\ siiiloiricnlly  at-fivc  con- 
stituents have  been  isolated  from  calumba 
root.  Cotwmbin,  »  bitter  principle,  dimoveretl 
in  1830  by  WittsUx  k  and  olitaim  d  by  re- 
oiystaliiaation  of  the  ethereal  extract  of  the 
root«  from  giaoial  aoetie  «eid.  It  forais  oolour- 
If-is  pristn-*,  in. p.  1S2^,  insoluble  in  hot  or  cold 
water,  and  in  cold  alcohol  or  ether»  readily 
in  liot  etiier,  ddocofonn*  ot  aloohoL  When 
boilfd  \vith  cauHtic  potash  and  a  small  amount  of 
water  in  a  current  of  hydro^rau,  columbio  acid, 
m-p.  290*.  is  formed  (Frey,  Amialen,  351,  372). 
IViflrkfT  {ihi'I.  Of).  39)  dftoctod  6  rhrriJie  an«l 
a  further  yellow  colouring  agent,  coi  limbic  acid, 
in  the  root ;  but  from  the  work  of  snbaeqnent 
investigators  fOaflamar.  Anh.  Pharm.  210. 
450  :  Feiet,  ibid.  245,  580),  it  appears  that  the 
root  does  not  contain  berberine  ;  but  that  three 
alkaloids  an>  present — cdu inJtft mi n'\  inUorrhi- 
tine,  aii<l  paimitiiu — which  clof«'ly  rf^ctnble  ber- 
berine. Ulrich  ( /Vnnalen,  351, 363)  has  sliown  that 
columbic  acid  i>i  not  ]>n>«*pnt  in  calumba  root, 
but  in  f<»rti)ctl  whvu  the  i>artially  extracted 
TttCit  in  treated  with  aqu(»ous  alkali.  Feist  {I.e.) 
also  describes  a  further  hitter  principh  in  adilit  ion 
to  coliindiiii.  whioh  crvHtallises  in  prisma, 
meltiiitr  at  2  d        i  ii  decumuo.>4ition.       A-  8. 

CAMELINE  OIL.  Doddrr  nil.  or  Orrmnn 
Se,ifim>'  ml,  in  iircpareil  from  the  of 
Mn't'/riim  s<i(iru)n  H  'rz.),CamfUna  wtiva  (Linn.), 
(•  gojfl  of  plfusiire').  Several  c<'nturi'cs  airo  the 
Sficd  was  gro^'tTi  all  over  Germany  as  a  crop,  but 
at  present  it  is  only  cultivated  on  a  imall  scale 
in  some  pnrts  of  S  tuth  (Termany,  Belgium, 
Uoiland,  Hungary,  the  Balkan  States,  and 
Sonth  Russia.  The  seed  is  occasionally  ex- 
pressed in  Hull,  but  mostly  the  press  cakes 
arrive  in  this  country  from  Odessa,  and  are  used 
(in  Liverpool)  in  the  manufacture  of  '  compound 
cakes.'  The  average  composition  of  oameline 
seed  is  stated  as  follou's  : — 

Oil  ....    29-4  p.c 


Watpf 
Albuminoids 
CHilHihyclratei 
Crude  libre 
Ash 


r.r. 


25-9 
17-3 
10-5 
9-2 


The  oil  hatt  a  golden-yellow  colour  and  a  pun- 
gent  taste  and  smell.  On  ezpoHure  to  the  air 
it  dricH  slowly.  It  i-*  a  pemi-drvinK  oil,  and 
therefore  yiehbi,  on  l>oilitif;  with  litliarge  or 
manganese,  a  slowly  ilrying  varnish.  The  low 
saponifioation  value  of  the  oil  points  to  the 
presence  of  orucio  acid. 

The  *  cold -drawn '  oil  is  and  for  edible 
purposes  in  Rus'sia.  The  oil  oxpressfil  in  this 
country,  as  also  the  oil  expressed  in  the  hot  in 
Hnngeiy  and  the  touth  of  Riiana»  is  uned  for 
soap  making.  J,  h, 

CAMPEACHY  WOOD  v.  Loowood. 

CAMPHANIC  ACID  v.  I^\CTOKBa. 

CAMPHENE,  CAMPHINE  v.  TmBmwB,^ 

CAMPHOL  V.  Cami'uobs. 

GAMPHOPHORONE  v.  Kvroirsii. 

CAMPHORS.  Camphors  are  volatile  ox\'gen- 
ated  hydrooarlxjuH,  pu^nciising  a  peculiar  charac- 
teristic odour.  They  are  mostlv  crystalline 
solids,  insoliiblo  in  water,  but  soluble  in  aleohoL 
Except  in  the  case  of  a  few,  which  are  produced 
artifiotal]y*they  are  obtained  from  plants,  where 
they  occur  associated  with  hydrocarbons,  from 
which  they  are  probably  derived.  Most  plants 
when  distUIed  witii  steam  yid^d  volatUe  oils 
composed  of  heavier  oxidised  compounds  held 
in  solution  more  or  less  by  lighter  hydrocarbons. 
The  former  often  separate  in  crystals  during  the 
condensation  of  the  oil  or  afterwards  on  standinir, 
or  they  may  be  obtained  by  fractional  distills- 
tion.  Most  of  theae  oxyeenated  products,  which 
are  very  numerotis  in  the  vegetable  kingdom, 
and  whioh  include  neariv  all  the  *  stearoptenos  ' 
or  solid  portions  of  volatile  oils,  are  camphorH 
in  a  wide  sense  of  that  term.  In  a  narrower 
meaning  the  word  denotes  the  well-known 
laurel  eatiiphor  of  .Ta|)an  and  Formoia,  the  older 
camphor  of  Borneo  and  Sumatra,  and  a  few 
other  vwrieties.  The  eariier  Chinese  and  Arabiim 
not  ices  of  CfKuplior  refer  to  the  Borneo  variety, 
laurel  camphor  beioa  a  product  of  a  later  though 
nnssoertdned  period.  Ckteia  d'Orta  mentions 
the  latter  as  well  known  \:\  I  jirope  in  1563,  and 
points  out,  what  indeed  is  true  at  the  present 
dav.  that  the  muoh  more  costly  Borneo  or 
Suni'iira  citnphor  is  ontirolv  oonsumed  in  the 
East  (c/.  Fluck.  a.  Hanb.  610). 

The  more  important  eamphom,  using  the 
U'rnx  in  it.««  larger  si_a,  il'n  •ition,  mav  I  f  •  msidered 
in  four  groups  as  i«omcridcs  or  hoinolojiues  of : 
(I)  Peppermint oamphor,  menthol  0,oH,aO ;  (2) 
Borneo  camphor,  wjmeol  C.,H,gO  :  (3)  laurel 
camphor  C,oH,,0 ;  and  (4)  thym'^  camphor, 
thymol  0,,H,(0.  For  the  most  part  eam^ 
j>hors  behavo  like  alcohol-  r,r  phenols,  but  laurel 
camphor  and  the  compound  menthone  art* 
ketones.  Just  as  ketones  when  reduced  by 
nascent  hydrogen  ytehl  scrondary  alcohols,  so 
laurel  camphor  is  converteti  into  borni'ol,  and 
menthone  into  menthoL 

Peppermint  camphor.  c,„H,,-OH. 
The  volatile  oils  uf  Mt  fUha  piperita  (Linn.)  ami 
M.  arvtnti*  (Linn.),  varieties  fMpcmseetw  and 
ql-abmUi,  con.sist  o(  the  stearoptene,  menthol, 
toyether  with  an  elaeoptene,  which,  in  the  case  of 
the  Knglish  oil,  is  a  mixture  of  isomerio  and  poly- 
meric tcrpcne-  fFlii'^kiirer  and  Powor,  Pharm.  .T. 
[;JJ  1 1.  22U).  and  in  t!i  it  of  th--  Japaneni^  in  chiefly 
menthone  C,(,H, )  '  Bcckniann,  Jalmwb.  Phar- 
mak.  1887,  3H3}.  The  yiroportion  of  nienflir)!  in 
the  Chinese  and  Jaj>anese  oils  is  so  gfjj^t  t^liat  lh<^\ 
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aro  solid  iit  ordinary  temperatures,  whilht  from  the 
Engliah  and  Amerioaa  oils  only  comparatively 
snuUI  quftntitlesoan  be  obtained  {tf.  Todd,  Pharm. 
J.  [3]  If),  S42).    'flic  camphor  i.'.  f.\tra<-tc(l  t'ilh.T 
by  application  of  cold  and  ronjorai  of  the  liquid  , 
vnicn  adhorea  to  the  precipitated  inaaa  of  1 
cryslalfl  by  expres.sion,  or  the    il  I-  subniittod 
to    fractional    distillation.    Compare    Duinaa  | 
(Annalen,  6,  202) ;  Blaaofaet  and  Sell  {finUL  6,  \ 
291);  Walter  (/7.,V/.  28,  312;  32,  288);  Kane  | 
(PhiL  Mag.  16,  418  ;  Auualen,  32»  285} ;  Oppen- 
w&m  (Annalen*  120»  S61) ;  Beokett  and  Wright 
(Chem.   Soc.   Trans.    20,    1);    Atkinson  and 
Yoehida  {ibid,  41,  60) ;  and  Moriya  (i&ui.  39. 
77).   According  to  IMmble,  the  menthol  of 
the  English  and  American  oils  pipmcnfhol  is 
not  identical,  but  differs  physically  from  that  uf 
the  oils  of  Odna  and  Japan  (Amer.  J.  Pharm. 
1884,  405;  c/.  L(  11-.  Ani*  r.  Hu  rn.  J.  14,  149). 

Menthol  cn'Htalhtieh  in  pri^tms  resembling 
magnesium  enfphate.  It  has  the  odour  and 
taste  of  peppermint.  M.p.  36"  (0pp.);  42* 
(B.  and  W.,  A.  and  Y.).  B.p.  210*'  (0pp..  B. 
and  W.,  A-  and  ¥.).  Sp.gr.  16*,  0-890  (M.). 
Lrevorotatory  (0pp.;  Artn,  Ann.  Chim.  Phys. 
m  7,  438 ;  Kanonnikoff,  J.  pr.  Chem.  [2]  31, 
848).  Heat  of  cutnbustion  (Luginin,  Ann.  Oiim. 
Phys.  [5]  23,  387).  Menthol  is  very  slightly 
soluble  in  water,  but  soluble  in  alcohol,  other, 
earbon  disidphidek  lig^t  petrokuro,  glacial 
acetic  acid,  and  concentrated  hydrochloric  acid. 
It  rotates  on  the  surface  of  water  in  a  similar 
iwannT  to  burel  camphor.  .Hisnd  with  chloral, 
thymol,  or  Imrfl  canj})hor,  nicnlluil  nncts, 
forming  a  liquiti  (Kyle,  Amer.  J.  i'liarni.  IbS.'j, 
429  ;  Becker,  ibid.  1886,  283).  Whan  menthol 
is  boiled  with  a  mixture  of  suljjhuric  acid 
diluted  with,  half  it»  volume  of  water,  it 
changes  to  a  desp-bim  oohmr  (Bnt,  Fhann. 
1898). 

Treated  i^ith  phosphorus  pcntoxidc  menthol 
loses  a  molecule  of  water  and  forms  the  liquid 
hydrocarbon  menihene  C,oH,,  (W.).  Concen- 
trated hydrochloric  acid  (0pp.)  or  phosphorus 
pentachloride  converts  it  into  mentnyl  rhlorid^ 
0,oH,,Cl  (W.);  wen/Ay/carfconfl/e (Ci„ll,,0),CO, 
(Arth,  Ann.  Chim.  Phys.  [6]  7,  469) ;  mtnthyl 
Silicate  (C,oH|,0)4Si04  (Hertkoni,  Ber.  18, 1695). 
A  nitro*  oerivativo  is  formed  by  the  action  of 
concentrated  nitric  acid,  which,  reduced  ^th 
nascent  hydroizfn,  yields  nunthylamine 
CieH,,'NU,  (M.).  Menthol  leaots  with  acetic 
aeid,  producing  mcnthyl  aeekde  CjoH,,-OAo 
(0pp.  :  Mrn.>-(  hutkin,  J.  Ku.'^.h.  Phys.  Chem.  Soc. 
13»  667),  and  with  benzoic  acid  ioxminamenthyl 
6efiawleC,oH,,  OBz  (Arth,  Ann.  Chim.Phya.  [6] 
7,  470).  Two  atoms  of  h\(1ro;^en  arc  nMiioved 
by  treatment  with  chromic  acid,  and  the  liquid 
ineft<iloRe  C,oH,,0  ia  foraed.  Aooording  to 
Beckmanti  fJalin -h.  rh;irniak.  ISS7,  363),  men- 
thone  is  the  chief  liquid  constituent  of  Japaneee 
oil  of  i>eppnnint.  This  oompoond  is  telated  to 
menthol  m  the  same  niiinner  that  lauri'l  cam- 
phor is  to  boraeol,  and  can  be  converted  into 
menthol  by  the  action  of  sodhim  and  carbon 
dioxidi',  ju-f  n-  lanrol  cam]>hor  is  converted  into 
bomeol  (A.  and  Y. ).  Menthol  has  been  obtained 
synthetically  by  Haller  and  Miartine  (Oompt. 
rend.  140,  130). 

Menthol  in  fraduilly  uomtug  iuore  into  use 
in  mcdiciii<-.  It  sometimes  takes  the  place  of 
cocaine  io  the  production  of  local  annsthoeia. 


and  it  U  employed  in  oivtam  ddn  ditMMS  (fL 
Oils,  Esssktial). 

Borneo  and  allM  oamplioii.  Malnynn, 

Barns  or  Dryuhnhmops  Cntuphir:  fior- 
ttcol,  Camphol,  Ci^Ui^-OH.  Thu  camphor 
oooura  naturally  in  deztrorotatoiy  and  Iwerrtxo- 

tati^iry  varieties,  the  common  h<irii(i:>T  Wing  the 
dextrorotatory  form.  It  is  the  product  ot  the 
Dryebalan^  anmaUea  (Girta.)»  *  maj«rtlp 
tree  indigenous  to  Sumatra,  Born-.o,  and 
Labuan,  where  it  oft«i  nues  without  a  braiu3h  to  a 
height  of  ISO  feet,  when  its  summit  tecstywned  by 
a  magnificent  display  of  foliagr  ."O  70  fc-et  in 
diameter,  supportins  beautiful  white  odonferoa-> 
flowers  (nfwk.  a.  Hanb.  610).  The  oamphor  'ia 
deposited  in  crystals  in  ft.sstires  in  the  olii  woo-i. 
and  to  obtain  it  the  trees  have  to  be  socriiiced. 
The  tree  is  cut  down  and  the  longitudinal  fiarorca 
opened  and  the  cainjihor  removed.  The  yield  ia 
not  more  than  from  3  to  1 1  lbs.  from  large  trees. 
Owing  to  the  reddess  manner  in  which  Uie  tress 
have  been  destroyctl  without,  the  planting  of 
others,  the  forcbts  of  Suniatra  now  contain  few 
that  «fe  worth  working  (Pharm.  J.  [3]  12,  83). 
The  camphor  is  bc.«t  purified  by  ;^ubIimAtioa 
(Fliick.  a.  Hanb. ;  Peioixze,  Anualtiu.  4<».  326). 

Bomeol  is  also  a  oonstituent  of  the  folloain^ 
volatile  oils :  Rosemary,  itonyummi^  qfirir.,:i:^ 
(Linn.);  (Bruylants,  J.  1879,944;  Fliick.  a.  Hai  b. 
489);  Serpentary  root,  AriMolochia  aerptnla'-'i 
(Linn.),  (S{)ica,  Gazz.  clum,  itaL  17,  314),  and  in 
Spanish  lavender  oil  (Charabot,  Bull.  Soc.  chim. 
[3]  17,  .^s*i).    Besides  these  natural  sources, 
bomeol  ma  \  hf^  obtained  by  the  action  of  reducinjr 
ageutis  on  Ijiiut  1  camphor,  /-bomeol  being  formed 
at  the  same  time  (Bcrthclot,  Ann.  Chim.  Phys.  [31 
50,  78;  Montgolfier,  ibid.  [5]  14,  21),  and  in  snul! 
proportiom,  with  ^ bomeol,  it  is  found  among  liio 
products  of  the  distillation  of  amber  \^  ith  potadi 
(Bcrthelot  and  Buignet,  Annalen,  Ho,  24."  ). 
Borneol  is  hardef  and  leas  volatUe  than  iaum 
I  camphor,  and  does  not  soblime  in  the  bottfes  in 
i  which  it  is  kept.    It  ha?  a  peppery  camphoca* 
ccous  odour  and  burning:  taste.    M.p.  2O6*-J07* 
(Plowman,  Pharm.  J.  [31  4,  709);   b.p.  21S* 
(Pelouze) ;  sp.gr.  1-011  (PI.).    It  is  very  slightly 
I  soluble  in  water,  but  dissolves  readily*  in  alcohol 
I  and  ether.    Removal  of  a  molecule  of  water  by 
i  phosphoric  anhydride  leaves  the  solid  terpeoe 
t  eamphene  C,oH,g  (Wallach,  Annalen,  230,  239V 
I  Concentrated  hj'drochloric  acid  (Berthelot,  Qtid. 
I  112,  366)  or  phosphorus  pentachloride  (Kachler. 
I  Annalen,  197,  99)  reacts  with  formation  of  bornyt 
\  chloride  C\qU^^  ('1.     Borni/I  arttnta  Q^^M^  Okc 
is  a  constituent  of  valerian  oil  (Bru^lMitaj.  and 
may  be  produced  by  the  action  of  aoelie  anhy* 
dride  on  l>omeol  (MontgolGer,  Ann.  Chim.  Phys. 

i6]  14,  50).  nnd  in  a  nimilAr 
iMMtofe  (,JI,,-OBe  fs  ohftahied  (Bntheloi)L 

Sodium  reaety  on  borneol  in  solution  in  b'-ii/ene 
with  the  formation  of  a  crystalline  «odiiMa  tottr 
C,oH„  ONa  (Kaohkr  and  Snitcer,  Monatsh.  & 
235).    The  meihyl  ether  C.^H^  OMe  i>  formed 
1  by  acting  on  the  sodium  salt  with  methyl  iodide 
I  (^nbigny,  ZeHieh.  f.  Chem.  1868,  299).  Milne 
acid  oxidises  bomeol  with  formation  of  desln"- 
I  rotatory  camphor  Cj^^^Oj  in  the  first  instance, 
f  and  the  reaction  proeeeding  fnrtiier  eawyJtsffe 
arid  CioHjgO^  and  otht-r  i)roducts  ri'suU  (Lit; 
rent,  Annalen,  22,  136 ;  Pelouze,  tbtd.  40,  32:S; 
Kachler.  ibid.  193,  143). 
^     2>Bomeol  is  a  oonstituent  of  the  foUowtng 
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oils  :  Vali  rian,  Vahrittna  ojficinalis  (Linn.)(Oor- 
hardt,  Annalen,  45,  34;  Bruylants,  Ber.  11, 
•ir»5  ;  Fluck.  a.  irnnb.  379;  Haller,  Compt.  rend. 
103,  151);  Canada  ^nnke  root,  Asarum  canadeime 
(Power  and  Lees,  Chem.  See.  Trans.  81,  63); 
Abies  canadensis  (Linn. )  and  Abies  peciinata  (D.C. ) 
(Bertram  and  Walbauin,  Bor.  26,  685);  Siberian 
Hr,  Abiea  Sibiric/i  (Schindelmcisor,  J.  Russ.  Phvs. 
Chem.  Soc.  34,  954  ;  Golubeff,  ibid.  36,  1006). 
It  is  also  contained  in  the  fusel  oil  of  the  crude 
spirit  obtained  by  the  fernx  iitution  of  the  sugar 
of  madder,  ana  formerly  known  as  madder 
camphor  (Jeaniean,  Annalen,  101,  05) ;  and  is 
also  contained  in  Ngai  camphor,  the  name 
ffiven  to  the  solid  part  of  the  essential  oil  of 
Blumea  balsamifera  (D.C.).  (Hanbury  and 
Plowniftnii,  Pharm.  J.  [3]  4,  709;  Fliickiger, 
ibid.  £3]  4. 828 ;  Schimmel's  Report,  April,  1910. 
148).  On  oxidation  with  nitno  acid,  /-bomeol 
yields  la?vorotator3'  camphor. 

JjDMtiva  bomeol,  the  raoemio  mixture  of 
<f-  and  l>boniM>I,  Ium  been  obtained  by  the 
ilistillation  of  the  crudf  product  of  the  notion  of 
sulphuric  aoid  on  turpentine  (Armstrong  and 
TQaen,  Ghent.  Soe.  Tnm.  36,  752) ;  an  eater 
of  t-bomcoI  is  also  olttaiiu'd  by  tveating  pinene 
with  oxalic  aoid  (SchindelmeiserX 

/aoboneol,  a  etnielufal  ieonieride  of  bonieol, 
and  an  interme<liate  product  in  the  manufacture 
of  synthetic  camphor,  was  first  obtained  by 
Bertram  and  Walbanm  (J.  pr.  Chem.  [2]  49,  I ) 
from  cnmphene,  a  solid  terp<'ne  CjoHj,,  obtainecl 
by  the  action  of  sodium  acetate  and  glacial 
aoeftio  aeid  on  pinene  hydroeUoride  at  SOO^. 
Camphfne  is  warmed  with  a  mixture  of  nretio 
acid  and  a  little  sulphuric  aoid  and  the  resulting 
aoetete  is  deeomixMed  by  alooholio  potaah.  It 
is  now  prepared  from  pinene  hydrochloride 
directly  by  the  action  of  boiling  glacial  acetic 
aeid  in  tlw  preeenoe  of  a  ■mall  quantity  of  a 
metallic  salt  such  as  anhydrous  zinc  chloride 
(Weizmann  and  Clayton  Aniline  (jo.  1).  K.  P. 
207166).  It  difien  nom  bomeol  by  its  greater 
volatility,  its  higher  melting-point  (212°),  and 
its  greater  solubility  in  benzene  and  light 
petroleum  (v.  Oils,  EtaantML). 

Camphors  isomeric  or  homologous 
w  ith  born  col.  Cineci  Cj,H),0  is  the  chief  con- 
sftitnent  of  the  volatile  oils  of  santonioa,  Artemitia 

mnritima  (Linn.),  var.  Strrhmnnniana  (Besser) 
(  Kraut,  J.  18G2,  460;  Kraut  and  Wahlforss,  An- 
nalen, 128,  293  ;  Hell  and  Stflrcke,  Ber.  17,  1970; 
Wallach  and  Brasn,  Annalen,  22r).  291),  and  of 
cajeput,  MtloUucn  cnjtputi  (Roxb.),  cajepuiol 
( Wallach,  ibid.  225, 3 J  5).  C  ineol  is  abo  conUined 
in  the  volatile  oils  of  Eucalyptus  globulus  (I^abill.) 
(Faust  and  Homeyor,  Ber.  7,  1429 ;  Jalm.s, 
Qrid.  17,  2943)  and  of  rosemary,  Rt>sinarinun 
officinalis  (Linn.)  (Welxjr,  ^Vnnalen.  238.  95),an<l 
many  other  ^sential  oils.  •  Artificially  it  may  be 
obtained  by  the  ao^m  of  amieoaa  pho.s|>horic 
aoid  on  terpilenol,  or  in  small  pro|M>rtioii,s  by 
treating  terpinhvdrat«  with  mineral  acids 
(WaUach,  -Vnnalen,  239,  18).  It  boils  at  176* 
(Wallach),  172-5*  (H.  and  S.).  It  doo.^  not  alter 
a  ray  of  polarised  light.  The  terp-ncs  dipctiU  ne 
Cjjli,,  and  dicinene  Cj^H,,  result  from  the  action 
of  phosphoric  anhydride  (H.  and  S.).  Oxidised 
by  permanganate,  cineolic  acid  C.oHjgOj  and 
other  products  are  formed  (Wallach  and  Uilde- 
meistcr,  Annalen,  246,  268).  Cineol  abnorbs 
hydrochloric  aoid  gas,  forming  the  crystalline 


hydrochloride  C,oH„0,Ha  (Hell  and  Ritter, 
Ber.  17,  1977).  A  characteristic  reaction  for 
oineol  is  that,  shaken  with  a  saturated  solution 
of  iodine  in  potassium  iodide,  there  is  formed  a 
glutinous  mass  of  nimita  sluning  gneoiah 
crystals. 

For  the  detection  of  cineol  in  essential  oils, 
Herschsohn  (Chem.  Zentr.  1893,  i.  503)  shakes 
3-15  drops  of  the  oil  \\ith  10-50  milligrams  of 
iodolo  (tetraiodopvToUine),  adding  more  oil  if 
necessary,  to  form  a  clear  solut  ion  ;  he  then  allows 
the  mixture  to  stand  for  24  hours.  If  crystals 
separate,  these  are  washed  with  light  petroleum 
and  subsequently  boiled  with  aqueous  potash, 
when  the  odour  of  cineol  is  develope<L 

The  volatile  oils  of  the  following  contain 
liquid  isomcrides  of  bomeol :  Buchu  leaves, 
Barosma  beiulina  (Bart,  and  Wendl.),  B.  crenu- 
lata  (Hooker),  B.  serratifolia  (Willd.),  contain 
an  oil  C,oH,,0,  boiling  at  206*'-210",  with 
dio»fkencit  a  crystalline  camphor  (Fliiokiger,  J. 
1880, 1081),  also  obtained  by  >Sj)i(  a  (Qasi.  chim. 
ital.  15,  195) from  B.  crenatn  (Linn  ).  Diosphcnul 
CjoHiaO.  melto  when  pure  at  83<*^^  boils  at 
lOO'^-lKr  under  10  mm.,  and  is  optically 
inactive  (Seramlor  and  McKm^.ie.  Ber.  38, 
1 158 ;  cf.  Kondakoff,  J.  nr.  Chem.  [2]  64t.  433 ; 
C^hem.  Zeit.  1006,  1090 ;  Kondalcoixand  Baelit* 
schi'efF,  J.  pr.  Chem.  [2]  63,  49).  Citronflla, 
A  ndropogon  Nardua  (Liim. )  (Wright,  Pharm.  J.  £3] 
'  5,  233) ;  Goriander,  Oarimianiim  mtimm  (Linii.) 

(Kawalier,  J.  1852,  624  ;  Gros.ser.  Ber.  14,  2485); 
I  Qalangal*  Ah^nia  o^inarum  (Uanoe)  (Vosel, 
I  Beraoras  JafiresK  24,  479) ;  Geraninm,  Afiinh 
pagan  Iwarancusa  (Linn.),  A.  Schasnanthus  (Linn.) 
,  (Jacobson,  Annalen,  167,  232} ;  Pelargonium 
\rtMa  (VEink)  (OintL  J.  1879,  941);  Hops, 
Humulus  lupulus  {Linn.)  (Wacrner,  J.  1853,  516  ; 
Personne,  J.  1864,  654 ;  Ossipoff,  J.  pr.  Chem. 
[2]  28,  448) ;  Lemon,  OUnu  mediea  (Linn.) 
(Tilden.  Pharm.  J.  [31  9,  654);  Sage,  Salvia 
i  officinalis  (Liim. ),  Salviol  (Muir,  Chem.  Soo,  Trans. 
37,  678) ;  Tansy,  TamKetum  mtlgan  (Unn.) 
I  (Bruvlants,  Ber.  11,  452);  Angu.stura,  Cusparia 
j  febrifuga  (HumboL),  yields  a  volatile  oil  contain- 
ing C,,H,40,  viiieh  is  a  higher  homologue  oi 
Borneo  camphov  (HefSOg^  J.  1868,  444)  («k  Obs, 
I  Essential). 

I     OoDUBon  mi  allied  esmphon.  Laurel  Cam- 

phor;  Dextro  Camphor.  {Camphre,¥T.\  Camphrr, 
Gcr.)  C,gH,,0.  Common  camphor  is  contuiutxi 
in  all  parts  of  the  camphor  laurel,  Cinnamomum 
Campnorn  (Nees  and  Eherm.),  a  tree  inhabiting 
Japan,  Formosa,  and  Central  China,  and  cultivated 
for  its  foliage  in  the  sonth  of  Bniope  and  gene- 
ral! v  in  warm  climates.  It  occurs  also  as  a 
eon.^tituent  of  the  volatile  oils  of  Lavender,  La- 
mndula  vera  (l)o  C.)  (Dumas,  AaBalBn,6,248;  ef. 
Fliick.  a.  Haid).  47S)  ;  Ro.Hemarv,  Rosmnrinus 
ojjiciiialis  (Linn.)  (Lallemand,  ibid.  114,  197); 
Sage,  S(dt?iaofficinedis  (Linn.)  (Muir,  Chem.  Soc. 
Trann.  37,  678) ;  and  Spike,  Lttva$ulula  spiea 
(De  C.)  (LaUemand). 

Although  camphor  is  at  the  present  time 
manufactured  artificially,  nmst  of  the  camphor 
of  commerce  is  still  obtained  from  the  camphor 
laurel,  the  industry  for  many  years  beini,'  con- 
fined to  the  interior  of  China,  the  island  of 
Formosa,  and  Jajmn  ;  though  recently  experi- 
ments have  been  undertaken  for  the  prodnction 
of  natural  camnhor  in  Florida,  German  East 
Africa,  and  Ceylon.    In  Formosa  thg,^»^hj^(^QQg[g 
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indnstoy  beforo  the  (  I  li  M  n  •  Ja|NUMMe  war  was  nomi- 
nally in  the  hands  <.f  tli<>  Chinn^e,  but  owing  to 
tho  savage  hlatc  of  lUr  interior  of  the  island, 
and  thi*  ummtiijiuIoum  nu-thotb  of  tho  doalcrs, 
it  had  di'cJinP"!  (•>  nhuiII  uml  uriirii]Kirtant 
proportiumi.  At U-r wards  Jai>iui  aiduuH-d  lUe 
oontrol  of  tho  indueliy,  and  it  wa8  made  a 
government  mono[X)ly  in  ISM.  und  this  was 
extended  to  Ja}>anc8e  camphor  iu  1  Since  the 
efitablishment  of  the  monopoly  tho  old  crude 
methods  of  obtaining  tho  camphor  (Fliick.  a. 
Hanb.  613)  have  been  replace<l  by  moro  modem 
ones.  The  camphor  wood  in  the  tona  of  chips 
Is  8teamo<l  in  roughly  built  furnaces,  and  the 
camphor  which  in  driven  off  is  condensed  in 
cooled  wooden  vessels,  and  freed  from  most  of 
the  oil  by  draining,  crude  or  '  grade  B  '  camphor 
being  thun  obtained.  For  the  production  of 
refined  or  '  yrado  A  '  camphor,  the  crude  material 
is  heated  in  large  iron  retorts,  through  which  a 
eorrent  of  air  fa  pawNHL  For  the  first  48  hours 
only  .siifTicicnt  lit  nt  i<?  applied  to  drive  off  the 
water  and  oil.  The  retorts  are  then  connected 
with  a  condensing  ohamber,  the  roof  of  which  is 
cooled  by  ninninL;  wnttT.  and  are  heated  to  a 
high  temperature  in  order  to  volatilise  the  cam- 
phor. It  is  then  formed  into  blocks  in  wooden 
moulds  and  pressed  first  w  it  h  st<'am,  and  finally 
bv  a  very  high  hydraulic  pressure  (CoUins,  J.  8oc. 
Ghen.  Ind.  1004,  75).  The  yidd  of  camphor  is 
greater  in  winter  than  in  summer,  wliilt-  tlic 
reverse  is  true  of  the  oiL  In  wmmer,  a  charge 
of  120  Idloe.  of  wood  gives  2*4  Idlos.,  or  2  n.o.  of 
camphor,  and  1-S  litres  of  oil ;  in  AvintiT.  3  kilos., 
or  24  p.0.  of  camphor  and  0*5-0*7  litre  of  oiL 

Grade  camphor  appears  in  commerce  as  a 
roarsf'  wet  powder  of  a  greyish-whito  colour. 
C'hinese  crude  uauiphur  Ls  packed  in  round 
Mooden  pots  of  about  150  Hm.  net  content ; 
.THpancsf  in  If-ad  lini'd  wooden  lioxcs  containing 
about  130  lbs.  net.  The  principal  impurities  of 
crude  camphor  are  water,  camphor  oil,  iron, 
sand,  woofi.  A^r.  Liqht  oil  of  mmphor  has  a 
sp.gr.  of  0  h9r)-<>  y20;  b.p.  17UMm>*,  and 
cr»ntains  piri<-n<-,  camphene,  dipentene,  ph<dlan- 
(Irene,  &c.  Htuvi)  oil  of  camphor,  having  a 
8p.gr.  of  0-9m)-O-y7O,  and  b.p.  240°-300%  con- 
tains sesquiterpene,  safrol,  euffcnol,  oineone, 
fenchone,  tiTjiinono,  &c.  B»sid,.-;  these  oom- 
pound.«,  l>oth  of  tho  oils  contain  a  largo  amount 
of  camphor  in  solution.  Before  refining  crude 
canjphor.  tli<'  oil  and  water  must  ho  pot  rifl  nf,  a.^ 
tho  oil  gi\ f.-i  iht!  reliiied  camphor  a  fatty  touch, 
and  the  water  renders  it  opaque.  The  elimina- 
tion of  water  and  oil  is  often  offfctfvl  hv  washing 
in  a  centrifugal  niaehine  vuih  jsniHll  quantitif« 
of  water  ;  the  liquid  diaininj?  off  contains  l.otli 
oil  and  water.  The  separation  is  aLio  done  by 
hydraulic  pressure,  or  by  crystallisation  from 
boiling  benzene  or  light  petroleum.  Resublima- 
tion  in  Europe  is  done  principally  in  yla.Hs  rt  torts, 
yielding  a  round  concave  cake  weighing  (>-ii  lbs., 
having  an  opening  in  the  centre.  In  America 
the  camphor  is  sublimed  from  Hat  iron  pans  with 
iron  covers,  yielding  |)lates  of  al>out  18  inches 
square  and  1  inch  thick,  weighing  from  8  to  10 
lbs.  The  process  consists  in  mixintr  the  camphor 
with  a  little  lime,  charcoal,  or  iron  filings, 
according  to  the  quality,  and  charging  each 
pan  with  about  12  lbs.  of' material ;  the  sublim- 
ing pans  are  heated  slowly  for  2  hours,  and  then 
filed  rapidly  up  to  190",  this  temperature  being 


kept  for  from  12  to  16  honiSL    After  eoolio^i^ 

refined  product  U  removetl  from  tho  cover  by 
slightly  heating,  and  is  then  cut  into  the  (kmml 
shaiM*  (l>robcgg,  .J.  8oc.  Ohcm.  locL  1007, 

Purifiril  eamphor  consists  of  coluurlcs*  trjiii5^ 
lilcent  ni.Li^-i>  traversed  by  nuineroua  cracka 
or,  when  slowly  conden^d.  cf  hexaffousl  crvslek. 
It  can  be  broken,  hnt  is  too  toupTi  u.  '\*imit  of 
being  powdered  by  trituration.  This  may,  btm- 
ever.  be  readily  effected  if  a  little  B.k>oiial  be 
added,  which  e^rnpes  acain  during'  th*.-  Apers- 
tion.    Camphor  Ls  xiMid  in  medicine   for  ii* 
stimulant  Mid  antiseptic  propertiee,  and  it  h 
largely    consumed   hv  the  natives  of  Indu 
fcipgr  U  'J'J2  (JU^^;  m.p.  17.5°;   b.p.  HH\  it 
sublimes  to  some  extent  at  ordinaiy  tempcss- 
tures  {cf.  Folger.  Y.    H.   Pharm.  l<<Sf>. 
Dextrorotation  (Laudoit,  Annaien,   I  Hit,  SiWu 
Refracti(jn  coefficient  ( Kanoimtkoff,  J.  pr.  C'hem. 
[2]  31,  348).    Camphor,  in  rnmmon  with  chl  nil 
hydrate  and  some  other  t»ubj»t^no©8,  rv>tAtea  ui 
a  peculiar  manner  on  the  surface  of  wAier 
(Tomlinson,  Phil.  Mag.  (4]  46.  .376  ;  Pharm.  J. 
4,  654  and  672;  Chcm.  News.       215;  37.  72; 
52,  50).    Water  dissoh  -  i;  ,  ry  sparingly,  bat 
it  is  readily  soluble  in  alcohol,  ethrr.  or  lViot;^ 
form.    Mixed  with  chloral  hydrate,  it  forma  an 
oily  liquid.  C,oH,,0,CT^l,CHO.H,0.  which  h 
been  employed  in  medicine  (Brown,  Pharm.  J 
[3]  4.  729  ;  Saunders,  ibid.  [Z]  7,  89  :  C«zeneuve 
and  Imbert  Bull.  Sue  Lhini.  [Jj  M,  2(>9  -  Zeidler 
J.  1878,  645 ;  Albright,  Amer.  J.  Pharin.  l^e,] 
282).    Similar  combmations  take  pUce  between 
camphor  and  chloral  alcoholate  (Zeidler).  phen.>J 
(Fluckiger,  Pharm.  Chem.  2,  450),  menthol 
(Kyle,  Amer.  J.  Pharm.  1885,  429),  and  thvm.  J 
(Symc's,  Pharm.  J.  [3]  0.  r>9s». 

Phosphoric  anhydride  removes  water  frons 
camphor,  forming  ct/mene  0,^11, together  with 
other  hydrocarbons  (.Armstronsi  and  Miller,  Ber. 
16,  2259).  With  phosphorus  jpentachioride  it 
yields  eompAcr  SiekhHtte  C,«H„C1,.  Nitr^- 
mmphor  U  prci>ari>d  by  r*/duo;j-n 

of  chlorouitro-camphor  ((Jozeoeuvo,*  BnU.  Sor, 
chim.  47.  920;  49,  92;  Sehiff,  Ber.  IS.  \m  . 
and  this  by  treatment  with  sodium  ;\ma1i:ini  i* 
converted  into  anuiKxamj^  C„H,i(XU,|U 
(Sehiff).  Of  the  bromine  deriTatives,  mam- 
hromn  mmphor  <  '  If  .  nrO  is  employed  ta 
medicine,  and  is  an  article  of  trade.  It  is  pre- 
pared by  treating  camphor  with  bromine  at 
130°,  and  crystallising  the  mas>!  uht.iin.- 1  fr  m 
light  uetroleum.  It  may  be  purified  b>*  r»- 
crystallisation  (Maisch,  Amer.  J.  nuum.  44. 
177  ;  Gault,  I'Union  Pharm.  15,  2rtfi  .  Krilr  r. 
J.  18S0,  726).  From  alcohol  it  crystalli^  i& 
colourless  prisms  or  needles,  from  light petroleuni 
cither  in  long  flat  pri^jm.s  or  git  >ssv  wrale^i.  Moao- 
bromo-camphor  uos  a  weak  camphoraceoos 
odour  and  taste ;  m.p.  76°  ;  b.p.  274'  (Pericb. 
Annaien.  Spl.  4.  126).  It  is  insoluble  in  w;i'  t. 
but  soluble  in  alcohol,ether,  chloroform,  benzene, 
the  fixed  oils,  and  snlphurk  acid.  By  the  aetiaa 
of  reducing  agents,  camphor  is  converted  int^* 
borneoL  1  his  may  be  accomplished  convenicntlr 
by  adding  sodium  to  an  aK  uholic  soluticm  of 
camphor  (Jackson  and  Menko.  Amer.  Ch,  m.  J. 
5,271;  Jack.son.  »7>t{i.  0,  406).  Uot  aikoluic  per- 
manganate (tircsscr,  Ber.  14,  2507)  or  nitric  add 
(Kachler,  Annaien,  HJ2,  262  ;  193,  143)  ..xidi^-e* 
camphor  with  the  formation  of  eampJtanc  and 
oXi(COOH)^  '^^^  . 

Lyiyiii^uG  by  LiOOgle 
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St^ntkeHe    Compihor ;    Ina^ive  Camphor. 

Camphor  manufactured  from  turpentine  oil  is 
iiuw  being  brought  into  the  market,  and  is  com* 
poting  with  natuTal  camphor.  Tt  to  termed 
•  synthetic  camphor'  to  fH.stinL,Miixli  it  from  the 
KO -called  'artihcial  camphor,*  which  coosiHts  of 
pinene  h3nilrodUoride,  mmI  fa  unsi^ble  for  the 
chief  purpose's  to  which  camphor  is  appUed. 
Syntiietic  camphor  is  identical  with  natural 
camplior,  exeept  that  it  fa  optically  famctive. 
The  first  commerciixl  process  of  obtaining 
o&mphor  from  oil  of  turpentine  consLited  mafun- 
tially  in  oonTertmg  toe  latter  into  pinene 
hydrochloride,  which  compound  by  elimination 
of  hydrogen  chloride  yields  camphene.  Cam- 

fihene  fa  then  oonverted  into  Mobomeol,  which, 
ike  natural  bomeol,  yields  camphor  on  oxida- 
tion.   For  the  preparation  of  pinene  hydro- 
ohlonde,  oil  of  turpentine,  which  contains  about 
70  p.c.  of  pinene,  \s  treated  with  dry  hydroj^'en 
chloride,  whereby  solid  pinene  hydrochloride  i^ 
obtained,  together  with  a  liquid  hydroohlorido 
which  is  not  suitable  for  tne  manufacture  of 
camphene.   This  liquid  hrdrochloride  contains  a 
considerable  proportion oxtlieaolid  hydrochloride 
in  solution,  which  may  bi^  rt^covered  by  oxidising 
the  oily  product  with  diiute  nitric  acid,  or  by 
treatment  with  ooooentrated  or  fuming  sulphuric 
acid,  which  oritj^es  polyinerisjition  of  the  liquid 
hydrochloride   ^Kng.   Pat.   7319,   1908).  The 
preparation  of  camphene  by  the  removal  of 
hvdrogon  chloride  from  pinene  hydrochloride 
( \VaUach,  Annalen.  239,  6  ;  Briihl,  Bcr.  26,  147  ; 
lieychler,  Bull.  Soc.  chim.  [3]  Iff,  371}  was  at 
ti  rst  attended  with  difficulty  ;  the  yield  was  small, 
aud  the  product  wivs  liivblo  to  contain  chloride. 
During  the  last  ten  years  the  following  methods 
have  been  patented  for  the  production  of  cam- 
phene in  large  quantities,  many  of  which  are 
claimed  to  give  almost  theoretical  yields  and  a 
product  free  from  chloride  :  Heating  the  hydro- 
chloride with  bases  of  the  aUphatic  series,  such 
as  methylamine,  or  with  pipera/ine  or  piperidine 
(U.S.  Pat.  707270,  1902);    by  heating  the 
h3rdrochloride   with    alcoholic,    aqueous,  or 
gaseous  ammonia  (U.S.  Pnt.  707271,  1902)  ;  by 
heating  with  aqueous  sodium  hydroxide  or 
ammonia  in  presence  of  a  soap  (U.S.  Pat. 
7258W),  1903)  ;  by  heating  with  lead  atotatc  in 
Klaciai  acid  solution  (Fr.  Pat.  349896,  19iU} ; 
by  beating  with  a  metal  and  an  oxidising  agent, 
mifh  an  zinc  and  barium  peroxide  in  molecular 
proportions  (Fr.  Pat.  301333, 190ffJ  j  by  heatmg 
with  alkaU  pbenolate  either  anhydrotu  or  in 
presence  of  water  (Eng.  Pat.  16429,  1906) ;  by 
heating  with  lime  or  other  similar  oxide  (Fr. 
Pat.  875364.  1907:  884955,  1907);  by  heat- 
ing with  alkali,  and  alkali  :r  ilkaline  earth 
ol  aulphonio  acid  of  the  benzeuo  or  naphtha- 
lene aeriea  (Bi^^  Pat.  10783,  1907) ;  by  heating 
with  o-  or  /3-naplithylamme  (D.  R.  P.  206386, 
1907),  or  with  anihne  (D.  R.  P.  205850,  1007) ; 
bv  heating  with  a  meta-  or  pjrro-boiate,  silicate, 
phosphate,  or  arsenate  in  aqueous  solution 
(D.  R.  P.   205295,  1908);   by  heatmg  with 
phenol,  cresol,  or  naphthol,and  the  carbonate  of 
an  alicali  or  alkaline  earth  metal  (Kng.  Pat. 
13902,  1909).    The  camphene  can  uhually  be 
separated  by  steam  distillation.    Bertram  and 
Walbaum  (J.  pr.  Chem.  [2]  49,  1)  made  tlic 
discoverv  that  camphene  is  converted  into  t«o- 
bomeol  by  warmiiig  with  a  niztuceof  aoetfa  aurid 


I  and  a  little  snlpfaiirio  acid,  and  decomposing  the 

resulting  iV^bomyl  acetate  by  alcohobc  potash. 
This  method  is  employed  on  tite  manufacturiog 
scale.  Oampbene  Has  also  been  directly  con- 
verted into  iVobornool  }  y  '  filini^  in  acetone 
solution  witii  half  its  weight  of  20  p.o.  U18O4 
for  10  hoQra,  or  la  an  autoolaTe  at  100"  for  a 
short  r  time  (Fr.  Pnt.  3S.-341.  1907).  The 
Moboiuool  purified  by  crystallisation  from  light 
petroleum  or  bensene  fa  then  oxidised  to  cam- 
phor. For  thiij  purpose  various  oxidising  agents 
are  employed,  many  of  which  have  been 
patenteo.  Amongst  these  aies  potaadnm 
permanganate  in  glacial  aoetfa  acid  (Ber.  33, 
3430) ;  aqueous  solution  ol  permanganate, 
employed  with  a  bensene  aohition  of  Mobomeol 
(Fr.  Pat.  341513,  1904) ;  potassium  permanga- 
nate in  acetone  solution  (D.  R.  P.  38311,  note) ; 
chlorine,  either  gaseous  or  in  solution  (Eng.  Fat. 
28035,  1904) ;  chromic  acid  or  chroma  tea  at  a 
temperature  of  90°  (Eng.  Pat.  26779,  1904); 
nitric  acid  in  which  the  presence  of  '  nitrous 
oxide '  is  essential  (Eng.  Pat.  9857,  1907) ; 
oxygen,  oxides  of  heavy  metals  or  peroxides 
(Fr.  Pat.  385352,  1907).  According  to  U.S. 
Pat.  790601,  1905,  wobornyl  acetate  and  other 
isobomyl  esters  can  bo  directly  oxidised  to 
camphor  without  previous  saponifioatioii* 

Camphene  can  also  be  directly  oxidised  to 
camphor  (.AiiHsirong  and  Tildcn,  Ber.  12,  1756), 
and  the  following  pracessefi  have  been  patented  : 
Treatment  ^vith  ozone  at  a  temperatun*  of  HO* 
(Eng.  Pat.  21294,  1890);  treatment  with  hot 
air  or  oxygen  (flSng.  Fat  36S5, 1896) ;  oxidation 
by  pota«»«<inm  permanganate  in  acetone  solution 
(addition  to  Fr.  Pat.  349896,  1904) ;  treatment 
of  camphene  at  180^  with  an  oxidising  agent 
such  as  chromic  acid  converts  it  into  oxonide, 
CioHjjOa,  which  loses  oxygen  on  traatment 
with  water,  and  is  convert^  into  a  lactone, 
camphenoUde,  which  yields  camphor  on  heating 
in  presence  of  water  (Fr.  Pat.  361333,  1905) ; 
oxidation  with  a  per-  (ia\i  of  potassiam  and 
sulphuric  acid  (Fr.  Pat.  389092,  1908). 

Another  method  of  obtaining  synthetic 
camphor  depends  on  the  formation  of  bornyl 
^ters  by  the  direct  acUoa  oi  various  oroanio 
aoidi  on  torpentine  oil.  lie  working  of  the 
following  process  was  undertaken,  in  1902.  by 
the  Ampere  Elcctro-Cheuucai  Co. ;  anhydrous 
turpentine  was  heated  at  120"-ld0^  with  anhy- 
drous oxalic  acid,  and  the  resulting  product, 
supposed  to  consist  ol  a  mixture  of  borneol, 
eamphor,  bomyl  ozafate,  and  formate,  with 
waste  polymerisation  products,  was  saponified 
with  lime  aud  distilled  with  steam.  The 
reraltant  camphor  and  bomeol  were  separated 
and  oxidised  to  convert  the  borneol  into 
camphor.  The  assumption  of  the  direct  forma* 
tion  of  camphor  by  the  action  of  oxaifa  acid  on 
pinene  has  since  been  proved  to  be  erroneous. 
A  large  amount  of  by-products  are  obtained, 
while  the  amount  of  IxMrneol  or  iaobomeol  formed 
is  not  -nftit  lent  to  ensure  the  commercial  success 
of  the  {)r(X'Ciii>,  which  lieoms  to  have  been  aban- 
doned (Pond,  J.  Soc.  Chem.  Ind.  1907,  385). 
Similar  methods,  based  on  the  direct  formation 
uf  bornyl  esters  from  pinene  hydrochloride,  have 
been  patented :  a  solution  of  pinene  hydro- 
chloriue  and  an  alkali  formate  or  oxalate  in 
alcohol  and  water  is  heated  for  10  hours  to  120° 
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in  acetic  aokl  solution  is  heated  with  lead 
acetate  (Fr.  Pat.  349896.  1904);  acetate, 
■teaxato,  or  phenate  of  sodium,  potassium,  cal- 
cium, or  other  metals,  with  an  excess  of  eithct 
acetic  acid,  stearic  acid,  or  phenol,  in  presence  of 
a  dehydrant,  are  shaken  with  tho  solid  pineiio 
hydrochloride  (Fr.  Pat.  382790,  1906);  by 
heating  pinene  hydrohalogenides  with  fatty 
acids  and  a  halogen  compound  of  zinc  in  presen*  u 
of  cobaltoua  chloride  or  other  nutabk  inorganic 
salt  (Eng.  Pat.  22129,- 1907). 

(For  analyses  and  pointM  of  difiference  between 
natural  and  commerotal  ^nthetio  camphor.  Aee 
OnoM  and  Joyce  (J.  SocGhem.  Ind.  1907, 386), 
aod  Lolunann  (Ber.  deut.  Pharm.  Ges  19,  222).) 

Latvo  camphor  i  Matricaria  camnhor. 
This  ounphor  ooeon  naturally  in  the  volatile 
oil  of  Feverfew.  Ptfrethrum  Partheninm  (Sni.) 
(Chantard,  Compt.  irend.  37,  166) ;  and  in  the 
oO  o1>tained  from  the  fraah  twigs  and  leaves  of 
Artrmisia  nana  (Pursh.)  (Whittelsey,  Chem. 
Zentr.  1909,  iL  2160).  It  oan  be  prepared  by 
oxidation  of  oaranhnie  ohtdoed  nom  Invoro* 
tatorv  pinf  nr  (Iliban,  Bull.  Soc.  chim.  24,  19), 
and  by  oxidation  of  /-bomeol  with  nitric  acid 
(Pope  and  Harvey,  Chem.  Soo.  Tnoa.  7^  76). 
It  differs  from  common  camphor  only  ill  its 
behaviour  towards  polarised  light. 

Tlie  following  an  the  moat  important  vola- 
tile  oils  which  contain  isomerides  of  camphor: 
Arbor  vitctf  Thuya  occidentalis  (Linn.).  Thujol 
(JtAam,  Arch.  Pharm.  221  748):  Chamomile 
AnihemisnobilM{Lim\.),Anth>  mnJ(Kj<\n^,An nalen, 
195,  95) ;  Cowbane.  CictUavirosa  (Lmn.)  (Trapp, 
J.  1868, 444) ;  Galbannm,  one  of  the  products  of 
the  distillation  of  galbanum  resin  (Kaehler,  Ber. 
4,  39;  Mussmer,  Annalen,  119,  257);  German 
CSiamomile,  Matricaria  chamotnHla{  Linn.  ^  ( Kaeh- 
ler. Ber.  1.  30;  Bizio,  J.  18G1,  681);  Hyssop, 
Hy.<<sopus  oJficimUm  (Liiiii.)  (Schmidt,  Ixjhrlb.  Ph. 
Cb.  2, 830);  Elecampane,  Itmla  Heknium  (Linn.), 
Inuln,  or  Alant  camphor,  a  liquid  with  thi?  odour 
of  peppermint,  which,  when  treated  w  ith  phos- 
phoric anhydride,  yields  cymene,  and  with 
chromic  acid,  tcrcphthalic  acid  (KiiUcn.  JWr.  9, 
154)  :  NutmeL',  Myrijitica  Jragram  (lluutt.), 
Myristiool  (Wright,  Her.  6,  147);  Penn3rroyal, 
Mentha  Pulegium  (Linn.)  (Kane,  Annalen,  32, 
286;  Butleroti.  J.  1854,  594) ;  Pichurim  Beans, 
Sectandra  Puchury  (Nees),  (MtiUer,  J.  1863, 
ril4)  :  Sage.  Salvia  oJjkinnUM  (Linn.),  m.p.  174*  ; 
h.p.  205°  (Muir,  Chem.  Sik\  Trans.  37,  t>78);  and 
Wormwood,  Artimi.sia  Absinthium  (Linn.),  Ab- 
(Beilstein  and  Kupffer,  Annalen,  170.  21K)). 

The  more  important  homologucs  of  c  ommon 
oaniphor  are: 

Matico  camphor  Ci,H,„0,  contained  in  the 
volatile  oil  of  matico  leaves.  Piper  angmtijolium 
(Ruiz  and  Pavon),  which  on  standing  deposits  the 
camphor  in  cr^'stals;  m.p.  94°.  Concentrated 
hydrochloric  acid  colours  it  intense  violet,  chang- 
ing to  blue  and  green  (Kilsler,  Ber.  16,  2841). 

Cedar  camphor  Cj^HkO,  a  crystalline  mass 
obtained  from  the  volatile  oil  of  Junipcrua 
virginiana  (Linn.):m.p.  74°,  b.p.  282°.  Yields 
cedrene  C,sHj4,  when  treated  with  phosphoric 
anhydride  (Walter,  Annalen,  39.  247  ;  48,  35). 

Cxihefis  camphor  C,jHj,0,  a  constituent  of 
the  volatile  oil  of  the  old  fruits  of  the  Fiper 
Cvbeba  (Unn.).  The  crystals  melt  at  68*7^-70" 
l\y.).  nn°  fS.l.  r.T'  fS.  and  \V.)  ;  h.p.  148°  fS.V 
Dehydrated  by  bulphurio  acid,  cubtbenc  Cj^ilj^ 


is  formed  (Blanchet  and  Sell,  Annalen.  :  : 
Winckler,  ibid.  8,  203  ;  Schmidt,  Zeita.  I.  Lt  L 
1870,  190  ;  Schaer  and  Wyss,  J.  1875,  497). 

Ledum  camphor  CisH^O  (?),  obtained  frxr 
the  volatile  oil  of  Marsh  Tea,  Ledum  paluii' 
(Linn.).  Needles,  m.p.  KH'-IOS"  ;  b.p.  iHt,  Bj 
the  action  uf  phosphoric  anhydride,  the  «ifi>- 
terpene  C.^H,,  is  formed  (Rizxa,  J.  B.  19,219; 
Trapp,  Ber.  8,  542  ;  Hjelt  and  ObDaB,  Ml  IS, 
2501;  Ujelt,  t&id.  28,  3087). 

Palehouii  camphor  C^Hg^O  (?),a  crysUlbv 
camphor  contained  in  tho  volatile  oil  of  P.-^- 
stemon  Heyneanus  (Benth.) ;  m.pi.  64°-69° ;  ^.g, 
206*.  By  the  action  of  acetic  anhydride  ikbM 
water  and  forms  paUhoidmc  C,  ^H,,  (OJ.  Compt 
rend.  1869,  68,  406 ;  Montgoifier.  BoIL  Sou 
chim.  28,  414 ;  Maisch,  Amer.  J.  Phann.  18M, 
84). 

Sandalwood  camphor,  SantaUd,  a  lipoid  cast- 
phor  oMained  from  the  volatile  oB  of  teiribB 

album  (Linn.);  b.p.  310"  (Chapoteaut,  M.8k 
chim.  37, 303).  Santalol,  known  oommeni^r* 
gonorol,  prepared  from  aaadalwood  hy  bssntf 

with  a  little  alcoholic  potash,  contains,  heakf 
sesquiterpenes,  an  alcoholic  constitneBt  vitick 
oan  be  separated  into  ■•saatalol  and  g-iaatsy 

a-Santalol  C,iH,,OH  forma  the  chief  constituea: 
of  the  oil  It  is  a  thick,  colourless  liquid  vitii » 
faint  odoav  ol  aaadalwood,  b-n.  SOI'-M*. 

feebly  dextrorotatory.  ^-SantaJoI  i.<!  isoia«"4- 
with  a-santalol  and  is  Icvorotatozv  (Soden  »ad 
M&ller,  Chem.  Zeotr.  L  lOtt;  Sodis. 

Arch.  Pharm.  238,  353). 

Thyme  and  allied  camphors.  TAymoj  Ci,U,40, 
f.«.  C,H,  Me-(OHVPlf.  f  1 J  $ :  4]. 

Thymol  is  a  constituent  of  the  voIatQ'  cTi 
of  Ajowan,  Carum  coUicum  (Bentii.  and  BcfLi 
(Haines,  Chem.  Soc.  Mem.  8.  289 ;  Stenkocw, 
Annalen,  98.  209  and  307  ;  Muller,  Ber.  2. 130): 
Garden  Thyme,  Thymus  vulgaris  (Linn.)  (Doted, 
Annalen,  64,  374  ;  Lallomand,  Ann.  CtdBL  flija 
[3\  49,  148);  Horse  Mint,  Monarda  pualMt 
(Lmn.)  (Arppe, Annalen,  58. 41), and  togethawill 
carvacrol  in  Wild  Thyme.  7'AymiM  SerpfHu» 
(Linn.)(Jahns,  Ber.  15,819;  l-Vhrc.  J.  1881,  lOS'* 
To  extract  it,  the  oik  are  shaken  uith  a  soluthc 
of  oaustSo  soda,  when  the  thymol  pa&ses  into  '.he 
nqneouR  portion  in  the  form  of  a  soluWe  <xi'un! 
sait.and  is  thus  separated  from  the  hydr(x;*rU*i 
The  alkaline  solution  is  acidified  with  hvdn>> 
chloric  acid,  which  precipitate-*  the  cri^ie 
camphor.  It  maj  then  be  purilied  by  crjatailba- 
tion  from  glacial  acetic  acia  or  alcohol.  Anotbtr 
plan  is  to  submit  the  oils  to  fractional  distOlatwe 
and  to  precipitate  the  thymol  from  the  iiesTicr 
portions  of  the  distillate  by  the  iq^lioatim  <f 
oold  {v.  Oils,  Essential). 

Toymol  has  the  odour  of  thyme  and  s  van 
pungent  taste ;  m.p.  60^ ;  b.pi.  Stt**  (Stenhouw 
230°  (Lallemand).  It  is  sparinglv  soluble  ui 
water,  but  very  soluble  in  alcohol,  ether,  iod 
alkaline  solutions.  It  form.*  a  liquid  with  icfc- 
thol  (Kyle,  Amer.  J.  Pharm.  1885,  429),  campbor 
(Symes,  Pharm.  J.  [3]  9,  598),  berberine  (LJori 
New  Remedies,  1881,  195),  but  not  with  chl'  ri' 
hydrate  (Symes;  cf.  Maszara,  Gazz.  chim.  iui 
13,  272).  If  a  solution  containing  thymol  k 
warmed  with  half  itb  volume  of  glacial  acetic 
together  with  more  than  its  volume  of  soJp^ 
acid,  a  deep  red-violet  oolonr  is  developed  lUi 
reaction  is  obtained  even  in  very  dilute  solutioai 
(iiobbert,  J.  Xh.  1881,  109  j'-Wol8,v2siti^e 


CANDLES. 


021 


22,  06).  (For  other  test  reactions, 
set  Stormer  (Arch.  Pharm.  [3]  25,  36  ;  Pharm. 
Zeit.  31,  744  ;  Hirachaohn,  Pharm.  J.  [3]  12,  2i). 
For  colour  reactions  with  migara,  v.  lindo  (CSMin. 

News,  55.  239).) 

Phosphoric  anhydride  splits  the  thymol 
molecule  into  prapylene  C^a^  sad  m-  eresol 
C,H4Me  OH[l  :31.  Phosphorus  pentasulphide 
deoxidises  it  with  the  formation  of  p-  cymenf 
(\,H«-Pr-Mefl:41  (Fittica.  Annalen.  172,  306). 
Well-defined  miLs  are  formed  with  sodium 
C,oH,,-ONa,  mercuru  C,oH,3-HgOH,  and  alu- 
minium (C,oH.,0)tAL  IBv  the  action  of  nitrous 
acid  on  thvmol,  i«oni1roaoikymol  C,oH,,(N*OH)0 
is  obtained  in  yellow  needles  (Schiff,  Ber.8, 1600), 
and  fnun  this  compound  nitroth^moL 

C,„H,3(N0,)0 
(Schifif)  and  aminoth^nol  C,oH,,(NH,)0  are  de- 
rived. Methyl  eiher  C,oH,,OMe  (Engelhardt  und 
Latschinoflf,  "Zeitsch.  f.  Chem.  1869,  43) ;  Ethyl 
ether  C,oH,,-OEt  (.Jungfleisch,  Zeitsch.  f.  Chem. 
1866,  632);  AceiaU  C,oH,,-OAc  (Patemb.  Bull. 
Soc.  chim.  25,  32);  BemoaU,  C,oH,,-OBz  (E.and 
Z.);  Carbonate  (C,oH,,0),CO  (Richter,  J. 
Chem.  [21  27,  605);  Fho-ophates  (C,oH,sO) 
(E.  and  L.).  (C,„H, 30)jHO.PO  (Kreysler,  Ber. 
18,  1705;  Di^ako,  Gazz.  chim.  ital.  15, 280), and 
(C„H,,OKHO)»PO 

(D.,  loc.  cil.). 

For  estimation  of  thymol  in  essential  oils, 
Kremera  and  Schreiner  fchcm.  Zentr.  1807,  li. 
147)  recommend  the  following  process :  A 
known  weight  of  the  sample  is  mixed  in  a  glass- 
8top)x>red  burette  with  an  equal  TolniDe  of  light 
petroleum  and  agitate<l  with  6  p.c.  aqueous 
potash  till  no  further  diminution  of  the  oily  layer 
takes  place,  and  a  dfop  ct  th»  oil  dinolred'  in 
20  drone  of  chloroform,  on  genUy  warming  with 
a  smallpiece  of  sodium  hydroxide,  does  not  turn 
ted.  Tne  alkaline  liquid  can  be  titrated  with 
iodine,  but  it  appears  the  results  obtained  by 
titration  are  about  3  p.c.  lower  than  the  decrease 
in  volume.  (For  iodomctric  estimation,  MS  oitO 
Messinger  (J.  pr.  Chem.  [2]  61.  247).) 

Thymol  is  used  in  medicine  as  an  anti- 
septic. 

Camphors  isomeric  with  thyme  cam- 
phor, Carvoi  C,oH,,-OH  is  a  liquid  isoroeride 
contained  in  the  following  volatile  oils  :  Caraway- 
seed,  Carum  carvi  (L.)  (Volckel,  Annalen,  S6, 
246)  •  l>iD>friiit,  Peueedanum  graveokns  (Hiem) 
(Nietzki,  X.  Handb.  Chem.  2.  986) ;  Spearmint. 
Meniha  viridis  (Linn.)  (Gladstone,  J.  1863,  648), 
and  Crisped  Mint,  Meniha  aqwUica  (Linn.) 
(Schmidt. T>  hrb.  Ph.  Chem.  2. 845).  Carvol  i.idi.s- 
tin^ished  from  other  constituents  of  volatile  oils 
by  Its  power  of  eomhinincr  directly  with  sulphur* 
<  tf(><l  hydrogen  to  form  the  crj-stalline  hydroisul' 
phide  (C,„H,«0),H,S  (c/.  Fluckiger.  Ber.  9,  408). 
Cmrmerol,  cyynop'henol  (C,H3  Me  (0H).Pr)[  1:2:4] 
i^athickoii  closely  related  r  hemically  in  thymnl. 
It  is  formed  by  distilling  carvol  in  presence  of 
solid  phosphono  aeid  or  caustic  potash,  and 
occurs  in  tne  following  volatile  oils  :  Origanum 
hirium  (Linn.)  (Jahns,  J.  1870»  042)  ■  Satureia 
hoHenm*  (Linn.)  (Jahns,  Brr.  18,  810) ;  8,  mon- 
tfina  (Linn.)  (Haller.  Bull.  Soc.  chim.  37,  411); 
and  Thymus  SerpyUum  (Linn.)  (Jahns,)  {v.  al60 
Tnram).  A.  8. 

/«o  CAMPHOR  I'.  Ketones. 

CAMPOBBLLO  YBLLOW  v.  Narumu.£Mi: 
cuLovBoro  MAtma. 


CANADA  BAUAM  «u  Bauain;  and  Oiao. 

RESINS. 

CANADA  PITCH  or  HEMLOCK  SPRUCE 
BESIN  V.  Uksins. 

CANADOL.  Petroleum  ether  or  ligro'in. 
That  p<jrtion  of  refined  petroleum  which  boils 
at  about  Ou-  unil  ha.s  Hp.gr.  of  0-66  to  0-70  consists 
mainly  of  normal  hesojie  (v.  PaBAvnx;  and 
Petroleum). 

CANANOA  OIL  v.  Ona,  Bbsiktial. 
CANARIN.  A  yellow  colouring  matter  ob- 
tained by  the  action  of  bromine  or  a  mixture  of 
potassium  chlorate  and  hydrochloric  acid  or 
ammoninm  senulphate  upon  potassium  or 
ammonium  thiocyanate ;  it  probably  oomdsta 
of  CgH.ON.ST  (Goldl>erg,  J.  pr.  Chom.  1901.  ii. 
63, 466  ;  64. 439;  c/.  U.  Scbmid,  Din^l.  poly.  J.261, 
41).  ( For  detai  s  of  modeof  preparation,t;.*M2.S6S, 
no  ;  also  J.  Soc.  Chem.  Ind.  3, 476.)  Cloth  dyed 
with  canarin  resists  light  and  soap.  Neither 
concentrated  aciib  nor  alkalis  destroy  it  or 
dissolve  it  out  of  the  fibre.  Bleaching  powder 
has  no  action  upon  it.   Acts  as  a  mordant  for 

I  basio  aniline  dyes. 

CANDELILLA  WAX.  A  wax  obtained  from 
Candeiilla  or  Mexican  wax  plant,  growing  in  a 
number  of  Mexican  states.  Hard,  opaque,  and 

I  colourless  solid ;  sp.gr.  0-9826 ;  m.p.  67*-fi8°. 
Soluble  in  chloroform  and  carbon  disulphide. 
Appears  to  consist  largely  of  pentriaoontane 
CjiiH^j  f>ec  Waxes. 

CANDLES,   (handles  represent  some  of  the 

\  most  ancient  and  most  useful  forms  of  ilhimi* 

i  nants.    The  excellence  of  a  candle  depends  on 

'  the  nature  of  the  wick  and  of  the  combustible 
matter,  and  on  the  manner  and  extent  in  which 

i  thP5ie  are  apportioned.  The  prototjlMJ  of  the 
candle  was  undoubtedly  the  torch,  which  must 
be  regarded  as  a  huge  wick  with  the  minimum 

I  amount  of  comhu'^tible  matter,  this  proportion 
being  gradualiv  altered  until  the  ratio  used  at 
present  vis.  aoont  1  part  wick  to  00  parts  xA 
oomboitihla  matter,  is  reaohed* 

TUfiMowimg ta&ls shows  the  slagu imth^iMdop- 

meni  of  canoes. 

Torch.    Pino  branches  or  slips  (Lat.  lada), 

saturated,  naturally  or  artificially,  with 

resinous  or  fatty  matter. 
Link.  Rope-strands  steeped  in  rosin,  tar,  or 

pitch  ;  in  olden  times,  doubtless,  in  asphalt 

or  bitumen, 
flambeau.  Aooreof  hemp,  soaked  in  rosin 

and  ooated  with  crude  beeswax.  Later, 

the  outer  coat  wa.s  mad"-  nf  bleached  wax. 

D  ip  s.  Wicks  of  rush-pith  (rush-lights),  crude 
flax  or  cotton,  and  subseouently  of  twisted 
cotton  yarn,  coated  with  beoawax  or  tallow 
1^  repeated  dippinga 
Moulds.  (Introducedabont the  16th century 
by  the  Sieur  de  lirez.)    Hard  tallow,  sper- 
maceti, stearine,  or  para^  wax,  oast  round 
the  wick  in  a  mould. 
Tu  addition  to  these  varieties  raav  be  men* 
tioned  roiUd,  wured,  and  draten  candles. 

Dipt,  the  eneapest,  as  weD  as  the  oldest  form 
of  candle,  were  made  until  comparatively  latdy 
of  tallow  or  household  grease.  Beeswax  candlea 
were  mostly  poured,  drawn,  or  roOed.  The 
;jreat  advnntncro  of  the  '  dip  '  lies  in  the  ease 
with  which  it  can  be  made.  The  thrifty  house* 
keeper  was  wont  to  set  aside  the  g^fJIIffl^^^^^Qogle 
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kitchen  fat  for  melting  day,  when  part  went  to 
make  soap,  whilst  the  harder  portions  were 
formed  into  candles.  The  fat  was  thrown  into 
boiling  water  and  boiled  three  or  four  times  with 
a  little  salt  to  '  render  '  it.  The  dirt  and  im- 
purities being  removed  by  subsidence,  the  clean 
liquid  (at  was  run  through  a  strainer  into  the 
candle  pan.  Some  iikill  and  experience  were 
required  to  regulate  the  temperature  of  the 
melted  fat.  If  too  hot.  the  liquid  fat  would  run 
off  the  \<'ick8  ;  if  too  cold,  the  material  would 
congeal  too  quickly  and  adhere  to  the  wicks 
irregularly  and  in  lumps.  In  households  these 
would  be  rushes,  divested  of  their  peel  with  the 
exception  of  a  thin  strip  which  was  left  to  give 
strength  to  the  pith.  These  were  usually  tied 
in  bunches  of  four,  ho  that  one  wick  could  be 
held  between  each  pair  of  fingers,  and  thus  l)e 
immersed  in  the  liouid  fat.  A  short  time  was 
flUowed  after  each  (lipping  to  cool  the  last  coat. 
Four  dippings  mostly  sufficed,  when  the  linished 
candles  were  hung  up  in  an  airy  loft  to  harden 
and  whiten. 

In  dips  as  manufactured  on  a  large  scale,  the 
wicka  are  of  twisted  cotton,  and  are  strung  on 
rods,  each  rod  holding  eight.  The  workman, 
holding  an  end  of  the  rod  in  either  hand,  first 
immerses  the  wicka  in  very  hot  tallow,  in  order 
that  their  fibrea  may  be  thoroughly  saturated, 
and  then,  aa  each  rod  is  ready,  it  is  slid  on  to  a 
cross  frame  to  cool ;  the  wicks  are  then  re- 
dipped  in  tallow  at  a  temfH-rature  little  above 
ita  solidifying  point,  till  the  desired  weight  ia 
obtained.   As  a  rule  four  'dippings'  are  rcquireil. 

Many  devices  exist  for  retlucing  labour  and 
ensuring  uniformity  of  result  in  manufacturing 
dips.  Of  these  contrivances,  the  '  Edinburgh 
wheel '  is  the  best  known.  It  consists  of  a  long 
pole,  pivoted  vertically,  and  having  mortises 
cut  about  its  centre  through  which  pass  long 
wooden  bars,  each  pivt)ted  at  its  centre  on  an 
iron  pin.  These  bars  carry  frames  at  their  ex- 
tremities, each  of  which,  in  their  turn,  holds 
about  eight  wick-rods.  The  iwst  revolvea, 
and  aa  each  bar  with  its  frame  passes  over  the 
melting  pan,  it  is  pul]e<l  down,  s<j  as  to  immerse 
the  wicks.  The  opposite  frame  restores  equili- 
brium, and  the  rotating  and  dipping  are  pro- 
ceeded with  until  the  proper  weight  is  obtained, 
which  is  signalled  by  some  contrivance  on  the 
I>ost,  itself  the  object  of  much  inventive  in- 
genuity. The  most  perfect  apparatus  of  this 
kind  was  patented  by  Price's  Candle  Company 
and  worked  at  the  Inventions  Exhibition  in 
London  in  1885. 

Rolled,  poured,  and  drawn  candles.  Rolled 
candles  arc  now  almost  obsolete.  Formerly,  the 
larger  sizes  of  church  candles  were  made  by 
'  rolling  '  a  cake  of  warm  wax,  kueade<l  until  it 
was  plastic,  round  a  wick,  and  imparting  the 
nccessarj'  smoothness  and  uniformity  by  mean8 
of  a  rolling-pin.  This  process  has  now  been 
entirely    sup<.*rseded    by    that    of    '  pouring.' 

Drawing  '  is  resorted  to  only  in  the  case  of 
cables  of  small  sizes,  and  tapers. 

In  'pmiring,  a  similar  apparatus  to  that  used 
in  dipping  is  employed,  but  instead  of  the 
wicks  being  dipped,  the  melted  beeswax  is 
poured  over  them  whilst  the  frame  is  kept  in 
rotati(»n  ( Kig.  1).  In  the  larger  sizes,  the  wicks 
have  to  be  reversed  from  time  to  time  to  ensure 
a  uniform  thickness.    The  workman  ascertains 


the  correct  dimensions  by  measuring  with  i 
piece  of  t^pe.  After  every  two  or  three  poarint*. 
according  to  the  weather,  the  hoops  are  hun^  c 
a  current  of  air  to  cool.  When  tne  candles 
of  the  requisite  thickness,  they  are  severed  froc 
the  frame  and  placed  on  a  smooth  marble  iLb 
The  o|)erator  then  rolls  them  to  and  fro  under  t 
board,  on  which  he  leans  with  his  full  weigfat 
By  this  process,  which  requires  much  skill  and 
practice,  the  irregularities  are  smoothed  aw»T, 
and  the  candles,  in  the  hands  of  a  .<ikilful  iroci- 
man,  assume  the  evenness  of  outline  of  mooIiM 

cnndle^.  with  a  peeoykr 
softness,  inde«wrrib«hir. 
though  uni 
when  once 
The  ends  of  the  i 
are  now  cut  cJ 
a  sharp  knife,  j 
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tips  shaped  with  the  finger  and  a  small  strip 
oi  wood. 

Obviously  this  process,  which  involve*  mwh 
skilled  labour,  must  render  liceswax  candled  rrrj 
expensive.  They  are,  indeed,  the  most  costly 
form  of  illuminant.  Their  use  ia  confined  to 
churches  and,  to  a  small  extent,  to  carria^ 
lamps,  in  which  formerly  no  other  candle  could 
}>c  employed,  by  reason  of  the  strong  spring, 
although  now  several  efficient  substitutes  exist 
and  are  in  use. 

To  understand  the  favour  which  beeswax 
continued  to  enjoy  long  after  the  introduction  ol 
stearine  and  paraffin  wax  candles,  which  are  not 
only  much  cheaper,  but  give  a  better  light,  we 
must  take  several  circumstances  into  accoant. 
The  first  and,  doubtless,  the  most  cogent  fact 
lies  in  the  sharp  contrast  which  formerly  ob- 
tained between  beeswax  and  tallow,  a  contrast 
which  finds  mention  in  many  a  tale  of  social  life, 
even  ai!  far  back  as  the  times  of  Haroun  Alras- 
chid.  The  candle  at  one  period  was  absWutelT 
the  only  means  of  illumination  available.  anJ 
formed  a  verj"  considerable  item  in  the  houi«eh<>kl 
expenses.  As  only  the  rich  could  afford  this 
luxury,  the  beeswax  candle  became  intimately 
associated  with  the  other  signs  of  wealth,  si 
essential,  indeed,  as  arms  or  silver  plate.  The 
introduction  of  spermaceti,  in  the  middle  of  the 
18th  century,  greatly  affected  the  use  of  beeswax, 
and  this  was  quickly  followed  by  the  adoption  di 
gas  in  houses.  Within  the  last  decades,  the 
electric  light  has  replace<l  both  beeswax  and 
spermaceti  candles  in  houses  where  for  centuries 
no  other  light  was  known. 

To  adapt  the  beeswax  as  it  comes  from  the 
hive  to  the  requirements  of  the  chandler,  bat 
little  is  needed  beyond  the  ordinary  ileansing 
processes.  The  clean  beeswax  is  run  from  the 
*  copper '  over  a  rapidly  rotating  drum  into  cold 
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w«t«r,  by  whieh  means  it  hecomos  divided  into 
tine  ehavingss.  The.se  are  exposed  to  thi;  in- 
flucmes  of  fliin  and  air  for  several  \\et'ii.-,  witli 
occasional  re-nieltings  luid  jKmrinp;s,  after  which 
'tZUB  now  cieam -white  wax  i.s  ready  for  use. 

Dravm  candkt  are  made  hy  dm  wing  a  con* 
SBiderablo  length  of  wick  thr(»uf.'h  a  pan  of  bees- 
\va.x  (  V\)L.  '1),  maintained  a1  i\  n  tiiilated  tempera- 
(pwre  by  (tire  or)  steanu  The  wick  is  wound  f  rnm 
erne  drtim  on  to  another.  As  it  leaves  the  ])an, 
it  traverses  a  folate  perforated  with  hoks  in- 
cxreaaing  from  cue  sixteenth  of  an  incii  to  half  an 
inflli  in  diameter,  whereby  the  superfluous  wax 
is  stripped  otT.  the  roateti  wirk  a.s  it  cmerL'es 
being  of  the  diameter  of  the  hole.  When  the 
-wick  is  all  wound  off»  the  drums  are  reversed, 
tb«  end  of  the  coated  cotton  passed  through  the 
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iioie  next  in  size,  and  the  operation  continued 
till  the  requisite  thickneftH  is  obtained.  This  »« 
xcldoiu  over  half  ..i.  i.-.L,  ....  lLl  : Mi,^ 
increases  considerably  with  the  diamoter  of  the 
cable;  In  fact,  thi«  process  is  resorted  to  mainly 
for  manufacturing  *  spills  '  or  lighting -wick 9  and 
the  little  tapers  used  for  decorating  Christmas- 
trees,  but  here  also  atoArine  In  the  fbnner  and 
paraffin  wax  in  the  Utter  hftT6  gradually  dis- 
placed beeswax. 

JlMiU<%mdlw.— The  chief  variety  of  candles 
now  made  are  mould  candles.    In  order  to 
ensure  the  proper  burning  of  a  candle,  great 
attention  must  be  bestowed  upon  the  prepara- 
tion of  the  wick,  Avhich  is  to  the  candle  what  fli<« 
burner  \a  to  tiic  ga«.    Till  about         the  ouJy 
wicks  used  were  made  of  twisted  cotton  yam, 
*»ti]l  to  be  seen  in  talluw  dij)s.    No  inc'rv  for 
consuming  the  witk  bting  employed,  tjnutlers 
bad  to  be  used  to  remove  the  charred  and  glow- 
ing cnfl.    Several  expedient.*?  were  devi.sed  to 
bring  the  ui<  k  auloumlioally  into  contact  with 
the  air,  and  thus  cause  it  to  be  consumed  as  the 
candle  burnt.    The  best  of  these  consisted  in 
twisting  the  wick  round  a  rod,  and  wlulc  in  a 
state  of  i^nmoa^  coating  one  side  with  size  or 
other  .''tiffeninp.    This  imparted  a  tendency  to 
turn  outward»  and  curl  over,  whirh  to  a  great 
extent  obviatefl  the  nt<e  of  nnutfers.    r.dnier,  in 
1852,  invented  a  .sinipli  mm  uis  for  achieving  the 
i^uie  result  more  tlioioughlv  by  introducing  a 
fine  thread  coated  with  metallic  bismuth  into  the 
substance  of  the  wick,  which  thread  he  calle<l 
the  '  doctor.'    When  ignited,  the  easily  fusible 
metal  formed  a  gl«)hule  on  the  end  of  the  cotton, 
which  by  its  weight  bent  the  wick  out  of  the 
fiam©  into  the  air,  when  the  oxygen  could  com- 
Mni   with  the  incandescent  carbon,  whilst  the 
blsuiuth  M-as  volatilised.    So  successful  was  this 
device,  that  Palmer's  '  metallic  wick  '  candles 
achieved  great  popularity,  et<pecially  for  burning 
in  candle  lamps,  for  which  large  candles,  some- 
times weighing  two  pounds,  were  employed. 


The  same  ilevice  was  again  patented  in  Ucrmany, 
by  Varenkamp,  as  late  as  1899. 

But  the  introduction  of '  braided  '  or  '  plaited ' 
wicks  by  Cambac^res  (in  1826)  rendered  such  pre- 
I  cautions  uimecessary,  the  flat  form  of  the  wick, 
as  now  made,  impartintc  a  sufficient  tendency  to 
curve  and  bend  outside  the  flame,  where  the 
cotton  can  bum  completely.  Now  all  except 
tallow  dip  candles  are  provided  with  these 
cores. 

Before  the  wick  can  be  used  by  the  candle 
maker,  it  has  to  bo  *  pickled/  soaked  In  a 
solution  of  certain  chemicals,  whieh  vary  with 

the  nature  and  puri)o»e  of  the  cotton.  The 
preparation  of  these  solutions  forms  one  of  the 
ohia  items  in  the  manttfaeture  of  a  good  candle, 
and  to  carry  it  out  thoroughly  deniands  con- 
siderable  practical  experience;   for  the  wiek 
itself  vtaAm  muoh  I0  its  oompontlon,  cspecialty 
n.s  regards  the  percentage  of  mineral  juatter. 
The  plait*  too,  will  vary  in  tigbtnesSy  however 
carefully  woven.   Then  again,  a  paraflbi  candle 
n  rjiiircs  a  thin  wick  to  check  a  too-rapid  supply 
of  the  Uquid  fueL   A  beeswax  or  sperm  candle, 
on  the  other  hand,  where  tin  mMted  material 
is  less  mobile,  or  has  left.s  tendency  to  smoke, 
needs  a  thicker  wick,    i'he  nature  of  the  com 
bustible,  its  melting-pointy  ▼isooeity,  and  burn- 
ing po^  rrs  ;    the  compounding  of  a  suitable 
material  bv  mixing  candle  materials  from  several 
8ourc«i ;  the  seleonon  of  a  wiek  that  in  number 
of  threads,  structure,  and  substanrr  adapted 
to  the  special  material  chosen ;  the  subset^uent 
I  treatment  of  this  with  such  salts  as  will  covreot 
or  enhance  it.<i  tendencies ; — these  nro  some  of 
the  pomts  which  must  be  considered  before  pro- 
ceeding with  the  more  meehanieal  operattons 
involved  in  candle  making. 
<      The  wicks,  which  arrive  at  the  factory  from 
the  cotton  nnnner  in  hanks,  are  ^placed  two  or 
three  days  before  being  wanted  m  the  appro- 
priate pickling  solution.   The  object  of  '  pick* 
ling '  the  wick  is  to  counteract  either  *  ashing  * 
or  *  smoking,'  two  great  defects  to  wlneh  tne 
candle  is  liable.    The  '  pickling  '  retards  the  too 
rapid  combustion  of  the  cotton,  and  vitrifies  it 
slightly,  so  that  when  tlie  wick  protnides  from 
the  flame  any  ash  can  drop  oil  readily.    In  order 
to  ensure  tne  ready  lignting  of  a  candle,  it 
has  been  proposed  (Haase,  Fr.  Pat.  342527) 
to  impregnate  the  protruding  end  of  the  wick 
with  a  solution  of  celluloid  in  acetone.  Borax, 
nitre,   sal  ammoniac,   p<ita5Hium   chlorirle  or 
chlorate^  and  ammonium  phohpiiate,  are  the 
principal  salts  employed  for  pickling;  though 
almost  every  manuracturer  has  his  own  recipe. 
The  proportion  of  the  salt  to  water  is  usuaUy 
about  2  oz.  to  1  quart.    The  wicks  are  steeped 
in  the  solution  for  about  24  hours,  after  which 
they  are  pliieed  on  a  perforated  shelf,  to  allow 
the  bulk  of  the  liquid  to  drain  off,  and  then 
transferred  to  a  centrifugal  machine  rotating  at 
H  speed  of  nearly  1000  revolutions  a  minute, 
where  the  residual  water  is  expelled  without  the 
slightest  torsion  "r  other  di^turhanee  in  the 
structure  of  the  threads,  which  would  be  ahnotit 
inevitable  in  any  other  procen.   The  hanks, 
still  slightly  damp,  arc  placed  in  a  cupboard 
heated  by  atenm,  and  tinallv  hung  up  in  an 
airy  room  until  required.    The  amount  of  salt 
remaining  in  the  fibre  must,  of  course,  be  very 
small,  but  it  is  quite  sufficient  itf^,iin§Jf<tF®^oogle 
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materially  the  burning  of  the  candle.  The  wick 
is  next  transferred  to  the  spools,  from  which  it 
passes  to  the  moulding  machine.  This  task  is 
performed  by  boys,  who  wind  the  wick  off  the 
nank  previously  stretched  on  a  circular  rotating 
frame,  on  to  '  spools  '  or  bobbins  on  spuidles 
(Fig.  3).  As  they  wind,  they  let  the  ^ick  run 
through  their  fingers,  to  detect  any  knots  or  other 
irregularities,  which  might  interfere  with  the 
burning  of  the  candle.  The  spools  are  now 
ready  for  transpKirt  to  the  machine,  invented  by 
("ahouet  in  1850.  The  old  *  hand-frame,'  the 
forerunner  and  prototype  of  the  present  compli- 
cated apparatus,  consists  of  a  cluster  of  pewter 
moulds,  introduced  in  1724  by  Freitag,  held 
together  by  wooden  collars  at  either  end.  Each 
mould  is  traversed  longitudinally  by  a  wick, 
which  is  secured  by  a  peg  at  the  top  and  wire 
at  the  base,  and  it  has  t/>  be  pro- 
vided with  a  little  l<jop  of  cotton, 
through  which  a  wire  u  passed. 

The  butt  ends  of  the  moulds 
oi>en  into  a  trough  about  1  inch 
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deep.  Intr>  this  the  hot  material  is  poured  until 
it  is  quite  filled,  and  the  whole  frame  is  then 
placed  in  a  tank  of  water,  the  temi>erature  of 
which  varies  with  the  quality  of  candle,  as  will 
be  explained  presently.  When  quite  cold,  the 
candles  are  removed  from  the  pipes  by  simply 
inverting  the  frame,  the  cake  of  supertluous 
candle  material  having  been  previously  scraped 
off,  and  the  wires  and  ix^gs  withdrawn.  As 
the  pipes  are  made  slightly  conical  and  as 
the  substance  shrinks  in  cooling,  there  i-j  seldom 
any  difficulty  in  cniptying  the  frame  ;  if  one 
or  two  of  the  candles  should  refuse  to  leave 
the  moulds,  a  slight  tap  with  a  mallet  speedily 
loosens  them.  This  methixi  is  obviously  slow 
and  cumbrous,  and  were  it  not  that  some  buyers 
will  have  liand-made  goods,  also  that  a  few  odd 
sizes  for  which  it  would  not  be  worth  while  to 
keep  special  machines  can  only  be  made  in  hand- 
frames,  these  frames  would  have  been  abandoned 
long  since.  A  hand-frame  can  be  filled  and 
emptied  once  an  hour,  whilst  a  modem  macliine 
will  do  thrice  the  amount  of  work  in  the  same 
time. 

Fig.  4  represents  a  candle  machine  of  nuKlern 
manufacture,  for  making  candles  with  ordinary. 
I.e.  not  self-fitting,  ends.  It  embodies  the  com- 
bined inventions  and  improvements  made 
8ucce8.sively  by  Sampson  (Eng.  Pat.  2108,  171)6); 
Binns  (Eng.  Pat.  2488,  1801);  Morgan  (Eng.  Pat. 
fi610.  1S34);  Tuck  (Eng.  Pat.  7409,  1837); 
Palmer  (Eng.  Pat.  12077,  1848);  Cowixjr  (Eng. 


Pat.  1988,  1856) ;  Humiston  (Eng.  Pat,  in  thr 
name  of  Newton,  2541,  1857)  ;  Staintborp  iEag. 
Pat.,  in  the  name  of  Pitman,'"2550,  1857)  ;  Stam- 
thorp  (Eng.  Pat.  740,  1860).  The  machine  cue- 
sists  mainly^  of  a  metal  tank,  a,  in  which  the 
pipes  are  fixed  with  their  butts  upc-niiu;  in  a 
trough  and  their  tips  emerging  below.  The  tips 
are  not  of  one  piece  with  the  moulda,  but  cat 
slide  up  and  down,  fitting  water-tight  vfaea 
dra'n'n  home.  The  motion  is  conimuuicated  by 
pistons,  D,  to  which  the  tips  are  soldered,  aod 
which  are  perforated  longitudin^dly. 

The  wicks  wound  on  the  above- men tiuoed 

rois,  which  rotate  on  a  series  of  spindles  *i 
base  of  the  machine,  pass  up  these  per- 
forations D.  The  tank  o,  which  surrounds  tike 
pipes,  is  preferably  connected  with  hot  and  cold 
water  cisterns,  or  with  cold  water  and  steam. 
The  moulds  are  made  of  pewter  (an  alloy  of  tin 
and  lead),  other  materials,  such  as  tin.  bra^b, 
glass,  &c.,  not  having  been  found  suitable  in 
practice.  Recently,  porcelain  moulds  have  been 
patented  for  paraffin  candles  (D.  R.  P.  1957U2I. 
but  it  is  very  unlikely  that  they  will  be  adopf^ 
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in  candle  works,  as  they  are  t<io  costly; 
moreover,  properly  cleaned  pewter  moulds  im- 
part the  same  lustre  to  a  candle  that  the  porce- 
lain mould  gives.  To  commence  the  operation 
of  casting,  the  wicks  are  drawn  through  the  pis- 
tons, tips,  and  pipes,  and  temporarily  secured  in 
the  troughs.  These,  and  the  moulds  opening 
into  them,  arc  now  filled  roughly,  merely  to 
afford  a  starting-point  for  the  wick,  and  emptied 
as  soon  as  the  material  is  cold.  To  effect  this, 
the  trough  is  scraped  clear  with  a  '  spud  '  (a 
blunt  knife  of  the  width  of  the  trough),  after 
which  the  handle  E  is  slowly  tumeii.  This  un- 
parts,  by  means  of  rack-and-pinion  gear,  a  vertic^ 
motion  to  the  pistons,  which  mount  up  the  pipes, 
carrying  the  dummy  candles  with  them,  and  un- 
winding the  wick  from  the  spools.  As  the 
candles  emerge  from  tho  pipes,  they  are  re- 
ceived in  a  clamp  frame  c,  which  is  held  open  by 
a  spring  handle.  When  the  tips  are  clear  of  thjp 
trough,  the  clamp  is  closetl,  gripping  the  candles 
firmly.  The  handle  is  now  turned  the  revenc 
way,  causing  the  pistons  to  descend  in  the 
moulds  till  the  tips  close  the  ends  securely. 
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Thus  the  wicks  are  left  in  the  centre  of  the  pipes, 
held  by  the  dnmmiea  above  and  tbe  apoolf 
below.    The  next  step  depends  on  the  nature  of 
the  nmtvrkl  used.    If  stearin  candlt^  art'  U>  l>e 
tnaxie,  t  he  tanks  are  charged  with  tepid  water, 
th«*  tciiifx  rature  of  which  the  operator  deter- 
miiiCii.  by  his  hand  in  preference  to  other  methods. 
The  reason  for  this  precaution  depends  upon  the 
Iii<j;hly  rrv^talline  structure  of  '  stcarii  '  a<;id 
(  "  stearin  '),  which  renders  it  liable  to  crack  if 
chilled  too  suddenly,  or  to  cryitellise  if  cooled 
too  slowly,  whereby  the  appearance  if  not  the 
Rtmcture  of  the  candle  would  be  impaired. 
Theref()re  the  melted  stearin  is  stirred,  with 
the   aid  of  simple  machinerj',  while  in  the 
melting  pans,  till  it  n<«sumes  the  consistency  and 
appearance  of  ^  r  i<  ]   in  which  state  it  is  trans- 
ferred to  the  '  jacks,'  cans  having  a  flat,  wide 
spout,  and  thence  to  the  moulds.    When  these 
are  full,  they  are  allowed  to  n-st  abmit  25 
minutes  until  they  are  sofliciently  hard  to  permit 
of  their  being  withdrawn  without  fracture.  The 
troughs  are  not  scraped  in  this  case,  as  the  top-n 
are  nard  enongb  il  the  ouidles  are  raised  2 
mcheft.   As  soon  as  the  pipes  are  filled  again 
and  the  material  t>rt  enough  to  hold  the  wick 
without  extraneous  aid»  the  upper  row  of  oandlcs, 
often  white  still  warm,  in  removed  into  trays 
where  they  cool  and  bleach.    This  tendency 
of  aliearia  to  cmck  was  a  great  obstacle  to  the 
suoeeM  of  these  eandles  when  they  were  first  in- 
troduced.   Anum;:  t!ie  varions  devices  employed 
to  overcome  the  defect  was  that  of  stirring  a 
email  propoitimi  of  arsenio  into  the  melted 
stearin.    This  c<*rtainly  broke  the  grain,  but  it 
was  of  course  difiused  into  the  air  on  burning 
the   candles.    When   this  became  generally 
known,  the  prejudice  against  stearin  candles 
wae  such  as  to  atfect  injuriously  the  suoceas  of 
the  new  snhstitnto  for  tallow,  and  to  this  day 
stearin   candles   enjoy   but  a  compatatirely 
limited  popularity  in  this  country. 

Paraffin    CmuBeg. — At  present,  stmrin 
candlet<  are  replaced  in  this  country  by  candles 
made  of  a  mixture  of  stearin  and  parallin  wax, 
except  in  the  ease  of  hoUow  candles  {«ee  below). 
In  France,  however,  the  stearin  candle,  beins 
protected  by  customs  duties  ou  parathn  wax, 
mdde  its  own  against  paratlln  candles  ;  and  in 
that  country,  as  also  in  Italy,  stearin  candles 
are   manufacturi>d   in  eunHiderable  quantities. 
In  Germany  ami  Au.stro-Hungary,  the  stearin 
candle  is  gradually  beiii^  ouatod  by  the  paraffin 
candle.    When,  in  1854,  James  Young  obta'me<l 
from  thale  oil  a  pure  white  paralRn.  which  was 
.subsonuently  made  into  candles  unfler  a  patent 
of  J.  K.  Field,  the  immediat«  popularity  of  the 
novel  illuminant  left  little  doubt  as  to  what 
wotild  be  the  material  of  the  candle  of  tlie  future. 
Even  the  most  enthusiastic  optimist  uf  tha,t  day 
woold  have  iMSitated  before  accepting  the 
prophecy  that  paraffin  candles  ^vould  be  Bold  at 
nail  the  price  of  tallow  dips,  as  is  the  case 
to<dsy. 

The  main  ditriculty  experienced  in  the  early 
stages  of  the  manufacture  of  ^rafiiu  candles, 
erase  from  want  of  preeantion  m  regulating  the 
temperature  while  casting.  The  same  machine 
can  be  employed  for  either  paraffin  or  stearin 
caadtow,  but  when  paraffin  wax  is  to  be  used, 
the  water  in  the  tanks  is  raised  to  a  tem{)erature 
of  nearly  200° F.,  by  passing  steam  through  the 
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pipe.  Also  the  paraffin  wax  itself  is  heated  to 
about  170''-I80*^F.,  and  ponied  in  a  highly 
mobile  8t  ;ite.  When  the  pipes  are  filled,  the  hot 
water  is  (lisi'harKcd  from  the  tanks  and  cold 
wat«-r  immeiliately  intniduewl,  thus  sudiicnly 
chilling  the  fluid  matcrml.  If  the  exact  point 
be  missed,  failure  will  result.  Thus,  if  the  pipes 
are  colder  than  the  inflowing  paraffin  wax,  it  will 
conpeal  as  it  ti)uchps  the  metal,  a«isuming  a  dull, 
striated  aspect.  Ou  the  other  hand,  if  tho 
moulds  are  allowed  to  cool  slowly,  the  candles 
will  .shrink  on  to,  instead  of  from,  the  walls,  and 
will  be  injured  in  removal  from  the  moulds,  if 
indeed  they  can  be  withdrawn  at  all  in  the  solid  . 
state.  When  tho  operation  is  properly  carried 
out,  and  the  pipes  arc  not  worn  by  usage,  and 
further,  if  the  paraffin  is  highly  refined  and  of  a 
high  melting-point,  the  candles  leave  the  moulds 
with  a  lustre  which  hardly  suffers  by  ordinary 
handling.  This  lustre,  combined  with  the 
translucency,  snowy  whiteness,  and  ready 
adaptability  to  ornament  in  shape  and  colour. 
f:ives  paraffin  wax  the  j)rc-eminence  over  all 
other  materials  for  oaodle  making.  It  has, 
however,  its  disadvantages.  The  residiiieaB  with 
which  it  liciuefies  by  heat,  gives  to  »?ven  the  l>e8t 
parathn  candles  a  teodeaoy  to  *  gutter.*  More- 
over, the  paraffin  wax  has  the  peonliar  property, 
which  is  independent  of  the  melting-])f»int,  of 
becoming  nlastic  after  exposure  to  a  moderate 
degree  m  neat.  The  time  required  to  develop 
this  tendency  varies,  it  is  true,  with  the  hardness 
or  iuaibility  of  the  paraffin  wax,  which  ranges 
from  106*F.  to  140^. ;  bat  even  eereain,  of  a 
melting-point  of  142"-143°F.,  is  affected  by  jir<  , 
traoted  heat.  The  inferior  varieties  of  paralhn 
eandks,  from  the  ease  with  which  their  snbstance 
melt.H.  are  very  prone  to  smoke  ;  the  wick  is  apt 
to  be  too  abundantly  supplied  with  combustible, 
and  is  coasnqoently  cfaund  below  the  point  at 
which  complete  combustion  can  take  place. 

By  judiciously  mixing  stearin  and  paraffin 
wax,  the  candle  maker  is  able  to  obv&ite  many 
of  the  defects  of  the  substances,  whilst  retaining 
their  advantages.  Such  candles  as  'petro- 
utearine,*  *  palmitine,'  and  other  popular  vaneties, 
and  especially  the  paraffin  caii«lle.s  of  the  Saxo- 
Thuringiat)  paraffin-wax  industry,  are  made  on 
tiiis  principle. 

One  of  the  greatest  improvements  of  the  last 
decades  in  candle  making  is  tho  self -fitting  end, 
by  which  simple  device  a  candle  will  fit  any 
normally    constructed   sconce   without  In-ing 
scraped  or  using  paper  or  any  other  expedient 
to  enlarge  or  diminish  the  butt.    The  self-fitting 
end  patentcil  by  J.  L.  Field  (Km.  Pat.  9082, 
lSt)l).  is  \u>w  in  univert»al  use.    Fig.  5 
gives  an  example  of  the  conical  butt,  % 
while  Fig.   fi  reprf-sents  the  machine  ^\ 
patented  by  E.  Cow  lea  for  its  muuufac-  ni 
turo.    The  difficulty  to  be  overcome  lies  I 
in  the  butt  projecting  beyond  the  stem  f 
of  the  candlt;,  w  hich  renders  the  ordinary  M 
method  of  withdrawal  impraotieaUe.  To    i  I 
mce  t  t  h  Is ,  t  h  e  b  u  tts  are  cast  in  a  separate  ^i^A 
frame,  w hich  can  be  fitted  to  or  removed    li  W 
from  the  pipes  at  will.  When  the  machine 
is  to  be  filled,  the  butt  frame  is  lowered  Fia.  & 
by  the  chain  till  the  butts  rest  upon 
and  fit  tightly  into  their  renpective  pipes.  Tho 
wicks  are  then  drawn  through  tho  butt  moulds 
with  a  wire  and  clamped  in  a  centri^  j^ogit^n,_, 
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after  which  the  filling  is  proceeded  with  in  the 
usual  manner.  When  cold  the  wicks  are  cast 
looRe,  the  tops  scraped  off,  and  the  upper  frame 
hoisted  oil  the  Imtts,  as  shown  in  the  illustration, 
the  operation  beinp  conclude<l  as  before.  It 
will  be  noticed  that  this  apparatus  precludes 
running  a  continuous  wick,  as  is  done  in  the 
making  of  candles  having  plain  ends  ;  and  in  a 
large  factory,  a  wrious  loss  is  incurred  in  the 
course  of  the  year  by  the  inch  or  two  of  wick 
snipped  off  at  each  operation.  A  very  ingenious 
machine  for  saving  this  waste  is  due  to  E. 
Cowles,  who  inventc<l  a  split  bed-plate  holding 
the  butts.  When  ready  for  withdrawal,  the  butt 
moulds  are  raise<l  and  opened  out  by  a  simple 
lever  motion,  and  the  candles  can  thus  be  pas.sed 
through  without  further  trouble  (Figs.  7  and  8). 


air  which  takes  place  in  the  tube!*  has  a  tendeocr 
to  ensure  more  perfect  combustion.  By  reame 
of  the  hardness  require<l  in  their  manufartur*. 
theme  candles  mutst  be  made  with  ht^i-arin. 
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Numerous  improvements  have  Ixjen  made  in 
recent  years  in  the  construction  of  candle 
machines  by  the  makers  in  this  country,  in 
France,  the  V'»»t«<i  'States,  and  Germany,  but 
all  these  iniprovements  refer  to  mechanical 
details  only,  without  affecting  the  principle. 
All  these  machines  work  discontinuously.  A 
continuous  candle  machine,  for  a  description  of 
which  the  reader  must  be  referred  t-o  Engineer- 
ing, 1901,  Feb.  1st,  has  been  constructed  by 
Fournier  et  Cie,  Marseille.  The  machine  is  very 
complicated,  and  would  seem  onlj'  to  commend 
itself  to  works  where  a  very  largo  output 
can  be  relied  upon,  and  where,  at  the  same  time, 
the  works  suffer  from  a  shortage  of  cooling 
water. 

An  improvenient.  which  has  found  more 
favour  on  the  Continent  than  in  this  country, 
consists  in  perforating  the  stem  of  the  candle 
longitudinally  so  as  to  afford  an  internal  escape 
for  any  combu.Mtildo  which  would  otherwi-H)  have 
guttered  down  the  outside.    The  up-draught  of 
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Candles  made  for  ordinary  purpov^  ur 
ready  for  packing  immediately  after  Imving  the 
candle  machine.  Better  class  candles  are  mb> 
jected  to  polishing  and  finiahing  pruceaies  io 
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special  machines,  which  are  much  more  nsed  on 
the  Continent  than  in  this  c^>untry. 

Much  art  has  been  expended  on  the  orna- 
mentation of  candles.  Ref<jre  the  intnxlaction 
of  auiline  dyes,  candles  were  col^urecl  wi^ ji^)^^ 
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•pigments  as  Terniilion.  ultramarine,  and  verdi* 

fniri  ;  these,  hesulf  s'  rmisinp  a  dull,  heavy  appear- 
ance, ruined  th©  wick  by  choking  it  with  incom- 
baitible  matter.    In  bcMwax  candles,  this  evil 
.was  minimised  by  confining  the  colour  to  the 
I  last  coating,  which,  owing  to  the  opacity  of  the 
I  beeswax,  gave  the  appearance  of  a  candle 
(  loured  throughout  with  but  slight  effect  on 
•  the  buminA.    The  translucent  pariS&n,  however, 
idid  not  tdmit  of  this  device.    Fwraffin  candles 
are  now  coloured  with  coal-tar  dyes  by  dis- 
solving the  dye  in  a  small  proportion  of  atearine 
iwhidi,  when  added  to  the  TpmUbu  oolonrs  it  to 
nny  desired  shade.    Of  ornamented  candles 
iJ-'ig.  9).  one  of  the  moot  popular  forms  is  the 
'  cablo  *  or  spiral  pattern.  This 
form,  as  patented  by  Field,  was 
made  by  turning  the  plain  candle 
in  a  lathe  of  complicated  strno* 
ture,  which  could  fashion  over 
thirty  different  sizes  and  patterns 
I  i    r    U        candles,  e.g.  cabled,  ^kml, 
fluted,  Ptriped,  &c.  By  grooving 
out   continuous    pattern^  re- 
placing the  candle  in  its  mould, 
and  running  in  coloured  stearin, 
a  number  of   fanciful  devices 
were  obtained,  each  of  which 
had  their  period  of  poptilarity. 
Ij  iLi  iL  ill         'J^ng  Alfred's  candle,'  the 
Mem  ci  which  is  divided  by 
grooves  of  this  kind  into  sections 
burning  an  hoar  each,  stili  enjoys  favour. 

The  demand  lor  cabled  candles  is  now  so 
large  that  they  are  made  in  moulds,  the  pistons 
while  ascending  being  caused  to  rotate,  so  as  to 
screw  the  candles  out  of  their  spiral  moulds. 

Night  lights  are  short  thick  cylinders  of  a  fat 
or  wax,  furnished  with  small  wicks,  their  object 
being  to  give  a  constant  and  lasting  rather  than 
a  bright  light.  They  are  usually  cast  direct  in  I 
paper  cases,  and  are  recommended  to  be  placed 
«it»  water.  Price's  Candle  t'o.  huve  adopted  the 
plan  of  casting  the  cylinders  in  a  machine  similar 
to  a  candle  frame,  and  emplojring  a  materiiil  so 
hard  (pren-jod  cocoa-nut  st<;arin)  as  to  retain  its 
form  in  hot  weather  without  external  support. 
These  lights  are  burnt  in  gla.s8  cups,  tbtts  med- 
<ling  their  full  light  and  rendering  the  precaution 
of  water  unnecessary.  Another  very  popular 
form  of  this  flhiniiMint  h  Cf!ark*s  •pyramid* 
night  light,  which,  m  its  nnine  ineficafes,  if 
oooilorm.  In  this,  the  material  employed  is 
pressed  tallow  of  great  purity,  and  the  wick  is  « 
rush-pith  with  two  lateral  strips  of  the  peel  left 
adhering.  These  turn  outwards  in  burning, 
giving  a  neat  and  shapely  flame.  The  base  6t 
t  111-  rone  is  a  disc  of  plaster  of  Paris,  which  holds 
the  w  ick  upright  till  the  whole  of  the  fat  is  con- 
snmed  ;  a  result  aehieTod  lem  sorely  in  the  other 
kinds.  Avliere  the  wick  is  of  'inkle'  (flax),  held 
by  a  little  strip  of  tin,  into  which  the  base  of  the 
fibre  i«  fixed. 

The  strides  made  in  gas  and  elertri'  fllnrrini 
tion  have  not  materially  atiected  the  prosperity 
of  candle  mannfaotore.  On  the  contrary,  every 
y»-ar  ?rr-  p.  considerable  increase  in  the  numberof 
candles  made.  This  is  especially  due  to  the  in- 
creasing consumption  of  candles  in  mines 
^Transvaal.  India,  Australia,  Ac).  An  inquiry 
xoade  by  the  writer,  in  1903,  as  to  the  con- 
flomptiiMi  of  oandk  material  in  this  country,  led 


to  an  estimated  quantity  of  45,600  tons,  which 

may  be  di:*tributed  over  the  different  materials 
mentioned  above,  as  follows :  tallow  (for  dips), 
1000  tons;  stearin,  2190  tons;  paraffin  wax, 
42,200  tons  ;  rr-  sin,  100  tons.  France  pro- 
duces about  ^U,UOO  tons  of  candles,  chiefly 
stearin  oandlM ;  Germany,  about  11,000  tons, 
chiefly  paraffin  candles ;  Holland,  about  fiOOO 
tons,  chiefly  stearin  caudles ;  Belgium,  about 
4000  tons,  chiefly  stearin  candles.  Ansto)- 
Hungary,  Italy,  and  Russia  produce  much 
smaller  quantities  than  the  last-named  countries. 

J.  L. 

CANDLE-NUT  OIL  is  obtained  from  the 
fruits  of  the  candleberry  tree,  AkuriUs  mo- 
Uteeana  (Willd),  belonging  to  the  family  of 

spurgeworts  { K uphorbiacea).  The  tree  attains 
the  height  of  30  or  40  feet,  is  a  native  of  the 
Moluccas  and  South  Pacific  Islands,  and  is 
witlely  distributed  over  the  tropics  of  the  eastern 
hemisphere ;  it  ult^  occurs  in  the  Cameroons. 
In  India  it  is  known  as  '  Indian  aUuoat.*  The 
fruits  resemble  walnuts  in  their  appearance,  but 
the  shell  of  the  candle-nuta  is  far  thicker.  The 
name  '  candle-nut '  is  derived  from  the  practice 
of  the  Sonth  Sea  Islanders  to  dry  the  kernels, 
thread  them  on  reeds,  forming  a  candle,  several 
of  these  candles  being  wrapped  in  a  leaf  of 
panflanu.9  (screw-pine)  so  as  to  make  a  torch. 

The  average  composition  of  the  kernels  is  as 
follows: — 

Per  cent, 

00  61*0 

Venter       .....  6-0 

Albuminoids    ....  23*0 

Ash   3*4 

Ctobohydnites  end  crude  fibra  .  7*6 

lOOO 

The  cold -drawn  oil  is  limpid,  colourless,  or 
yellowish;  has  a  pleasant  odour  and  bland 
tAste,  but  cannot  be  need  for  edible  purposes  on 
account  of  its  purging  properties. 

The  oil  is  obtainable  in  oaormous  quaatitica, 
but  hitherto  it  has  not  been  used  to  such  an 
extent  as  its  drying  prop<'rties  would  warrant. 

The  fruit  of  J.  triloba  (Forst.)  is  two-celled, 
fleshy,  olive-coloured,  and  about  two  and  a  lialf 
inchef  in  diariH'fer.  Each  cell  contains  one  nut, 
resembling  in  appearance  and  taste  a  walnut, 
the  shell  Of  whicn  is  rwy  hard.  TIm  seeds  yield 
jibout  fjO  p.c.  of  an  oil  known  as  'kekuna  oil.' 
S(^s  from  Hong  Kong,  where  the  tree  is  culti- 
vated as  one  of  we  best  shade  treet^  were  found 
to  contain  GO  p.c.  of  an  oil  very  similar  to  that 
obtained  from  A.  nuduccana,  J.  L. 

GANBLLA  BARK.  The  dried  barfc  of 
Cantlla  alha  (Murr.),  obtained  from  Florida  and 
the  West  Indies  in  large  buff-ooloured  quills  or 
pieces  of  about  an  inch  broad.  Has  a  bitter 
pungent  acrid  taste  and  odour  of  a  mixture  of 
cloves  and  cinnamon,  due  to  a  volatile  oU  con- 
taining eugenic  add  which  is  also  found  in  oU  of 
rlovcs.  Tlie  Ixirk  contiiius  a  bitter  principle. 
caneliin,  together  with  resin,  luannite,  and 
stArch.  Used  in  medicine  as  an  aromatic  bitter 
atvl  t  iT'ic.  and  in  rh'  utn  itism  and  gout. 

CANELLE  or  BISMARCK  BROWN  ?.  Azo- 

COLoUBINa  HATTBBS. 

CAlfNABW  or  UiDIAM  HBMP  RESIli  v. 

HSSINS.   

OAMNABOIBMB  V.  Bisnn. 
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CANNABUIOL.  The  active  conttiftaent  of 
Indian  hemp  reefai  or  *  haahlah  *  {p.  RniHS). 

CANNABIS  INDICA  r.  Rksiss. 

CANNONITE  v.  Kxplosivks. 

GAHTHA1IIDB8.  SjKtnuk  fiiea  (Lt/Ua  vui- 
catoria).  Drii'<l  coleopttr"  insoifs  n«<'(|  in 
medicine,  in  the  furm  of  plaaterii,  tincture,  lini- 
ment*, fto.,  on  aooonnt  of  their  ▼eokaling  pro- 
p  rti(  due  to  a  peowliar  acrid  principle,  eaii- 
lhariditi. 

Employed  also  as  a  atfannhuit  diuretic,  aa  an 

npliriMlisiar.  ami  as  an  rmnipnajjogup.  Obtrtintnl 
principally  from  Hungary,  Russia,  and  the  South 
of  Fkura. 

dBtharidln  CiJB,aO«  <>r 

CH,-CH,<3H-CH,-C0v 

CHj  CH.KJH-CXXX)  / 
(Spiegel,  Ber.  m,  140),  or 

CH,  CH,^  C<3H.<XX)H 
IjHj-C— OO'O 

(Meyer.  Monatsh.  1897.  18,  393).  i-*  ohtainrd  by 
treating  the  powdered  iiweota  with  chloroform, 
ether,  or  etnyl  acetate,  acidified  with  sal> 
phuric  aril!,  and  ovaporaf in>.'  the  oxtrait  and 
treating  the  residue  with  carbon  di«ulphide  or 
iiflht  petroleum,  to  remove  fat ;  or  by  mixing 
the  rantharidcs  with  watrr  and  mnprncHla  ; 
drying,  treating  with  dilute  sulphuric  acid,  and 
extracting  with  ether.  The  yield  yariea  from 
0-3  to  1  -03  p.r.  of  the  insects  taken.  CVystaUises 
in  trimetric  phites,  melts  at  218*^,  but  begins  to 
sublime  at  86*.  It  ia  taatebaa  wad  inodoroas ; 
blisters  the  skin  strongly,  especially  when  in 
solution  or  mixed  with  fat.  Yields  the  alkaline 
aaltaof  oantharidic  acid  C,oH,.0,,  by  heat- 
ing with  aqueou--  di  lution  of  potash  or  soda. 

CANTON'S  PHOSPHORUS  v.  Calcidu. 

OAOUTCHOUC  V.  RuBBBB ;  also  Tsbpekes. 

CAOUTCHOUC  OIL.  An  oil  which  ha^ 
proved  efficient  in  preventing  rust.  It  ia  spread 
with  a  piece  of  flannel  in  a  very  thin  Uyw  over 
the  metallic  surface  which  is  to  \w  preserved, 
and  allowed  to  dry.  To  remove  it,  the  article 
has  simply  to  Ix?  treated  with  caoutchouc  oil 
apain,  ancl  washed  after  12  to  24  boun  (J.  Soc 
Chem.  Ind.  1,  315). 

CAP  COMPOSITIONS  v.  ExnosiVM. 

CAPE  BERRY  WAX  v.  Waxes. 

CAPRIC  ACID  or  DECOIC  ACID  t .  1)k(  atoio 
ACW. 

CAPROIC  or  HEXOIC  ACIDS  C,U„  CO0H. 

Seven  Lsonierides  are  known. 

1.  n^aproic  ncid  CH^CHt)«(X)OH  occuni 
in  the  fata ;  in  cheese  ;  and,  possibly,  mixed 
with  certain  of  its  isomerides.  in  <'ocoa-nut 
oil:  in  St.  John's  bread;  in  the  fruit  of 
Ihrarlnim  sphondylivm  nxvX  in  the  titiwers  of 
Sdlijrtum  hirrinum  •  and  in  the  fusol-oil  from 
the  ferment ic I  niolaws  of  mangel  wur/e].  Is 
iM'st  prepared  by  fractionatinq:  crude  fermenta- 
tion butyric  arid  (LielM-n.  Rossi.  Annnlen,  159, 
76  :  HW,"  118) :  b.p.  2()4-.'>'':  ap.pr.  O  H44»l  at  0". 

2.  Jsobutyl  nctlic  arid,  or  y-mt  thi/l valeric  OCid 

(CH,),CHCH,CH,rouH 

is  present  in  Iratt^r ;  may  he  obtained  by  the 

action  of  hydriodic  acid  upon  hydroxyiw- 
oaproic  acid  (Mielck,  Annalen,  180,  57 ;  Fittig, 


Kuhlmann,  ibid.  226,  347).  or  by  the  dii 
of  wobatylmalonic  add  (Konig.  Moastib.  15. 

20;    Bentlev  and  Perkin,  Them.  Soc.  TruK 
1898,  487) ;  'b.p.  200  -201^ ;  sp.gr.  0-«25  at  <l». 
8.  Dietikf/toeetie  aeii,  pteudoeaprme  ttii,9 

a-etht,lbuti/ric  acvl  (C.H,  .('H  roOH.  may  h 
obtained  by  the  action  of  sodium  upon  aceu: 
ester,  and  treatment  of  tho  prodact  by  etM 

iodide  (Frankland  and  "Duppa.  Annalen,  13*. 
221);  by  boiling  diethylcarbinol  qyaaide  witb 
potassium  cvaniae  (Saytzeir,  «MC  I9S,  hf 
reduction  of  dichlorethyl  acetic  eater  by  sodiam 
amalgam  (Markownilcow,  Ber.  1873,  1 1 75) ;  hj 
hflttting  aodinm  ethyUte  and  aodinm  acetate  ia 
a  stream  of  carl>on  monoxide  (Geuther  and 
Frohlich,  Amialcn,  202.  308) ;  by  beating  di* 
ethylmalonio  acid  at  170"- 180°  (Conrad,  ihii. 
204,  141);  by  heating  o-diethyl  3  hydroxy 
butyric  acid  (Schnapp,  ibid.  201,  70) ;  by  heatia^ 
dietnylcyaaaoetio  acid  with  concentrated  hydro- 
chloric acid  at  160^  (Hesse,  ibid.  IS,  749);  b.p 
190°  (75ti-5  mm.):  sp.jjr.  0-9196  at  20°  0*. 

4.  Methylprojn/lacHic  acid  or  a.-mtikfflvaierif 
acid  CH3  ('H,  rHs  CH(CH,)  f"03H  is  obtAiim^ 
by  the  oxidation  of  its  aldehyde,  and  bj 
the  nxluction  of  methylacrvdic  acid  ^Liebea 
and  Zeisel,  Monatsh.  4,  37.  63) ;  by  he*ti?i: 
a-methvl  valerolaetone  or  iw^ccharin  »itfc 
hydriodic  acid  and  re<l  phosphorus  (Liel«r- 
mann  and  Scheibler.  Ber.  1883.  1823;  Kihani. 
ibid.  185.  632);  by  heating  a-nuthvlpromrl- 
/B-hydroxybutj^Tic  acid  (Jones,  Anoafen,  zift, 
292);  and  bv  the  distillation  of  turpentic*; 
b.p.  193°-194^';  sp.frr.  0-9279  at  18*/0*;  1  pin 
water  dissolves  0-5t)03  part  at  17*. 

5.  yf ethyliiopropyl    acetic  add, 
acid,  or  a^^meth^utyric  acid 

(CHg)tCH'CH(CH,)00,H 
may  be  formed  from  nu  th\ <[)rt.pvlcarbinL>l 
cyanide(Markownikow,  Zuttsch,  Chem.  1860,205); 
by  theozidation  of  theoorreapooding  harylaleohoi 
from  Roman  camomile  oil  (Kulii;;.  Annalen.  IW 
102),  or  by  melting  camphoric  acid  with  caoatk 
alkali  (Croaaley  and  Perkin.  Chem.  8oe.  Tmm. 
1808,  16) ;  b.p.  !S9^  m\ 

6.  DimeihuUlhyUtctUc  acid  or  aa^mslkfl' 
propionic  add (CH,),C(C,H,)COaH  ia  fbroad  If 
the  action  of  hydrochloric  acid  upon  dimr 
thylethylcarbinol  cyanide  (Wischnegradakv. 
Annalen,  174,  56),  and  by  tae  oxidatioo  <tf 
the  inethylethyl  ketone  prepared  from  piiw- 
coiin  (Lawrinowitsch.  iAm/.  18.'>.  126).  Ao(AoaX' 
len  liquid  ;  b.p.  l87^  m.p.  — 14". 

7.  (a)  fi'fihylbtUyric  arid  or  artivr.  raprd' 
acid  CH,CH(C,H,)CH5COOH  is  obtained  bj 
the  oxidation  of  the  active  hexylalcohol  olvtaineil 
from  Roman  camomile  oil  (Rt^mburrrh,  Re<. 
trav.  chim.  5,  221  ;  Kubig,  Annalen,  196. 
102):  b.pu  19r-19B«>  (770  mm.);  apLor.  OW 
at  15°. 

(6)  Itioctim    fi  eihi/lbuti/ric    acid    may  be 
formed    by    heating   se<  on-iary  butylmskioie 
acid  (Romburgh,  Rec.  trav.  chim.  ti.   153)  or 
I  from    secondary    butyliodidc.  diethylmalonic 
est^T  and  sodium  ethoxide  (Kuhlisch.  Monauth. 
14,  561  ;  Bentlev.  Chem.  Soc.  Tmnv  18a'.,  2»;7J. 
CAPRYL  ALCOHOL  r.  Octvl  alcohoi. 
I      CAPRYLIC  ACID  v.  Oorao  aoom. 

CAPSAICIN  r.  RBsms. 
I       CAPSICUM  (Bird  pfjrper,  Cayrnn^  P^fP^^ 
The  drie<i  ripe  fruit  of  Capsicum  mtfammm 
,  (Koxb.)»  which  waa  pcobab^« jiatiVcPMfki^i|iitf 
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Anu  ric  a,  but  u  now  known  only  in  cultivation, 
thf  I  hief  supply  coming  from  Africa  and  India. 

The  fruit  is  1-2  cm.  long  and  about  *mv- 
third  as  broad ;  somewhat  flattened  ubluug- 
ovoid  In  ihape,  and  is  covered  with  a  crimson  or 
scarlet,  semi-transparent,  wrinkled  corifucoiia 
epicarp.  It  is  two-celled  and  containt:  about 
20  3f«]b)ir»  fiat,  rinifiinii  seedi^  3*5  mm.  long  and 
2'5  mm.  broad.  It  is  prepwed  for  use  by 
grinding  the  whole  fruit. 

(  ayemie  pepper  il  eometimes  adulterated 
%vith  flour,  corn-meal,  or  even  sawdust.  Entire 
cup.sicum  is  also  frequently  stiliMtituttHi  by  larger 
varieties.  Adulteration  of  tht-  powder  may  be 
detected  by  the  eetiinaiion  of  oleti-resin,  which 
should  be  not  less  than  5  p.c. ;  and  of  the  ash, 
which  should  not  exceed  7  p.c,  and  by  micro- 
Rcopiral  examination  (v.  Bitto,  Chem.  Soc.  Abetr. 
1893,  D,  ii.  546). 

The  active  principle  of  capsicinn  is  capgaicin 
(capsicin,  capgicol)  CHj|0  (J,7H,4NO  OH,  which 
is  present  to  the  extent  of  0-05-0-07  p.c.  (Miirbitz, 
Chem.  Zentr.  1897,  ii.  693).  It  is  obtained  from 
the  ethereal  extract  of  capsicum,  and  crj  stalltHes 
from  light  petroleum  in  colourless  plaits,  m.p, 
easily  soluble  in  ether,  alcohol,  chloroform, 
hut  ftlmost  ineoluble  in  hot  water  and  in- 
sohible  io  cold  water.  It  ii  not  ▼olatOe  in  steam , 
and  has  the  properties  of  a  weak,  phenol-like 
moid.  The  l)fnroyl  derivative  forms  silky 
needles,  m.p.  74"  (Micko,  Chem.  Zentr.  1890,  i. 
293). 

The  other  oouttituents  are  a  volatile,  non- 
acrid  aBnlcfM;  fed  ooloiirfaig«matter ;  wax; 
resin ;  fixed  oil  ;  oleic,  palmitir,  and  stearic 
acids;  and  a  minute  amount  of  a  volatile  oil 
haying  tlw  odonr  of  pandey  (Paliefc.  Arch.  Pham. 
230,  108). 

Capeicum  is  largely  employed  as  a  condi- 
ment. In  medieine,  H  is  used,  eztemaHy  as  a 

]M)werftil  rubefacient.  an<l  internally  in  the 
treatment  of  atonic  dyspepsia,  chronic  aicoliol- 
ism,  and  delirium  tremens. 

CAPSICUM  RESIN  r.  Resins. 

CAPUT  MORTUUM.  A  term  employed  by 
the  akhemiste  to  denote  the  lesidae  temtinmg 
in  the  retort  or  alembio  after  Ihe  volatile  matter 
had  passed  away. 

OABAOHBKIf  H<M8.  IruA  peari  mom 
{Cfumdrus  crifip}"!)  ir.  Cabbaqbkn  ;  ALOjE). 

CARAJURU,  CARCURU.  or  CRAJURU.  A 
Brazilian  dyestuf!  of  a  red  colour,  said  to  be 
identical  ^^ith  chica-red,  useii  by  certain  Indian 
tribeti  tu  stain  their  skins,  and  which  is  obtained 
from  the  leaves  of  the  Bignonia  ehiea  (Humb.  et 
Bonpland).  It  is  a  li^lit.  mealy,  odourless, 
tasteless  powder,  whii  h  (u  (|uir«^  a  cr»pf>ery  luMtre 
on  trituration.  Insoluble  in  «;iter,  hut  soluble 
in  alcohol,  ether,  and  alltalis  (Virey,  J.  Fharm. 
1844,  151). 

CARAMEL.  The  brown  sufastanoe  produced 

by  the  action  of  heat  on  sugar  or  glucose,  and 
uwl  for  colouring  liquors,  sweetmeats,  and 
gravies.  According  to  StoUe  (t'hem.  Zentr. 
1899.  il.  1021),  it  has  the  eompfwition  <\  H,gO,. 
and  in  formed  from  sugar  by  the  eliniinatiun  of 
2H,0.  and  is  thus  identical  with  the  caramelnu 
of  iiv\ia.  Crj'oscopic  observations  by  Sabanc-eff 
and  Antusheviteh  (J,  JJuss.  Chem.  8oe.  23,  2'^). 
would  seem  to  indicate  that  itn  molecular  weight 
is  much  bik'luT  than  this  formula  implies.  Tliey 
point  out  tiiul  oarbun  dioxide  is  given  oil  in  its 


n 
•» 


formation,  and  that  it  is  not  acarbohviirate,  but 
has  the  composition  OiuHmOg^. '  They  ra> 
present  its  production  from         by  the  eqiia> 

lion  : 

llC„H„0,i=C„5H,„0,o+7CO,+27H.(). 

Properties. — Amorphou:^  redclish-brown, 
brittle  massi  porous  and  deliaues(M}nt ;  com* 
plctely  soluble  in  water,  paitUlj  soluble  in 
alcohul ;  of  a  bitter  taste  and  non-fermentable. 
Melts  at  ia4''-136''. 

Preparatiem. — Cbmmon  sugar  is  heeted,  with 
constant  sfirrinp.  in  a  metal  pan  rajiable  of  con- 
taining about  ten  times  the  quantity  taken,  till 
the  whole  mass  metts,  turns  Drown,  and  at  Isst 
t-uildenly  froths  up,  when  the  heat  must  be  im- 
mediately stoppr>(i.  During  the  heating,  much 
water  and  a  little  ackl  escape,  but  no  permanent 
gas,  N*  r  HI  re  than  16  p.e.  of  t!i  wi  ^ht  of 
the  sugar  should  be  driven  off,  as  the  product  is 
liable  to  become  insoluble  if  further  heated. 

For  pre{>-uafion  of  caramel  colours,  Asry- 
musry  recommcnilti  the  following  prooesaes  (long 
kept  secret) : — 

Colmir  for  mm. 

Fotassiom  or  sodium  hydroxide    .  3  kilos. 

Water   6 

Or  potassium  or  sodium  carbonate  .  4 

Water        .       .       .       .       .  8  . 

Dissolve  with  heat  in  large  iron  pan,  and  add 

Glucose  ISOkikM. 

Or  s\-nip  of  glucose  ,        .        .    ISO  „ 

boil  over  the  hre  till  irritating  vapours  begin  to 
appear,  then  decrease  the  heat  and  st^  oon* 

tinuously  till  the  required  shade  is  produced, 

then  stop  the  process  by  adding  30  to  40  litres 
of  wftturm  n  m  jvt. 

Colour  for  beer  w  vinegar, 

Ammcoinm  carbonate    .      .      6  kilos. 

Water  .        .        .       6  „ 

Glucose  .....    120  ,j 
Process  exactly  as  above. 

Dei'i'fi'^"  '  f  cnramrl  in  in'rif.^,  ,(  c. — 10  c.c.  of 
the  liquid  to  ha  tested  is  mixed  with  IM)  to  50  c.c. 
of  paraldehyde,  and  enough  alcohol  added  to 
make  the  liquids  mix  ;  if  caramel  ia  present,  it 
forms  a  dirty- brown  precipitate  sticking  to  the 
bottom  of  the  vessel ;  the  solution  is  jmurcd  off, 
the  precipitntf*  waslied  with  alcohol  dissolved 
in  a  little  not  water,  and  the  s<jlution  evaporated 
to  1  CO.,  when  different  quantities  of  caramel 
may  be  compared  by  ('ompnrifnn  of  colours  to 
confirm ;  this  solution  is  mi.veti  with  one  of  2 
]>art8  hydrochloride  of  phenylhydrazine  in  20 
of  water,  with  exeen?*  of  nectatc  of  soda.  Caramel 
yields  an  amorphous  brown  precipitate. 

According  to  HagalhaSs  (Compt.  rend.  1696, 
123.  8!>0).  caramel  prepareil  fmm  cane  sugar 
ditfei"!4  eonMiderably  from  earauiel  made  from 
gluco.>4e,  in  that  it  behaves  with  certau)  reagents 
exactly  like  a  eoal  tar  colour.  Thus,  when 
treat^ed  with  ba«ic  lead  acetate  and  then  shaken 
with  amyl  akohol,  the  former  caramel  com- 
municates  an  oranpe-ycllow  colour  to  the 
solvent,  whilst  with  glucose  caramel,  no  euloura- 
tion  occurs.  Ether,  when  shaken  with  a  solution 
of  the  former,  acquires  an  orange-yellow  colour, 
wliilst  with  the  latter  no  colour  i.s  extracted. 
Mordanted  wool  is  dyed  orange  by  the  form<.*r, 
yellow  by  the  latter.  (Jenuine  wine,  to  which 
no  caramel  has  been  added,  does  not^^Y^jy^g^^oogle 
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reaction*  fC.  f.  D'Aqtnar  and  Da  Silv-a,  Ck>mpt. 

reml.  1897,  124,  40S). 

Bough  test  for  caramd  in  beer. — Add  a 

Juantity  of  taonio  acid,  and  d»ke  thoroughly, 
f  malt  only  is  present,  the  colour  is  precipi- 
tated.  Caramel  colour  remains  unchanged. 

little  ia  Icnomi  iA  the  ohemirixy  of  caramel 
Gelis  wparated  it  into  three  amorphous  sub- 
stances, avramdan^  caramelen,  and  carurndtn, 
differing  in  solubility  and  colonring  power,  but 
not  of  fixot]  ronip^-i-ition.  StoUe,  by  heating 
caramelau  with  dilute  (3  p.c.)  hydroohlorio  acid, 
obtained  a  hexoee,  which  gave  an  oeazone  crys- 
tallising in  j-ellow  needles,  inelliiiL'  at  197*. 
Fradiss  (Chem.  Zentr.  1899,  i.  11  GO)  deter- 
mines the  amount  of  caramel  in  sugar  prodncts 
by  treatinf;  the  dry  fiubstanee  with  methyl 
alcohol  of  95*,  evaporating  on  the  water- bath, 
drying  the  residue  in  vactiS,  or  in  a  current  of 
dry  air.  and  again  digesting  it  wUh  methyl 
alcohol  fur  2  hours.  The  caramel  is  precipitated 
from  the  solution  by  amyl  alcohol,  the  precipi- 
tate redi.s.sijlved,  reprecipitated  once  or  twice 
mure,  and  finally  dried  at  90°  and  weighed.  The 
caramel  may  also  be  determined  by  titrating 
with  Fehling's  solution,  but  if  dcxtrost-  is  present, 
it  is  necei^sai  V  to  titrate  the  original  solution 
befcNre  and  after  treating  with  excess  of  lead 
acetate.  Then  if  A=c.c.  of  copper  solution 
required,  a-^c.c.  of  original  solution  reauired  for 
6  c.c.  of  eoppn  sohition,  the  Tolame  of  u»  copper 
solution,  corresponding  with  the  caramel,  is 
6  (a— A).  Allowance  munt  aim  be  made  for 
the  amount  of  lead  acetate  solution  vol.) 
used.  The  dextn)pe  mny  a  Mo  l>e  destroyed  by 
boiling  with  cakiurn  curbouate  and  then  pre- 
cipitating with  carbon  dioxide.  Traces  of 
caramel  are  eatimntffl  by  treating  200  c.c.  of  the 
solution  with  excels  uf  ammoniacal  lead  acetate. 
The  precipitate,  alter  unMhing  with  water  free 
from  carbonic  arid,  is  suspended  in  water  and 
decomposed  with  hydrogen  sulphide.  The 
filtrate  Ls  again  treated  with  lead  acetate,  and 
the  solution,  from  which  the  hydrogen  sulphide 
hoa  been  expelled  by  evaporating  to  10  c.c,  is 
treated  with  copper  solution. 

Stollo  (Chem.  Zentr.  1899,  iL  1099)  baites  a 
method  of  determining  caramel  by  means  of  the 
spectroscope  on  the  fact  that  aqueous  solutions 
of  that  substance  partially  absorb  the  rays  of 
the  blue  end  of  the  spectrum.  The  results  are 
said  to  be  accurate  to  within  0*05  p.c. 

Methods  for  estimating  the  amount  of 
caramel  on  the  surface  of  coffee  berries  roasted 
with  sugar,  liave  been  suggested  by  Neubauer, 
Konig,  IStutzer,  and  Hilger.  These  methods 
have  been  tested  by  Fresenins  and  Qriinhut 
(Zeitsoh.  anal.  Chem.  ]81»7,  ."^l).  225),  who  give 
the  preierenoe  to  the  method  of  Hilger. 

Stutxer^s  method,  which  oonsista  in  shaking 
10  grams  of  the  utiground  coffee  for  5  minutes 
with  260  c.c  oi  cold  water,  making;  up  to  600  cc, 
decanting,  filtering,  and  determming  the  solid 
cunt'  nt-  (drie<l  at  100°),  and  the  a.«*h.  was  re- 
commended by  the  Conference  of  Bavarian 
Technical  Chemists.  Neubauer's  and  KOnig's 
proe«'h8e.s,  which  df  p<  nd  on  tin-  <  xtra<  Hon  of  the 
berries  with  hot  water,  give  too  high  results. 

In  Hilger^s  process,  10  grams  of  whole  coffee 
are  digej*lcd  three  tiiiit  >  for  b  ilf  an  hour  each 
time,  with  100  cc.  of  a  mixture  of  equal  vola.  of 
water  and  00  p.c.  alcoliol  at  ordinaiy  teinpora> 


I  tutee.   Each  portion  of  the  extnusf  is  dee— led. 

and  the  unit f  1  extracts  are  made  up  to  50f) 
I  filtered,  and  residue  and  ash  dfterminwL  It 
I  from  the  nnmbera  thus  obtained,  then  u 

deducted  a  constant  11  07  of  dry  rt-^iiu  -,  >r 
0*83  oi  aah-iree  residue  per  100  grama  of  diy 
coffee,  tiie  renianidcv  ropfenentn  thfi  amowHit  m 
caramel  ])rrHi  iit. 

CARAiNNA  V.  OLxo-sxsxar& 
CARAPA  BABK.  The  berk  of  Cmrnpt 
Gin'nri'-Tuns,  has  a  bitter  taste,  and  is  u:*d  ^ 
a  febrifuge  Hud  to  contain  an  aikaloMi,  caca- 
pine  (Petras  and  Bobinet,  J.  Fhurm.  7,  M, 
349). 

CARAPA  OIL.   'Carap  Ofl'  or  *  CimbOU 
(Fr.  HuUe  Carape),  is  obtuned  from  the  weds  cl 

the  '  carap,*  *  crappo  '    or    'cra^  iv  >J' 
Carapa  Cruianeng%^  (Aubl.),  a  native  of  ti^  Wem 
Indies  and  Central  America. 

The  oil  is  prepared  in  Trinidad  for  local  con- 
iiumptiun  by  very  primitive  methods.  Aoootd- 
ing  to  de  Verteuil  (Trinidad,  London,  1886.  fTS), 
the  seeds  are  gathered  in  .Tune  and  July.  Vr-i^ed 
I  for  0  hours,  then  laid  in  heap^  for  8  or  10  days, 
during  which  Ume  they  undergo  m,  sort  «f 
'  fermentation ;  they  are  then  broken,  and  tb*- 
'  pulp  the^  contain  carefully  taken  uut  ^od 
kneaded  mto  lumps  of  thick  peste,  each  aboot 
15  lbs.  Tim  paste  is  laid  on  boards  sliffhtly  in- 
curvated  and  inclined,  and  placed  in  a  uaditered 
place,  wImh  the  oil  oozes  through  the  m»m,  aed 
runs  into  a  vessel  placed  for  its  reception.  The' 
paste  is  carefully  remoulded  every  morning  and 
evening,  so  as  to  favour  the  disengagesneot  si 
the  oil.  After  12  days,  boilin??  n  uer  i»  poured 
on  the  mass,  and  a  fresh  quantity  of  oil  of 
inferior  quality  is  thereby  obtained.  It  is  « 
clear  yellow  oil  w  ith  a  faint  vegetable  odour,  and 
an  intensely  bitter  taste  which  precludes  it* 
use  as  an  ediUe  oil.  It  is  used  locally  a^  aa 
embrocation  against  rheumatism  and  f^r  the 
dcistruction  of  ticks  which  attack  dumgrnk 
animals  (de  Verteuil,  The  Agricultural  Record. 
Tnnidad,  August,  1899,  17).  It  has  conaiderable 
reputation  as  a  liniment  for  dressing  wounds  on 
horses  and  cattle.  Its  excessive  bittt^noni  re- 
pels all  insects,  and  mixed  with  t-ar  is  uaed  fc< 
preservuig  wood.  It  is  well  suited  for  thc 
manufacture  of  soap,  and  it  is  in  this  **irir^t 
that  its  future  possibilities  lie. 

The  oil  from  C.  grandiftora^  from  Uganda, 
has  been  examined  by  Lewkowitsch  (Arnlv  -; 
1908  33,  184).  Good  kernels  conUincd  y'h^i 
p.c.  of  oiL  The  colonr  of  the  ooki-preseed  otl 
waa  almost  white,  with  a  tinge  of  pale  yellow 
At  the  ordinary  temperature,  it  aoiidifieel  The 
hot-pressed  oil  is  much  darker  in  colonr.  and 
remains  solid  at  the  ordina  l  \  t'  tiijx  raturr. 

Lewkowitsch  (Analyst/ 1909,  34,  10)  ka» 
also  examined  1h»  oil  from  C.  (JXCA 
the  seeds  being  obtained  from  Sierra  L*-'  !- 
The  sound  icernels  yielded  by  cxtn^cticna  viLh 
ether  67*26  p.c  of  ofl ;  whilst  the  jield  of  osl  by 
cold  and  hot  extraction  at  n  prewuie  of  100 
atmospheres  was  46'7  p.c. 

The  following  nnalyticid  reenlts  nre  dne  to 
(\  IT.  Wright  (Bull.  Ilept.  Agric.  Trimdnd,  it. 
1910)  I— 

1.  n. 

Specific  gravity  at  40740*('.         0  0149 
Specific  gravity  at  iS-SVlS-fi'C.    0-9249  0-9211 
Aokivahie      .      .      .  oigi^dS  by  dftfcgle 
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L  n. 

Saponifieation  TBlne         .      197^  196-1 

Iodine  value     .  .        ST"?  58-5 

Rekbert  Meiasl  value       .         8*8  3-6 
Unwponififtble  nwttor  —  1*16 

CABAWAY  OIL  v.  Oils,  Essential. 

CARBAMIC  ACID  CHfNO,  or  14H,C00H. 
i4mtiio/onfi<(;  aeU.  An  aeid  not  known  in  the 
free  state.  Ammonium  cnrlxniKih  is.  luiwovcr, 
met  with  in  Ireahly  sublimed  commercial  ammo- 
nimn  carbonate,  and  may  be  prepared  by  mixinc 
gaseous  ammonia  and  carbon  dioxide.  Olitaineu 
also  by  the  action  of  alkaline  solution  of  pcjtaji- 
ainm  permanganate  on  albmnen,  lenoine,  tyru- 
aiiie,  and  glyoooolL 

OAIIBAZOLBC,ANor<^*^«^NH.  A 

white  ciyBtaHine  subHtance  found  amongst  the 
pcodocta  of  the  distillation  of  coal  tar,  and  also 
met  with  in  erode  anthracene.  Oarbaoole  com- 
pouHfls  are  most  easily  recovered  from  crude 
anthracene  by  converting  the  former  into  the 
eamly  soluble  nitrosocarbazole  (Wirth,  Eng.  Fat. 
14402  :  J.  Sof.  Chem.  Ind.  1901,  404).  May  be 
obtained  by  pasaintf  vapour  of  aniline  or  di 
phenjrlamine  throng  a  rad^hot  taba ;  by  boil 

log  iminodipheiiyl  aidphide  HN<^'|[*^ 

with  reduce<i  copper  ;  by  passing  the  vapour  of 
orthoamimKliphenyl  over  lime  heated  to  a  dull 
redness  (Blank,  lier.  1891.  306);  or  by  acting 
on  v/rthoaminodiphcnylanune  with  nitroua  acid 
and  heating  the  puenvlazimido})en7.ene  so  formed 
to  300^  (Graebe  and  L'Umann,  Annalen,  291,  16). 
Forma  white  lamina;;  m.p.  238°,  b.p.  351-5° 
(corr.).  Carbazole  dissolves  in  concentrated 
sulphuric  acid  to  a  yellow  sulution,  which  changes 
to  red-violet  on  heating.  Addition  of  formalde- 
hyde gives  a  blue  solution,  chanLMnir  to  a  preentsh 
blue  on  addition  of  large  quantities  (Gabretti, 
(  hem.  Zentr.  1907,  iL  98).  1  moL  carbazole, 
2  mols.  salicylaldehyde  and  concentrated  sul- 
phuric acid,  heated  to  100*'-110%  give  an  in- 
tense blue  oolonr  <GanafB»  Cktts.  oUm.  itaL  1809. 
iL  635). 

By  melting  together  carbazole  and  oxtilic 
acid,  and  extracting  with  hot  water  and  Ix  ii/cne, 
dissolving  the  residue  in  warm  alcohol,  filtering 
and  evaporating,  carbazole  blue  is  obtained. 
The  alcoholic  solution  of  carbazole  blue,  when 
treated  with  glacial  acetic  acid  and  zinc-dust,  is 
decolourised.  Filtered  into  caustic  soda  solu- 
tion, the  leuco-  base  separates  out  as  a  white 
flocooloit  precipitate.  On  oxidation  with  any  of 
the  nanal  reagents,  the  blue  colouring  matter  is 
again  formed  (Bamberger  and  Mullcr,  Ber.  1887. 
1903 ;  J.  ScK>.  Chem.  Ind.  mi,  660).  Carba- 
woUfgtBowh  prepared  from  thetetrazo-  derivatire 
of  coaminocarbazole.  It  i.s  easily  soluble  in 
water,  and  dyea  unnuwdanted  cotton  in  a  neutral 
bath  a  ful  solden  3f«Dow,  and  wool  hi  a  neutral 
or  acid-batn  a  vcllow,  fast  to  milling  (Bad. 
AniL  and  Sod.  l  ab.  Eng.  Pat.  14478  and  14479 ; 
J.  8oc  Chem.  Ind.  1889,  771)  {v.  AtO'  ooLOimnfo 
MAVTasa). 

Nitrocarbazole  is  obtained  by  treating  nitro- 
Boearfaaaole  with  10  times  its  weii^ht  of  benzene 

and  ita  own  weight  of  nitric  aciil  ;  sp.^r.  1-36 
(Wirth,  £ng.  Pat.  2899 ;  D.  K.  P.  128853 ;  J. 
Soe.  Chem.  Ind.  1901,890).  Dhiitroearbaaoles, 
r.  Bad.  Anil.  u.  Rod.  Fab.  (]\  R.  P.  46438; 
i'ldL  iL  447) ;  Wirth  (i>.  K.  P.  128863 ;  Fwih 
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vL  58).  These  nitro-  compotinds  may  be  re- 
dnoed  to  the  amino*  oompoimds  by  means  of 
alkali  anlphides  (Wu^h,  D.  R.  P.  mrm  ;  Chem. 
Zentr.  11)03,  i.  746).  By  heating  carbazole  with 
concentrated  sulphuric  acid,  a  mixtore  of  di> 
sulphonic  and  trisulphr.iiir  acids  is  obtained. 
Nitration  and  subsequent  reduction  of  the 
former  yidda  aminoearbasoIediBulphonio  acid, 
which,  when  diazotlsed  and  cmplcd  with  )3- 
uaphthol,  yields  a  dyestuH  dv'eing  red  from  an 
acid-bath.  If  the  nitric  aoid  is  idded  dheot  to 
the  ])n>dii«  ts  of  sulphonation,  on  reduction  a 
second  amino-  acid  is  obtained  which,  when 
diasotiaed  and  coupled  with  0.naphthol,  gives 
a  red  dyestuff,  ami  with  a-naphthylamine  a 
violet  (Schultz  and  Hauenstein,  J.  pr.  Chem. 
1907,  336).  The  aalphonio  acids,  preferably  the 
di»ulph<>ni<',  contlense  with  tetrulkyldi/imino- 
diphenylcarliinol  to  yield  valuable  green  dye- 
stuffs  (Cassplln  Sc  Co.  Eng.  Pat.  20709 ;  J.  8oo. 
Chem.  Ind.  MMHt.  (JOT).  fU  allowin<r  nitroso- 
phcnol,  it^  homologues  or  derivatives  to  act  on 
carbazole  in  the  presence  of  cone,  sulphuric  acid, 
compoimds  are  obtained  which  yield  blue  sul- 
phide dyeetutis  with  alkali  polysulphides  (Haas, 
Eng.  Fat.  S018;  J.  8oo.  dnem.  Ind.  1900, 
617). 

A  method  has  been  patented  (Ch.  Pab.  Act. 
Gcsell.  in  Hamburg,  D.  K.  P.  81837 ;  Ber.  1895^ 
iv.  692)  ff)r  obtaining  potas-Hitim  cyanide  or 
ferrocvauide,  by  heating  the  potassium  deriva- 
tive of  oarboaole  hi  the  abaenoe  or  pteaenoe  of  an 
iron  salt. 

CARBITE.  An  exploj^ive  consisting  of  nitro- 
glycerine (26),  potassium  nitrate  (34),  flour  (38-5), 
barium  nitrate  (I),  powdered  bark  (1)»  and 
sodium  carbonate  (U-.'j  pirt). 

CARBODYNAMITE  i.  Explosivw. 

CARBOHYDRATES.  The  term  is  applied 
to  polyhydroxy -aldehydes  and  l<i  ton(.s,  and  to 
the  substances  which  give  these  wlicii  hydrolysed 
by  heating  with  mineral  acid».  Dextrose, 
ordinary  sugar  or  sucrose,  starch,  and  cellulose 
are  carbohydrates  universally  dbtribut^^^d  in 
plants.  Dextrose  and  glycogen  enter  into  the 
composition  of  animal  tissues.  The  simple 
carbohydrates,  monosaccharides,  have  the  em- 
pirical composition  CH,0,  the  most  important 
being  those  containing  6  or  6  atoms  of  carbon. 
The  complex  carbohydrates,  polysaccharides, 
are  built  up  from  two  or  more  simple  carbohy- 
drates with  the  elimination  of  water ;  they  have 
the  composition  (C,Hn05),H,0  (Kiliani,  Chem. 
Zentr.  1908,  32,  366).  Compounds  in  which  n 
equals  1,  2,  3,  or  4  asa  dfatingniwhed  by  namea 
having  the  suffix  -oge.  They  may  beoooTeniently 
grouped  as  follows : — 

1.  Monoaaccharides. 

(o)  Pentoses  C.H,on.,  e.g.  arabinose,  xylose, 
(b)  Hexoses  C,H|,0|,  aldoses,  eg.  dextroee, 
mannose,  galactose ;     Rctoscs,  e.g.  l«viiIoMt 

Horbf)se, 

2.  Disaccharklcs  :  n~2,  CttUat^ji* 

(a)  Non-redneing,  e.g.  sucrose,  trenaloee. 
{b)  Rithu  ing.  e.g.  nialtDse,  lacto.se,  &c. 

3.  Trisaccharides  :  »  --3.  C),H,,U|,.  Uen- 
tianoee,  laffinoae,  melesitoaa. 

4.  Tetraaaoeharidea;  n":4.  Cs^Hi^Og,.  Sta- 
chyoee. 

6.  Polysaccharides: 

{a)  (Jlycogen,  inidin.  ilcxfritis.  ;/  unknown. 

(6)  Starch,  cellulose,  a  very  large,  ^uized  by  GoOglc 
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Related  to  the  carbohydratew  are  thoio 
sijlistiitKcs  which  yield  simple  carhohydratf.s, 
together  with  other  substances  when  hydrulyned. 
8ach  are  glacoeides,  gums,  pectins,  &c.  iq.v.). 

Oentral  chararfers. — -The  nieinbors  of  classes 
1,  2,  3»  ^  and  5a  aie  solable  la  water.  Ihey 
have  «  more  or  kttl  pronounced  sweet  taste. 
The  monosixcrhurides  are  coloiirle.ss  crystalline 
compounds,  characterised  by  the  power  of 
reducing  alkaline  sohttkiDS  of  the  heavy  metulii, 
for  exainplt',  rr>p|KT.  Thev  form  ohanCteristiQ 
comjpounds  niith  phenylhydraifciiMi 

The  di«  and  poly-saccharidet  ai»  oonrerted 
into  simple  <  arbohydrates  wlufO.  hydrolysed. 
This  change  may  be  effected  b^  means  oi  mineral 
acids,  or,  as  a  rule,  more  omckly  h\  t n  \  mes. 
The  (  (implicated  polysa( «  narides  are  usually 
amorphous ;  they  tend  to  iorm  colloidal  sola- 
tioiii»  and  are  ohemicany  relatively  inert.  In 
virtue  of  the  hydroxyl-  ;:r(iups  whidi  (hey  con - 
tain,  they  react  with  acetyl  chloride,  benzoyl 
chloffide,  nitrks  acid,  fto.,  fmtning  eaters. 

Carbohydrate  solutions  are  generally  optically 
active.  The  direction  and  amount  of  the 
rotation  vary  with  the  sabstanoe,  and  also 
with  the  strength  of  the  B(ilution.  the  n  iture  of 
the  medium,  the  temperature,  &c.  The  optical 
rotatory  power  of  carbohydrates  is  made  use  of 
in  their  analyse?  (r.  Saocharimetby). 

ConMituiiomtl  /urmula  of  Dextrose. — In  addi- 
tion to  those  carbohydrates  which  oooor  na- 
turally, a  number  of  others  have  been  prepared 
artificially  by  Emil  Fischer,  and  it  is  largely  to 
his  woric  that  the  present  complete  knowledge 
of  the  group  is  due.  (Fis<hcr's  original  work 
has  been  republished,  Uut^^rbuchungen  Uber 
Kohlenhydrate.  Berlin,  1000,  J.  Springer.) 

Dextrose  and  its  is(jnierides  C,H,,0,,  con- 
veniently ternied  glucoses,  have  5  oxvgen 
atoms  pri  seiit  as  *aydrozyl,'  since  they  iorm 
esters  such  as  dextrose  pentacetate 

C,H,0(OCOCH,)e, 

The  sixth  oxygen  behaves  as  an  aldehyde  in 
dextrose  and  galactose,  a  ketone  in  Itcvulosc 
and  sorbose.  The  two  classes  of  compounds  are 
accordingly  referred  to  as  aldoses  and  kctoscs. 
Reduction  converts  the  glucoses  into  alcohols 
^'«Hi4^«»  dextrose  yielding  sorbitol  and  mannitol, 
and  galactose  forming  dulcitol.  Secondary 
hexyltodide,  a  derivative  of  normal  hexane,  is 
formed  by  the  action  of  hy^drogen  iodide;  hence 
the  glucoses  must  posses  all  their  six  carbon 
atoms  united  in  a  normal  chain.. 

l)i!Xtrose  on  oxidation  yields,  in  the  first 
place,  gluconic  add  ('sH,(OU.). -00,11  which 
retains  all  six  carbons  and,  like  dextroee,  forms 
a  pentacctyl  ester.  Further  oxidation  converts 
it  into  saccharic  acid  C,ll,gOg.  Galactose 
behaves  similarly,  yielding  the  isomeric,  galac* 
tonic,  and  mueic  acidn.  Taking  furtlur  into 
consideration  the  reducing  power  of  dextrose, 
the  constitutional  formula  may  be  written : 

CH,(OH)CB(OH)-CB(0B)<;E(OH>t;H(0B)'CHO. 

This  formula  does  not  fully  express  the  ! 
Indmviour  of  dextrose,  which  lacks  many  of  the  j 
well  atte»ted  properties  of  Uie  aldehyden ;  for 
example,  it  i^  not  oxidised  in  the  air,  and  does 
not  show  their  variou-  < clonr  rcarf  ion>.  Tnllcns,  | 
in  188.1,  therefore,  proposed  the  laelonic  or  1 
y-oxideformuIa(i.),whkh may  bealso written (ii):  | 


.CH(OH) 
/  CUrOU) 
\  GH(OH) 

CU(OH) 
<!!H,(OH) 

a) 


HGOH  \ 

HocH  y 

HCOH 


This  formula  (i.  or  ii.)  is  in  entire  airrpenM^iii 
with  the  reactions  of  dextrose,  and  ha*  been 
generally  adojited.  It  is  suppoaed  that  in 
preHcnec  of  alkalis  and  other  rea^rent*  the 
')'-oxide  ring  opens,  forming  the  aldehvde. 

The  work  of  Tanret  (Compt.  rend.*  120.  i08D< 
ha."  shown  that  dextrow  exi«t-«  in  m<>T*-  thsn 
uue  form.  In  addition  to  the  liydrattd  an) 
anhydrous  modifications,  he  isolate d  ^\\t^  other 
anhydrous  modifications.  Thesi-  diffi-rt-.l  p»r. 
ticularly  in  optical  rotatory  power.  Xanrft 
described  an  ••dexttnaa  having  [a)^+ 110"  vhrs 

first  dissolved,  and  falling  in  aqueous  solutkm ; 
a  jB-dextn)se  having  fa]^_-^H»'*,  and  increasing 

in  solution ;  and  a7-dextro>e  having  [a]^-|-52-5'. 

and  remaining  constant  in  tiolution.  It  had 
long  been  known  that  the  optktol  rotat«»r>- 
power  of  freshly  dissolved  dextrose  diminijched 
to  about  one-half  its  initial  value  in  S(Jatkia. 
and  the  term  »iute>rela<iOM  or  M^futatfoa  was 
applied  to  this  phenomenon. 

l>ubrunfant  ascribed  the  change  to  portly 
phvsical  causes.  Sischer  considered  that  tike 
ahfehyde  dextrose  underwent  hy<ir,iti<'n  to  an 
alcuhul  C'jHj^Oj  of  lower  rotatory  jH^wxr,  In 
view  of  Tanret's  discoveries^  it  Is  now  considered 
that  the  change  in  rotatory  power  is  due  t.»  the 
mutual  interconversion  of  the  a-  atid  0-dexlro!<es, 
until  equilibiinm  is  attained.  7*!Dextnise  re]irfr> 
sents  such  an  ♦•quililtrium  mixture.  It 
supposed  that  iMjth  o-  Hud  ^  dextroae  have  a 
closed  7-oxide  ring  structure,  and  it  is  otiB  a 
matter  of  controversy  whether  some  prfjpor- 
tion  of  open-chain  aldehyde  is  present  m  solu- 
tion in  the  equilibrium  mixture.  (For  the 
full  discussion  of  this  question,  sfe  E.  F. 
Armstrong's  The  Simple  Carbohydrates,  Long- 
mans, 1910.) 

To  understand  fully  the  relation  of  a-  to  B- 
dextn>se,  it  is  neceatary  to  refer  to  the  van't 
Hoff-Ije  Bel  conception  of  space  i^imcritm. 
Chemical  compounds  which  rotate  the  plane  tA 
polarised  light  contain  an  as^nmelric  carbom 
atom,  that  is,  one  in  which  the  four  affinities  are 
satisfied  by  four  distinct  radicles.  Such  a 
carbon  atom  Is  oonsidered  as  l\-ing  in  the  t  entrr 
of  a  tetrahc<lron,  and  each  of  the  four  diffcrcni 
radicles  with  which  it  ia  combined  aa  beiag  at 
the  four  solUI  angles  thereof.  Two  modin<^ 
tions  of  the  conipound  are  pcmible,  which  are 
related  to  one  another  like  an  object  and  iia 
reflected  image. 

In  the  Tiillens  formula  f')r  dextrose,  the 
carbon  atom  (C)  has  the  four  diHetent  gzoajMi* 
H.  OH,  the  oxvgen  d  the  ring,  and  tibe  oomplex 

CjHjoOj  attached  to  it.  It  is  as\ minet  rie.  :in  I 
two  womerides  are  powsible,  which  are  reprcs^ntr^l 
on  a  plane  suifaee  V  writing  H^d^5)Ji  ^i^^^ 
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or  other  side  of  the  carloun  atom,  wa  thefolluwiiig 
fomraltt  difyir 


HO— C-H 

HOCH 
HC 

OHt-OH 

a-Dextro«e. 


U— C— OH 


o 


MUCH 

\. 
HC 

b6ok 

iH.-OH 

^-Dextroce. 


Corresponding  to  these  t  wo  isomeric  forms,  dc  x  - 
troae  gives  rin  to  a  doable  series  of  derivatives. 

The  coinivitind  represent*^!  by  thf  formula 

CHtCOii)  lil(011)  CH(0H)-CB(0H)  CU<OU)  CBO 
ccmtaJiM  fbur  Mfymmetric  carbon  fttoms 
(marked  ♦).  and  .should,  tht-n  forc,  be  <  apable 
of  existing  in  16  stereoisomcric  formii,  8  of 
which  would  be  mirror  imagee  of  the  other 
8»  and  of  equal  but  opjxj  itr  r  )tatory  power. 

The  carbohydrate  group  has  afforded  a  unique 
opportunity  of  testmg  tide  hjrpothesiB,  and 
iilfli  igh  only  three  of  the  isomerides  occur 
naturullv,  no  less  than  12  have  been  prepared 
artificially  by  HaeheTt  who  haa,  in  adoition, 
made  them  in  mioh  wajB  that  their  stnictare  is 
established. 

The  ioiown  aldoheiiOMe  aie  th»  deartro"  and 
Iii  vn-  Lsoim  rideri  of  mannose,  dextrose,  idose, 
guloac,  galactose,  and  talose.   It  wiU  suffice  to 
1ve  the  oonatitutioiia]  formubs  as  eetabliahed 
Fischer  of  the  natural  niembevB: 


CHO 


HOCH 
HOCH 

nhoE 

("HiOH 


(.HO 
HC'OH 
HOCH 
HCOH 

b6oh 


CHO 

HC'OH 
HOCH 

uoim 

HGOH 

c'h.oh 

Qalactosc. 


ch.oh 

Destroseu 

lAumoee  and  galactoeet  lilce  dextrose,  exist 
in  o-  and  $•  forms,  and  it  is  more  correct  to 
write  their  formnla  in  the  form  adopted  for  o* 
and  /9-dexttoie. 

As  is  to  bo  expected,  the  isomeric  irlucoses 
difier  but  little  in  their  chemical  behaviour. 

Formidla  of  Lmvlnm. — LaeTulose.  when  ozi- 
diMe<K  forms  Klycollicand  t  rihydroxyyluf ario  acid, 
or  other  acidi  with  less  than  0  carbon  atoms. 
It  forms  an  additive  eompoand  with  hydrogen - 

cyanide,  which  yichJs  l.Tvulose  carl><)xylic  m  id 
C.HiJOg  on  hydrolvsia  j  and  this,  when  boiled 
with  bydriodio  acid,  is  converted  into  methvl- 
lnitylaccti(  a.  i>!  f  ,1!  ,  <  HMt-CO^H.  This  be- 
haviour establishes  ia-vuloae  as  a  ketohexose.  it 
has  the  formula : 


GHtpH 

I 

HUGH 

hcIqh 

CHjOH 
¥isolM»r  lurmula. 


CHtOH 

fc-OH 

HOdH\ 

i  o 
HCOH  y 

\  ' 

HC 

CH,OH 
yHlxIde  formula. 


Formtdob  uj  tJ*e  PetUoses  and  Ttiraoeji, — Eight 
aldopeutcMwe  are  possible,  of  which  six  have  l>een 
artificially  pn  jinred,  viz.  (/-  and  r  ^r.ibinose  and 
xy  1  oHc ,  (/  ly xo**,  and  f-riboso.  The  two  naturally 
occurring  pentOMM  have  the  ooostittttiooal 
formoUe: 


CHO 

HojjH 

! 

HOCH 

CH,OH 
{•AraUnme. 


CHO 
H<!x)H 


H 


oIjh 


HCOH 

(!'H,OH 
/•Xylose 


Like  dextrose,  they  occur  in  two  forms,  and 
are  more  correctly  written  with  a  7-oxide 
structure.  A  pentose  believed  to  be  (2-arabinosc 
lias  been  isolated  from  the  glucoside  barbaloin 
(L^er).  Levene  (Ber.  1909.  42,  3217;  1910, 
43,  3147)  claims  to  have  obtained  d-hbose  from 
nudeio  aeid,  but  this  is  disputed  by  Neubcrg. 

Three  out  of  the  four  po.s-sible  aldototroses 
are  knoiiiui,  viz.  d-  and  j-crythrose  and  /-threose. 
but  they  liave  not  been  found  in  nature. 

RcorlioH  with  Phenylhydrazine. — The  beha- 
viour of  the  carbohydrates  with  plienyU^drazine 
is  particularly  duwaoteristio,  ami  it  has  further 
an  hi.storical  interest,  as  phenylhydrazine,  in  the 
hands  of  Fischer,  served  as  one  of  the  chief  aid^t 
in  tlw  elucidation  of  the  reiationBhips  of  the  grou  p. 

Dextrof;c  roact-^  with  the  reagent  in  acetic 
aeid  solution  in  two  stages.   In  the  cold  a 
phenylhydraxone  is  formed: 
C.H„Og+C,H.NHNH, 

^CjHj.Os-CH  :  N  NH  CjHj  +  H.O. 

Thin  is  a  colourless  substance,  soluble  in 
water,  and  is  obtained  in  two  modifications, 
cmc  or  the  othrr  prffloininatrng  according  to  the 
method  of  picparation. "  Similar  compounds, 
with  asiymmetrically  disubsttttited  hydnudnes — 
for  example,  benzylphenylhydra/ine  are  often 
less  soluble  and  more  eharacU.-rL-tic.  Mauuo:io  is 
remarkable  in  forming  an  almost  insoluble 
phenylhyrirazonc.  The  hydrazones  ol  lactOSe 
and  niultoso  are  very  soluble. 

At  the  temperature  of  boiling  water,  dextrose 
react H  with  excess  of  phenylbydraslne  to  form 
the  phenylosazone 

CH^OH)-CCH(OH)],-C(:N-NHPh)-CH:N*NHPh 

Dextrose  (1  molecule)  is  heated  with  3-4 
molecules  of  phcnylhydrasine,  which  should  be 
almost  oolounesH,  and  free  from  oxidation  pro* 

ducts,  and  an  equal  volume  of  60  p.c.  acetic  acid 
in  a  flask  immersed  in  boiling  water  for  an  hour 
or  more.   Usually  the  oeacone  begins  to  separate 

in  2(>  minutes  or  Ic<s.  In  the  case  of  the  di^c- 
charidus,  no  separation  of  osazono  takes  place 
from  the  hot  solution. 

The  yellow  os;i/.one  hi  filtererl  and  carefully 
waished ;  it  may  be  crystuUised  from  mo^t 
organic  solvents,  but  the  most  suitable  appears 
to  be  a  dilute  solution  of  pyridine.  Dextrose, 
mannosc  and  la^vulose  form  the  sttiue  phenyl 
osacone,  as  they  differ  only  in  the  relative  post* 
tions  r>f  .rroupH  which  are  destoyed  in  the  forma- 
tion of  the  osuzone. 

T<M>  much  deixMxleneo  must  not  be  placed 
on  tin-  inc!tin<r  poiuts  of  the  o«azones  in  idcntif}'- 
ing  unknown  sugars  in  soiution,  as  tjjj^jc  depe^^jOOgle 
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very  Uu^y  on  the  rat«  of  heating,  and  the 
method  of  purification  adopted.  Disubstitutod 
hydrazines  do  not  directly  form  oaazones  with 
dextrose,  though  these  may  be  prepared  from 
the  osonea. 

To  recover  the  origioal  sugar  from  the 
phenylhydrazone,  it  Is  ooilecl  in  water  with  a 
slight  excess  of  benzaldehyde.  The  phenyl- 
hydrazino  is  removed  as  benzaldehyde  phenyl- 
hydzHsooe,  tlie  taaoom  of  aMehytle  extracted  by 
ether,  and  the  sugar  solution  concentrated  in 
vaeufi.  With  the  dtfabatitutedhydiazunes  better 
remiUa  «m  obtafned  on  tning  formaldehyde. 

The  phenylhydrazine  residues  may  bo 
removed  from  the  o8a«mes  by  heating  with 
fuming  hydrodilorio  ackL  Compounds  termed 
MOnet  are  formed : 

rH^OH)  [CH  (OIl ) ; J  (  O  CHO. 
Thc4>c  are  colourleiia  ayru^s ;  they  act  as 
Strong  reducing  agents*  oombme  directly  with 
phenylhydrazine,  and  arc  nnn  femtcntabli'.  Tlie 
Hiightly  i>ulul)le  osazones  uf  the  di/tacobaiideH,  and 
of  the  pento^s,  are  converted  into  osooet  on 
boiling  ivith  benzaldehyde. 


When  reduced  by  means  of  sodium  amalgur, 
the  osonea  are  converted  into  ketoees,  and 
into  tlie  aldoses  from  which  they  were  foawd 
Thus  it  is  possible  to  pass  from  dexttoss  tu 
lso\-ulose — a  tranKfomifttioil  of  i 
— the  stages  being  : 

dextrose— >phGnylo3aj:' me— >  o^^ne— >  I.prak*e. 

Another  important  transformation  is  th*: 
from  dextrose  to  m&nnose,  iHlicli  is  based  m 
the  fact  that  gluconi  *  ncid  {g.v.),  when  h^it-^i 
with  quinoline,  is  converted  into  a  mixture  of 
^noonio  and  manDoaks  sdda.  Tlu»  '  — 
this  ofise  are : 


oxitiation 


re<luctinn 


'  tlic  aid  of  these  two  reactions.  Fiscittr 

vvin  al>le  to  pass  from  the  synthctniai  a-acn>*  to 
cf-glucose^  d'-fructoso,  and  (f-mannosc,  and  »o 
effect  the  complete  aynthesia  ol  the  na^Biaify 
occurring  hexoaes. 

[     The  following  scheme  shows  the 
operations: — 


»«oro8e  (obtained  from  acrolein  bromide,  glyoense,  or  formaldehyde 
[by  heating  with  phenylhydrazino] 

di-phenylgluoosazone 

[by  treatment  witji  oonoentrated  hydrochloric  acid] 

dl^ucosono 

[by  reduction  with  zino-dust  and  acetic  acid] 


dMaevulose 

[by  femmntaitioa  with  y&i^]  I  I  [by  leduotion  with  •odtom-unalgam] 


MscN  ulu:»e  (dextro-rotatory)      t^-mauuitol  (a-acritol) 

I  I  [by  oKidKtioa  with  nitrio  «4>id] 

(ii-maunoso 

[by  osidfttioii  with  bromine] 


(t^-mannonio  acid 

[by  ispsration  with  stiyohaiiM  and  morphine] 


|*niMUiooio  acid  (lasvo-roUttory) 


[by  rrn  1  action  with  sodium     [by  reduction  with  sodium 
amalgam]  amalgam] 


<t.|IIMlLonio  acid  (dcxtro-rotatorv) 


|]by  lieating  with  qniiKrfiae} 


{■mannose 


^mauuitol 


[by  further  reduction]     tf-mannoso  </-gluconio  acid 

[by  further  reduoiion]  |  '  [by  treatment  with  phenyl-    |  [by  rednetionl 

hydnudne  acetate] 


d^ID•tUlitol 


I 


d-slucose  (uc.  ordinary 
<Mztio-rotntor7  deirtrosr) 


<f>|ihn)ylglucoiiiizone 

'  [by  reduction] 


.  ,   '  •      I     '  . 

<<-gbi(  itcnnr  iso-pinno«amiB« 

I  [by  reducti«^>iij       [by  nitrous  acid) 


rf- la; vulose  (ordinary  laevo-rotatory  l.Tiuii«>»"l 

Cyatiohy^irin  ^iinihe^iM. — The  aldo«»efi  oombiiir  I  which,  when  hydroljrsod,  give  rise  to  acids  coo- 
direcUy  with  hydxugcn  cyanide,  forming  nitriJe»>,  j  t^iining  one  carbon  atom  Dio<Si^|{f|§cl^ 


CAJUiuiiViJKATES. 


635 


carbohjdtftto.  The  iMtooes  of  theao  acida, 
when  TMiioed  with  sodium  anuklsam,  yield  the 

co^ro^^p<>nJ^n^  alduso.s  with  one  carbon  Atom  mom 
than  the  original  carbohydrate  : 
C.HnOgCHO  +  HCN=CgHiiO,Cfl(OH)CN-» 

CsWu<'s  Cn(OH)  CO,ff-^,Hi|0,'CH(OH)-CHO. 
la  thj«  maimer  arabinose  ia  coaverted  into 
deztroao^  deadbnMe  into  glu<K>heptoae.  Fiaoher 
has  contioQed  (Iw  procM  m  l«r  M  the  aldono- 
nose. 

ActnaOy  two  fBomaridaa  an  formed  nt  each 
stage,  and  usfaiinofle  gives  both  deztrose  end 

mannose. 

DegradaUom,—'^  ooaT«M  chenge  feom 
dextrose  to  arabinoae  he*  been  effeeted  by  two 
diiiereDt  methods. 

WohI(Ber.  1893,  26,730.  &c.)  hcateddeztrose 

oxinu*  with  t  oticentriitod  scxliurn  hyilroxide,  so 
coQTerting  it  into  gluconic  acid  uitrile,  from 
which,  on  farther  Iieating  hydrogeD  cyanMe  wee 

eliminated  and  c/  arabinoee  formed 

In  jpractice  the  method  a<ioptod  is  to  heat 
the  OZnne  with  acetic  anhydridr  nnrl  a  grain  of 
sine  chloride;  a  vigorous  rcafticHi  ensues,  and 
the pentacetate  of  ^noonic  acid  nitrile  i^^  formed, 
from  whi^h  hydrotfon  cyanide  ia  eliminated  by 
treatment  with  amniouiacal  silver  oxide. 

Ruff  (Ber.  1898.  31,  1573)  oxidises  the 
talciiini  salt  of  gluconic  acid,  with  hydrf>gen 
peroxide  in  presence  of  a  ferrous  salt  (Fentt^n's 
method).  The  oarboxyl*  group  le  eliminated, 
end  arabinose  formed. 

Neuberg  (Biochem.  Zeitsch.  1008,  7,  527) 
efifects  the  elimination  of  the  elements  of  jformic 
acid  from,  glnoonic  and  similar  adds  by  electro- 
lysis. 

Action  of  Acids. — Dilute  acids  are  without 
action  on  the  aldoses,  but  when  submitted  to 
the  continued  action  of  acida,  hcxosos  yield 
Isevnlie  ecid  (acetopropionic  acid) 

(rnj-rocHjCHi-coji) 

and  formic  acid,  tt^ther  with  brown  or  black 
hnmns  nibeteQeee.  The  first  pcochiet  from  the 
2  ketohexone  ie  4<hydtox7methylfatfuelde- 

byde 

CHO-C :  CH-CH  t  C-CH,OH 

o 

and  it  is  to  the  condoutiation  products  of  this 
aldehyde  that  the  ecdonr  veectkms  of  the  ketosca 

with  phenola  are  due.  BleaknDa  and  Ekenstein 
have  shown  that  this  aldehyde  is  abo  j^oduced 
on  beatiog  mannose  or  dextroee  with  ozalie  acid . 
nnd  rr?ntrn  obtained  4-halogenmethylfurfurol 
irum  Itevuioae,  and  more  slowly  from  the  aldoses, 
on  tieetment  with  dry  halogen  hydridew  The 
aldoses  apparently  undergo  a  1-,  S-enoIifletion 
and  conversion  into  2-ketohcxoae. 

AeHon  o/  iillaKv.— Althoimh  ebMlately  tteble 
in  pure  aqTieoiiR  prihifiDii.  dextrose,  mannose, 
and  fmcto.se  pass  over  into  one  another  in 
presence  of  traces  of  aUcalit  in  the  odd.  The 
optical  rotation  of  a  dextroj(e  solution  containing 
alkali,  fur  example,  slowly  falls  to  zero.  This 
change  was  observed  by  Lobry  de  Bniyn  and 
Alltf  rda  van  Ekenstein  (Rec.  trav.  Chini.  1895, 
^4,  156,  204).  It  is  due  to  the  conversion  oi  the 
■agar  originally  pramt  into  enol : 

CH,(OH)  ff' H(OH)j,-C(OH) :  CH(OH) 
which  is  reconverted  into  all  three  hexoses. 


Uuanidine  (Morreli  and  Bellars,  Chem.  boo. 
Tkane.  Ifi07.  91.  1010-1033)  brings  aboot 
eimilar  changes. 

The  action  of  alkaUs  on  the  carbobydratee 
is  exceedingly  complicated,  and  leads  to  the 
formation  of  a  great  variety  of  substances,  in 
addition  to  humus  compounds.  The  conceutra* 
tion  of  the  ellEeli  is  of  greet  importenoe.  a  larger 
number  of  products  l>eing  formed  when  the 
relatively  sparinglv  soluble  lime  and  baryta 
(Kiliani)  are  need,  them  when  coneentnied 
sodium  hydroxide  is  employed  (Nef.  Annekn, 
1910,  376,  1). 

The  deoomposition  tekee  place  quickly  on 
heating,  slower  in  the  cold,  with  the  production 
of  acetol,  acetone,  lactic,  acetic  and  formic 
aoMs,  alao  i^neinio  and  saochamroio  acids,  and 
other  substance.^.  With  calcium  hydroxide 
saccharin  or  calcium  saccharinate  is  produced. 

In  addition  to  these  aubstanoee,  intermediate 
products  are  formed,  more  cloiscly  related  to  the 
mouosiM:c'hariUus,  and  from  which  the^  are 
reconstructed  by  the  synthetic  action  of  the 
alkali.  It  is  est-iiblished  t  hat  hexoses  break  dowii 
into  a  molecule  each  ui  diose  aud  aldutetro^, 
or  into  2  molecules  of  glycerine  aldehyde,  that 
is.  the  2  :  3  and  3  :  4-dienols  decon  poj^r  The 
1 :  2-dienols  never  break  down  into  aidopentoeo 
and  form  aldehyde.  Oonvenely,  hezoeee  efe 
never  built  up  from  pentoses. 

Pentoees  form  1 :  2  dicnols,  which,  in  the 
main,  give  aldotetroeee  and  hydroxymethylene 
on  decomposition;  they  also  form  2 : 3-dienols, 
breaking  down  to  diose  and  glycerine  aldehyde. 

Dextroses  exclusivelv  form  2  3-dienola, 
breaking  down  to  2  molecules  of  diose ;  they 
never  give  1  •  2-dienuls  yielding  hydroxy- 
methylene  and  glvcerinealdetiyde.  The  strongly 
dissociated  zinc  M'droxide  ammonia  acts  on  the 
monosaccharides  in  the  cold,  producing  methvl« 
CMe*NH 

glyoxaline  ||  CH  (Windeus,  £er.  IflOd^ 

38,  1166;  1906,  39.  3886;  1907,  40,  799). 

Saceharlnic  acids.  According  to  Nef  (Anna- 
len,  1910.  370,  1)  there  are  24  i.sonieric  sac- 
eharlnic acids,  with  6  carbon  atoms,  namely 
a-meta-saccharinio  acids  (ayic-tetrahydroxy* 
hexoic  acids) ; 

00,H<CH(OH)-CH|<!H(0H)-CH(0H)<GH.OH 

derived  from  the  16  aldohcToscs  :  i  f^osacchar- 
xnio  acids  (a-hydrozymethyl  a75-trihydroxy> 
▼elerio  eelds) : 

CO,H-0(OH)frH,OH)CH,-CH(OH)-CH,(OH) 
derived  from  the  h    ketohexoses  :  8  .sac(  h  irinio 
acids  (a- methyltetruhydroxy  valeric  acidtt)  : 

GO,H<:!He(OH)*CII(OH)<!H(0H)-CHt(OH) 
derived  from  the  8  7  ketobexoses ;  and  4  para 
saccharinic  acids  (a.  w-hydroxyethyltrihydroxy- 
bntyrie  acid) : 

CH,(OH)€H,C(OH)(00,H)'CH(OH)-CH,(OH). 

Tile  lactones  of  these  acids  are  known  as 
saccharins.  They  give  rise  to  characteristic 
alkaloid  salts  and  phenylhydrazidea,  and  possess 
optical  activity.  The  saccharins  are  obtained 
by  the  action  of  lime  on  dextros**,  maltose,  or 
lactose. 

Synthesi/i  of  Monosaccharides. — ^The  condensa- 
tion  of  formaldehyde  under  the  influence  of 
bases  to  carbohj'drate^  has  been  the  subject  of 
repeated  study,    iiutlerow,  using  mills  oiLiime.j^^Ogle 
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obtained  aD  uticry^tullisjible  uyrup  with  a  sweet 
tMtop  whieh  behaveci  us  a  sugar,  but  WM  iioii> 
fermentable  and  optically  inert  ivr\  He  termed 
the  product  methylenitan.  Loew  improved  the 
technique  of  the  method  by  saturating  ft  4  p.c. 
solution  of  formaldehyde  with  slaked  lime  in 
the  cold,  and  allowing  it  to  stand.  The  syrupy 
pradiiet  was  termed  *  fbrmoM,'  and  supposed  by 
I»ow  to  hv  homogeneous,  but  suHs(»quently 
Fischer  showed  that  on  treating  it  with  phenyl- 
hydrazine,  a  mixture  of  osazonw wu formed,  one 
of  which  was  identical  with  a-ncrosazone.  Quite 
recently,  Nef  has  given  rcasuiis  for  believing 
formose  (prepazed  by  means  of  lead  oxide)  to  be 
a  mixture  m  approximately  rquiil  parts  of 
isomeric  hexoaes  and  pentoses  :  iu  composition 
obvioiuly  depends  on  the  alkali  employed  and 
its  concentration. 

Fischer  and  Tafel  etfe<;ted  thu  luudcusat  iun 
of  acrolein  dibflDUiido  by  means  of  Imryta,  and 
>ih()\\cd  the  syrupy  product  to  consist  of  two 
sugars,  distinguished  as  a-  and  ^-ucrose.  Subse- 
quently, crude  glyterose  was  made  the  starting- 
point  of  the  synthesis.  It  is  a  mixture  of 
glycerine  aldehyde  and  dihydroxy  acetone,  both 
of  which  substances  have,  in  after-years,  been 
separately  used  as  the  initial  materiaL  Fenton 
has  used  glycollic  aldehyde  in  the  same  manner. 

A  product  of  synthesis  by  all  these  methods  is 
a-acrose,  which  is  partly  fermentable  by  yeast, 
and  this  Fischer  isolated  as  phcnylosazone,  and 
showed  to  bt'  identical  with  innctive  (i/-l;i'vulost'. 
From  this  by  the  series  of  reactions  alreadv 
given  (p.  634),  he  obtained  the  natmral  a- 
glucose,  f/  iiuumosc,  and  (/-frurtose  (l.Tvidose), 
as  well  as  their  optical  antipodes  and  a  number 
of  new  isomerides.   The  application  the 

incthods  of  dc;:rad<ition,  elsowhore  des<.ri1x»d, 
enabled  pentoses  and  tetroses  to  be  synthetically 
prepared  from  these  hexoses,  whilst  the  cyano- 
hydrin  rea<;tion  made  it  possible  to  obtain 
monosaccharides  with  1,  8,  and  9  carbon  atoms. 

The  full  explanation  of  the  synthesis  of 
carbohydrates  in  the  green  leaves  of  growing 
plants  has  still  to  be  given.  It  is  generally 
supposed  that  fonnaldi^yde,  the  first  product 
of  assimilation,  undergoe.s  iiolyinrri'^atiftn  to 
carbohydrates,  a  theory  advanced  by  Bacyer  in 
1870  (Ber.  S,  63).  Various  compounds,  such  as 
glyooUic  and  glyceric  aldehydes  and  dihydroxy 
acetone,  have  been  suggested  as  intermediate 
stages  in  the  polymerisation,  but  it  has  never 
been  possible  to  defi-ct  any  of  these  in  the  plant. 
Apparently  the  synthesis  is  ssynuuetric,  hexoscs 
of  the  dextro-  series,  and  their  polysaooharidee 
hointr  the  ordy  produ  f  f  aHsimilation.  It  is 
supposed  that  the  fui nuildehyde  elements  are 
superposed  under  the  influente  of  the  asymmetry 
of  the  pn^tnplnsm  molecul*-.  at  eording  to  a 
definite  plan,  und  are  oti  when  nix  are 

united. 

Si/nt/i'siji  of  Jlimrchiritltjt.  -  Thoui^b  often 
attempttHl,  the  Hynthesi**  cif  disaccharides,  by 
purely  chemical  means,  ban  only  been  partially 
successful.  Fisdirr  and  Arm«trnnc  have  pre- 
pared a  syrupy  eonUKJuud,  [)iobably  ideatical 
with  the  natiuttl  sugar  melibi<>.s(>,  by  the  inter- 
n(  tiuii   of  acetochloro^klactose  with  sodium 

Fischer  and  Delhrfick  found  that  when 
acefcobroraogUicose  is  shaken  in  «lrv  ethereal 
solution  with  silver  carboimtc  and   traces  of 


water,  the  octacctyl  dcrivati\  u  of  a  dLU'-uiiAr^^ 
is  obtained.  This  Is  hydrol^raed  by  coM  baiiuc: 
hydroxide  to  a  non-reducmg  disaccbiirid-:- 
the  t3rpe  of  trehalose.  The  octacet^l-  dtrntauit: 
is  a  mixture  ci  Isomsridas,  and  yieUs  Isomik 
disaccharides. 

In  the  plant  the  disaocharidc^  are  fon^^i 
from  hexoee  by  the  agency  of  enzymes,  vhick 
exenMsc  synthetic  as  well  as  analytic  furntiooi 
It  is  uudc-cided  whether  the  same  enzyioe  cas 
cause  both  syntliesis  and  bydfoh  !>is.  c^r'vhstki 

special  en7,vnies  alone  net  as  synthetic  sgents. 
It  is  proved,  iiowever.  that  an  euzyiue  effects  the 
synthesis  of  a  carb<»hy<lrate  isomeric  with  that 
w  hich  it  normally  hydrolyses,  the  two  compoDoili 
l>c-ing  apparently  related  in  the  same  mwiof 
as  the  a-  and  /S  methyl  glu* 'isidcs  (r.  CVoh 
Hill,  Chem.  Soc.  Tranw.  1898,  73.  634;  WA 
83.  578  ;  E.  F.  Armstrong,  Proc?.  Roy.  Soc.  1905, 
7b,  H,  592;  and  monograph  on  Carbohiydfatc^ 
1010). 

In  the  following  jiages  the  occmrcaec; 
preparation,  properties,  and  derivatives  of  the 
natural,  mono-,  di-,  tri-,  and  tetra-aacchahdoc 
also  gly  L  ugen  and  inulin.  are  dealt  wiUu  SoaesK, 
the  dextrins,  starch,  and  oellnlose*  Me  described 
in  separate  artideSi 

Dextrose.  Bextroginoose,  grape  eugtr, 
starch  sugar  C,HjjO,  and  C,H|,O,,Hj0. 

Occtirrence. — ^Reducing  sngars  are  veiy  widely 
distributed  hi  nature,  but  dextrose  is  tSmoA 
always  accompanied  by  lavulo.-.e,  the  two 
hexoaes  beii^  nrobably  derived  from  sucnse. 
It  is  thus  fouul  In  hon^,  in  the  jtuee  of  awit 
fruits,  and  generally  in  vegetable  tissue-  n 
small  ouantities.  In  the  animal  kingdom  it  » 
found  in  blood  and  in  dbibctle  nrineu 

ForiiMilion. — Dextro^.e  i.s  formed  on  hydx"- 
lysing  most  of  the  known  polysaccharides 
glucosides,  either  with  acids  or  ecn3mies;  it  is 
similarly  formed  from  glycogen.    Thus  ^  t  Hul  - 
starch,  dextrins,  the  diwccbarides  maltose, 
lactose,  and  tttcrose,  all  yield  dextrose.  | 

Preparatian, — Dextrose  is  usually  prep&r^ 
from  starch  or  sucrose.  It  can  be  obtained  iroa 
any  <rf  the  substances  mentioned,  but  thsy  sit 
less  Huiled  for  the  preparation  in  qiiant'ty. 

Crude  comraericai  dextrose  is  puriiicd  1</ 
dlHotving  in  8-10  p.c  of  hot  water,  and  adding 
dry  hoiling  methyl  alcohol,  until  a  duud  5* 

Sroduced.  This  solution  may  be  dccolotuis«j 
y  shaking  with  animal  charcoal,  and  filtsdag. 
On  standing,  anhvdrous  dextrose  in  a  pure  stAt< 
separates  abundantly.  To  prepare  dextro^ 
from  sucrose,  the  Utter  must  first  be  innitsit- 
This  is  bcMte  flee  ted  bytreatmrnt  at  a  teniperstuK 
not  exceeding  50°,  with  a  small  quaotity 
invertnse  or  of  prsMsd  ysast.  After  a  lew  hoon 
the  solution  is  evsporated  in  vrtmfl  to  a  s^Tt'fi. 
which  solidifies  on  standing.  The  ina^a  is>  Vku^'-^i 
with  cold  ethyl  alcohol  (sp.gr.  0  830).  and  th« 
residiK*  dis.^tlved  in  more  alcohol.  Dextrose 
crystallises  on  tooling. 

Sulphuric  acid  may  be  used  for  invecsion : 
must  be  nnitralised  w  ith  bar}*ta  before  evspors- 
tion.    iSt>xhlet   adviiseii   the   use   of  alcoholk' 
hydrochloric  acid  at  50°  for  2  hours,  l>xt^■* 
Crynf ,dli.se<?  in  a  few  days  without  netitraliaatjtT-. 

iVo/*tf/ie*f.-— Dcvtrose  cr^  .stall is.  s  from Ktn'tw: 
f 93-95  p.c.)  ethyl  or  meth\i  alcohol  is  thr 
anhydrous  state,  r^H,;j()^.  and  from  coQf*^- 
tratcd  aii^uetius  soJutiuus  at  3U  -3^^^^^'jt{i^0^[( 
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troatmeot,  crystals  of  this  composition  may 
*lao  be  obtiuned.  The  orrafcali  fonned  in 

aqHeoiiH  solutions  at  ordinary  tfnijXTaturos  con- 
tain a  molecuJe  of  water  of  crystallisation^ 
('^H,.(>,.H,0.  The  anhydride  forms  white 
<  rystaIliiK'  «tus(s  or  jxiwdcr  and.  wln-n  it  sepa- 
rates fruia  the  solvent  slowly,  fairly  well-defined 
glaasy  prisms;  the  hydntte  eryatoHiwM  in 
caiilillowcr-likf  nia8f»f  s.  hwt  with  care  an  !  Vn\ 
crystallisation  well-defiucd  crystals  can  be  ob- 
tiuned. Both  bodies  dissolve  easily  in  water, 
the  anhydride  with  evolution  of  heat.  The 
hydiate  dissolves  freely  in  strong  ethyl  or 
methyl  alcohol,  especially  on  the  supUoAtion  of 
heat,  h  t  the  anhydride  is  ptaotioftlly  insolnblc 
in  these  luiuids. 

This  is  TVuuet*s  a-«ihydride»  ]n.p.  147**, 

[«]^+106^.      The    isomeric  /i^anhydride 

[a]^+32'tP  is  obtained  by  evaporating  »  dex. 

tToae  sohttioB  at  above  100°,  and  purified  by  treat . 

ment  with  90  p.c.  filcohol,  in  which  it  is  sparingly 
soluble,    y-dextrosti  (the  equilil)riuni  mixture) 

[o]^  +52 '6°  in  ubtiiiaad  on  precipitating  a  con- 

centrate<l  aqueous  solution  with  alcohol.  The 
hydrate  begins  to  melt  at  80°,  complete  fusion 
is  not  effected  till  100%  when  all  the  water  is 
expelled. 

An  aqueous  solution  of  dextrose  contairnng 
10  grama  anhydrous  dextrose  in  100  o.c  of 
sohition  at  lO'S".  has  a  sp.gr.  I'OSSfi.  Its 
solutions  are  optieally  active,  i.e.  possess  the 
power  of  rotating  the  plane  of  jxilarisation  of  a 
ray  of  pohuted  light.  The  rotation  is  right- 
handed.  Hesse  (Anna len,  170.  lOOi  imi!  TolTens 
(Ber.  17,  have  carefully  determined  this 

oonstftnt,  and  the  Utter*s  resultB  are  expressed 
by  the  fonnuk 

[a]j,  =  62o=  +  0  018796P+0-00061083P» 

for  the  dry  sugar,  and 

47'73"+0<O168MP+<H)00S88SP* 

for  the  bydnte  C«H,,0,.H,0,  in  which  P  ^ 
Thn  ]>ercentage  of  annydri<le  and  hydrnto  in 
tMiiution.  In  d**«^^'"g  with  solutions  contain- 
ing 10  p.0.  dry  so^,  the  factors  [a]^  ^  02*7*  and 

{m)j  «•  08*3*  may  be  used.  TIm  oftloal  activity  of 

d'  \trf)sc  solution  j»  not  materially  affected  by 
temjierature.  The  activity  is  nearly  twice  as 
great  in  freshly  prepared  solution,  diminution 
taking  place  slowly  in  cold,  but  rapidly  in  boiling' 
solutions,  until  the  constant  value  is  arrived  at. 
It  is  only  crystallised  dextrose  tilst  oxbibits  this 
projxTty  of  bi-rotation.  as  it  is  called,  dextrose 
fused  and  allowed  to  solidify  does  not  show  it 
(Hesse,  Annalen,  170. 113).  tIm  solution  of  dex- 
trose in  strong  alcohol  reliiins  the  power  of 
bi-rotation.  (For  the  explanation  of  bi-rotation, 
Me  p.  632.1 

When  dextrose  is  heated  to  170",  the  elements 
of  a  molecule  of  water  are  eliminated,  dextro- 
san  (f^ycosan)  C,H,oO,  being  produced.  If 
the  t<?mpcrature  is  increa-i  I.  that  body  is  cara- 
melised and  charred.  Dcxtro.san  is  again  con- 
verted int<j  dextrose  by  digestion  with  water  or 
flilote  a(  i'f<  It  Lsa  hygroscoj)ie,  dextro  rotatory, 
non-fermcntable  substance,  if  the  temperature 
is  raissd  to  200^,  and  maintained  at  that  point 
for  a  little  time^  ns.  water,  and  volatile  acids 
are  given       and  if  the  heating  is  continued 


without  being  increased  until  those  products 
eease  to  be  evolved,  the  brownish'bkck  residue 

fearanielis<><l  mass)  becomes  grft<lunlh-  -'  lid. 
This  substance  is  soluble  in  water,  completely 
if  the  temperature  was  not  too  high,  and  oon- 
♦itufes  the  colouring  matter  used  in  wine, 
uter,  cookery,  &c.  Should  the  heat  be  further 
continued  so  that  Uie  body  is  destructiviely  dis- 
tilled,  cnr^r'n  mon-  and  di  oxide,  and  methane 
aro  evolved,  aldehyde,  furfuraldehyde,  acetone, 

aionw,  acetic,  aiid  formic  acida^  fmcwio  and 
irol  distil  over,  and  a  Mack  carbonaoeous 
mass  is  left. 

The  action  of  alkalis  and  of  acids  on  dextrose 
ha.H  been  diseu«i.qed  elsewhere.  When  nnluced 
by  .sodium  amalgam,  the  main  product  (30-40 
p.c.)  is  sorbitol;  some  quantity  of  mannitol  is 
also  formed  in  alkaline,  but  not  in  neutral  or 
acid  solution.  It  is  derived  from  the  maunosu 
pvodttcsd  by  the  action  of  alkali  on  dextrose. 

Oxygen  has  no  action  op  dextrose  in  neutral 
or  acid  solutions,  but  alkaline  solutions  absorb 
the  gas.  Ozone  f)xidise8  it  to  formic  acid, 
ftaceharic  acid,  Ac,  Ix'ing  produced.  Strong 
nitric  acid  converts  dextrose  into  saccharic  aeid, 
and  finally  into  oxalic,  carbonic,  and  formic 
acids.  Treated  with  chlorine  or  hrortune  in  the 
presence  of  water,  the  resulting  product  fields 
gluconic  acid  when  submitted  to  the  action  of 

silver  oxide. 

Dextrose  in  alkaline  solutions  reduces  the 
oxides  of  gold,  platinnra,  sHvw,  memmcy,  bis* 
muth,  lead,  copper,  iron,  manganese,  *c.  ;  in 
the  case  of  gold,  platinum,  silver,  and  mercury, 
the  rednotwn  is  complete,  the  metal  beiz^ 
formed ;  in  the  other  cases  lower  oxides  are 
produced.  Ferrocyanide  of  potassium,  indigo, 
pkric  acid,  litmus,  and  such  substances  are  also 
reduced  by  dextrose  in  alkaline  solution.  The 
products  from  the  dextrose  are  not  the  same  in 
all  cases,  but  they  consist  chiefly  of  carbonic, 
formic,  oxalic,  and  glycoUio  aeidii^  other  products 
being  also  formed. 

Nearly  all  the  true  yeasts  {SacchanmyceA 
tnemlmaMtfacitns  is  an'  eswption),  a  great 
number  of  toraln,  moulds,  and  other  organisms 
ferment  dextrose,  yielding  carlion  dioxide  and 
alcohol  as  the  chief  products.  Glycerol,  succinic 
acid,  and  Other  bootes  (fusel  ofl)  are  ^med  at 
the  same  time,  the  proportions  of  these  IxkHcs 
varying  materially  with  the  organisms  and  the 
conditwns  under  which  the  growtih  takes  plaoo. 
The  work  of  Ehrli  u  l  ts  that  most  of  these 
by-products  are  derived  from  amino-acids, 
prodneed  from  the  3reast  and  not  from  dmttrose 
(p.  Fbrmentatiok). 

Pressed  yeast-juice,  aymase,  which  contains 
no  living  protoplaan,  idso  ferments  dextrose. 

In  tlie  presence  of  growing  bactena  of  various 
species,  dextrose  yields  many  products,  one 
species  oooverts  it  into  lactic  acid,  another  into 
btityric  acid,  another  into  eellulose.  the  .so called 
slimy  fermentation,  and  so  on.  Other  organisms 
oxidise  dextrose  (v,  FkBMXKTATioir). 

Dextrose  comUnes  with  sodium  chloride, 
bromide,  and  iodide,  forming  wcU-detined 
crystallino  compounds ;  these  decompose  in 
aqneou'^  solution.  Ounpounds  with  bases  are 
indetinita  in  character,  and  unstable.  Sodium 
and  potassium  dextrosate  C,H,jMO.  are 
obtained  on  addiiiL'  so<lium  or  potassium  ef  hoxide 
to  an  alcoholic  solution  of  dextrospj  i^exjy^t: 
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calcium  doxtrosates  are  described  containing 
▼arj'ing  proportions  of  dextrose,  lime,  and 
wator.  Dextrose  is  not  precipitated  with  lead 
acetate,  but  basic  lead  Halts  are  obtainetl  in 
preMDCc  of  ammonia. 

The  methylglueosldes.  These  are  of  import- 
ance. a«  tyj)eH  lK>th  of  glucosides  generally,  and 
ci  the  two  iaomerie  aeries  of  dextrose  deriva- 
tives.   They   are   repanled   as  Btereolsomeric 

J ^-oxides,  and  have  the  following  structural 
ormulic  : — 

GHsO— CU  HC—OCH, 


HCOH 


IIOCH 


HOOH 

1  o 
HOCH  / 

\ 

HQ  HC 
Hjx>H  H^H 

in.oH  in^oH 

altfethylRlaooside.  /i-llethyl8liico»Ide. 

ci-MethylL'hie<i.'<ide  crystallises  in  long  needles, 
m.]).  I(ir>  [o]^  i  157"  ;  /B-methylgluooside  forms 

rectangular  prismn,  m.p.  104®  [tfj^^— S3*. 

They  are  hydrolysed  by  warm  mineral  aeids 

to  methyl  alcohol  and  dextrose,  the  ^•i8ome^ide 
being  attacked  1'8  times  as  rapidly  as  the 
o-iflomerfde.  Each  ghicoside  requires  its  own 
particular  enwiiif  t<>  hydrolyse  it.  a-Mcthyl- 
gluooside  is  hydrulysed  by  maltatte  alone; 
/i^metbylglucoside  only  by  emnUn.  They  are 
used  as  test  materials  in  studying  enzyme  at  tioii. 

The  isomeridea  are  both  formed  when 
deartroee  is  heated  with  methyl  alcohol  ooDtainiDg 
hydrogen  chloride. 

To  obtain  a-methylglucoside,  1  part  of 
dextrose  is  heated  with  4  parts  methyl  alcohol 
containing  O  ^.T  p.e.  hydrogen  eliloride.  for  60 
hours  in  an  auttxilave.  The  soliitiun  deposits 
crystals  of  the  glucoside  on  evaporation,  and 
the  mother  liquors,  after  further  hcatins.  pive 
a  second  and  third  crystallisation,  as  the  j3- 
iaomeride  present  is  converted  into  the  a-  bv 
the  acid.   A  yield  of  80  p.c.  or  more  is  obtained. 

To  obtain  /3-methylKluco.side,  s<jlid  anhydrous 
glncose  is  dissolvefl  in  methyl  alcohol,  nearly 
saturated  with  dry  hydrogen  chloride,  at  room 
temperature.  As  soon  ns  etherification  is 
oomplete,  as  witnessed  by  the  absence  of  reducing 
power,  the  solution  is  lu  utraliscd  and  evaporated, 
and  a  mixture  uf  a-  and  /3-i8<jmeride8  obtained 
in  about  equal  quantities.  The  a-  in  partly 
Hcparated  by  crystallisation  from  strong  alcohol. 
The  residue  is  dissolved  in  water,  and  fermented 
by  a  pure  culture  yeast.  The  o-methylglucoside 
is  hydrolysed,  and  the  dextrose  fermented;  the 
/S-mcthylglucoside  remains  untouched,  and  is 
reoorend  and  purified. 

The  other  carbohydrates  form  analogous 
methylglucosides,  and  similar  compounds  are 
obtained  with  ethyl  alcohol  (For  other  artifioial 
gjueosides,  t».  Glucosidbs.) 

A  very  largo  number  of  dextrose  compounds 
have  been  prepared,  in  some  of  which  the 
aldehydic  hydroxyl  is  concerned,  whilst  others, 
e.g.  the  acetates,  involve  all  five  hydroxyls.  As 
alreofly  stated,  in  most  cases  two  isoinerides 
derived  from  a-  and  ^-dextrose  have  been  pre- 
pared.  Few  of  these  compounds  are  really 


characteristic  of  dextro-sre.  and  it  must  mStct 
in  the  space  at  disposal  to  indicate  the  psopeitiM 
of  some  of  them  in  tabular  form. 

1!> 


cffl<iurl«"»s  needle* 
i^ratiular  crystals 
l<>i)K'  needle* 


Honipound 
I'enliiiiitratt'  . 
.i-pt'Hf  acetatt' 

^■|»^■Ilta<■^•tJlt^• 

a-ttrftiH-hl<iriMl»'xtro«p 
/J-areU>rhl<»rcx1fXtrii"»c 

ri-acetobrotii(>d<"xtrmo  .  pri«nis  . 

0-»cet<jl)ri)niinJi'X(r(>se  .  lu»trous  n 

a-aoetonitrudextrose  .  needles 

0-seetaaltrodflKtraee  .  lustrous 

prisms 

Pentabciiznate  .  needle* .  . 

Trimetliyldextrn^e       .  colourless  symp 
Tetraraethyldcxtrose   ,  needle*  . 
Pentamethrldextiose  .  stellate  crystals 
Psxtmsewlujlinemu^st  eoloarless 

nredles 

a-clil(>ralose  . 
0-chIoralo«e 
Dextrose  diaoetone 
Dextrose  orelde  . 


bunches  of 
fatty  plates  . 
needles  . 
rbomUc  plates 


SemiesriMsoae         .  nesdks . 


112  -1 IX- 
73  -74 

rhosdble  uo'-iu* 


81  -^r 
107  -m^ 

17J» 


AaiUde 
Oxlme 

PhenyUiTdissofie.  .| 

Bromophenylhydrasone  needles  . 
MethylphenyllqrdnuKNie  colourless  plates 
a-aniylphenylhydlsMOne  U^t  brovn 


i-allylpbenylhTdnKNie  light 
i-bensylplisnjilijdra-  Ufht 


ysUow 


SOQS  . 

Dlphenylliydffsione 


CUI«H  Ml* 


0-  naphthylhydisiODe 

lMienyl<*a«one 


9ft» 


colourless 

priRins 
bri*wn  needles 
aggregates  of  yellow 
needles 

p  bromophenjiownzone.  yellow  needles 
'  Xltrophenyl' '^.ctohi-      .  rt  ildi*h  needles 
Dextro«c-o-i]iiiiii!ii<ibcn-  c<^ilourl<  «s  lattroQS 

zeiK'  needl'-'^ 
Didtxtro9f-o  diamlno-    slender     cul  'Ur]e«.« 

bcnrene  nc<Hlles 
Dexlrtwe-7-dianiino-       lu«trou«  silver  plates 

t)eneoic  acid 

dOlnamiiuine     (Chitoaamine)  OT 
dextrose  has  the  formula 

CHtCOH)^ CH(OH)  J.-CHNH.-CHO. 

It  is  obtained  by  boiling  the  shells  of  loV>^tefS» 
particularly  the  claws,  with  ooncentrate<I  hydro- 
chloric ocid,  when  the  hydrochloride  result* 
The  shells  of  lobsters  consist  of  carbonate  td 
lime  and  ohitin.  Chitin  is  a  constituent  of 
various  invertebrate  skeletal  stnictares»  and  of 
the  cell  walls  of  fungi ;  it  Ls  con.<«id«red  by 
Irvine  to  contain  acetylamino-dextjros«  an^ 
nmino-dextrooe  residues  in  the  proportion  of 
3  to  1  (CjoHjoOi.N,)*.  It  is  prepared  from 
the  hydrochloride  by  decomposing  it  with 
diethylamine  (Breuer.  Ber.  1898,  31.  2193)  or 
sodium  mcthoxido  (Lobrv  de  Brujn,  ibid. 
31,  2476).  Fischer  and  'Leuchs  (Ber.  1903,  36. 
24)  eflfooted  the  synthesis  by  the  oomliination  d 
d-arabinos<'  an<l  ammonium  cyanide  to  d-gluco- 
saminic  acid,  the  lactone  of  which  was  reduced 
to  d-gluoosamfaie.  Olnoosanine  fomw  a  etitnt- 
less  crj'.stalline  powder,  or  long  needle.^i ;  m-p^ 
115'"  [a]^-^48°.    The  aqueous  solution  reads 

alkaline,  but  is  stable.  It  is  not  fermentable 
The  pentaoetate  exlrts  in  two  forms,  needles, 

m.p.  183 '6**  and  133°  respcctivelv  ;  the  former  is 

optically  inactive,  the  latter  ^as  fo")^ -»-S6-5^. 

The  oxime  forms  prisms,  m.p.  127°.  T«o 
modifloatkns  of  tiie  liydnidhioclae  are  kaevnt 

glistenkig  monodinfo  oiystaLs 


iiize<f  by  GoogU 
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falling  to  -f  72  5'  on  stan<ling.  and  hexagonal 

nctedles  laf  constant  at  12^5°. 
0 

It  eannol  be  converted   into  dextrose, 

though  it  civcs  dextrose  plionylosazone  wlirn 
heated  with  phenylhydruzine.  J>y  the  action 
of  nftrods  acid,  a  compound,  C^HiqOj,  is  formed, 
which  was  at  one  lime  re^'arrleu  as  a  carbo- 
hydrate, and  termed  chitoee,  but  was  shown  by 
raehw  tad  Andreae  (Ber.  98,  8687)  to  be  a 
hjdxsted  furfurane  derivative 

CH(OH)-CH(CHO).^ 

CH{OH)-CH(CH,OH)/^' 

Chito"*'  forms  an  oxime  and  phenylhydrazone 
and  is  oxidiM^l  by  bromine  to  chitonic  acid. 
Glucosamine  was  foimerly  regarded  as  a  deriva* 
tive  ci  chitoiic,  and  termed  onitosamine. 

An  isomeride  uf  ulucosaniine  is  t>oglucosa. 
iDine  (  'H,(0H)  [CH'(5H)J,-C0  CH5  NH„  wbkh 
Fin*  her  obtained  by  mhicmg  phenylglucosazone 
with  zinr-dust.  and  which  is  converted  by  the 
actioti  i  f  nitrous  acid  into  levulrvse. 

Munujacturt  oj  commercial  dextrose — i.e. 
d extra -glucose,  glucose,  saccharum,  saccharine, 
<ffe,~Theee  prooDota,  Ttrjnng  much  in  character 
and  composition,  are  all  prepared  by  the  action 
of  acids  on  starch  or  starchiy  substances,  such 
M  rice,  maize.  Ac,  and  vbea  tbeee  latter  are  the 
raw  material,  it  has  ])een  proposed  to  employ  the 
combined  action  of  cliastase  and  acids.  When 
starch  b*  acte<l  upon  by  dilute  aoidfl,  it  is  dis- 
solved, dextrins  and  maltose  being  produced. 
These  bodies,  by  the  further  action  of  the  acid, 
yield  dextrose;  this  itself  does  not  resist  the 
action  of  acids,  so  that  during  the  process  of 
conversion,  a  portion  of  it  is  attacked,  with  the 
production  of  snbstancee  imperfeotly  etiidied 

{v.  ISOMALTOSE,  p.  652). 

The  phases  of  the  action  of  dittite  acids  on 
starch  are  easily  followed.  After  heating  has 
been  continued  loi  a  short  time,  a  portion  of  the 
aohitioa  cooled  ceases  to  give  a  blue  cokniration 
\\  ith  iodine  ;  this  indicates  absence  of  starch  ;  in 
the  place  of  this  a  reddish^biowo  ooloaration  is 
proaaeed,  this  faidjcates  the  prosence  of  e-dex* 
trin.  After  a  time  tliis  disappear.'^,  and  at  len^^th 
the  solution  ceases  to  eivo  a  precipitate,  when  to 
a  portion  ot  it  twice  its  bmk  of  alcohol  (sp.gr. 
0-820)  is  addtil,  or  when  to  a  portion  from  which 
the  su]]>huric  acid  has  been  separated  by  baryta- 
ammoniaeal  lead  acetate  is  added,  'niis  eBta> 
blishes  the  ab.^nce,  not  of  maltose,  but  only  of 
dextrin.  For  sjrap  the  boiling  is  stopped  as 
soon  as  the  Iodine  test  pivee  a  port*wine  emour ; 
for  solid  dextrose  it  is  continued  till  alcohol 
causes  no  precipitate.  The  prooesses  involvt  d 
in  the  nuunifikctnie  may  be  oonTonfently 
airaogcd  as  follows : — 

(a)  The  conversion. 

(b)  The  nentfaliBatioo. 

(c)  The  fdt  rat  ion. 

id)  The  decoluuriitation. 
e)  The  concentration. 
(/)  The  purification. 

(a)  The  conversion. — ^In  this  country  the 
materials  chiefly  eni{doyed  in  tlie  mannfacturo 

of  commercial  dextrose  are  "nr'  i,  maize,  and  rice 
starch,  finely  ground  rice  iiacU,  as  well  as  granu- 
lated maize  ara  rice  being  at  times  used.  Potato 
March  is  also  used  in  flermany.  In  America 
green-maize  starch  is  the  chief  material;  hence 


the  term  'com  sugar.'  The  acid  usually  em- 
piloyed  in  Europe  is  sulphuric^;  hydrocUdrle  acid 

IS  eenerally  used  in  America ;  and  nitric  acid  as 
well  as  a  mixture  of  nitric  and  sulphuric  acids 
have  been  recommended.  The  use  of  8Ql]^unnis 
and  orthf»phosphoric  acids  has  also  been 
advocated.  The  proportions  of  materia),  water, 
and  acid  generally  employed  in  the  case  of 
sulphuric  acid  are'] 00  :  250  :  5,  and  when  preen 
starch,  i.e.  undried  purified  starch,  is  used,  1| 
parts  are  taken  instead  of  1  part  dry  standi. 
When  pressure  convertm  a»  used,  the  acid  can 
be  reduced  to  0-5  p.c. 

Formerlv  open  converters  made  off  wood, 
lined  with  lead  and  provided  with  steam  coils 
of  lead  and  stirring  gear,  were  used,  but  these 
are  now  abandoned  nearly  everywhere  for  closed 
converters.  These  are  made  of  cn-f  iron, 
copper,  or  gun  metal,  and  are  worked  at  a 
pressure  of  30  lbs.  of  steam. 

Th  e  ojx'rations  involved  in  the  roanuffuf Tirp, 
whatever  converter  is  used,  are  as  follows: 
Half  the  sulphurio  acid  is  mixed  with  half  the 
water  in  a  separate  vat  con8trticte<l  as  the  con- 
verter, with  or  without  coil,  and  at  such  a 
temperature  that  the  heat  of  the  dilute  acid 
will  be  le.Ks  than  the  gelatinising  point  of  the 
starch  of  the  material  employed.  This  vat  is 
furnished  with  stirring  gear,  and  placed  under  a 
hopper,  in  which  is  storetl  the  starch  or  starchy 
substance.  When  the  dilute  ucid  is  at  the  right 
temperature,  the  material  is  allowed  to  flow  into 
it,  the  stirring  gear  heino;  kept  in  notion;  a 
milk  of  starch  in  dilute  acid  is  thus  obtained. 
Meanwhile  the  remaining  half  of  the  acid  and 
water  are  introduced  into  the  converter,  and 
heated  to  boilmg.  then  the  starch  milk  is  run 
in  at  such  a  rate  that  the  temperature  does  not 
fall  far  below  boiling,  and  the  introduction  should 
be  effected  as  rapidly  as  possible. 

The  tim(>  required  for  conversion  depends  on 
the  rate  of  introduction  of  the  starch  milk,  and 
on  the  presBore  employed,  &c.  For  corn 
s\TTip  an  average  time  from  the  commencement 
of  the  starch  introduction  to  the  discharge  is 
a  little  over  an  hour,  for  solid  sugar  about  1| 
hours  is  required.  "\^"hen  omverted,  the  liquid 
is  blown  into  the  neutralising  vats. 

(6)  The  fiettlra^j«rfAm.--lNnely-ground  chalk 
is  used  to  neutralise  the  acid  employed  in  the 
conversion.  The  chalk  is  converted  into  a  ndlk 
with  water,  and  gradttalhr  bitrodneed  into  the 
converted  liquid.  About'  12  lbs.  of  powdered 
chalk  are  taken  for  every  10  lbs.  sulphurio  acid 
employed;  this  is  more  than  the  tbeoretkMd 
quantify,  but  it  is  found  to  answer  iti  practice, 
owing,  no  doubt,  to  the  insolubility  of  a  portion 
of  the  chalk.  The  neutralised  Uqnid  b  kept 
stirred  for  some  time,  and  is  then  allowed  to 
rest.  It  is  found  best  to  allow  it  to  cool  and 
settle  gradually,  and  then  draw  off  the  clear 
portion  ;  but  where  vat  room  is  a  consideration, 
the  neutralised  liquid  is  run  immediately  to  the 
filter  presses  {v.  FiLTBATicnr). 

(c)  (d)  The  dear  fUtered  solution  is  passed 
through  Wue-char  filters  of  the  same  construction 
as  those  described  under  SuoiB.  Bnlphnrons 
acid  is  sometimes  used  in  >  Imchinf;  the  product. 

(e)  Concentration. — This  operation  is  effected 
m  vacuum  pans  (v.  SvoAB),  and  is  considered 
conjplote  when  the  sjTup  contains  about  82  p.c. 
solkl  matter,  i.e.  reaches  a  ap.gr.  of  Iflli^tiz^lt  Google 
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then  run  into  moulds,  usually  cone-shaped 
vessels,  in  which,  on  standing  and  cooling,  it 
nolidifie**  jiftor  a  sluvrt  time.  This  is  hastoncvl 
by  the  introduction  uf  some  previously  solidilifd 
sugar.  The  solidified  nuuui  extrmote<^  from  the 
mould  by  a  short  immersion  in  hot  water  is 
broken  into  irregular  iumiM,  iu  which  form  it 
appeMS  in  tlM  mariMt.  Tne  colour  of  the  com- 
mercial parcels  varies  from  pure  white  to  dark- 
brown  ;  this  depends  on  the  character  o£  the 
material  rmploytd  (the  purity  and  variety  of 
the  starch),  on  the  mode  of  conversion,  and 
the  extent  to  which  the  docolourisation  was 
carried.  The  composition  is  also  very  variable, 
but  the  constituents  in  all  are  the  same,  viz. 
dextrose,  maltose,  dextrin,  unfermentable  organic 
bodies,  and  ash.  Very  few  samples  contain 
dextrin,  some  few  maltose,  and  the  propor- 
tion of  unfermentable  bodies  varies  very  much, 
being  sometimes  as  high  as  15  p.c.  Th&  nyrups, 
which  are  us«d  La  oonfectiooary,  oontaia  a  large 
percentage  of  dextrin  and  maltofle. 

In  the  United  States  the  conversion  is  carried 
oat  by  (tirring  the  sreea-coro  starch*  made  in 
the  nme  faetory.  with  s  large  body  of  water, 
and  subjecting  this  niixturf  to  a  high  heat 
nnder  preunue,  the  process  bciog  a  bvdrolytic 
one.   A  miall  amoont  of  pure  byaroohforie  acid 

is  added  to  facilitate  the  catalj-tic  action.  The 
oonTernoa  is  performed  in  large  vessels  6  feet 
fa  diameler,  and  about  20  feet  high,  made  of 
hammered  copper  1  inch  in  thickness. 

After  the  required  conversion,  the  traces  id 
aekl  are  nemtialued  with  soda  aah,  the  misctnre 
beintr  left  very  slightly  acid  to  litmus,  and  excess 
of  alkali  being  vecy  carefoliv  avoided,  aa  the 
leaat  traoe  cojoura  the  Uquid.  In  the  earn  of 
glucoeo  sjrup,  conversion  is  complete  in  less 
than  10  minutes;  cod  version  into  anhydrous 
dextrose  takes  0(niaiderab1y  longer.  The  eon< 
verted  J^taroh,  nr)W  an  almost  white  liquor,  is  run 
from  the  neutraliscrs  through  filter  presses,  to 
remove  the  dissolved  gluten,  ke.,  which  is 
preripitated  during  neutralising,  and  then 
through  an  evaporator,  which  reduces  the 
gravity  to  30**B.  It  is  then  run  sucessively 
over  three  bone-char  filters,  each  10  feet  in 
diameter  and  24  feet  high,  and  oontaiiiiug 
70,000  Iba.  oi  boiie>ehar  each.  The  liquors 
receive  a  much  greater  amount  of  bone-char 
treatment  than  is  the  custom  in  suear  refineries, 
passing,  in  all,  oyer  72  feet.  The  remaining 
traces  of  acid  are  completely  neutralised,  and 
the  liquid  ha^  a  brilliant  crystal- white  appear- 
ance. The  bone-char  Is  revivified  after  each 
!)ath.  The  liquor  is  concentrated  in  vacuum 
panii  to  the  required  density  42''-ir)''H.,  and 
crystallises  on  cooling.  (A  full  account  of  the 
American  industry  of  corn  products  Ls  given  by 
Wagner  (J.  Soc.  Chem.  lud.  liK>9,  28, 

The  avecage  oomposition  of  these  products 
is  as  follows : — 


1767,  1885)  rnnnufacturew  ptire 
t.:rv'8talline    anhydrous  dextrose 


syrup 

7u  tsugta 

80  sugar 

An- 
hydrous 
sugar 

?.<•. 

I'.c. 

P.c. 

P.c. 

Water 

19-0 

19-7 

U-2 

4-0  I 

Dextrose  . 

38-6 

70-2 

79-l> 

Dextrin  . 

42  0 

9-3 

8-0 

0-7  1 

Anh. 

0-5 

0-8 

: 

0-7  1 

1 

The  ash  consists  principally  uf  chlorides 
(/)  Purification.— Beht  (Bag,  Fat.  9797,  Mlt 

eotnm^T^-'' 

crystals  of  dextrose  to  a  solution  conccfltnte<i 
to  86  p.c,  and  allowing  the  mixture  to  i^tamd  s* 
about  35°.  After  a  short  time  an  abundsot 
crop  of  crystals  separates,  and  by  ttualmect  ia  i 
centrifugal  machine,  the  UlWyrtalllSed  i^nipil 
removed  {v.  SuuAU;. 

In  the  older  process  of  Soxhlet.  the  cooceo- 
trated  sjrup  was  dissolvtHl  in  /ib<»ut  an  emad 
weight  of  buiiiit^  methyl  ulci>hul,  and  allowd  to 
stand.  The  crystals  were  drained,  and  iht 
loaves  washed  with  methyl  alcohol,  which  it^i 
recovered  from  the  loaves  and  mother  Uquors  br 
distillation  in  a  vacuum. 

Dextrose  from  Cellulose. — Cellulose  in  disbt#^ 
grated  by  boiling  with  acids  only  with  grwt 
difficulty,  and  at  high  temperatures,  with  tbc 
formation  of  dextrose,  and  the  proce^  caouot 
compete  industrially  with  the  preparation  ham 
starch.  Numerous  attempts  have  been  m»d<: 
to  obtain  dextrose  from  wood  cellulose,  with  tiK 
industrial  objective  of  the  manufacturenf  afeohoL 
Simon-sen  (Zeitsch.  angcw.  Chem.  1898.  l^, 
219,  962,  1007)  found  the  moet  favoofaide 
conditions  for  the  converriofi  of  40  gnuns  of 
cellulose  to  be  a  digestion  for  2  hours  at  d-S 
atmospheres,  with  1000  c.c.  of  0*5  pwc  enlphuxK 
acid.  45  p.c.  of  reduefaig  sugar  wan  oMainid, 
but,  according  to  Korner  (ibid.  I006»  S3SS),  thil 
is  not  all  fermentable  dextrose. 

Bkstrom  (9h  Pkt.  3fl0358.  Jnly  29.  1907) 
treats  siiwdunt  with  95  p.c.  i^uli  l-ii  ric  acid  at  the 
ordinary  temperature  for  20  minutes,  difaites  u> 
1  p.o.  free  acid,  and  heats  from  1  to  fi  iMmrsunte 
a  pressure  of  ?,-H  atmoaphens  s  5S-07pi.e.' 
version  is  claimed. 

Bwen  and  TomHnaon  (U.S.  Pat. 

Oct.  26,  1009)  heat  aawdti  t  u  if  h  a  mlnimam  ef 
5  p.c.  acid  to  a  temperature  between  135"*  aad 
11^.  The  use  of  2-6  p.c.  hydroavone  aeid 
has  al'tT)  been  suggested  (Orlowaki,  Vt.  FkL 
406187.  July  17,  1909). 

(f-Mannose  CaHi,0,  occurs  in  natore  fai  tks 
form  of  unhydride-like  condensation  pnyiu  *^, 
known  as  maunosans.  It  is  best  prepared  from 
the  vegetable  ivoty  nut  (sfsinmiss)  wUdh  is  used 
in  Berlin  and  elsewhere  for  the  inarinf  v  tare 
buttons  and  collar  studa.  The  Wiiatc  tuminp 
are  hydrolysed  to  mannose  by  boiling  for  6  hmn 
with  2  parts  of  hydrochloric  acid.  It  was  origin  <  il  v 
obtained  by  Fischer  and  Hirscbberger  by  uxudi^ 
ing  mannitol  with  nitric  acid.  Maonobe  it 
characterised  by  forming  an  insoluble  yi  '^'i* 
phenylhydrazone,  m.p.  180  -i8i>  ,  aiiU  use  a 
made  of  this  compound  in  isolating  it  fnai 
Holutiotj  The  hydrazone  is  subsequently  decom- 
uoiicd  N\  itii  l>enzaldehyde,  or  better,  formakle- 
nyde,  and  the  resulting  sointion  oooosntnted 
in  vacud  till  the  sugar  crystallise.^ 

Mannose  separates  in  colourless  rhombr~ 
crystals  [a  :  6  .  r  ==  0-319 : 1 : 0-826]  of  «ww>f 
taste,  m.p.  132°.  100  c.c.  of  the  sAtur.i^^r^ 
aqueous  solution  at  17*6"  oout^uu  24  8  gr*iui>; 
in  absolute  alcohol  it  is  almost  inaolaUe.  it 
shows  nnit«>rotatioQ,tlieeqniIibrhimvnfaieliciB| 
[o]4 

It  itt  very  similar  to  destMisa  in  all  ilBpiqpf> 

ties,  yielding  the  wme  ph**ny!o!«nronp.  Ir  i- 
fcrmented  by  all  yea.Ht«  which  att«ok  «i«^tri^ 
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nn»J  I.x'vnloM-.    Bromine  oxidises  it  to  mannonic 
;  sodnitn  amalgam  reduces  it  to  mannitol. 

20 

a- Methyl  manuuside  has  m.p.  190',  [aj^^  -j-SO**. 

The  oxirae  crystaUltee  in  oolourleai  needles, 

m.p.  IGT^-ISO".  Like  the  plifnylhydrazoiie,  the 
subetituted  hydrazones  are  all  sparinglv  soluble. 

CsronbinoM,  a  carbohydrate  isolated  from  the 
acedf^  I  f  f  lie  carob  liean.  i->  identical  with  mnnnose. 

ei-Galactose  C^H^gO,.  Milk  sugar,  when 
hydrolysed  by  means  ol  acids  or  enxymes, 
yields  dextrose  and  >:ala(  to.-s*-  in  equal  propor- 
tknkfl.  On  a  commercial  scale,  sulphuric  aoid  is 
need  to  effect  kydrolysts  nnder  pressure  at 
lOrr .  after  which  the  solution  is  neutrali^■'  l  .md 
cuuccutratod  until  an  amount  which  contained 
500  grams  of  milk  sugar  we^hs  640  grama.  The 
syrup  is  set  aside  with  a  few  crystals  of  galactose, 
and,  after  some  days,  the  crystalline  mass  is 
WBolied  with  80  p.e.  aksohol,  and  the  galactose 
purified  by  recrvfttallisation  from  aqueous 
alcohoL  Even  the  very  best  commercial 
galaotoee  contains  minute  quantities  of  dextroee  : 
to  remove  this  it  mu^f  treated  with  a  pure 
culture  of  some  yeast,  such  as  S.  Ludwigii, 
whfch  fermentfl  deaEtcoae,  bat  not  galaetoee. 

Galactose  ia  a  constituent  if  ;  ilTin<»e  and 
■taohyose,  and  is  widely  distributed  in  the  poly- 
merio  form,  galactan,  particularly  in  gums  and 
seaweeds.  It  (.x  eurs  in  a  few  glucosiaes.  It  is 
a  coloudess  crystalline  jx>wder,  m.p.  162**,  less 
soluble  than  dextrose,  and  has  the  same  general 
projRTties  as  dextrose.  The  most  characteristic 
behaviour  is  the  formation  oi  mucic  acid  on 
oxidation  with  nitrio  aold. 

Galactose  exhibits  muta-rotatioa ;  the  a* 

iaomeride  has         about  +140°,  the  B-  ttk  lifi- 

cation  about  +53^    The  equilibrium  value  is 

Tol"'^  +81''.    The  influence  of  concentration  and 
'  i« 

temperature  on  this  Taliie  is  expressed  by  the 
iwiiiufMon 

[s]^  S3-883+0-(ff8Sj»-0'S09l, 

where  -p  and  t  denote  ooncantiation  and  tem- 
perature respectively. 

Galactose  derivatives  are  ptepared  similarly 

to  the  correspond in;j  tlextrosc  componnd.H.  The 
a-pentanitrate  (Will  and  Lenze,  Bcr.  31,  68) 
forma  needles,  m.p.  115°-110°;  the  /S-isomeride 

has  m.p.  72°-73°  ;  the  /3-pentacetato  has 
m.p.     142° ;     a-methylgalactoside    has  m.p. 

1U°-112',  [af^  +179-3*,   and   crystallise!*  in 

transparent  doubly  refractive  needles  ;  the 
3-iK>nMridA  forma  neadlea,   m.p.  ITS'-nO". 

[«]^  +2'6'' ;   the  phenylhydnaone  has  m.p. 

ir.s'',  the  phenylosacona  when  quickly  heated 
melts  at  193''-194^ 

Some  yeaata  ferment  galactose,  but  not  all 

those  which  ferment  dextrose  and  la-\  il  -r.  It 
is  apparently  possible  to  grow  a  yeast  in  presence 
of  galaetoae  and  dextroee.  untu  it  aeqnirea  the 
power  nf  fermenting'  ^;alact(.se.  Gafactofic  is 
identical  with  the  sugar  ccrebrose,  isolated  from 
the  brain  farThudiobum,  where  it  is  a  eonatituent 

of  the  f'Tf^rif' !i      ]">(-,rc:i--iii  :\vj\  l;praain. 

LvvuioM  OI  (^-Fructose  tVU,,0«  is  a  Iceto- 
hexoae  or  ketoae  sugar.   It  is  nmnd  together 

w  ith  dextrose  in  huney  and  in  many  fruits,  and,  '• 
combined  with  dextrose,  it  occurs  in  sucrose,  | 


raflinose,  stachyose,  &c.  Inulin,  found  m 
dahlia  tubers  is  completely  converted  into 
fructose  on  hydrolysis.  It  has  not  so  far  been 
produced  by  the  hydrolysis  of  any  glucoside. 

It  is  termed  <2-fructoso,  in  spite  of  the  kevo-ro- 
tatton,  to  indicate  that  it  beloQga  to  the  d> 
mannitol  series. 

After  prolonged  heating  at  lU5^-liO°,  cane 
sugar  becomes  converted  into  a  mixture  of 
Iae\-ulosan  n\,H^  ,Oj)  and  dextrose,  without 
change  of  weight.  On  {crmeutiug  the  aqueous 
solution  of  the  mass  with  yeast,  ttm  deacteoaa  ia 
decom7>ost»d,  while  the  IsDvulonan  remains  nn- 
chauuud,  and  may  afterwards  be  converted  into 
Isevulose  by  treatment  with  dilute  acids. 

Prcyfiration. — It  is  best  prepare<I  from  inulin. 
100  grams  of  inulin  with  1  p.c.  ash  are  heated 
with  250  c.c.  water  and  0*5  gram  hydrochloric 
acid  fur  half  an  hour  in  a  boiling  water-bath, 
neutral i;icd  with  1-5  grams  sodium  carbonate 
evaporated  on  the  water>bath  at  00*,  and  finaJIy 
over  Nulphnric  acid  in  vacvfi  to  a  thick  synip. 
Thi^i  in  extracted  with  absolute  alcohol,  put  aijiide 
for  24  hours,  the  Kolution  poured  oil  clear, and 
inociiIate<L  (Complete  cr^'stallLsation  of  the 
levuluse  is  obtained  in  3  days,  and  it  is  quite 
pure  eAUit  <me  more  crystallisation. 

Inulin  may  also  be  l^jrdn^ysed  with  O'O 
vtil.  p.c.  oxalic  at  id. 

(For  the  preparation  from  Jerusalem  arti> 
chulvon.  see  U.S.  Pat.  S79422,  Feb.  18,  1908.) 

To  obtain  lievuluae  from  sucrose,  the  latter  is 
first  inTerted  by  means  of  mineral  aoidaor  invor* 
tnsc.  and  the  acid  removed  by  neutralisation 
with  baryta  or  silver  oxide.  The  invert  sugar 
resulting  containa  both  dextrose  and  Isevulose, 
which  may  bo  separated  as  follows:  »)  grim  ;  of 
finely  powdered  slaked  lime  is  added  to  every 
100  c.0.  of  a  neutral  ice-eold  10  p.c.  solution  of 
invert  sugar,  and  the  solution,  which  at  first 
sight  is  merely  milky,  is  agitated,  the  vessel 
being  prcferabfy  immeried  in  ice-cold  water  until 
it  acquires  a  creamy  consistency.  Tlie  mass, 
which  consists  of  the  difficultly  solublu  calcium 
IsDVulosate  CaO-C,H,,0,*H,0,  together  with  the 
easily  soluble  calcium  dextro8at<>,  i»  filtered 
through  linen,  and  strouRly  pressed  tu  remove 
the  greater  part  of  the  li(|uid,  and  i.s  suspended 
in  water  and  decomposed  by  addition  of  oxalic 
acid  or  by  passage  of  carbonic  acid  gas.  The 
filtered  solution  is  evaporated  in  vaoud  over 
sulphuric  acid,  with  production  of  anhydrous 
la  vulose.  Calcium  Iwvulosate  dissolves  in  137 
parts  of  water  at  16%  and  ia  almoat  inaoluble 
at  0^ 

Lffivulose,  when  pure,  crystallises  from 
alcohol,  and  even  from  aqueous  solution  in 

neeiUes,  also  in  crusts  of  transparent  prisms, 
which  are  not  hygroticopic.  it  has  m.p. 
95°,  Di'  »  1-669,  It  is  very  soluble  in  water, 
almost  insoluble  in  cold  absolute  alcohol.  It  is 
much  sweeter  than  dextroijc,  and  somewhat 
sweeter  than  sucrose.  It  exhibits mnta>lotation, 
and.  no  doiiht.  exists  in  solution  as  an  equili- 
brated miAtuie  uf  baiooisomeric  7-oxidc  forms. 

The   initial   rotation   [af^  —  lOi*   bUa  to 

OA  ^  D 

[aj    —92f  (Parkns  and  ToUens^  Annalen,  257, 

160).   The  specific  rotatory  power  ia  very  oon- 

siderably  infliicnred  l>y  chanpes  of  temperature 
and  concentration,  which  cause  an  alt^^mj^g^  i 
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the  proportioiu)  ol  the  isomcridos  in  the  e»quili- 
bcium  mixture.  Tbe  ntatoiy  power  uiuftlly 

talmi  k  [a]^^  -M<8*.    It  falls  O-eSSff"  for 

each  degree  centigrade  of  increase  in  tempera* 
ture,  and  at  67  -3°  is  equal  but  opposite  to  that 
of  dextrose.  Thb  proj^erty  is  taken  advantage 
of  in  determining  its  proportion  in  presence  of 
Other  sugars,  the  rotation  being  obaenred  at  two 
different  temperatures. 

According  to  Soxhlet,  the  relative  reducing 
powers  oi  IsbtuIoso  and  dextrose  on  Fehliug's 
eointion,  in  1  p.e.  solntfam,  an  475:613;  but 
.Mlilin  finds  thnt  if  the  solution^  l>e  boiled  for 
30  minutes  (instead  of  for  2  minutes,  as  in 
Soxhlet**  experhnents),  tbeir  reducing  powers 
are  identical.  On  Knapp's  inercxirial  solution 
their  action  is  the  same,  but  on  Saohsso's  mar* 
enrial  eolation  their  actions  are  1€0  (limtkMe) 

and  14S  fi  respectively. 

Oxidation  converts  laevuloee  into  acids  with 
fewer  carbon  atoms,  glyoollio  and  trihydroxy* 
butyric.  On  reduction  with  sodium  amnlgara, 
mannitol  and  sorbitol  are  formed.  Acids  attack 
it  far  more  readily  than  dextraee  willi  the  pro- 
duction of  la^vulio  and  formic  ncid- ;  r  lkulis  .some- 
what less  readily.  Beating  concentrated  solutions 
witii  oxalicacid  fonna  4«hvdroxymethyIfQrfaTol, 
whilst  it  interacts  with  hydrogen  bnmidf'  in 
ethereal  sduUon,  forming  4-bromom«thylfur- 
CH  :  0(CH,Br)N 

I  (Feoton  and  tatiing, 


(.viii.]  3,  181).  This  is  left  at  30^  till  the  reduc 
tioil  is  a  maximum,  clarified  with  lead  acetate. 


furol 


CH :  CCCHO)" 
Ghem.  8oc.  Tkaoa.  ISW,  76^  423 ;  1901. 79»  861). 

It  is  fmuented  by  all  yeaeto  whieh  attack- 
dextrose. 

By  the  action  of  methyl  alcohol  and  hydrogen 

f  }j1  ride  (0*6  p.c.)  at  36°,  a  syrup  is  obtained 
which  probalmr  represents  a  mixture  uf  methyl 
fmetosidea.  it  is  partially  hydiolyaed  by  jetaA 
extract. 

Fructose  diaoetone  C^^U^^Og,  prepared  in  a 
aimilar  maaoer  liom  aeetoae^  fonna  neadlea, 
m.p.  110<>.120o  [a]^-16r.  An  iaomeride  ha* 

m,p.  9r  [«j|^-3S'7^ 

The  osazones  of  laevuloee  arc  identical  with 
those  of  dextrose.  Leevuloee  is  mure  eaioly 
oxIdiMd  by  disubstituted  plmiyiliydiaBinee,  and 

forms  a  rhara*  teri.'itic  osazone  with  methyl- 
phenylhydruziuc,   lung   yclluw    necdJcv?,  m.p. 

To  prepare  this,  4  grams  of  methylphenyb 
hydrazine  are  added  to  1-8  grams  Itcvulose,  in 
10  c.c.  water,  and  enough  alcohol  to  make  a 
clear  solution  ,  further  2  c.c.  of  acetic  acid  are 
added,  and  the  mixture  heated  5-10  minutes  at 
most  on  the  water-bath.  It  is  then  covered  and 
ailowcd  to  stand.  Within  2  hours  red  crystals 
are  obtained,  which  may  be  recrystallised 
from  10  p.c.  alcohol. 

Sorbose  (SorbinoK)  t'JljiOg  is  the  keto- 
hc.xoso  obtained  fn^m  the  juice  of  the  muuutaiu- 
ash  lirrries.  which  has  been  exposed  to  the  air 
and  allowed  to  ferment.  The  juice  eontainb 
sorbitol ;  this  is  oxidised  by  hacttrium  xylinum 
to  sorbose. 

The  juices  arc  evnp<^<tnfffl  to  1-05  ep.gr., 
allowefl  to  8tnnd  w>me  <!uy»  till  the  stigar  is 
fetiiiente*!.  uitl  the  clear  liquid  poured  into  flat 
dishes  and  inoculated  witli  nn  nrfivr  culture  of 
B'Xylinum  (iicrtruud,  Ann.  t  lnm.  Thys.  1904, 


excess  of  lead  precipitated  ag  ^ulph'ito,  am!  tLf 
neutral  lilti^to  concentrated  in  paeud.  Wkea 
pure  iK}rbitol  is  available^  100  grams  are  dis* 
solved  in  500  c.c.  water,  some  ntitrrent  >■  lutkm 
for  the  bacterium  added,  and  the  fcrmeautioQ 
carried  out  as  above. 

Sorbose  forms  rhombic  cr}'staU  of  a  swett 
taste,  m.p.  164°;  it  reduces  Fehling's  solution, 
and  generally  behavca  as  Isvulose,  but  yirlJ; 
sorbitol  on  reduction.  It  is  not  fermentable  bf 
yeasts.    It  is  bevo- rotatory,  having  f«J^  —  4ir. 

Sorbose  phenylosazone  is  similar  to  thf 
dextrose  compound,  but  has  m.p.  164^. 

The  properties  are  in  agreament  with  the 
structural  formula  : 

HO  H  OH 
CH.OU-CO-C  C  •  C  -CU.OH  , 
H  OHH 

Methyl  sorbinoeide  crystalliie^  in  traD>- 
parcnt  thick  plates*  nup.  120°-122^  (Fiscbrr,  ikr. 
28, 1159). 

Pnraoon  CjH,oOf 

Only  two  pentoses  occur  naturally.  Th^-* 
are  widely  distributed  in  plants,  wh«re  they  »n 
present  in  the  skeletal  steucture,  and  do  not.  B» 
the  hexoses,  servo  as  food  product-^.  Peatoe» 
also  appear  to  be  a  oonatitaent  <^  ma^y  ol  tit 
tissue  of  the  animal  body,  and  are  aonetiiiM 
found  in  urine.  Both  the  naturjil  ]>entoxs,  I 
axabinoae  and  j'Xylose,  beluag  to  the  i<rvo-  sehuk 
Deztraae  (AsaE^o^glucose),  when  degraded  bv  tlw 
methods  of  Ruff  or  Wo  hi,  gives  rijio  to  thei>- 
merio  <{•arabino.se.  However,  the  natural  pcc^* 
toeee  are  very  clo.s<>ly  rdated  to  the  natml 
hexoses.  For  ex.iniple.  the  space  arrani.Ti<ieot  -i 
the  groups  attached  to  the  upper  four  carbos 
atoms,  lathe  aama  m  tf-gluooaa  aa  it  ia  in  {>^1dso: 


GHO 

H(!oH 

I 

HOGH 

hIx>h 
mison 
<!m,0H 


CHO 

I 

UOCH 
I 

HOOH 

1 

CH.OH 


GHO 

ndoH 
Hodfi 

HcloH 
CH.OH 


{•Xylose. 

A  similar  rclati  m^hip  ^xi"^s  between  galac- 
tose and  arabinose,  wluch  occur  tt^thier  a 
many  gums,  whilst  some  ptdyaaooharMsa  yieU 
both  xylose  and  glucose  on  hydrolysi<».  Tt^ 
pentoses  do  not  occur  as  such,  but  in  the  fonc 
of  oondenaa^n  prodncte  of  hi^  moleralsr 
weight,  trrinf^d  '  pentos.ans  '  faraban  ftr  xtUj^ 
j  These  are  comparable  with  the  hexu^u  c*on<iei3a- 
I  tion  prodnctBi  akareh  and  cellulose ;  as  a  ink. 
the  [^entosaiu  oontaia  both      and  Gg  CMho- 

i  l»ydrat4j^, 

I      The  mechaafam  of  the  formation  of  peat«M«s 

'  in  the  plant  is  not  yet  clear.  S<>nie  atithontsrs 
I  consider  they  are  derived  by  oxidaliun  Irom  ttf 
j  hexoses ;  others  advocate  the  view  that  the >  »re 
directly  formed  in  the  cell,  like  the  bo.Mx-^.-.  -ct, 
independently  of  these.  iSuch  a  trAnsf.  rni»U"Ji  | 
as  that  from  dextroee  to  /-xylose  b.i.^  n  >t  beffl 
effected  in  the  hibtirutory:  the  rlu  n)i<  .al  iiCi.-nd«- 
tion  oi  dextroee  by  oxidation  Itmds  u>  dHu»biDt4^  > 
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The  pentofles  show  all  the  genial  chcmiPT! 
properiiee  of  the  hexoees.  Biuciiumically, 
they  are  different,  being  not  feniKntuble  by 
yeasts,  whilst  fheir  glucoyidic  fleri\ at  ives  {<^,g. 
the  methyl  arabinosideji  and  xylosides)  are  not 
hydiolynd  bj  aay  of  the  bettw*kiiowii  plant 
enzymes.  They  are  attutked  by  a  number  nf 
bacteria.  Char)M:teriiitic  uf  the  pcntobes  \b  the 
formation  of  furfurol  on  distillation  with  hydro* 
chloric  acifl.  They,  therefore,  show  colour  re- 
actions with  orcinol  and  piiluruglucinol.  Equal 
parts oi concentrated  hydrochloric  acid  and  water 
are  taken,  together  with  the  pentose  and  a  little 
orcinol  or  piiloroglucinol,  and  thu  mixture 
Martned  in  tlie  imter-bath.  With  orcinol  the 
solution  becomes  red,  then  violet,  and  finally 
blue  or  bluc  ureen,  with  the  separation  of  a 
precipitate  wttioli  dis.^olve.s  in  amyl  aloohol* 
giving  a  blae-green  sohiti(jn  ;  thin  nhows  an 
absorption  band  between  C  and  T).  With 
phloroglncinol  the  solution  becomes  cherrv-red, 
and  a  precipitate  is  formed,  giving  a  red  solution 
in  ani\'l  alcohol,  with  an  absorption  band  between 
D  and  E. 

j-Arabinose  C,UjoOg  is  obtamed  by  hydrolysis 
of  most  gums,  particularly  gum  arable  and 
cherry  gum. 

Pnparation, — A  tolution  of  gum  arable,  or 
allied  gum  (dextro-rotatory,  ana  yielding  little 
mucic  acid  by  the  action  of  nitric  acid,  by  prefer- 
ence), coataininfl  30-40  grams  of  the  giun,  and 
2-3  c.e.  ralplinrio  aeid  in  100  o.c,  !■  boiled  for 
7  1*2  minutes,  coolefl,  the  acirl  neutralised  with 
calcium  or  barioin  hydroixide  or  carbonate  and 
aloohol.  8p.gr.  0*^  added  as  long  as  a  precipitate 
j-  ]  i  dn  1  11  Tl  iii  precipitate  soon  settles,  leav- 
ing the  akoholic  solution  olear.  On  distilliog  o£E 
the  aloohol  aiMl  evMoniting  to  a  ^rap.  arabinoM 
crystallLses  out.  The  substance  is  obtained  in 
well-deiined  rhombic  prisms,  with  monoclinic 
tomhiatkm,  by  recrystallisiDg  from  water. 
AVith  t?ome  guni.s  the  digestion  of  the  aciil  -nhi 
tion  can  be  continued  for  2  hours  with  iiiureiuted 
yiM  of  aiabbiose^  and  without  impau-ing  the 
purity  of  the  prodiio(»  The  oystais  are  anhy- 
drous ;  in -p.  160''^. 

Arabinose  has  [a]^+10i*  to  +ltlO^  the 

activity  increasing  with  the  strength  of  the  * 
solution,  and  decreasing  as  the  tempera tOTS  at ' 
which  it  i.H  observed  is  raised. 

It  exhibits  muta-votation.  a  arabtnose  having  • 

the  initial  rotatory  power  [oj^  -rlTS",  decreasing 

to  +104^  ^-Arabinose  has  not  been  isolated. 
Accordingly,  like  dextrose  it  has  a  7-oxidic 
Strncturo. 

The  heat  of  combustion  is  658  oals. 

AiaUnose  reduces  FeUing*8  solution,  the 

amounts  of  i;op|>er  oxide  produced  by  c<|uivaleilt 

weights  of  arabinose  and  dextrose  being  as 

iiitloa 

Bromine  oxidises  it  (o  ^arabonic  acid 
(\H,„0,,  which  crystallises  as  the  lautone 
QU.Uft,  m.p.  W*-9tr,  [o]j^-73-9».   Nitric  acid 

fotms  oxalic  acid  as  the  final  product,  but  in 
dilute  solution,  firstly  arabonic  acid,  and  secondly 
l-trihydroxyghitaric  acid,  m.p.  127*^,  are  formed 
On  reduction,  amongst  other  products,  2-arabitol, 
m.p.  102",  is  formed,  which  in  o{)tic  a]ly  inactive, 
but  becomes  levo-rotatory  in  prciieace  uf  borax. 

AnUnoia  fornu  an  additive  compound  with 
hydfogpn  cyaolde.  whieh  is  hydroljned  to 


arabinose  carboxylic  acid.  This  is,  in  reality,  a 
mixture  of  two  acids,  of  which  the  laciuuus  on 
reduction  give  rise  to  /-glaoose  and  {-mannose. 

The  cUphenylhydrazone,  m.p.  218°,  is 
almost  insoluble.  The  other  hyorazones  have 
the  following  melting-points  t  phenyl,  151° ; 
p-bromophenyl,  loO*' ;  a-methylphenyl,  161*  ; 
o-ethylphonyL  lo:{  ;  o-amyiphenyl,  120** ;  a- 
aUylphenyl,  140  ;  a -benzoyl phenyl,  170^; 
naphthyl,  l  U  ^  A:  l  innso  phenylosazone,  m.p. 
160%  is  prepared  iit  ;!  rly  to  tlio  dextrose 
compound.  It  i.s  slightly  more  soluble^  and, 
when  b<jileii  with  benzaldchydc,  arabinosono  is 
formed.  The  ^?-bromophcnyIosazoae  has  m.p. 
196'-200% 

Arabinose  forms  crystalllitable  compounds, 
with  the  aromatic  diamines  and  di^mino-acids. 

MCylOse  is  obtained  by  the  hyjw4ysi>  of 
wood  gum  (xylan)  extracted  from  wood  by 
dilute  soda  solution. 

According  to  ik'rtrand  (BnlL  Soc  ctiim.  [31 
5,  554),  it  may  be  obtained  from  wheat  or  oat 
straw  by  first  extracting  the  straw  with  tepid 
water,  and  then  boiling  it  for  several  hours  w  ith 
dilute  (1-2  p.c.)  sulphuric  acid.  The  liquor,  after 
removal  of  the  sulphuric  acid  by  baryta,  is  con- 
centrated on  the  water-bath  and  treated  with 
alcohol ;  this  extracts  the  ^lose,  which  forms 
a  syrup  on  evaporatUm  of  tm  doohol,  solidify- 
ing on  the  addition  of  a  crvstal  of  xylose.  The 
yield  is  about  2  p.c.  from  wheat  straw,  and  4  p.c 
from  oat  straw. 

Another  convenient  source  are  oat  Iiulls, 
which  are  cleaned  by  soaking  in  dilute  ammonia, 
washed  and  hydrolysed  with  snlphurio  add. 
Xylose  cry^tallidcs  in  orthorhombic  jjrisnis, 
m.p.  144'*-146*  or  i50^-154**.  It  tx  hi  bits 
mnta-rotation,  a-xylose  having  falling 

to  4-19%  whi'  h  i^  the  rotation  of  the  equilibrated 

mixture.  The  heat  of  combustion  561  cals, 
Brummc  oxidises  it  to  xyiouio  acid,  a  syrup 
which  is  at  first  liovo-rotatory,  but  reaofaes 
[aj^^+ 17-5%  as  it  is  transformed  into  the  lactone 

in  solution.  It  forms  a  very  cliaracterLstic 
insoluble  compound  C,H,(),Cdlk,ll.U  with 
cadmium  bromide.  Nitric  acid  in  the  cold 
forms  an  optically  inactive  triliydroxyglatario 
acid. 

On  reduction,  inactive  ^litcl,  a  qrmp,  is 
formed. 

a-Methylxyloside  has  m,p.  90°-92%[a]^  + 152% 

the  /S  isomerido  has  m.p.  ISe^'-l/ST",  fa]  -651)"'. 

With  hydrogen  cyanide  two  xylose  carboxylic 
acids  are  formed,  which  yield  Tgiilose  and  ^idoae 

on  reduction. 

The  phenylhydrazone  li.vs  m.p.  116' ;  the 
0-naphthylhydraKone,  m.p.  70* ;  and  the  phenyl- 
osazone, ni.j).  Ififr. 

The  methyl  pentoses  are  pentose  carbohy- 
drates, in  which  one  of  the  hydrogen  atoms  m 
the  i»riiiKiry  a!'  "ho!  ^T  iup  is  replaced  by  methyl. 
They  appear  to  be  widely  distributed,  but  their 
biochemical  significance  is  not  yet  nnderatood. 
They  ffhovf  the  same  reactions  as  the  pentoses, 
and,  Like  those,  are  not  fermented  by  yeasts. 
Characteristic  is  the  formation  of  meth2^xaffar> 
aldch\  de  on  distillation  with  acids. 

Rhamnose   {Isodulcttol)    C-Hi,0.,ll,0,  on 
account  <  f  iu  empirical  formula,  and  the  caso  ■ 
with  which  it  crystallised,  was  formeii^'ck^iied^^ogle 
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with  iHUoitol  and  m&imitol,  hence  the  original 
name  of  ModolcitoL  Its  chemical  behaviour 
shows  it  to  be  a  methyl  pentose.  It  appears  to 
be  widely  dwtribated  ia  nature  in  the  form  of 
ghioosides,  the  beet  known  of  which  are  zantho- 
rhamnin,  the  colouring  matu-r  of  Persian  berries 
and  queroitrin.  Other  glucoudes  containing 
rhanuiose  m  baptism,  fisetin,  Irangulin,  fustin, 
clatiM-in,  glycyphyllin,  iiespciriduil»navillgiO(nitjll» 
sophorin  {v.  ULucosmss). 

It  if  prepared  by  extcseting  Ftanlan  berries 
with  hot  alcohol,  distilling  off  the  alcohol,  and 
heating  the  xaothorhamnin  on  the  water-bath 
for  2  lioQfi,  witib  6  p.c.  sulphuric  aold.  The 
precipitated  rhamnetin  is  filtcml,  the  filtrate 
neutraliaed  with  barium  carbonate,  and,  after 
lemov*!  of  the  bafinm  sDlnhate,  evaporated  to 
a  syrup.  This  is  dUuted  hot  vitn  absolute 
alcohol,  and  the  aolatioo  allowed  to  stand,  when 
itdepoaits  hard  hulrotia  ciyatab  of  rlumiaoae. 
About  15-20'gram8  arc  obtained  |)er  kil  i  rf  bf  rrics. 

It  ia  advantageoualv  prepaid  from  the 
reddnee  of  the  iiiaiinnctm»  of  qneroitron 
extract,  vhnn  thrsr  n re  available. 

Kh«mno0e  ba«»  the  constitutional  formula : 

HO  H  H 
CHt-CHCOH)— (  — (  — C-CHO 
HHOHO 

the  positions  of  the  groups  attached  to  one 
carbon  atom  being  still  uncertain. 

The  hydrate  softens  at  89*' ;  m.p.  92*'-93°. 
When  anhvdrous,  it  crystallises  from  acetone  in 
needles  ;  m.p.  122*-126*  (Fischer).  108*  (Tanrct). 
Like  dextrose,  itexistu  in  o-  and  jB-  modiiicutions, 
which  are  in  equilibrium  in  solution.  The  a- 
fonn  has  lal^-n° ;  the  ^•  form  Ia]j^+31-5°; 

and  the  equilibrated  mixture  has  [a]^Hh9*. 

Bromine  oxidises  it  to  rliamnonic  acid; 
with  nifti  I'  i'l  it  yields  a  mixtnrr  nf  formic, 
oxalic,  anrl  udiydrcixyglutaric  acid^  C^HgO,. 
On  reduction,  theeugregpondingrinnholrhaiiinitol 
is  formed. 

The  phenyUiydrazuue  huti  lu.p.  ;  methyl. 
phonyUijdrMone^  m.p.  124*;  ethylphenyl- 
nydrnronc,  m.p.  124  ;  Hllylphpnylhytfrazone, 
rn.p.  136  ;  amylphenylhydrazont:,  m.y.  ; 
diphenyliiydraioiie,  m.p.  134" ;  benzyfphenyl- 
hydrazone,  m.p.  12P ;  i9  nnphthylhydrazone, 
m.p.  170^.  Khaiunubc  pheuylobazunu  ciy8tal- 
lises  in  aleuder  yellow  needles,  slightly  aolnble 
in  boilinj:  water;  m.p.  ]00°-102°. 

Mel][iv'lrhamuui»ide  hm  m.p.  108°- 109°, 
[al^—es^ ;  aoetone  rhamnoride,  nup.  Q0"-9I^ 

Other  dori vat ivfs  are  rhamnosff  ( f  li\  hnereap- 
tal,  m.|».  Idd^-IS?" ;  rhamnoso  oxime,  m.p.  127^- 
128* :  ibaannoae  anilide,  m.p.  118*. 

Fumm  G«H.,0« 

H  H  OH 
CHa<'H(OH)— 0-<3  •  C  •  CHO 
OHOHH 

is  obtained  by  hydrolysing  the  polymer  fucosan, 
which  ia  a  component  of  the  cell- wall  of  aiany 
marine  algia.  It  is  alao  preaent  in  laminaria  and 
Carragheen  moes.  The  seaweed  is  washed  with 
water  and  dilute  hydrochloric  acid,  and  hoiled  for 
12  hours  with  3  p.c.  sulphuric  acid.  The  acid  is 
neutralised  with  }'  »rvta,  tin-  filtrate  concentrated 
to  a  8}TUu,  laktii  up  with  alcohol,  concentrated 
again,  ana  thi  nucar  isolated  aa  hydrasone. 
Fncoee  cryatamtei  dowly  in  ndnttte  needlee, 


m.p.  I3O°-140*.    It  exhibits  muta-rototioo  [«; 
beu]^  initially  —112°,  lalitng  to  — 74«4*  to 

The  phenylhydrazone  has  m.p.  170'-n2* ;  the 
pbenylmethylbydrazone,  m.p.  Ill'' ;  ph^nvl- 
benzylhydrazone,  m.p.  172''-1T3° ;  dipi^nVl- 
hydrazone,  m.p.  198°;  p-bromophenylhvdraron?, 
m.p.  181°-184''.  Fuconic  acid  laatone  ^ 
m.p.  lOe^-107%  [a]j^4-73°  to  +78-3°. 

RhodMM  ia  the  optical  antip>de  of  fwoae 
f Mother  and  Tollens,  Ber.  I'M,  37,  306).  It 
hua  la]^+~'.V  to  -f-7fi'2°,  and  form.s  dprirative; 

having  the  i>amc  melting-point  aa  thi»»«:  from 
faooee  just  described.  Rbodeonic  acid  lactone 
ha«m.p.  105-5°,  (a]j^-76-3=  to  -89*4°.  Rhodeoar 

ia  obtained  from  the  glucoside  con  vol  vn  I  in. 

Chlnovose  C,H,,05  is  only  kau  wn  H 
constituent  of  the  glucojiidc  chinovin.  which,  oa 
hydrolysis  with  alcoholic  hydrochloric  acid, 
yieldi  ethylohinovoeide  C.H..0«-0C.Hu  origta^ 
ally  termed  chiiiovile^[«]j^+78*. 

Chinovite,    when    hydroIys<d    uith  dilu'c 
sulphuric  acid,  yields  uhinovose,  which  u  » 
■ymp,  ahowing  all  the  reaotioos  of  the 
hydrates.    Phenylehtnox  osaiooe  fonaa 
needles;  m.p.  193°-194". 

Apkwe  C,H,oOs  is  an  altogether  renaHBahfe 
sugar,  obtamed  togrthcr  with  dextrose  on 
hydrolysing  the  gluccKside  apiin  preaent  ia  the 
seeds  and  leaves  of  parsley.  It  a 
branched  chain  of  carooii  atoou;,  faava^  the 
constitutional  formula 

(Vongerichten,  Aunalcu,  IDUl,  318,  121;  1901 
321.  71  ;  Her.  1906.  39,  235). 

It  is  a  pale  yellow  syrup,  optic, dly  inactire, 
non-fermentable,  does  not  yield  furfuro).  and 
pMa  ieovalmo  wnA  when  vednced  by  hydrogen 
iodide  and  phonhorvek  SNuune  osidiHe  it  to 
apionic  acitd. 

The  phenylhydrazone  haa  m.p.  135° ;  phenyl' 
os^Lzone,  m.p.  158^;aiidthelicoiiioplieiiykMMoae, 
m.p.  2U9°-212°. 

DlgitOlOMC,H,  ,0«  ia  obtainedonhydroly^une 
digitoxin,  i  f  the  glucosidcs  cf  dijgitaiis.  It 
crystoILiBets  in  prisma  ur  plates,  m.^.  102",  and  » 
dextro>rotatory.  Itliactheoompoeitioti(KiliBBi) 

bigitaloseCjH^^O^  is  aunilarly  obt&iaed  fxoei 
digit^. 

TBS  CABBOBToman  Acids 

aretboae  containing  the  same  number  of  carb<ia 
atoms  aa  the  aldose  rarhohydrates  from  »hi<-li 
they  are  derived.  'I  li'-y  aits  either  mono-  or  di- 
baaio.  Ketoeee  yield  ai  ids  with  fewer  carbca 
atoms  than  theoriginal  carbohvdrateon  oxidattor. 

The  monobasic  acids  arc  formed  oq  oxidikii^ 
the  aldehyde  group  to  acid,  generally  by  mrani 
of  bromine  or  dilute  nitric  aci<l.  Mtin?  rrt'Tijpti-: 
oxidation  converts  abo  thu  primiiry  i^Intboi 
(~CH,  OH)  group  into  acid  (CO,H). 

Glucuronic  acid,  which  is  of  }niporti*ncr 
physioIoKically,  i.^^  a  type  uf  mooobaisic  acid,  in 
wtuch  the  aldehyde  group  i.^  intact,  and  ib« 
priraarj'  alcohol  group  oxJdi^sed  tu  ^uid.  The 
monobasic  acids  axe  trau^urmed  in  aqueous 
solution,  particularly  on  evaporation  on  the 
water-bath,  into  lactgoee  whicb>«yat4Uiie^i>«<gle 
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The  dibaoio  «cid<  similarly  nomeiimes  form 
double  lactonee. 

The  most  important  property  of  gluconic  and 
inomeno  acids  is  Uuor  beiukviour  on  heating 
with  pyridine  or  qnnioline,  when  they  aw 
f  ran. sf  or  I  noil  into  iMonK.TicIo?,  rearrange  nifnts  of 
the  groups  attached  to  the  «-carboikatom  takiim 
place.  Thus,  when  glu'conio  add  is  heated  with 
quinoh'ne  or  pyridine  at  I30"-IoO',  it  is  purtially 
conTOrted  into  nuumonic  acid.  This  behaviour 
hM  been  of  the  utmoet  itnpi  rtaaoe  tn  effectfaig 
the  syntlu*  i-;    f  fin  carbohydrates. 

Glueonic  aeid  C«U,bO|  always  oontcuos  a 
proportion  of  lactone.   It  is  slightly  l»vo-ro- 

tatory  at  the  instant  of  solution,  but  becomes 
dextro-rotatory  as  the  transformation  to  lactone 
takes  i^aoe,  uie  final  fignte  for  a  nixtave  in 
e  quilibrium  of  acid  and  lactone  beinir  i)  oat 
-f-Id*^.  The  lactone  omitalliaes  in  slender 
needlee,  in.p.  ia0*-135".  It  has  [a]  +68<*  when 
flr?t  di  ^f.Ked,  falling  to  -f  1?^  for  the  .solution 
in  equiiibriuui  with  the  acid.  The  calcium  salt 
is  sparingly  soluble  and  characteristic,  likewise 
the  phenylhydra7idr  <  ,H,,0,'N,HtKi,  which 
forms  colourless  pri&oi^,  ui.p.  200^. 

IbmiMlie  aeid.  The  lactone  crystallises  in 
needles,  m.p.  149°-153°,  [aj^+d3*8*.  The  phenyl* 

hydn/ido  hrt«  in  yi  214''-2ia^ 

Gaiactonic   acid   Ls   obtaineil    bv  ujadiniug 

falactose  or  hydroly.sed  lactose  wiUi  bromine, 
n  the  latter  ca.se,  100  grams  lactose  are  boiled 
4  hours  with  400  grams  5  p.c.  sulphuric  acid, 
the  acid  pneipitatod  as  barium  sulphate,  and 
the  filtrate  evaporated  to  300  c.c,  cooled  to  36*, 
and  200  grams  of  bromine  added  with  constant 
shaking.  After  standing  for  a  short  time,  the 
excess  of  bromine  is  removed  by  a  current  of  air, 
hydrogen  bromide  by  lead  carbonate  and  silver 
oxide,  and  the  solution  is  saturated  with  cadmium 
carbonate,  and  concentrated  till  the  cadmium 
galactonate  crystallises.  The  mother  liquors 
yield  a  second  crop,  about  50  grams  in  all  being 
obtained.  This  «dt  is  pnnfied  aod  decomposed 
with  sulphuric  acid. 

Oalactonic  acid  crys^tallises  in  needle.s,  which, 
on  heatiojs  to  100%  lose  water,  forming  the 
lactone.  The  laeUme  cryBtallises  with  difBcoHy ; 
it  has  m.p.  90''-92'.  and  forms  a  crystalline 
liydrate,  m.p.  Go°.    The  acid  has  [a]^  —  lU-5% 

which  becomes  —57'  on  heating.  The  lactone 
has  [aj^*~70^,  and  the  orystaUinA  hydnte 

00*.  Thecadmhun  salt  ia  chameterwtio ; 

the  phenylhydrazide  has  m.p.  200°-205*.  On 
heating  with  pyridine  at  IW,  galactonio  acid  is 
partiaUy  converted  into  (f*taIonic  acid. 

iMtoblonic  and  maltobionio  acids,  obtaine<I 
by  the  action  of  bromine  on  the  corresponding 
disaccharides,  are  coloorlem  syrups  or  amorphos 
OOinp<'"JiifI--. 

Olaeuronle  Mid(glyoacoiiio  acid)  C|Uia^O,  is 
frequently  found  in  urine,  oorabinea  with  a 
variety  of  bubstances,  forming  ciininonnd.s  of  a 
glooosidio  nature.  It  was  syntkesised  by 
Fteoher  (Ber.  24,  521).  by  rednethm  of  aaoehano 
aoid  lactone,  and  has  the  formula 
CO,H-fClI  OHJ^-CHO. 

It  is  conveniently  prepared  from  euxanthic 
acid,  which  ia  readily  hydrolysed  by  dUnte  aoida 
to  glucuronic  acid  and  euxanthon 


£uxanthic  acid,  known  in  commerce  as 
Indian  yellow  or  piuri,  is  a  pigment  made 
almost  exclusively  m  Bengal,  and  is  obtained 
from  the  urine  of  cows  whieh  have  liooa  fed 
upon  mango  leaves  (v.  Ikdian  ybu<qw}. 

Act  irdiriL^  to  Tnierfelder  (Zeitsch.  physiol. 
Chem.  11, 3^)»  1  part  of  eiixanthio  acid  is  heated 
with  900  parts  of  water  hi  an  antocbTe  at  190*, 
the  euxanthone  separated  by  filtration,  an  I  the 
solution  concentrated.  Owix^t  to  the  intro(iuc> 
tkm  of  anfline  dyes,  piuri  hasbeoomo  very  ran 
and  expensive. 

Neuberg  and  Ijushmaoa  (Biochem.  Zeitsch. 
1010,  24,  416)  propose  to  obtafai  glnonronio  acid 
by  feeding  menthol  to  rabbits.  Menthol  ha.^ 
the  advantage  that  it  is  not  poisonous,  the 
paired  glueinronio  acid  is  fairly  easily  Isdated 
and  readily  hydrolysed.  2  grams  menthol  are 
dissolved  in  1  co.  akobol,  and  shaken  with 
20  0.0.  fakewarm  water ;  tiift  ernnUon  is  adnihiii> 
trrrd  to  rabbits,  and  the  urine  collected, 
rendered  acid,  and  extracted  with  ether.  Excess 
of  ammonia  ia  added  to  the  ethereal  solution, 
and  the  ether  diatilled  off.  The  rest  In  -  f 
in<iolul>le  anunooium  mentbylglucuruiiato  ia 
dissolved  in  water,  preeipltatea  by  lead  acetate, 
the  precipitate  decomposed  with  hydrogen 
sulphide,  and  the  liitmte  evaporated  when 
pure  menthylglucuronic  acid  is  obtained.  This 
is  decomposed  hy  boiling  with  dUttts  snlphnric 
acid  to  give  glui  uronio  acid. 

Glncuromc  acid  is  a  symp,  and  is  transfocmed 
into  the  crystalline  Inctonn  on  evaporation. 
This  is  very  soluble  in  water;  it  has  mup.  175°, 
[a]^+19^.  It  ndnoes  Fshlng's  solntioo,  yields 

furfurol  on  distillation  with  mineral  acids, 
showing  ])oaitive  reactions  with  orcinol  and 
phloroglucinol,  and  is  not  fermentable. 

A  number  of  substances  when  introduced 
into  the  animal  body  are  excreted  in  the  urine 
as  Leo vo- rotatory-paired  glucuronic  acid  deriva- 
tives. These  are  isolated  by  precipitatitm  with 
basic  lead  acetate,  of  which  an  excess  should  be 
avoided. 

flM0liiiiBa«UC^,«O. 

OHH  OH  OH 
CO»H— C— C— C— 0-CO,H 
H  OHH  H 

is  obtained  <»  oxidising  dextrose  and  all  carbo- 

hydrates  which  contain  dextrose,  also  from 
sorbitol,  gluconic  acid  and  glucuronic  acid.  It  is 
prepared  from  starch  or  dextrose  (50  grams)  by 
oeating  with  nitric  acid  (350  grams)  (.'^p.gr.  I  lo) 
on  the  water-bath,  and  evaporatiiig  to  a  syrup 
whilst  stirring  continually.  A  little  water  is 
added,  and  the  solution  again  evaporated. 
The  residue  is  disi«jlved  in  150  grams  of  water, 
neutralised  with  a  concentrated  solution  of 
{>ota88ium  carbonate,  25  c.c.  acetic  acid  (50  p.c.) 
added,  and  the  solution  evaporated  to  80  c.c. 
On  standing,  the  monopotassmm  salt  separates, 
and  is  recry^tallised  from  a  little  hot  water.  In 
the  mother  I iijuors,  Neuberg  (Biochem.  ZoitsclL 
1910,  28,  355)  has  recently  found  10  p.c.  of  an 
acid  identical  or  isomeric  with  glucuronic  acid. 
Saccharic  acid  is  a  syrup,  [o]^+8%  increasing 

to  4-22*S".   The  lactone  C«H«0,  has  nup. 

1^0^-13P,[o]|^^-37•9^  decreasing  to  22-5°  for 

the  equilibrium  mixture  with  the  ncid.  Pharac- 
teristic  ia  the  monopotassium  salt  ^C^U^Q^iI^q 
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fonned  on  the  addition  of  acetic  acid  in  excess 
to  a  solution  of  the  normal  Haccharate.  Tliis 
ocystalliaea  in  nmaH  orthorhombic  ^needlea, 
ntarin^v  aoluble  in  water  (]'12  partn  per  100**). 
Tho  dipnenylhydrazide  has  m.p.  210"^. 

The  continued  action  of  nitric  acid  forms 
tertarie  and  raoemic  acids,  and,  finally,  oxalic 
;u  id.  On  dry  dl.-ii illation  it  dccompoitea  with 
the  evolution  of  carbon  dioxide,  yielding  pyro* 
mnoio  and  M»pynMnneie  acida. 

Minle  mU  G^HioO. 

OHH  H  OH 
CO,H— C— C — C-C-CO,H 
H   OH  OHH 
is   obtained    on    oxdising   palactosc,  lactose, 
raffinoae,  dulcitol,  and  all  curl>ohydri*tes  which 
yield  galactose  when  hydtolysed. 

lOU  grams  of  lactose  are  ncatr'd  on  the  water- 
bath  with  12Q0  C.C  of  nitric  acid  sp.gr.  1-16  till 
the  volvme  is  leduoed  to  il(H)  c.c. ;  thie  reaidue 

is  taken  up  with  an  equal  volume  of  water  and 
left  tf  J  t  ry. stall i'je  ;  the  yield  is  alx>ut  38  grams. 

Mucic  acid 'm  a  miorocr^'stallint  powder,  m.p. 
213  -214°  ;  it  dLssolvcs  in  300  parts  of  water  at 
14%  or  60  parts  at  100  %  It  is  optically  inactive, 
and  cannot  ba  reaolvBd  into  optiealiy  actihra 
iaomerides. 

It  forms  normal  and  acid  i>alt^  w  ith  metals, 
and  normal  salts  with  alkaloids.  Tho  mono- 
phenylhydrazidc  has  m.p.  IW-IOS" ;  the 
diphenvlhydrazide,  prepared  by  heating  with 
phanylLydrazina  acetate  on  the  water-batli,  haa 
itt.p.  240". 

Thb  Cabbohydbatx  Alcohols 

are  widely  distributed  in  the  vegetable  kint'dom, 
where  they  occur,  as  a  rule.uncombined  with  other 
substances.  As  a  class  they  arc  readily  soluble  in 
water,  ccystaUise  well,  and  have  a  small  rotatory 
power.  On  cautious  oxidation  they  give  in 
turn  a  ri'diain^'  sugar,  monobasic  acid,  and 
dibaoio  acid.  They  are  obtained  by  reduction 
of  the  ccBTeaponmig  aldose  or  ketose  carbo- 
hydrates with  sodium  omalLram,  but,  as  a  rule, 
owing  to  tranaformationa  in  the  alkaline  solu* 
tion,  a  mixture  of  aloobob  is  produoed.  They 
are  not  fermentable,  and  do  not  reduce  Fehling's 
aulutiou.  Only  those  which  occur  natoraUy  wiU 
be  described  here,  though  the  aloohola  oonre- 
aponding  to  the  svnthctical  aagan  are  known. 
Erythrltol  C4U..O4 

OHOH 
CH,(OH>~C-C-CH,(OH) 

H  H 

occurs  in  a  numWr  of  U  hens,  parti*  uluily  the 
varietie.''  of  HoccdUi  tuictoria,  where  it  is  present 
in  tho  form  of  tho  ether  erythrin  C,oH-...Oi„. 
which  is  a  diorsclliuate  of  erythritol.  Thii,  li 
saponified  by  boiling  with  baryta  or  lime 
C,oH„0,o+2H,0    (  jr,,0«  +  2C.HsO,  :  200,, 

Erythrin  is  heated  for  about  2  hours  at  150*^ 
in  a  doaed  iron  vease),  with  a  qnantity  df  tnilk  of 

lime  somewhat  Ics.s  tli  ui  M:fTi(  ient  to  decompose 
it ;  the  exclusion  of  air  prevents  the  formation  of 
a  large  quantity  of  reainoua  matter.  The  liquid 
filtered  from  calcium  carbonate,  on  evaporation 
nt  ft  nenllo  heat,  depoiiits  orcinol  in  line  crystaU, 
and  the  mother  liquors,  on  further  evaporation 
yield  a  crystalline  mi  -  f  .  r.  ino!  and  (  rvtluitol, 
from  which  the  former  is  extracted  by  ether 
(v.  Ue  Luynea,  Gompt.  rend.  66,  803).  Steo- 


house  (Chem.  80c.  Trans.  [2J  5.  222)  dissolves  tlw 
erythrin  in  a  slight  excess  of  milk  of  lime,  boiL> 
for  half  an  hour  in  a  veseel  with  a  long  conden^m;: 
tube  to  exclude  air,  precipitates  the  lime  in  thr 
resulting  mlutiou  with  carbon  dioxide,  or  <<>n 
a  large  scale)  by  exact  neutraliaatioii  with  dilate 
sulphuric  acid,  and  eraporatea  tlie  fihcfed 
soIutif>n  to  dryness.  On  digr-sting  th*'  residue 
for  2U-30  minutes  with  a  mixture  oi  henieee, 
toluene,  fte.  (b.p.  IlO^-lfiO"),  in  a  wmNlte 
vessel  provifled  with  a  condfn*<T,  an  undlv*>lvf  ] 
portion  ia  left  free  from  orcinol»  which,  oa 
evapotation  and  filtering  from  rain.  i»u 

defMj-iits  crystals  of  erythritol.    These  may 
purified  by  washing  with  oold  alcohol,  preduoj^ 
and  recrystallising  once  orfwioe  frmn  Iwt  water. 

Erythrit<il  irystalli.-^*^.^  in  large,  colourlff>'. 
t  ransparent  q uadnitic prisms,  having  an  ad^nun- 

I  tinelnatre.   Sp.gr.  1-M8-1<44II.  Itn»eltaa*]9r 

I  (Licbcrniann,  Bcr.  17,  873),  and  may  Ik?  co  >lr^! 

I  far  below  ite  melting-point  without  aolidifying. 
It  10  optiealiy  nMetire  ewm  in  preaence  of 
liorax,  and  has  no  action  on  litniti><,  but  tb'^ 
addition  of  borax  tenders  it  acid.  Ita  taate  k 
sweet,  but  leaa  ao  tbaa  that  of  oiciDoL  ft  is 
very  readily  soluble  in  water,  its  heat  of  solution 
being  at  IS'*,  5-2  cals..  and  at  51 2  cak. 
(Cdaon,  Compt.  rend.  104,  113),  sparin^y  ia 
cold  alcohol  and  inRoluMc  in  other.  It  does 
not  lose  water  below  100^,  and  does  not  fnrciai- 
tate  neutral  or  baaio  lead  acetate,  copper  aann 
or  ammonium  lead  nitrate  (Stenhonse). 

Erythritol  is  not  altered  by  ammonia,  by 
bromine,  or  by  chloride  of  lime.  Heated  to  260* 
with  solid  potassium  hydroxide,  it  yields  oxali: 
and  acetic  acids  with  evolution  of  hydrogen. 
With  fuming  hydriotlic  acid,  it  givea  aecoD- 
dary  butyl  iodide  C^H^  HI.  It  is  attacked  1-y 
atmoAphcric  oxygen  in  presence  of  piatiuuui 

'  Itlack,  f  irming  trihydroxybutvric  and  oxalic 
aci<is  ( I)c  Lu}mea,  CompCb  remdL  60,  803;  6a0, 
ibid.  <>1,  741). 

With  dilute  nitric  acid,  oxalic  acid,  tartaric 
a(  id.  and  a  large  quantity  of  hydrocyanic  acid 
iitv  produced ;  and  irith  chromic  acid  and  potas- 
sium permanganate,  or  with  chromic  mixtun, 
formic  acid,  carbon  dioxide,  and  oxalic  acid  are 
obtainefl  (Przvbytek,  Hull.  60c.  chim.  [2]  35. 10S1. 

E.  Fischer  and  J.  Tafel  (Bcr.  20, 108S).  by  the 
oxidation  of  cr\'thritol  with  dilute  nitric  acid, 
procured  a  reducing  su^ar,  erythroae,  which 
formed  a  crystalline  plu  nylosazone  Cj^Hi^^O^ 
m.p.  1  nr."'- 1 07**.  nparingly  soluble  in  water,  moto 
rcufiily  in  ether  oad  benzene.  The  tetranitrate 
C4H-('N0,)4  forms  latge  shining  laminae,  m.p.  61  *. 

When  eri'lhritol  is  dissolved  in  concentrated 
sulphuric  acid,  and  the  mixture  heated  to 
6O°-70  ,  the  compound  C.H.jOtCSO^H),  m 
produced,  which  forma  aalta  with  metaJa  (flcaae. 
Annalen,  117,  329). 

Erythritol  dissolves  easily  in  chlorosulphonic 
acid,  forming  erythritol  tetraaulphoric  acid 
C«H,(S04H)4,  which  crystalKaca  in  aaaow-white 
masses  consisting  of  .snmll  prisms.  It  is  doc 
posed  by  hot  water  with  regeneration  of  enf- 
thritol.   The  metallic  aaJtaaie  sparingly  soluble. 

I  By  heatiiijr  crytliritol  for  alwnit  100  hour^ 
with  12-15  parts  concentrated  hydrochloric 
acid,  1)0  Luvnes  (Ann.  CWm.  Phys.  [41  23S5; 
h  I8f>-t.  197)  Ml,f.:,itir.l  .  rvtliritol  dichloro- 
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attained,  or  tho  compound  may  ho  prodiued 
bv  heating  erythritol  to  120''-13'0''  in  a  current 
(if  hydrochloric  acid  (Przybytek,  H<t.  14,  2072). 
It  melts  at  124"^  12")  (m.p.  115",  Dv  Luyiu'jt). 

Erythritol  tctrac!dofideC«H,Cl4.  produced  by 
t  he  action  of  phottphorm  pentacnloride,  melts  at 
73°,  and  crystallises  in  prisms  (Henninger,  Bull. 
Soc.  chim.  34, 194  ;  li^  ll.  lif  r.  12, 1271).  Dinitro- 
dicblorhvrlrin  C4H,(C1,)(N0,),0„  has  m.p.  60°. 

Erythritol  dibromhydrin  C4H,(RrjH0H), 
is  formed  by  hfiating  with  a'saturat  d  lution 
of  hydrobromic  acid  for  3  hours  at  100^  in  a 
scaled  tube.  It  is  insoluble  in  water,  and  melts 
at  130'  (Champion,  Compt.  rend.  73.  114). 
Dinitrodibromhydrtn  C4H.(Br.)(N0,)0a  is 
«  flaky  precipitate,  m.p.  75**.  It  aoes  not  detonate 
llDder  the  hammer  ( Champion). 

The  ietrafonoAte  forma  long  slender  ne^es. 
160°  ;  the  tetracetftta  Iim  iii.p.  85° ;  and 
the  tetrabenronte.  m.p.  ISH^-IS?*. 

Characteristic  is  the  dibenzylideneacetal 
C^H.O^fC^H,),,  obtained  ooaluiking  with  2  parts 
ol  benziiKh  hyde  and  3  parts  of  50  p.c.  sulphurio 
acid  (Fischer,  Bor.  27,  1524),  which  forms 
dander  needlea  sparingly  inlaUe  In  hot  water. 

It  is  not  fermentable  by  yeasts.  Bacterium 
x^nwn.  traasforms  it  into  a  ndaciiig  keto- 
tetroae  (Bartnad,  Oompt.  trad.  126,  7^),  and 
it  is  attaclced  bj  bacteria  in  cow-dung  and  hay 
water,  soodnio  acid  in  the  one  case  axid  volatile 
acids  in  the  olher  being  the  main  prodaota  of 
efaaa«e  (Fitz,  }v  r  n .  1 890 ;  12,  474). 

The  anhydride  a5  uxT-j9y-bat«nediol  is  ob- 
tained by  heating  erythritol  for  eonie  hours 
with  acids;  it  is  a  liquid,  bp.  154»-155''at  18  mm. 

The  second  anhydride  C«U40,  was  prepared 
by  Pryzbytek  (Bar.  17,  1091)  by  the  action  of 
potash  on  erythritol  dichlorhydrin.  Tt  is  a 
colourless  mobile  volatile  l^uid,  b.p.  138'.  sp.gr. 
1«1322.  It  eombinea  with  water,  acids,  and 
ammonin,  ind  forms  compounds  with  hydro- 
cyanic acid  and  aniline.  Its  constitutional 
,  ,  .  CH,  CHCH  •  CHy 
formula  is  "^-^0 ^ 

When  heated  with  anhydrous  l>arium  oxide  for 
3  days  at  200°-220°,  the  anhydride  yields  far* 
furano ;  when  heated  with  phosphoms  penta* 
sulphide  it  gives  thiophene. 
AdODltol  C,HuO| 

OH  OH  OH 
CH,(OH)— C-€— C-€U,(OH) 
U  H  H 

iff  the  only  naturally  oocniring  pentose  aloohol ; 

it  corresponds  to  riboee,  and  is  obtained  on 
reducing  this.  It  is  found  in  Adoni*  vemtdit 
(Podwyssotzki,  Afeh.  Fhann.  1880,  141).  It 

separates  from  water  in  transparent  prismatic 
crystals  m.p.  102  ^  It  has  a  swoet  taste,  and  is 
optioally  hn active.  When  shaken  with  benzal- 
dfhyd''  an't  '<>  p.c.  sulphuric  acid,  the  dil>on7.vIi- 
deneacetal  iHfurmedquantitatively;  itcrystalllscs 
in  slender  needles,  m.p.  164^-166*.  The  corre- 
Bpondini;  difnrmylideneacetal  has  m.p.  145".  It  i? 
oxidibcd  to  a  mixture  of  pentoses  (Fischer,  Bcr. 
1893,  26,  633  ;  27»  2491 ;  Uerck,  Aich.  Phann. 
J 893.  231.  T  2ni 

Mannitot  or  (i-maimlte  C«H,(OH)« 

H  H  OHOH 
CHgOH— C-C    r  c— CH,OH 

OHOH  H  H 

ja  tho  alcohol  corresponding  to  mannuBo.  It 


was  first  found  m  the  dried  cxudRtion  from  tho 
maona  ash,  Frojinua  oniu-<.  by  Proust,  in  180^ 
and  is  widely  diRtributc<l  in  planl.s.  It  is  con- 
tained in  the  sap  of  tho  larch,  in  monkshood,  in 
the  leaves  of  Syringa  vulgarut,  in  celery,  sugar 
cane,  in  fungi,  where  it  exceeds  dextrose  in 
quantity  or  even  replaces  it.  Thus  LacUmtu 
paUidtu,  when  dried,  contains  from  10  to  15  p.c. 
(Bourquelot,  Compt.  rend.  108, 668),and^9ar»cif« 
integer  is  also  a  good  source.  Tt  h  pre- 
pared from  manna  by  extraction  with  boilintr 
aloohol.  Mannitol  is  obtained  on  reducing 
mannose,  lasvuloso,  or  dextrose  with  sodium 
amalgam. 

It  cr3rstalliBes  in  colourless  rhombic  prisms, 
m.p.  166°.  100  parts  of  water  dissolve  10  parts 
at  16°,  100  parts  of  alcohol  di.s^olve  0  07  part 
at  14**.  It  is  optically  inactive,  but  on  the 
addition  of  borax  it  beoonies  strongly  dextro-ro- 
tatory, a  mixture  containinc;  10  p.c.  mannit.ol  and 
8  p.p.  borax  having  [0]^ +22-5°.    This  mixture 

is  Btronglv  acid.    With  caustic  soda  and  other 
alkalis  it  baeomes  Iwvo-rotatory. 

Mannitol  has  a  slightly  sweet  taste,  it  not 
fermentable  by  yeast,  sorbose  bacteria  oxidise 
it  to  Involose,  and  it  Is  attacked  by  many  other 
race<(.  Tt  docs  not  reduce  Fehlingrs  Bolntion,or 
interact  with  phenylhydraune. 

Mannitol  is  easily  oztdised.  Air  in  fweeence 
of  plafinum  Mack  forms  mannosacchario  acid, 
and  a  mixture  of  maunotM;  and  Isevulose,  which 
is  also  formed  with  hydrogen  peroxide  and  an 
iron  salt.  Hnminc  gives  mainly  licmlose.  Nitric 
acid  tran.sforma  it  into  manuosaccharic  acid  and 
finally  into  glycoUic  acid  and  oxalic  acids. 

DerimtivM. — On  heating  at  280%  mannitol  is 
converted  by  Icm  of  water  into  mannitan 
C,H,,Oj,  which  is  formed  at  100«*  in  presence  of 
stron'^  K'ida.  The  hexanitrnto.  also  known  as 
nitrotnannitol  C^H,(N0,)4,  i^  prepared  by  the 
action  of  a  mixtnre  of  sulphuric  and  nitric 
acids ;  it  forms  colonrlp'^.s  acicular  crystals, 
m.p.  112''-113'',[o]^+4U^,  wiiich  explode  violently 

on  being  struck  or  when  snddenly  heated. 
The  dichlorohydrin  has  nLp.174%  [al^-3-7S» ; 

and  its  tetranitrat«  forms  .slender  needles, 
m.p.  14A°.  Tho  hexacetate  (Franohimont,  Bar. 
12,  2059)  separatBS  from  sleohol  In  orthorhombie 
crystals,  m.p.  119°  120%  The  hexa- 

benzoato  has  m.p.  149^. 

The  tribcnzylidene  acetal  crystalliaes  in 
clender  needles,  in.wluble  in  water  ;  m.p.  218*« 
222^  (FLwhor,  Ber.  2H.  1<>T5).  Triacetone 
mannitol  (Fischer.  iftW.  28,  1 167 )  forms  colourless 
prians,  m.p.  88*-70»,  [c}^+12-6*.  It  tastes 

bitter. 

The  anhydride  mannitan  exists  in  amorphous 
and  crystalune  modifications,  the  latter  having 
Id?*,  (al^-24^  A  second  anhydride  is 

marmidf  f^'^H,,/),,  which  exists  in  several  forms. 
Une  obtained  by  reducing  the  dichlorohydrin 
crvstsUiaes  In  dender  necoles  or  laxge  prisms, 
i  m!p.  119',  [ajj  -f  94®  ;  wo-mannido  produced  by 

(he  <lry  distillation  of  mannitol  in  SOClid,  forms 
j  prisniri,  m.p.  87°,  [0]^^  + 91 '4°. 

t/  Sorbltol  or  sorbit  C,H,(OH)j, 
I  OHH  OHOH 

CH,OH— C— C— C— C-CH,OH 

H  OH  H  H     Digitized  by  Google 
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is  the  alcohol  corrcBpnndinp  tn  flpTtroRP.  from 
which  it  IB  obtained  on  reduction  with  mxliuui 
•raalgun  in  faintly  alkaline  Holution.  Sorbitol 
was  discovered  in  mountain-aah  Ixrries  hv 
Eoutisinganlt  (Compt.  rend.  1872,  74,  039),  and 
occurs  in  the  fruits  of  a  luge  musbsr  of  pJanto 
belonging  to  the  Boaacece. 

It  is  prenarcd  from  the  expressed  juice  of 
mountain-aan  berries,  which  is  fermented  to 
remove  carbohydrate,  defecated  with  liasic  lead 
acetate  and  cnncentrated  to  a  syrup  in  txicuO. 
This  ^rup  ia  taken  up  with  alcohol,  and  nraally 
gives  en,'stal.s  of  sfin):tol.  Tn  '*tht.T  cnses  an 
equal  weight  of  50  p.c.  sulphuric  acid,  and  a 
little  loss  benzaldenvde  is  added,  and  the 
mixture  agitated.  .After  24  hours  it  Rots  to  a 
crystalline  ma&i  ot  dibeuzylidene  sorbitol.  This 
Is  separated,  washed,  and  deooflnpoted  by  boiling 
with  dilute  sulphuric  acid. 

The  benzaldehydo  is  removed  by  .steam 
dlstiUatioOf  sulphuric  acid  by  baryta,  and  the 
benzoic  acid  extracted  by  ether.  The  liquid  is 
concentrated  to  a  syrup,  and  inoculated  with 
a  crystal  of  sorbitol  (Vincent  and  Delachanal, 
Compt.  rend.  108,  147).  This  method  permits 
of  the  separation  of  sorbitol  in  small  quantities 
from  plants. 

Sorbitol  crystallises  with  1  moi.  H,0  in  blender 
needles,  m.p.  US".  The  anhydride  has  m.p. 
110**.  It  is  very  soluble  in  water,  sparingly  so 
in  alcohol.    It  has  [ol  — 17'3",  which  becomes 

4-l>4°  in  presence  ol  borax.  '  It  is  faintly  sweet, 
non-fermcntabH  but  is  oxidised  by  B-ri/linum 
to  sorbote  (q.v.). 

The  hezacetate  has  m.p.  The  dibensyl- 
idene  aeetai  as  obtained  above  is  a  mixtme  of 
two isomerides,  one  of  whi  h  has  m.pi,  163'>164°. 
Triacetone  sorbitol  has  m.p.  45°. 

Dulattol.     Dukin,   Duhoae,  MeUmpt/rite, 

OHH   H  OH 
Ca,OH-^— -(!'— <J-€--CH,OH  . 

oHi>Hla 

is  the  alcohol  corresponding  to  galactose. 

Occurrrnce. — Found  in  a  manna  or  cnidn 
preparation  from  a  bulbous  root  of  unknown 
ori^  from  Madagascar  (Laurent,  Annalen, 

76,  35«  ;  J;icqueliin.  iltfl.  80,  345,  in 
Scrophiil'iria  vodom  and  Rhinanthu-3  Crista 
goUi  (Ki<  hl(  r.  Ueb.  d.  IMampyrin,  Moscow, 
1885)  ;  in  Melampynim  vemorosutn  (Hiinefeld. 
.T.  pr.  Chem.  4,  233;  <;ilmer,  Annalen,  123, 
372) ;  in  EuonymiM  europcea  (Knbd*  P.  Tharm. 
Chim.  sr*,  372).  and  in  dulcite  manna  (Usoht. 
Annalen,  165,  148). 

PrepamHon. — Dulcitol  is  prepared  from  the 
Madagascar  material  by  cxtrarting  with  boiling 
water  and  allowing  the  liltrate  to  crystallise. 
To  prepare  it  from  the  plants  above-mentioned, 
thry  nro  pathered  at  a  suital>Ie  tiiin;  and  drie<I. 
A  deeuution  is  made  of  them,  rendi  iid  alkaline 
with  milk  of  lime,  iM^ilc*!,  filtered,  concentrated, 
and  nciditi'-d  hydroehlorie  ociil.    Puli  itol 

cry-stnllisefc  uut  on  cooling.  DuIrUt  uunaia  is 
extracted  with  l>oiling  alcohol ;  dulcitol  crystal- 
lise!* from  the  solution  filtered  hot.  The  manna 
yields  72  p.c.  dulcitol  (Hccht). 

Dulcitol  may  also  be  prepared  by  the  reduc 
tioD  of  galaotoae  with  aodiam  amalgam,  the 


soda  produced  being  from  time  tn  fiine>  neutral- 
ised with  sulphnrio  acid.  It  is  obt.iiued  mixed 
with  mannit<)l  on  reducing  lactose. 

PropertiM. — Dulcitol,  both  of  natural  and 
s^thetical  origin,  crystallises  in  coloorless, 
highly  hutrons  mooo(uinio  prisms  with  od*- 
he<lral  summits.  The  crystals  are  gritty  b*'t  vreen 
the  teeth,  and  taste  very  faintly  sweet ;  m.p.  1 1 8~. 
One  part  dulcitol  diasolves  in  34*4 1  parts  water 
at  16-5";  it  b  but  slightly  soluble  in  alcohol, 
even  at  a  boiling  temperature.  It  is  optically 
inactive,  oven  in  presence  of  borax ;  the  den- 
vatives  also  are  inactive.  Its  solutions  are  not 
coloured  browu  by  potash,  nor  do  they  reduce 
alkaline  copper  solutions.  Nitric  acid  oxidisaa 
it  to  mucic  acid  ;  oxalic  and  mcemic  acid.-;  are 
also  produced  (Carlet,  Compt.  rend.  51,  137  ; 
6S»  84S).  Yeasts  do  not  ferment  it,  but  otl^r 
ortranisms,  such  as  exist  in  cheesf*.  convert  it, 
iu  presence  of  calcium  carbonate,  into  alcohol, 
lactic,  and  butryic  acids.  A  saturated  aoIatioQ 
containing  dulcitol  and  borax  in  the  propor- 
tion of  2  mub*.  dulcitol  to  1  raol.  borax  ia 
neutral,  but  if  the  proportion  of  borax  is  leas, 
the  solution  is  strongly  acid,  when  the  pro- 

Eortion  of  borax  is  greater  the  solution  is  alka- 
ne  (dulcitol  being  neutral  and  borax  slightly 
alkaline).  A  solution  of  a  mixture  of  dulcitol  and 
sodium  paratungstate  has  an  acid  reaction  after 
boiling  (Xlein,  Compt.  rend.  i)9,  1 14). 

Dulcitol  sublimes  partially  on  careful  heat- 
ing  ;  at  200''  it  gives  off  water,  and  is  converted 
into  dukitan  ;  at  27."j''  it  decompose-t. 

Sodium,  potassium,  calcium,  barium,  and 
copper  compounds  wrist. 

Neither  lend  acetate  nor  subacetate  ]tre<  Ipi- 
tatee  dulcitol,  but  a  white  precipitate  ia  thrown 
down  with  aa  ammoniaesl  sohilion  of  aoetata. 
This  is  an  nnstable  lead  compound. 

Dulcitol  heated  with  hydriodio  acid  in  an 
atmosphere  of  earbon  dioxide  3rie1ds  heiQrliodide, 
water,  and  iodine. 

The  hexanitrate  is  obtained  by  the  action  of 
fuming  nitrlo  and  snlphntie  acfos  on  doleitoL 
It  crynf  ff' -ni  nl^  iifii  ■!  in  ^''■:rit  ifiil  .  ■  i -K'l'lpsa 

flexible  ueedlet$,  which  melt  between  and  72% 
and  give  off  nitrie  aoid  vapours  eontinnallj. 
beincr  thereby  converted  into  the  tetranitrate. 
This  latter  is  soluble  in  alcohol,  from  which  it 
crystallises  in  trandncent  prisms^  m,p.  190^>14O*, 
and  dernmpn«ics  at  lifi". 

Lhijj'itoi  torms  with  hydrochloric  acid  an 
unstable  hydrochloride  C,H,40,HC1,3H,0.  Simi- 
lar hydrobniinides  and  hydroiodiflcs  exist ;  they 
are  rather  more  stable  (Bouchardat,  Ann.  Chim. 
Phys.  [4 1  27,  145). 

Dulcitol  yields  chloro-  and  bromo-  hydrins. 
CfHtiO^Cl.  cryst&Uiaes  in  tables  insoluble  in 
water;  CaH|,0«Br,  and  CJl^fitlM  are  of 
much  the  same  nature.  The  correspond inj^ 
dulcitan  bodies  ( VHijO^Cl,  &c.,  exist.  When 
these  bodies  are  disaoltred  in  fuming  nitric  or 
sulphuric  acid.s.  the  conr^pondinr^  tetranitn^es 
are  formed,  as  CiHgCljtNU,),,  &>\ 

With  the  acids  of  tilO  fatty  and  aromatic 
groups,  dulcitol  forms  a  number  <■(  neutral 
compound  ethers.  Some  of  these  ore  ethers  of 
dulcitol  an<l  some  of  dulcitan. 

The  hexacetatc  forms  hard  crystalline  plates, 
m.p,  171°;  the  hoxabenzoate  has  m.p.  147*; 
both  are  msoluble  in  water  and  ether,  sparfai^ 
soluble  in  cold  alcohol. 
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The  dibenzylidene  acetal  forms  needles, 
m.p.  216''- 220*.   Diftcetone  dulcitol  crystalliaee 

in  prisms  of  bitttT  tasto.  m.p.  98*. 

PendtOl  C-HijOj  was  Jliscovend  in  tho 
fruits  of  Diurus  -perma,  and  oocars  in  I'tiMn 
gratUsivm.  It  U  identiral  with  ff-mannolK  pt  itnl, 
synthesistHl  by  Fischer  (Ber.  23,  &30.  222G)  bv 
reducing  the  lactone  of  '/-roannoheptontc  acid. 
It  rrystalliws  in  colourlf"<s  slender  needlps.  m.p. 
188''  ;  dissolves  slightly  in  culd  water  (6  parts  {rt 
100) ;  readily  in  not  water,  and  is  insoluble  in 
absolute  alcohoL    It  has  [a]  —  1  3°,  but  becomes 

slightly  dextro>rototory  in  presence  of  borax. 

IMlnt*  nitric  acid  in  the  cMid  oonverkB  it  into 
mannoheptose ;  the  sorboflB  baoteciaiil  ozidiies 
il  to  a  ketolieptoae. 

Th«  heptanitrate  fonni  needles,  m.p.  138® ; 
the  lioptHacetate  has  m.p.  110*'. 

The  optical  isomeride  of  perseitol  has  not 
been  fooid  natazaBy,bat  is  prepand  artificially 
from  mannoheptose. 

VolemlM  C,UjsO«  was  obtained  by  Bourque- 
lot  by  extraotnig  dried  LaeUmuB  volemw  with 
alcohoL  It  crystallises  in  slightly  sweet  slender 
noedle.s.  m.p.  151*-1.'>3*,  [aj^ -|  1-92',  which  is 

not  altered  on  the  addition  of  borax.  I'he  con- 
stitntion  is  not  yet  determined. 

An  oetltol  C,H,jO,  was  obtained  by  Vincent 
and  Bfeunier  (Compt.  rend*  127,  7bO)  from  the 
mother  liquors  of  tne  sorbitol  preparation  from 
the  fruit  of  some  of  the  Bo^ace/r.  The  syrup  had 
fo]  —  3'42*;  the  compound  with  benzaldehyde 

crystallised  in  slender  needles,  m.^.  230*;  an 
iaomeride  fonned  at  tba  same  time  ba▼i^g 
m.p^  140*. 

The  Disaccharidbs. 

The  diaaocharideB  consist  of  two  mono* 
aaoeharideii,  united  tbfoagh  an  oxygen  atom. 

One  r«-.-*idiUT  i.s  fixtd  through  the  oxygen  of  the 
aldehyde  sroup  in  just  the  samo  manner  as  is 
dextrose  in  the  glnooaides.  In  the  second 
residue,  the  aldehyde  or  ketonic  grouj)  may  be 
fetill  present,  in  wliich  case  the  junction  talces 
place  through  one  of  the  aloobol  groups,  or  it 
may  have  'ppearod,  being  coneerned  in  the 
junction.  The  disoooharides  ore  accordin£;ly  of 
two  types.  In  the  first  type,  in  whicb  the  alde- 
hyde grdup  is  present,  they  reduce  ciipric  Bixhs, 
and  behave  just  as  dextrose  does.  In  the 
eeoond  type,  all  these  properties  aw  absent. 
Most  of  the  best-known  disaccbarMes  are  de« 
rived  from  hexoscs. 

In  establishing  the  structure  of  a  dlsaochar- 
ide,  three  points  demand  attention:  (1)  the 
nature  of  the  constituent  hcxoses ;  (2)  whether 
it  represents  an  a>  or  0-gluco8ide ;  (3)  which 
hydroxyl-  group  is  roncerned  in  the  attachment 
of  the  two  hexoso  residues.  As  a  rule,  they 
f r)rm  no  really  characteristic  derivatives,  so  that 
their  isolation  and  identification  is  far  frum  easy. 
Those  of  Type  I.  contain,  like  dextrose,  an  alde- 
hyde group  or  its  equivalent,  and  since  they 
exhibit  nmta-rotation  and  exist  in  two  modifica- 
tiuna,  there  is  no  doubt  that,  liko  dextrose,  they 
possess  a  closed  rins  structure  mthcr  than  a  free 
aldehyde  group.  In  solution,  thet«  f  .re,  thoy 
exist  as  an  equilibrated  mixture  uf  intercon- 
vertible isomeridss.  This  il  in  agreement  with 
their  rrys^tnllisin^  pmpprtiM  and  in  marked 
coutratit  to  tht*  carbohydrateii  of  Typo  II.  e.g. 


sucruM  and  trehalose,  of  which  tnly  one  form 
exists,  and  whieh  are  characterised  ny  eryrtal* 

lising  readilv. 

Accordingly,  b<jih  halves  of  the  molecule 
possess  a  "v-oxidic  structure,  but  only  one  section 
retains  the  aldebydio  groopiiig  potentially 
functional. 

The  disaooharides  are  selectively  hydrolysed 
by  enzymes,  and  aie  attacked  with  very  diffwent 
degrees  of  readiness  by  mineral  acids. 

Important  conclusions  as  to  their  structure 
are  based  on  this  behaviour,  for  the  full  dis- 
cussion of  which  rcferunue  should  be  made  to 
The  Simple  Carbohydrates,  by  E.  F.  Aim- 
strong,  eh.  V.  and  vi.  (Longman!»,  1010). 

Tile  following  table  gives  a  list  of  the  di-,  tri- 
and  tetra*Baoobaridea  and  tbsir  ptodnota  of 
hydrolysis: — 

DiSilOCHABIBXS. 

Oarbohr<lnte  Oonpoasuts 

Tffpt  1.  Akkhjfieifnnipf  yafentfagy fmte^onaL, 

Malto<?c  Dextrosc-o-glucoside 

/^omaltoso  i^xtrose-/EI-glucoside 

Gentiobioae  Dextrose«3>g]ucodde 

Cellose  Dextro8e-/3-glucoside 

Lactose  Dextro8e-/|.galacto8ide 

/wlactose  Dextrose-galactoside 

Melibioee  Dextrose-galartoside 

Turanoee  Dextrc»e  and  Isevuloro 

Vieiaoosa  Dextfosa  and  MaUoMe 


TyftsIL  No  nimeiiiij  properti«»» 

Sucrose         Dextrose  and  IsbvuIobb 
Trehalose       Dextrose  (2  moU.) 

Tbis  \<  <  H  veidis. 
Type  I. 

Mannotrioae  Dextrose  and  raJaotoee  (2  mols.) 
Rbamoinose  Daxtrose  and  raanuioee  (2  mola.) 

Type  II. 

Baffinose      Galactose  and  dextrose  and  bevu* 

lose 

Gentianose  Dextrose  (2  mols.)  and  IsDvuIoee 
Melezitose     Dextrose  (2  mols.)  and  Invuloso 

TaxBASAccfusmu. 
Type  IL 

Stftohyoee      LevnIose  and  dextrose  and  galae* 

tose(2mols.) 

Lactose  or  milk  sugar  CjjHjjO,,  was  first 
separated  from  whuy  b^  Fabriccio  Bartoletti 
in  mi 9,  and  termed  nttrum  neri  lactis.  It  is 
found  in  the  milk  of  all  mammals.  Human  milk 
contains  from  5  to  8  p.c.  of  milk  sugar,  cow's 
and  ewe*s  milk,  from  4^  to  6  p.c. ;  mare's  and 
ass's  n)ilk,  about  6  to  7  p^c.  It  baa  not  been 
found  in  plants. 

Tiaetoae  is  hydrolysed  by  nuneral  acids  to 
dextrose  nnd  galactose  ;  it  is  a  /3  galacto8ide, 
that  is,  the  active  aldchydu  group  is  in  the 
dextrose  residue.  It  is  uncertain  whether  the 
primary  alcohol  srroup  or  the  a-sccondary  alcohol 
group  of  the  dextrose  molecule  takes  part  in  the 
union  with  the  galactose  residue.  Accordingly, 
lactope  hns  one  of  the  following  formtilrr? : — 
C,H„0»— O<;a,-(JH(UH)-CHrCH-0HljUH(0H) 

C,H„0,-0-CHLGH,0H]<3H[CH-0H],-€H(0H) 

^->^o  — 
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The  laUowiiig  detuk  of  (he  inantifMtQie  of 
UctOflB  from  whey  are  given  1  v  Aufsberg  (Cbem. 
Zelt.  1010,  M,  BaS).  Cheeae  makera  usually 
iM»nd  tbeir  tnipply  of  whey  to  ft  central  ftotory, 

will  r(  th'  lactose  is  separated.    Before  thi'  \v)i«  y 
is  concentrated,  it  is  heated  and  treated  with 
from  I  to  S  p^e.  of  acid  (whey  vinegar),  in  order 
to  (  nagulate  any  albuminous  sabrft.inces  proaent. 
The  whey  a  then  coaoentrated  at  a  temperature 
of  from  80^  to  W  under  reduced  nraesure, 
until  it  contains  about  00  p.c.  of  total  solids  ; 
the  concentrated  liijuid  is  run  into  rectangular 
Tewebt  each  holding  about  700  Htoes  and 
surrounded  by  a  cold-water  jik  ket,  flnd  after 
the  lapse  of  10  hours  the  thick  li(|uid  is  stirred, 
this  operation  being  repeated  at  intervals.  At 
thaenc!  of  24  hours,  the  pasty  mass  is  submitted 
to  centrifugal  action,  the  crude,  moist  la*  tosi\ 
amounting  to  about  3*85  p.c.  of  the  weight  of 
the  original  whey ;  a  further  quantitjr  of  crude 
lactose,  amounting  lo  about  O-o  p.c,  is  obtained 
by  avaporating  the  mother  liquor  and  allowing 
it  to  crystallise.    The  criule  li\etose  is  now  re- 
fined by  dissolving  it  in  water  so  as  to  form  a 
solution  having  a  aensity  of  13"  to  15''B.,  adding 
to  the  solution  a  quantity  of  hono  <-!iarcoal  ana 
about  0-2  u.c.  of  acetic  acid,  heating  the  mixture 
to  90°,  tnen   adding  a'  small  onaiitity  of 
magnesium  stilphate.  and  heating  the  whole  to 
boiBng.    The  llf>eculeat  precipitate  ia  removed 
hy  filtration,  and  the  filtrate  is  evaporated  by 
heating  under  reduced  pressure  until  it  has  a 
density  of  35 'B.    Crystallisation  is  then  aUowed 
to  take  place,  and  the  crystals  are  separated. 
The  lactose  thus  obt^iined  ia  nprain  subjected  to 
a  Hiuiilar  reiiuiug  treatiuent,  the  linal  yield  of 
Ciystalline  lactone  being  dried  in  a  centrifugal 
machine  supplied  with  a  current  of  hot  air. 
The  dry  product,  amoimting  to  about  2-6  p.c. 
of  the  weight  of  the  Ofiglosl  whsj*  is  then  ground 
and  sifted. 

Milk  sugar  is  deposited  from  its  aqueous 
solutions  in  hemihedral  rhombic  or  monoolinir 
crystals.  The  crystals  are  wbitOj  semi-trans- 
parent, hard,  and  grate  between  the  teeth ; 
their  sp.gr.  is  1-6.V  1-54.  The)*  contain  1  mole- 
cule oi  water  (C,,H„0,  j,HjO),  which  they  retain 
at  100^  over  HjSO,,  but  give  up  completely  at 
130",  leaving  a  coloiirle'^s  melted  mass  of  anhy- 
drous milk  sugar,  which  soliditie.s  in  the  crystal- 
line state  on  cooling,  and  is  strongly  h y^'roscopic. 

If  a  solution  of  milk  sugar  in  evaporated  to 
dryness  on  the  water-bath,  an  anhydrous  milk 
sugar  remains  boliind,  whioh  is  not  hygro- 
soopic. 

ilydrated  milk  sugar  is  slightly  hygroscopic, 
soluble  in  6  or  0  paitB  of  cola  or  2\  of  boifing 

water  ;  from  the  latter  solution  the  crystals  t)nly 
separate  out  slowly  on  cooling.  An  aqueous 
solution  saturated  at  10"  has  a  density  of  l^OSS, 

and  contains  14-55  p.c.  of  hytlrated  milk  sugar ; 
when  left  to  evapomte  it  begins  to  deposit 
crystals  as  soon  as  the  density  «  l-063»  and  the 

solution  cont.un^^  21-64  p.o.  of  SOgV.  It  ia 
insoluble  in  alcohol  or  ether. 

Aooording  to  Hudson  (J.  Amer.  Cbem.  Soc. 

1908,  30,  1767),  lactose  hydrnte  erystnllises  from 
aoueous  solution  at  the  ordinary  temperature, 
whilst  above  05'  the  /3-anhydrous  form  separates. 
Schmoeger,  and  later  Hud«5on,  luive  described 
three  forms  of  laetose.    The  a-hydiitte  [a]  4-86" 

and^the  /S-anhydridc  [aJ-i-35-4**  both  change  in 


sdutioa  Into  the  equilibrium  mixture  or  y> 
isomeride  of  oonstaot  rotatory  power  [a]^ + 55'9r. 

Laetose  was  the  first  carl>ohy(lrat«  of  whi^h 
more  than  one  modiiiiation  was  observed,  and 
the  relationship  of  these  isomerides  has  been  the 
subject  of  tnueh  ilismssion  (see  v.  Lippirtann. 
Chemie  der  Zuckciarten).  It  is  to  be  expUined 
in  the  same  ^^  i     ^  the  rout^-rotation  of  dextroae. 

Lactose  lows  the  water  (jf  cr\  ^talli-ation  at 
130°  when  heated,  turns  bruwn  at  160%  b^ins 
to  decompose  at  175°,  forming  laotocaraxnel 
C,,H,„Oio.  ;"id  melts  at  20.*^'. 

On  oxiilation  with  bromine  water,  lacto- 
bionic  acid,  C,,Hs|0,«  is  formed,  and  this  vi 
convert^  into  galactose  and  gluc<)nii^  aci-J, 
when  hydrolyned  by  boiling  with  mujeral  acidn. 
proving  that  laetose  is  a  galaetoaide.  Nitrio 
acid  first  causes  hydrolysis,  and  then  forms 
mueic  acid  from  the  galactose,  and  saccharic  acid 
from  the  dextrose.  Like  dextrose,  lactose  gires 
rise  to  two  series  of  derivative«i,  corresponding  to 
the  ft-  and  fi- forms  of  the  sugar  already  mentioned. 
It  oontains  8  hydroxvl-  groups,  and  therefore 
forms  f>etaeetateji  on  heating  with  acetic  anhy- 
dride and  a  dehydrating  agent.  These  are 
colourless,  crystalline  substances,  and  well 
characterised.  Other  lower  acetates  am  less 
definitely  characterised. 

Lactose  octacetate  may  be  converted  into 
acetochlorolactose,  and  this  into  methyl  lactoaide, 
which  crystallises  in  needles,  m.p.  I71*.  The 
octacetate,  obtained  by  heating  with  acctie 
anhvdride,  crystallises  in  rectangular  plates  or 
needles,  m.p.  86^  (Herefeld).  98*  (Kremann, 
Schmoeger),  lOtV'  (Fischer  and  ArmstrongK 
according  to  the  method  of  uurific^ioD.  It  t» 
obviously  a  mixture.  Aoetoohlorolaotose  forms 
prisms,  m.p.  07^-60'  f  Tisdier  and  ArmstcoQg, 

Bar.  36,  841),  [a^f  4-76-2°.    The  isom#>ridr 

JO 

forms  prisms,   m.p.  118=- 120'.   [«J^  +  73*5* 

I  {.<>€€  also  j^odarty  Monatah*  23,  1 ;  Dittomr, 
djiJ.  23,  8llo). 

On  heating  with  phenylhytlrazine,  acetic  acid 
and  sodium  cnloride  in  a  boiling  water-bath  for 
1^  hours,  phenyllactosAZone  C,,H,,0,X4  is 
formed.  This  fjot-i  not  separate  until  the  solu- 
tion is  cold,  and  is  thus  readily  distinguished 
from  phenylglucosarone.  The  yrflow  needles 
melt  at  200°,  and  dissolve  in  80  parts  of 
boiling  water.  With  very  dilute  ^nlphnric  acid 
they  form  an  anhydride  Cj^HjoU^N,.  which 
melts  at  223°-224°,  and  is  almost  insoluble  in 
water  (Fischer,  Ber.  20,  830).  The  pheoyl- 
hydrazine  residueB  aiu  diminatad  by  ooiiing 
with  benzaldehyde,  laotosona  beiog  formed: 

C,Hi,OjOCH,[CHOH],<JO-CHO. 

This  is  obtained  as  a  colourless  nynij)  on  concen- 
tration oi  the  aqueous  solution  in  a  vacuum,  and 
is  similar  in  properties  to  glucosone. 

Lactose  forms  characteristic  hydrazoncs  with 
some  of  the  substituted  phenylhydra/.ines.  The 
amylphenylhydnusone  has  m.p.    123°  ;  allyl- 

Ehcnylh\(in7one,    m.p.   132°:    1»<  n7oyl|>h.  i)Tl 
ydrazone,  m.p.  128° ;  3-Uiiphthylhydr*iX(jue, 
m.p.  203°. 

Alkalis  (k'Cnmp<^se  la*  tof^e,  fiivinjj  a  variety 
of  product^i.    Strong  alkalis  produce  uhiiiialely 
I  lactic  acid ;  on  fusion  with  potasdunt  hydroxide. 
I  oxalic  acid  is  formed.    The  prolonged  action  vl 
I  lime  results  in  the  formation  t^(jfsft«jcjigjri^j;^^^ 
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Hydrdiiaia. — Laotow  ia  bydrolyeed  with 
diflkulty  by  oold  iniDef»l  adds.  Mid  xmBia  even 
boiling  with  weak  organic  acids.  Towar  ds  ul- 
phuric  acid  it  is  1240  times  as  stable  as  sucrose, 
and  slightly  more  atobla  thaii  maltose.  Stronger 
ii  IJb  hylr f  ly  f  it  to  dextrose  and  galactose,  tlie 
optical  rotatory  power  of  tiie  solution  changing 
from  +«a*  to  +68°. 

Lactose  is  nlso  liydrolysed  by  an  enzyme 
lactase  (q.v.)  which  is  present  in  Kephir  grains, 
IB  almonds,  and  in  some  yeaata.  It  is  not  fer- 
roentwl  by  yeasts,  with  the  exception  of  a  few 
tomla  (8.  fragile,  &c.;  «e«  Armstrong,  Proc. 
Roy.  Soc.  1905,  76  B,  600)  which  contain 
lactase.  It  is  more  susceptible  to  bacterial 
attack,  and  readily  undergoes  lactic  and  butyric 
acid  fermentations. 

The  synthesis  of  la'^t<>so  has  not  been  effected, 
but  an  isomende  named  provisionally  Modactose, 
waa  obtained  by  Fischer  and  Armstrong  by  tile 
.=tyntbetical  action  of  Kephir  lir'trtPo  on  a  con- 
rentrated  mixture  of  equul  p  uts  of  galactose 
ind  daztioaa.  It  was  iitolated  aa  piianylMO* 
lactosazone.  A  galactopitjoglucoso  was  pre- 
pared by  the  same  woriicrs  from  acotochloro> 
galaotoae,  and  shown  to  be  probably  identieal 

with  mflibiose. 

MallOS©  C\jHjjO,,  was  perhaps  obtained 
from  starch  by  De  Baussure  in  1819 :  it  was 
prepared  by  Varry,  who  failed  to  recognise  it  as 
a  dintinct  substance.  Dubrunfaut,  in  1847, 
further  examined  it  and  gave  the  name  maltose, 
but  regarded  it  as  a  trisaccharide.  O'Sullivan 
showed,  in  1872,  that  it  is  a  disaccharide,  and 
gave  a  fuller  description  of  its  characters. 

Maltose  is  primarily  a  decomposition  product 
of  starch,  and  its  occurrence  in  nature  is  nainly 
under  comiitions  where  it  has  Iwen  derived  from 
starch.  Thus  it  is  found  in  the  leaves  of  pknts, 
in  germinating  seeds,  and  in  malt,  fto.  Under 
abnormal  conditions,  it  is  found  in  the  urine. 
It  is  a  coostituent  oi  commercial  glucoae.  Its 
occurrence  in  tlwform  of  a  ^nooiide  lidoahtiiil ; 
amygdalin  does  not  contain  maltoaOt  and  it  ia 
improbable  that  lotusin  does. 

Stateh  is  converted  by  the  ensyme  diaataae 

t  into  dextrins  and  then  into  maltose. 
I>iasta«e  also  acta  on  glycogm,  forming  maltose 
amongrt  other  prodnota.  It  ia  alao  obtained 
when  starch  is  nydrolysed  by  a(<ids,  but  it  is 
itaelf  hydrol^aed  m  the  process  to  de.xtro.se. 

Prepgfo<i<m.— Maltoae  to  always  prei)ared  by 
the  action  of  diastase,  usually  malt  extract,  on 
starch  paste :  ita  purification  from  the  dextrins 
preaenlC  whioh  are  aolnbla  in  alcohol,  ii  often  a 
matt' r  f  f'tTtculty.  Baker  and  Day  {Brit.  Ass. 
Report,  Dublin^  1908,  071)  recommend  the  urn 
of  nngmninatad  barley  diastaae,  whieh  converts 
gtaroh  into  maltose,  about  60p.c.,  and  o-araylo« 
dextrin :  this  con  easily  bo  separated  by  one 
precipitation  with  ^cohoL  Ftecipitated  oariey 
dList  v^c  a  Ided  to  8  3  p.c.  starch  pa.'rtc,  and 
bydroiyau  couducted  at  5C^  for  5  or  6  hours,  and 
anbaeqnently  in  the  oold.  The  aoiution  is 
evaporated  to  a  thin  syrup  and  poured  into 
95  p.c.  cold  alcohol,  so  that  the  re»ullin^  strength 
ii  ftbout  80  p.c.  The  a-amylodextrin  la  precipi- 
tated and  removed  by  filtration.  The  alcohol  is 
distilled  off  the  maltose  syrup,  seedcKl  with  a 
few  crystals,  and  a  little  alcohol  added.  In  a 
few  hours  it  sets  to  a  solid  ma^n^ia  of  pure 
maltoae.    To  purify  it  further   the  sugar  is 


triturated  with  strong  alcohol,  filtered,  dissolved 
in  a  HtUe  initar»  and  pound  into  Iwiling  95  p.c. 
alcohol,  again  filtered  and  ayataliiaed  nom  the 

filtrate. 

When  malt  diaataae  is  naed,  the  procedure 

is  stntil  ir,  but  the  entire  removal  of  aiimixed 
dextrius  requires  repeated  purification.  Mal- 
toae d  this  degree  of  purity  separatee  readily 
from  strong;  aqueous  solution. 

ProperitM. — ^Maltose  crystallises  from  water 
in  platea  which  oontatn  Ci,H„0,,,H50  ;  fipom 
alcohol  (sp.gr.  0-810)  it  crystallise.s  in  "t  ii  -ts  and 
at  times  in  oauliilower-liku  or  warty  aggrega- 
tions ^Hiioh  contain  C„H,t0.i.  The  hydrate 
easily  parts  with  it.s  water  at  100"  in  a  current  of 
dry  air.  The  anhydride  m  but  slightly  soluble 
in  strong  ethyl  alcohol ;  it  is  mbre  sohible  in 
methyl  alcohol.  The  hydrate  dissolves  more 
freely  in  both  solvents.  Both  bodies  ore  very 
aohible  in  water,  but  less  so  than  dextrose. 
The  solution  is  optically  active,  the  activity 
being  less  when  the  solution  is  freshly  prepared 
than  after  standing. 

The  specific  rotatory  power  for  dry  maltose 
is  [ol  =154°-166%  [arr^I39 -14U'  at  15  5'*  in 

solutions  containing  10  grama  per  100  c.c.  and 
under  (O'SuUivan,  Chem.  Soc.  Trans.  36,  771, 
and  45,  5).  Ifaiasel  (J.  pr.  Chem.  £2J  25,  114) 
gives  the  formnla 

ra]^»140-37S<'-0'01837P-0<096I 

to  repre.scnt  the  specific  rotatory  power  of  dry 
maltose  at  O**,  in  which  P  —  percentage  of  mal- 
toae in  aoiotion,  and  T  the  temperature  of  ob- 
scrvation.  Brown,  Morris,  and  Millar  give 
+137-93°.  The  value  depends  on  the  ooiioen> 
tration  aa  well  aa  on  the  tim^xratitre.  The 
initial  rotation  ia  £a]jj=+119°.    Brown  and 

Morris  have  shown  that  maltose  ia  first  formed 

in  this  low  rotatory  modification. 

MaltoHe  reduces  Fehling's  solution,  100  paita 
being  equivalent  to  62-6  parts  r  f  dextrose 
(U  builivau),  or  01*9  ports  (Browu  and  Heron, 
Chem.  Soo.  Trans.  1879,  35,  018).  It  is  inactive 
towardfj  cupric  acetate  (Barfoed'.s  reagent).  The 
deasity  of  a  solution  containing  10  grauis 
maltose  in  100  c.c.  at  15-5°  is  1-0393. 

Mnltoso  is  hydrolysed  on  heating  with 
miiiinii  acidii  to  two  molcculcji  of  dextrose. 
Sulphuric  acid  at  80**  attacks  it  1-27  timea  aa 
readily  a.*?  lacto-sie.  The  weaker  organic  acids 
are  almost  without  effect  except  after  prolonged 
action. 

Bromine  oxidises  maltoae  to  maltobionic  acid 
^Fischer  and  Mever,  Ber.  22,  104).  This  has  the 
formula  C|2H„0,s,  and  is  hydrolysed  by  mineral 
acids  to  dextrose  and  gluconic  acid.  The 
behaviour  towards  maltose  classes  maltose  as 
dextrose-a-glucoside,  and  the  following  oon> 
atitational  lormola  is  provisionally  appltod:^ 

CHt(OH)<3H(OH)-6H-[€i?OH],-tHv,^ 

CH(OH)  [CH-OH],-CH-CH(OH)  CHj-^ 

•    0- —  ' 

The  compounds  of  Maltose. — ^The  octonitratc 
(Will  and  tense,  Ber.  31,  08)  cryatalUaBB  in 

Inatioaa  needlea,  m.pw  163*'-164%  [a]J|f'+128^ 

The  octacetate  exists  in  two  isomeric  forma. 
Prepared  by  heating  maltose  with  acetic  anhy. 
dride  and  sodium  acetate,  it  has  m^p-^  ^i^y'Google 
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<HcrzfeId,  Annalen,  220,  200)  or  152^  (Kxemann, 
Blooatsb.  23,  483). 

«•  and  B-heptacetylchloro-  and  •bromo- 
maltoM^  h*v«  been  described  (Fischer  and  Arm- 
«trong»  Ber.  34^  2885 ;  36»  840 ;  Foefg»  MonatBh. 
23,  44). 

a-Methyl  maltoside  (Fucrg,  iMd.  23,  44) 
crvstallisos  in  sKiulcr  plates,  in. p.  125"- 127''. 
^-Meth}-!  inaltoside  (Fischer  and  Armstrong, 
Ber.  13,  34,  2895 ;  Kdnig  and  Knorr.  ibid.  34. 
4343)  forma  oonoentrif^lly  grouped  nmllcs, 

m.p.  03''-96^  [al^+70°.  0-  Phenyl  maltoside, 

m.p.  \)Cf.  and  mcnthyl  maltoside  (Fischer,  Be/. 
1910,  43,  2521),  have  also  been  described. 

The  hydrazones  are  not  charaoteristidi. 

The  plienyloeazone  Cj^HjjO.N^  is  prepared 
by  heating  maltose  with  excess  of  phenylhydrazinc 
and  aoetk  acid  for  1^  hours  on  the  water- bath. 
It  separates  after  the  soltttion  has  cooled 
(difference  from  dextrosephenylosazoue).  Ac- 
cording to  Fischer  (Ber.  17,  679;  20,  821)  it 
crystaUis^-s  in  slender  bright  yellow  needles  and 
not  in  agf^n  gttti  s,  having  m.p.  206°  ;  Ost  (Chem. 
Zeit.  19,  1503)  gives  202°-208°. 

J.  L.  Baker  states  that  the  osazono  prepared 
from  his  pure  maltose  had  m.p.  19S^,  and  con> 
sistod  entirely  of  characteristic  broad  prisms, 
resembling  ribbons  in  the  microscopic  field. 
The  stellate  ftgf^rogates  of  crystals  present  in 
the  osazone,  from  maltose  containing  traces  of 
dextrin,  were  absent.  Maltosazone  does  not 
form  an  anhydride. 

Malto8c-/>-brom(>phenylosa7.one  ha.s  m.p. 
19^".  The  ^-nitrophenyloeazoue  crystallises  in 
nd  Dcedke,  m.p.  261°  (Hyde.  Ber.  32.  1815). 

llaltoa»j»'diaininobon?.oio  acid 

C.H|<CO,HXjg>C,.H„0« 

is  formed  in  small  quantities  on  prolonged 
boiling  of  concentrated  solutions  of  the  com- 
ponenbi.  It  eratalliMMi  anbydrons  in  plates, 
in. p.  23.')'',  or  bycfmtcd  w  ith  1  mol.  H.O  in  needles. 
The  metallic  compounds  of  maltose  are  amor, 
phons  and  iU-eharaetetfaed.  It  does  not  form 
double  salts  with  the  alkali  chloride? 

FwmeiUatiatt. — ^Maltose  is  fermented  only 
after  hydroljwia  to  dextrose.  This  hydrolysis 
is  effected  dv  ir?dtasc,  which  is  present  in  most 
yeasts  ljut  abncnt  in  /S.  I/udtmgiif  8.  Marzianxu, 
8*  aiguus.  s.  mewAfanafneim*,  some  forms  of 
S.  mwmalii.s,  W.  satumv-o,  and  many  others. 
Accordingly,  thew  yeasta  du  not  ferment 
maltote.  Maltose  is  also  fermented  by  moat 
monM.%and  readily  undeigoealaotioaadbtt^c 
a<  id  fermentation. 

Si/nthegis. — Maltose  is  pi  i(  j  a  formed  to- 
gether with  t^omaltose  by  the  action  of  concen- 
trated hydrochloric  acid  on  dextrose.  It  is  also 
formed  by  the  action  of  cnndsin  on  concen- 
trated solutions  of  dextrose  (E.  F.  Armstrong, 
Troc.  Roy.  Soc.  1905.  76  B,  692),  In  each  case, 
however,  only  amorpbons  or  tyrapy  ficodvcts 
could  be  ohfairied. 

Isomaltose  (llevcrtose,  Gallii>in)  was  obtaineci 
by  Fifloher  (Ber.  23,  3024,  3687)  bv  the  action  of 
400  gmms  of  cold  concentrated  hydrochloric 
acid  on  dextrose  (100  grams)  at  10°-15°.  It  is 
a  Tidcid  ayrnp,  [a]^+70*,  and  ohataoteriBed  by 

\)v\ng  non-fernu  n(  ililc  and  forming  a  crvstalliae 
phenylosatone,  m.p.  from  140*  to  IW  (Fischer), 
aoooiding  to  tba  purity. 


Scheibler  and  Mitttdmeier  (lier.  23,  3i)7.'l 
claimed  that  the  gallisin  of  Sohmitt  and  Cobenzl 
(Ber.  17,  lOOQ,  2456)  couHte  mainly  U 
tVtomaltosc. 

Galllsin  is  found  in  commercial  glucose.  It 
may  be  obtained  as  a  white  amorphoiu  deli- 
quescent powder,  by  treating  the  unfennentable 
s^TTij),  after  evaporation,  with  absolute  alcohol, 
and  finally  with  ether  alcohol.  It  has  a  slightly 
sweet  taste ;  is  insoluble  in  ether,  slightly 
solidjle  in  absolute  ethyl  alcohol,  more  easily 
soluble  in  methyl  alcohol  and  acetic  acid.  It 
reduces  silver  nitrate,  and  Fehling's  solution ; 
the  cupric  reducing  power  of  10-98  L'rams  =  that 
of  5  grams  oi  glucose.  It  gives  no  precipitates 
wHb  soliitfoft  m  lead  aoetate,  mercuric  chlorkie^ 
ferric  chloride,  or  barium  chloride.  On  boiling 
with  dilute  acids  it  is  converted  into  dextroses 

Snbseqnently,  a  large  number  of  prodnels 
obtniiH'l  in  the  hydrolysis  of  st.ircn  or  of 
]  glycogeu  have  been  ntated  to  be  identical  with 
I  Momakose,  but,  failing  any  characterislio  dflti<ra< 
tive,  definite  prt>of  of  its  presence  in  such  ca«es 
is  lacking  (u  lippmann's  Chemie  der  Znoker- 
arten).  It  is  posable  that  gaUisin  and  most  of 
these  products repre.setit  dextrins  of  low  moleculat 
weights  or  admixtures  of  these  with  maltose. 

By  llie  actioo  of  maltase  on  a  concentrsted 
Ri  iiitim  of  dextrose.  Croft  ^^iM  (nn-m.  S*"  . 
IVans.  1903, 83, 678)  has  obtained  a  disaccharide 
wUfib  he  terms  RavwCosSb  Possibly  tUs  is 
identical  with  tsomaltose. 

By  a  similar  process,  £.  F.  Armstrong  (Proc 
Roy.  Soc.  1905,  76,  B.  602)  has  obtained  an 
womaltose  which,  likn  that  obtained  by  the 
action  of  acidii,  is  hydrolysed  by  emulsin. 
tsoMaltoss  is  not  attaoM  1^  malUee,  and  tbe 
behavioxir  trtw  irH^  enqrmes  suggests  that  it  is 
dextr  o8e-/3  •  giucosid  e. 

OeUow  {CMriose)  is  prepared  b^  hydxolyals 
of  the  octacetate  formed  by  the  actua  of  aoetk 
anhydride  on  filter  paper. 

Topnpare  the  octacetato  C|  |Hi  «0,  ,(OC^t)^ 
7*6  grams  of  finely  divided  filter  paper  ar.? 
shaken  with  20  c.c.  acetic  anhydride,  the  mixture 
oled  to  70*,  and  at  this  temperatiin  a  mixttus 
of  7  c.c.  acetic  anhydride  and  4  c.c.  concentrated 
sulphuric  acid  is  added.  The  temperature  riM^ 
to  1 10*,  the  prodnct  ii  poamd  into  500  c.c.  water, 
and  the  amorphotis  acetate  collected,  M-mahed. 
and  repeatedly  cryjstalLLiixi  from  95  p.c.  alcohol 
or  from  ethylaoetate.  It  is  ultimately  obtaimd 
in  colourless  needles,  m.p.  228°. 

Five  grams  are  moistened  with  alcohol  and 
hydrolysMl  with  15  p.c.  alcoholic  potasmtun 
hydroxide.  A  granular  powder  separatee  :  thi' 
is  dissolved  in  a  little  water,  excess  of  alkali 
nantfalised  with  aoetio  acid,  and  the  aolntion 
evaporated  to  a  synip,  which,  after  troatmrnt 
with  abiiulute  alcohol  and  inoculation  with  a 
crystal,  ultimately  yields  celloeo  as  a  colour 
Ics.s  microcrj'stalline  powder.  Tt  ta.-tt-s  faintly 
sweet,  dissolves  in  8  parts  of  cold  and  1-5  parti* 
of  liot  water,  and  ledooea  FeUhig's  scdntioik.  li 

has  («^  abont  +26<'  when  fnsUy  dissolved. 

increa.sing  to  -(33-7^.  Tt  ii  not  fermentable: 
acids  hydrolyso  it  to  2  molecules  of  dextrose,  as 
also  does  the  emnUn  of  almonds. 

The  phenylosazone  forms  long  yellow- 
needles.  m.p.  180*,  soluble  in  135  parts  d 
boiling  wat«.  Digitized  by  Google 
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GfOtlobtose  is  obtainod  by  the  action  of 
invertase  or  of  very  dilute  acids  on  the  tri- 
saccharide  gentianoso.  It  may  Ix;  pre[)arL'<I 
from  old  gentian  roots  in  which  this  hydrolysis 
hM  already  taken  place  by  eztraotion  inth 
water  and  removal  of  the  hi-vulose  by  fer- 
mentation with  top-fermcntation  yeast.  It 
separatot  fiom  akoBol  in  anhydnnu  ciyttals, 
ni.p.  llNf->lM*.  It  exhibita  nratft-rotation*  the 

initial  Tahie  for         being  +0*6^   It  is  not 

fermented  by  yeast.  Emulsin  derivod.  either 
from  almonds  ot  Aspergillus  niger,  hydn  lyses  it 
to  de  xtrose.   The  pnenylosazone  has  m.p!  142". 

Hetibiose  was  first  obtained,  together  with 
lievulose,  by  the  partial  hydrolysis  of  raffinose 
(Schcibler  and  Mittelmeier,  Ber.  22,  1678,  23, 
1438) :  this  mav  be  effect by  liUute  acids  or 
certain  bottom-fcrxueuUitiou  yeasts.  Bau  gives 
the  fdloiniig  methods  of  preparation. 

20  grams  of  raffinose  m  250  r.c.  wiitor  «rc 
sterilised  and  fermented  for  1  day  at  JJO"  with  a 
pure  culture  of  a  top-fermentation  yeaat.  The 
filtrate  is  .stt  rili^nd  and  fermented  during  several 
dnys  with  a  further  portion  of  the  yeast.  It  is 
thai  ooooentttted,  poured  into  hot  alcohol,  and, 
after  coolins  precipitated  with  ether.  Thus 
synip,  aftei  lutther  treatment  with  alcohol  and 
inoculation,  crystalhses  wiUt  diffioolty  after 
long  standing  in  the  cold. 

Alternatively,  20  p.c.  solutions  of  raffino^ 
are  hydrolysed  by  boiling  wtUi  2  pi.c.aioetic  acid, 
and  concentrated  to  a  avrup  m  a  porcelain 
▼essel.  This  b  rubbed  with  J,  vols,  of  95  p.c. 
alcohol,  the  alcohol  decanted,  and  ether  added 
till  a  cloud  appears.  After  2  days,  this  solution 
ii  decanted  trom  any  precipitate,  inoculated 
with  a  fow  cfjalals,  «iia  tot  «nde  in  elosed 
vessels. 

MeiaHose  hydrate  Ci,U„0,„2U.O  forms 
doubly  refractive  monoclinic  plates: 

[fl:6:c=l:  1-9227  :  2  0124,  3=77-16" | 

m.p.  84'*-85°.    Tho  hydnto  has  [a]^+ 129-6* 

as  stable  Vidue,  and  f<howJ<  muta-rotation,  the 
initial  value,  5  minutes  after  t^olutiou,  being 

Th»  anhydride  has  [aj^'^+143*'.  It  is 

very  soluble  in  water,  sparingly  so  in  ethyl 

aliohul.  Strong  acidn  hyuroIy.se  it  to  i^!i'xtn).so 
aoU  galactose  :  it  is  slightiv  more  ret^utaut  than 
lactose.  It  is  very  sensible  to  tmoes  of  alkali. 
It  i'^  rednf  f  r?  by  .sodium  amalgam  to  nielifiio.>sitol, 
a  t»yrup  wiuch  is  hydrolysed  to  ^'alactuMi  and 
mannitoL  It  is  attacked  by  bott'  im-  and  nut  by 
tnp-fermentatinn  yeasts,  and  thus  affords  a 
means  of  di^tinguishine  between  the^e  two 
▼arietiaa  of  jrea^t.  The  former  variety  contains 
tho  enzvmo  melibiaae.  It  is  alowly  nydiolyaed 
by  cmulsin. 

The  following  dcrivatiree  are  known : 
phen\ihydrazone,  licht-yellow  needles,  m.p. 
145  ;  allylphcuylliydruiiune,  m.p.  197° ;  0- 
naphthylhydrazone,  m.p.  13ff*;  phenylosazone, 
yellow  needles  from  toluene.  m.p.  178°-179°. 
Thits  ditiitolves  in  110  partti  ol  boiling  water,  and 
intecaota  with  banaaldchyde  tofonn  meli- 
biosone.  The  p«bionu)^ieqyloaaaone  liaa  nLp. 
181°-182''. 

Melibiose  was  the  first  natural  disaccharide 
to  be  obtained  synthetically  (Fischer  and  Arm- 
strong, Ber.  35,  3144}.    It  watt  prepared  by  the 


interaction  ol  aoetoohlorogalaotose  with  d»X' 
troae. 

Trehalose  {mi/cose,  trehihihiost)  was  origin- 
ally discovered  in  ergot,  and  has  since  been 
proyed  to  be  Tery  wMely  distribated  in  fungi 
( Hourquelot).  It  apparently  replace.^  sucrose 
in  those  plants  which  contain  no  chlorophyll  and 
do  not  mannfaotttre  ataioh,  TrehaKiae  waa 
found  in  112  out  of  212  species  investigated,  but 
only  in  certain  parte  of  the  funsas  and  at  certain 
stages  of  the  yafBtatiTO  period.  The  quantity 
is  a  maximum  just  before  the  fr  tn  Lri  )n  of 
spores.  When  fungi  are  pioked,  trehalose  is 
rapidly  eonTerted  into  mannitol,  and  after  a  few 
hours  it  has  entirely  disappeared.  The  trehala 
manna  from  Syria  and  Persia  is  stated  to  con- 
tain SO  p.e.  of  trehaloae.  To  prepare  tiehaloae, 
.>.:int;i!i1e  fun^i  (particularly  Agaricus  and  Boletus 
species^  are  boiled  with  much  strong  alcohol 
immediately  after  picking. 

Trehalose  C;iH„0. ,,2H,0  cryabaUiaea  tn 
lustrous  glass-like  rhombic  prisms 

[a:6:c=0G814: 1:0-4171 ;  0-^111^  31  J 

m.p.  97*.   It  baoomea  anhjdrona  at  ISO".  It 

has  [af^+nV  for  the  hydrate  and  +197*  foe 

the  anhydride,  without  any  muta- rotation. 
Acids  hydrolyse  it  to  2  molecules  of  dextrose, 
but  according  to  Winterstein,  only  with  con- 
sidefibia  difficulty,  and  it  oontrasU  markedly  in 
this  respect  with  sucrose. 

It  does  not  reduce  Fehling  ^  solution  or  form 
a  phenyloaaaone,  and  liaa  tiie  formnla 

CH,(OH)-CH(OH)-CH-ClI(()li)UH(UH)CH 

CH,(OH)-CH{OH)€H-CH(OH)-CH(OH)-CH.  " 

«  O    —  — 

It  is  not  hydrolysed  by  invcrtase  and  most 
enzymes,  but  is  afiected  by  a  special  enzyme, 
nained  trelialaaa,  praaent  in  most  fungi,  raoulds, 

and  some  yeasts,  and  conveniently  prepared 
from  AspergUlua  niger.  Accurdiagly,  trehalose 
is  fermented  by  those  yeasts  which  contain 
trehalaae.    It    forms    few    derivatives :  the 

octanitratfl  has  m.p.  124*,  [a]^^-f  173-8*:  the 

ootacetate  has  m.p.  97**;  the  tetrabenzoate, 
m.p.  8P-83*. 

Turanose  Tj-jIIj-^O,,  h  ol»tained  from  the 
trisaccharide  melezitose,  together  with  dextrose 
on  hydrolysis  with  20  p.c.  acetio  acid  solution. 
Tho  dextrose  is  destroyed  !>y  yeast,  nnri  the 
turanose  isolated  from  an  alcoholic  extract  of 
the  residue  in  transparent  non*eryata]lIne 
rounded  grains  of  the  composition 

C..H„0„-JC,H,0. 

They  melt  at  60^-65%  lose  their  alcohol  at  100^ 
and  yidd  the  pure  angar  [«Jj^+7*18'  without 

muta-rotatkm  (Thnret,  Gompt  rand,  1900^  142, 

1424). 

Turanose  Ihah  a  reducing  power  of  00 
(dextroses  100),  and  m  hydrolysed  by  minond 
aeidf)  to  an  efpial  molecular  mixture  of  dextrose 
and  i«e\  ulot«e,  and  not  to  dextrose  only,  an 
originally  stated  by  Atekhin  (Ann.  Chim.  niya. 
[6]  18,  532).  Invertase.  maltase,  emubin,  and 
diasta.se  are  without  action.  The  phenylo^azonc 
has  m.p.  215°-220*  (Flacher,  Ber.  27,  2486).  It 
thus  differs  from  aucroae  in  oontaining  a  free 
aldchydic  group.  Digitized  by  Google 
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Oth£&  Less  knowx  BiSACcn.vBiDEa. 

Gluooapiose  C,iH,oOio  ia  cuntained  io  the 
glucoside  apiin.  It  has  not  yot  been  isolated,  as 
Bydrolysia  of  apiin  by  dilute  ai  i'!<  viekls  only 
ajj^ioee  and  gliico-apigenin,  ami  tuzymes  are 
Without  ac'  1 

Galaoto-arahinose  was  obtamed  by  Ruf!  and 
Ollendorf  (Ber,  32,  362 ;  33,  1806)  b^  oxidation 
of  lact<)bi(  >nic  acid  from  lactose.  It  is  a  dextro- 
rotatory syrup :  the  phenylosazone  has  m.p.  238°. 

StrophantOblose  CisH„0,„  is  obtained  in  the 
form  of  the  Diethyl-  derivative  from  the  glucoside 
strophantin  (Feist,  Ber.  31.  636  ;  33,  2063, 
2089,  S091).  It  forma  colonrl^  crystals,  m.p. 
207"  ;  does  not  reduce  Fehling,  and  is  not  fer- 
mentable. Acids  hydroljae  it  to  mannoae^ 
rhamnose,  and  methyl  alcohol. 

Viclanose  C/,jH,aO,9  I)repured  by  Bor- 
trend  and  WeisweUler  (Compt  rend.  1910,  150, 
180)  by  hydrolysing  the  glucoside  in  the  seeds  of 
Ficia,  anfftistifolia  by  the  enzyme  occurring  in 
then).    It  crystallises  iii  aggregate's  of  small 

needles,  m.p.  about  210*;  has  [0]^*^  + 39-7'*,  the 

initial  value  being  much  higher,  it  reduces 
Fehling,  and  is  converted  into  deztroM  and 

arabinose  on  hydrolysis. 

Diglucose  from  amygdalin.  When  amyg- 
dalin  is  hytiroly.ted  by  the  digestive  juice  of 
Jlelix  pomcUia,  the  firk  product  18  a  biose  ob- 
tained as  an  amorphous  powder.  Tl)is  Ls  non- 
fermentable,  and  does  not  reduce  Feliling's 
solution:  it  probably  ha.^  n  constitution  re- 
sembling that  of  trehalose  (Giaia,  Couipt.  rend, 
mo,  703-796). 


Mannotrlose  Ci.Hs.O,,  is  obtained  bv  the 
action  of  cither  invcrtase  or  aoetio  aoid  on 
mannotetrose  (stachToee).   It  is  a  odoorlefls. 

faintly  nwcct  crystalline  sub.stance,  m.p.  150* 
[aj^+167°.     It    reduces    Fehling's  solution. 

Bromine  oxidises  it  to  uianuotrionic  acid,  which 
is  hydrolysed  on  wanning  with  acids  to  2  mols. 
(f-galactoae  and  1  niol.  gluconic  arid.  It  U 
slowly  hydrolyjkxi  by  emulsin  and  by  some 
yeasts,  and  is  then  fermented,  bat  whether 
completely  so  is  not  known. 

The  phenylosazone  has  m.p.  192°-104°, 
according  to  Nenbecg,  and  not  1^  as  given  by 
'Janret. 

Rhamnlnose  C,,U,|0j4  is  only  obtained  from 
the  glucoside  xanthorhamnin  preeent  in  the 

Persian  berry  {Rhamnus  infcctoria).  In  addi- 
tion to  the  glucoside,  the  fruits  contain  an 
enzyme,  termed  rharaninase,  which  hydrolyses 
it  fo  the  trisaccharidc  and  rhaninetin.  RJianini- 
uoise  forms  colourl<^  crystals  of  faintly  sweet 
taste,  m.p.  186«-1«^,  [«]^-4r;  it  ledueea 

Febling's  solution.  Acids  hydioljae  it  to 
galactose  and  2  molecules  of  rhamno!>e.  Sr<'!  in  m 
amalgam  reduces  it  to  tho  alcohol  rliaiuuinitul 
[o]^-67%  whkAk  Is  hydiolyMd  by  amds  to 

dnkitol  and  2  molocidos  of  rhamnose.  Bromine 
oxides  it  to  rhamninonic  acid  Ci,H,,0,^  which 
Is  obtained,  mixed  with  its  lactone,  as  an  amor- 
phous Bu I. stance  ;  m.p.  126%  [oj  — Oi'S".  It  Js 
hydrolyscfl  to  rf  galactonic  acid  aii'l  rhamnose. 

This  behaviour  points  to  the  two  rhamnose 
residues  being  united  in  the  trisMcharids^  bat  I 


this  disaccharide  has  not  been  isolated-  Rhamni- 
nose  is  not  fermentable,  and  enzymes  are  without 
aotion.    The  octacetate  hss  m.p.  96',  [a]  —31*. 

1,  is  found  in  the  roots 
of  a  number  of  gentians,  from  w  hich  it  is  pre- 
pared ])y  extracting  the  fresh  roots  with  95  p.a 
aicohoL  It  crystallises  in  colourle«k%  plates^ 
m.p^  200^->S10*,  tastes  faintly  sweet,  and  has 

It  docs  not  reduce  Fehling'.s  .solution,  but  is 
hydrolyaed  by  acids  to  hevulose  and  2  mole- 
cules of  dextrose  the  final  product  haring 
[aJ^-20-2*.  The  enzyme  invcrtaM  hydloiyM 
it  to  hevulosc  and  the  disiiccharidc  gcntiobiosL. 
that  of  A  sptrgillm  nt^er  conver ts  it  into  dextrose 
and  sucrose. 

Rafllnose  falsn  termed  mdUose,  gtxsMypont^ 
indilriose)  CigH„Oj,  was  first  discovered  by 
Johnston  in  1843,  in  the  manna  from  Eucolypttu 
mann'fprn,  found  in  Tasmania.  It  is  often 
found  in  considerable  amoimt  in  the  sugar  beet, 
where  it  was  discovered  by  Loisejiu  ;  Ritthaaseo 
found  it  in  cottou-sccxl  cake  ;  it  is  also  present 
in  wheat  aud  in  oats.  To  prepare  railinose  from 
moliMss,  atrootinm  oxida  hi  added  until  a  mola* 
cido  is  present  for  every  molecule  of  sucro*^ 
After  some  hours,  the  strontium  saccharate 
formed  is  separated  by  filtration  and  the  Uqaid 
heated  with  excess  of  .^trontia,  whereby  the 
raffinose  distroutiunate  is  precipitate  The 
strontia  compound  is  decmmposed  by  carbon 
dioxide,  tho  solution  concentrated,  and  the 
process  repeated  to  remove  moist  of  the  sucroee. 
Tho  syrup  finally  obtained  is  dissolved  in  Iwt 
alcohol ;  the  product  which  separates  on  cooling 
is  kept  under  alcohol  in  a  clostd  ve^«;l,  whvu 
raffinose  slowly  crystallises.  Rafilnose  forms 
I  small  needles,  soluble  in  6  parts  of  wa'cr  at  16*  : 
I  it  is  less  soluble  in  ethyl  alcohol  thuu  .^u<  rose. 

It  i.s  difficult  to  recognise  when  it  crvsit^dlisea 
i  with  sucrose.  The  hydrate  melts  at  "80",  the 
anhydrooa  forms  at  118*-119*.  The  optical 
roUtory  power  [a]^  is  +104*  without  muta-ioU* 
tion.  It  ha.s  no  reducing  action,  and  behaves 
exactlv  as  sucrose.  Dilate  mineral  acids 
hydtiOym  it  to  Imulose  and  mdibose :  strong 
acir!<=i  yield  a  molecule  each  of  lajvulose,  dextro-e, 
and  galactose.  Invertase  converts  it  into 
l«TuloBB  and  mdiMose,  emuUn  hydmfyws  lb 
to  Rncro.?e  and  galactose.  AoOQCdiag^,  tbs 
formula  in  established  as: 

t'.IIi.O,— O-C,H,.04— 0-€,H^,0,. 
LwvTUOM.       Dwtrose.  Galactose. 

Sacroee.  MeUbiose. 
The  undeca^aoetyl  derivative  has  m.p,  100*. 

Heleritose  {mdiciUMt)  Ujii„U,,.2HjO  is 
found  La  Brianfon  manna,  which  is  obtained  as 
an  exudation  from  the  young  twips  of  the  larrh 
(i4We#  tarix ;  Fr.  M^Uze).  It  was  invci.tigai*jd 
by  Bertlielot  (Ann.  Chim.  Phys.  [3|  55,  282)  and 
by  Algkhine  {ibid,  [6]  18,  632).  It  is  found  il^o 
in  fumatftta  or  Urenjabine,  an  exudation  frtau 
Alhagi  tn<ivror}(ni,  growing  in  Afghanistan. 
Feraia,  and  in  the  deserts  of  the  East,  and  used 
ha  Northern  India  as  a  laxative  (Villiers,  ibid. 
If)]  12.  43).  ThLs  substance  is  a  brown,  semt> 
solid  mass,  of  a  slighUy  sweet  taste,  due  mainly 
tothapiMeocaflldeztrose.  To  9j?^*ffl  ?S^«4g^L 
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from  ihis  product  it  is  treated  with  four 
times  it«  weight  of  lukewarm  water,  and  the 

liiiuid  paiised  thrmjph  a  siove  to  aeparrtto  huska, 
liitves,  Ac,  and  after  standing  to  a.Uow  of  the 
liepositioD  of  earthy  matter,  it  ia  evaporated  to 
half  its  hulk.  On  stantJiuf;  for  a  few  days,  the 
gre<ittr  part  of  the  nukzitosc  cr^'etaliiiiteB  out. 
The  cryvtals  are  redissolved  in  twice  their  weight 
of  hot  water,  the  soltitiuii  heated  on  the  water- 
bath,  dihittxl  with  its  own  vuluuie  of  ali-ohol, 
heated  to  boiling  to  separate  earthy  aud  coa- 
gulable  matter,  and  filtered  whilst  hi)t.  On 
cooling,  meleaitoso  separates  out  and  may  Im 
obtained  pare  bv  two  or  three  ract^wkaUiaatioiia. 
It  lonna  Jaiga  rhombohedral  pn<ims 

vthh:h  efflorcstu  in  air  aud  become  opaque  ;  they 
lose  the  whole  of  their  water  at  llO".  Dehy- 
drated melozitose  has  m.p.  148  -150°  ;  100  pts. 
of  water  dissolve  of  anhvdnms  melczitoso  26-8 
pts.  at  17-5'  ;  34-4  pt«.  at25'' ;  76-6  pts.  at  100*  ; 
Mparinjily  s<jluhlc  in  ali  i'h<jl,  insoluble  in  ether. 
The  rotatory  power  is  [oJ^-t-b»'5  .  Melv/-iU>be 

yields  no  cr^'Btalline  compounds  with  alkaline 
chlorides.  On  hoiliiig  w  ith  dilute  sulphuric  acid 
it  yields  iurano^e  and  dextroee,  the  rotation 
falung  to  4•<|3^  It  has  no  actkm  on  an 
alkaline  solution  of  copper,  and  i.s  unchanged 
bj  diantA'W  or  yea«t.  2^'itric  ackl  tranaforuu  it 
into  osatte  acid  without  the  intermediate 
formation  of  mucic  acid.  It  does  not  iriteract 
with  phenyl  hydrazine.  The  undeca-acetate 
CisH|tO|,(OC,H,),i  cf  y  atiilliteH  in  diining  mono- 

clink  prisma,  ni.p.  170*,(a]^+nO-4*. 

StMliyOSe  {Mannoteirose,  Lupeose)  Ci^H^iO,, 

WHS  di.Hcovere<l  by  Sehulzo  aud  Plantu  in  the 
lubera  of  ^tachys  tubijcra,  and  thought  to  be  a 
trinooliarido.  Tanret  obtained  it  from  ash 
manna,  and  termed  it  roannotetrose.  It  hau  also 
been  found  in  the  twigs  of  white  jaiiuiiuc  uud  iu 
the  subterranean  parts  of  Lamium  album.  It 
constitutes  from  60-76  p.c.  of  the  dry  matter  of 
the  stachys  tubers.  The  tetrahydrato  crystal- 
lises in  lustrous  hard  doubly  refriu;tive  colourless 
pUitcs  (a  :6:c=106l2: 1 : 0-4213,  7=90'  46  ).  it 
tastes  quite  sweet  and  dissolves  at  13*  in  0-75 
parta  oi  water.  The  anhydride  ha.s  m.p.  167"- 
170°,  [o]j  -f  148",  without  muta-rotalion;  the 

hydrate  has  [a]^ +133°. 

Stachyoiie  is  uut  acted  on  by  Fehling  ii  solu- 
tion or  by  alkalis.  Acetic  acid  hydrolyses  it 
to  lavulose  and  mannotrioisc.  Sulphuric  acid 
converts  it  into  4  mono.s<)(.'('haride8,  viz. :  1  molc> 
ciile  Imvloee,  1  molecule  dextrose,  2  molecidcs 
tralnrtose.  By  the  action  of  nitric  acid,  about 
'66  p.c.  of  mucic  acid  in  fiirmed.  luvertase 
hydrolyses  it  to  lievaloso  and  mannotriose, 
which  latter  is  slowly  attacked  by  the  emulsin 
of  aimoncLs  or  of  A^iptryiUws  uujer. 

According  to  recent  work  of  Schulzo,  stachy- 
o»e  is  prohahly  identical  with  tltc  r.trlM. hydrate 
lupeose,  present  in  Lupinus  luUvui  uud  angiuti- 
fetiut*  as  faipeoae  has  [a]^+146">  uad  gives  the 
tame  products  on  hydrolysis. 

Neuberg  fBiochcm.  Zeitsch.  1910.  24,  173) 
prepares  it  l)y  jn easing  the  juice  from  the  tubers, 
precipitaliti'j:  iini)urities  with  mercuric  acetate, 
removal  of  the  metal  by  hydrogen  sulphide, 
nctttiftliiation  with  ammonia,  and  concentration 


to  a  syrup,  which  is  precipituted  with  alcohol. 
The  precipitate  is  di.s,s«jlvpd  in  water,  impurities 
precipitated  -vvith  phosphotungstic  acid,  and 
the  filtrate  concentrated.  Barium  hydro.\ide 
and  alcohol  are  added  alternatively.  After  21 
hours,  the  barium  salt  is  collected,  washed  mth 
alcohol,  and  decomposed  by  carbon  dioxide. 
Reducing  .sugars  are  removed  by  this  treatment 
and  the  stachTo.«c  readilv  crv^talli 


Polysaccharides. 

Glycogen  (C,H,j,0,)»,  the  reserve  carbo- 
hydrate of  the  animal  organism  in  whieh  it 
appears  to  take  the  place  of  starch,  h  a  regular 
constituent  of  all  developing  cells.  It  is  present 
in  the  liver  up  to  10  p.c.  and  in  mtiscle. 

Preparation.— Itiv or  is  finely  mincod  and 
thrown  into  boiling  water  acidified  with  acetic 
acidi  The  coagulated  proteins  are  filtered  off, 
and  the  renuiiuing  proteins  precipitnted  from  the 
tiitrate  with  tricluoracetic  acid  <ir  ]>(>Ut>8iuni 
mercuric  iodide  (BrOcke's  reagent),  (dycogen 
is  precipit'itfd  from  the  filtrate  with  alcohol. 

Fiisah  liiicly  minced  liver  is  extracted  for 
2  honn  with  boiling  (iO  p.c.  potassium  hydroxide. 
An  equal  volume  of  Do  p.c.  alcohol  is  added  to 
the  clear  filtrate,  containing  15  p.c.  KUH.  aud 
the  precipitated  glycogen  washed  with  a  mixture 
of  15  p.c.  KOH  and  2  vols,  of  f)r»  p.c.  alcc^hol 

It  is  purified  in  cither  co^  by  solution  and 
tepcecipitation  with  aloolwl,  and  obtained  as 
an  amorphous  snow-white  powder  fa)^  +191°, 

soluble  in  cold  water,  giving  an  opalescent 
eolation.  It  is  not  fermeotable,  does  not  rednoe 
Fehling's  solution,  and  is  not  acted  on  by  alkali, 
even  by  oonoentrated  aohitions  at  the  boiling' 
point.    With  iodine  it  ^ree  a  brown-red 

coloxiration.  A -ii^  hydrolyse  it  ultimately  to 
dextrose,  but  dextrius  and  maltose  are  formed 
as  intermediate  products.   Diastase  dalved 

from  either  phmts  or  animals  also  converts  it 
into  dextrine  and  maltose  (see  Tcbb,  Journ.  of 
PhyaloL  1898,  22,  423). 

To  estimate  glycogen,  the  ti.ssue  is  minced 
and  boded  2-3  nours  with  30  p.c.  potassium 
hydroxide.  The  solutfon  is  diluted,  fflterad,  and 
prccipit;*-  1  witfi  alcohol.  Tile  glycogen  is 
again  dissoived  m  dilute  alkali  and  precipitated 
\\ith  alcohol  Finally  it  is  dissolved  in  water 
and  estimated  by  hydrolysw  w  ith  acids  into 
dextrose  (1  part  0"927  parts  glycogen)  or 
with  the  ix)lanmeter. 

InuUn.  Inulin  is  widely  distributed  as  a 
reserve  material  in  plants  having  tubers  or 
tuberous  or  fleshy  roots,  particu^rly  in  the 
autumn  in  dahlia  tulx'rs,  Jerusalem  artichoke, 
chicory,  garlic,  onions,  and  other  pknts  and 
bidba. 

To  prepare  it,  a  mash  is  made  of  the  ripe 
tubers,  a  little  calcium  carbonate  is  added,  and 
the  mixture  eztfacted  with  boiling  water.  The 

filtrate  i*  frozen  and  the  sediment  WTiii  h  .separate*? 
dissolved  in  hot  wmUiC  and  again  frozen.  Tanret 
adviaea  precipitation  with  barium  hydroxide,  de- 
composition of  this  precipitate  with  carbon 
dioxide  aud  subdctiuent  precipitation  with  95  p.c. 
alcohol. 

Inulin,  precipitated  by  alcohol,  is  a  compact 
colourless  powder,  resembling  starch.  The 
molecular  composition  is  uncertain,  as  the 
ordinary  methods  do  not  vield  trustworthy 
results.      Kiliani     gives    "(t'.Hj^O^;.,  H^^'^ 
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Brown  mnd  Morris,  (C,Hi<,0.),  j,2H,0 ;  DlBl, 

(C,H.,0J,..H,0;  Tanrct,  (C,H,„0,),o.5H,0. 
It  melts  at  178%  having  [a]^^— 38°  to  —40*,  sp.gr. 

about  1'5.  In  cold  water  it  is  sparingly  soluble, 
but  Twy  toluble  in  hot  water,  and  readily  forms 
siipcrsntnriitr  I  solutions.  It  is  prccipit-ated  by 
all  ohul,  tvlicii  the  percentage  oi  alconol  in  the 
liquid  roat  hes  ttS. 

The  barium  salt  < ' U,jO,.-3BaO  (Tftozet, 
Compt.  rend.  116,  614)  ki  insoluble. 

Inulin  is  hydiolywd  by  boiling  the  aqueous 
wlution  under  pressure,  by  dilute  acids,  and 
also  by  the  enzyme  inulase,  discovered  by 
Reynolds  (Jreen,  which  is  usually  present  in  the 
same  plant  when  in  the  germinating  condition, 
but  inert  in  thu  resting  stage.  In  every  case, 
Iffivulosc  is  the  sole  product  of  bjrdrolyoB. 
Yeasts  are  without  action. 

A  number  of  products  arc  described  as 
bevulinB  and    Iffivtilans,  which    probftbly  re 
present  polymerideh  of  l^evuJose  id  lower  mole- 
cular weight  than  iriuliii. 

Manna  is  the  dried  saccharine  exudation 
from  the  stem  of  the  flowering  ash,  fraxinus 
omm  and  F.  rotundifolia,  small  trees  ciiltivated 
for  the  purpose  in  Sicily.  A  vertical  series  of 
oblique  mcisions  is  made  in  the  bark  when  the 
trees  are  about  10  years  old,  the  Juice  slowly 
exudes  and  either  dries  on  the  stem  (flake  manna) 
or  in  wet  scaaona  drops  from  the  trunk,  where  it 
is  caught  upon  tilefl  or  cactus  leaves,  yielding  an 
inferior  variety.  Flake  manna  is  obtained  in 
commerce  in  brittle  atalactttio  pieoea,  about 
4-6  ineboi  long  am!  1  inch  wMe.  It  is  yellowidi* 
white  in  colour,  li.is  a  agreeable  odour  and 

a  sweet  ta»te.  it  Is  used  as  a  geutla  laJEative  for 
infanta  and  children. 

It  consist 8  iiriiKMi)all)-  of  mannitol  (70-80 
p.c.) :  other  constituents  are  mannotetroae  (12- 
16  p.c.).  manmotriose  (6-16  p.c.)  wUdk  bionaed 
from  mannotetroae,  and  small  qnaatitiea  of 
bexoses. 

The  term  is  not  reatrioted  to  the  aah,  and  a 

number  f  i  !i  n  ine  exudations  of  varying 
origin  and  couiput»ttion  ore  dassod  as  '  mannas? 
Amongst  thsae  are  tite  Persian  and  Turkestan 

■manna,  derived  from  Alhagi  inaurorum  or  cumc- 
lorum  I  the  tam^uisk  manna,  also  of  Persian 
origin,  firom  the  Tnmarix  f/attiea ;  oak  manna, 

procured  from  Querent  vnlonia  and  Qucrcv,> 
jMrtictts  in  Kurdistan ;  Australian  manna, 
SuealyjAua  viminaUaf  Brian^n  manna,  bom 
the  larch,  L<i>  ix  europaea  in  Southern  France  ; 
Aatragalu.s  manna,  from  various  species  of 
aatragalu^  in  Persia. 

Authorities. — E.  von  Lippmann.  Die  Cheraie 
dcr  Zuckorarten,  3rd  m.  1904  ;  h.  Ma- 
quenne,  Lea  Sucres  et  Icuns  priiicipaux  derivis, 
Paris,  1900;  E.  Frankland  Armstrong.  The 
Simple  Carbohydiulcj>,  London*  19)0 ;  £. 
Fi»cner,  Untersuchungcn  flber  KohlcnliN drate, 
1884-1'H'S,  I'.  rlu.    IWO.  E.  F.  A, 

CARBOLIC  ACID,  I'lu^nU  C.Hj  OH. 

Oeeurreaes  and  Formaiion. — Ciarbolic  ucid 
occurs  in  snmll  quantitie.s  in  castoreum  (Wohler, 
Annalen.  07,  31)0),  in  urine  (Stadcler,  ibid.  11, 
18),  and  is  a  constant  product  of  the  putrefaction 
of  albumen  (Baumann,  Ber.  10,  685).  It  is 
formed  wheij  organic  substances  are  strongly 
heated,  and  is  contained  in  the  tars  obtained  by 
the  dry  dii»t illation  of  bones,  wood  (Duclos, 
Annalen.  109,  163),  shale  (brown  coal),  and  coal 


(Runge,  Pogg.  Ann.  31,  69 ;  32.  308 ;  Lanrant, 

'  Ann.  rhirn.  I'hy.  (31  3,  105). 

The  tar  produced  in  ^as  manufacture  is  the 
chief  and  almoat  exclusive  souice  of  caxbolk 

iicid.  (lAii.iT  to  the  demand  for  carbolic  :icid 
as  a  disinfectant  and  for  the  manufacture  ol 
dyes  and  exploaiTea,  it  hat  become  nsnal,  in  tar 
distillation,  to  collei  t  a  8pe<  ial  fraetion.  (li'' 
'  carbolic  oil '  containing  as  much  <^boiic  ackl 
as  possible,  before  collecting  the  *  creoaole  oil»* 
whiih  contains  the  other  phenolic  constituents 
of  coal  tar.  The  '  carbolic  oil '  begins  to  come 
over  when  the  specific  gravity  ol  tiie  distillate 
attains  that  of  water.  According  to  Watson 
Smith  (Chem.  Soc.  lYans.  1886,  21),  ordinary 
Lancashire  cooX  tar  jrields  about  5  p.c.  1^ 
volume  of  erudo  phenol.'?,  rnntftining  65  p.c.  by 
volume  of  carbolic  acid  crystaUisabk  at  ordinary 
tamporatnies. 

Coke  ovens  art"  now  constracted  po  thit  the 
tar  produced  during  the  coldng  of  coa.1  can  be 
collected ;  the  lollowhig  data,  having  refereooe 
to  the  perrentnpp  of  rarf)olic  acid  in  such  tars, 
are  given  liy  Lunge  (Coal  Tar  and  Ammonia,  ed. 
1009).  which  has  been  largely  drawn  upon  in  the 
compilatitjn  and  revision  of  this  article:  he  says, 
*The  tar  from  Uiitsciencr  ii  modification  of  the 
Carves  oven  gave  1*37  p.c.  of  pure  carbolic  acid ; 
the  tar  from  the  Simon -Carv&s  oven  pnve  0-05 
p.c.  of  crude  carbolic  acid;  and  sinui.ir  ovens 
working  with  another  kindof  ooal  and  .it  higher 
temperature  gave  0-30.1  p.p.  r.f  ( ru<le  acid. 
The  tar  collected  from  blast  furnaces,  working 
with  coal  (raw)  and  also  that  obtained  from 
Mond  and  Duti  producers,  contains  n  hi;?h 
percentage  of  phcnuliu  cunjjtitucnts,  but  the 
quantity  of  carbolic  acid  present  is  very  smalL* 
Carbolic  acid  can  be  obtainetl  by  fusing 
potassium  benzenesulphonate  with  caustic  po- 
tash ;  the  yield  is  proportional  to  the  tempera- 
ture and  quantity  of  alkali  employed,  and  is  at 
best  (96-23  p.c.  of  that  theoretically  possible), 
when  1  mol.  prop,  of  tlie  former  is  fused  wit-h 
6  mol.  props,  of  the  latter  at  252^.  Caustic 
soda  cannot  be  employed  instead  iA  potash, 
since  only  a  poMr  \  ieUl  is  obtained  by  ita  uae 
(Degener,  7.  pr.  Chew.  [21  17.  394). 

OarfaoliG  acid  can  also  tie  obtained  by  heating 
the  diazo.  compounds  of  benzene  with  water. 

Preparation. — Carbolic  acid  is  almost  ex- 
clusively obtained  from  coal  tar,  and  is  worked 
up  either  from  the  special  fraction  known  as 
'  carbolic  oil '  or  from  the  oils  intermediate  in 
spcciGc  gravity  (sp.gr.  =  I  -000-1  -020)  between  the 
light  and  heavy  oils,  that  is,  distilling  between 
170°  and  230°.  The  acid  is  present  also  in  the 
creosote  oils,  distilling  between  240°  and  270°. 

The  preparation  of  carbolic  acid  from  coal  tar 
is  effected  by  washing  the  oils  obtained  on  dis- 
tilling the  tar  with  a  solution  of  cau.stic  soda, 
sp.gr.  1  075- 1-10(^  when  the  tar  acids  are  dia^ 
.solved  as  sodium  coniponnds  and  form  a  hea\'y 
solution  upon  which  the  now  neutral  oils  Hoat. 
It  is  not  advisable  to  xim  a  StfOQger  solution  of 
causti<'  rii  dn,  n«»  in  that  ca*to  a  considerable 
quautit}'  uf  uuphtlialenc  would  also  Ije  dissolved. 
If  it  is  desireil  to  extract  carb«)lic  acid  only, 
without  any  of  the  higher  h< jtiv 'logues,  the  oils 
are  often  washed  fractionally.  For  example,  a 
quantity  of  caustic  soda  solution  more  than 
enough  to  extract  all  the  carbolic  acid  but  in- 
i  sufficient  to  take  up  all  the  j^!f^'^^^a<^_,  j?^^, 
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employed,  and  the  phcnato  of  soda  solution 
drawn  ofi  is  used  to  wash  another  portion  of  oil 
when  the  cresylato  of  soda  is  decomposed  and 
the  cresylic  acid  is  replaced  by  carbolic  acid,  and 
a  solution  consisting  almost  «atil«ly  of  OMboI»te 
of  soda  is  obtained. 

Another  method,  .suggosted  by  Davis,  is  to 
employ,  for  the  first  wash,  only  one-third  of  the 
quantity  of  caustic  soda  required  to  extract  all 
the  tar  acids  when  carbolic  acid  only  is  extracted. 
In  many  works,  however,  the  whole  of  the  tar 
ackte  c(Hit»iDed  in  the  light  oil,  owbolic  oil,  and 
oreoooto  oil  inot&ms  are  extncted,  and  after 
separating  the  tar  uridK  in  one  of  the  ways  about 
to  be  deaoribedt  the  mixture  of  carbolio  and 
oresylio  acids  obtained  is  tepented  by  frMticmal 
distillation.  Tho  phi'mit*-  dr  carlxdatu  of  wxla, 
drawn  ofi  from  the  oil  is,  in  many  cases,  first 
pmified  by  blowing  steam  tlirough  it.  This 

carries   away   naphthalene,   neutral   oils,  and 

pyndine  bases,  and  the  blowing  with  steam  is 
continned  until  the  water  oondeosHur  froni  tlie 

escaping  steam  <  i  <  ^  f  *  have  a  milxy  appear- 
ance. The  puriiied  phenato  of  soda  is  then 
treated  with  an  aeid  to  decompose  it  and  set 
free  the  tar  acids  which  float  <  ii  th.  iirf  k  o  and 
are  either  skimmed  off  or  are  separated  in  an 
apparatus  similar  to  a  Florentine  receiver. 

Formerly  the  decomjxjsitton  was  almost 
always  e&cted  by  solpburio  or  hydrochloric 
arid,  ia  which  ease  the  soda  was  lost  as  sulphate 
or  chlDride.  whii  h  it  did  not  pay  to  recover. 
The  more  common  practice  to-day,  however,  is 
to  use  carbon  dioxide  to  effeot  the  decomposi- 
tion. If  this  is  us.ed  under  pressure,  complete 
decomposition  is  said  to  be  ofiected,  but  more 
genenlly  the  process  is  completed  by  tlie  addition 
of  a  small  (piantif y  of  sulphuric  acid  ;  this  is  the 
more  necessary,  as  both  carbolic  acid  and 
oarbolate  of  soda  are  rantnally  soluble  in  each 
other. 

The  separated  solution  of  sodium  carbonate, 
which  contains  abottt  1  p.c.  of  carbolic  acid,  is 
recausticised  with  liriie  and  is  used  over  again 
to  wash  another  quantity  of  oiL  A  twofold 
sayh^  is  thus  eftwted,  in  that  the  kiss  of  the 
soda  i.s  avoidoti  ami  also  the  earlmlic  ;i(  id  which 
remained  dissolved  in  the  sodium  sulphate  or 
chloride  solution,  and  was  run  to  waste,  is  now 
recovered.  Inasnuuli  as  it  yoes  for\*ard  with  the 
regenerated  caustic  soda  and  is  regained  in  tho 
next  washing  operation.  The  crude  carbolic 
thus  obtained  contains,  heside.s  phenol  (carbolic 
acid),  about  14  to  15  p.c.  of  water  and  vaxiable 
quantities  of  eiesylio  acid.   It  occurs  In  com- 

nieree  in  three  qualities,  known  as  75'h,  HO's.  and 
5U'8  crude  carbolic  acid,  and  its  value  is  deter- 
mined by  *  Iiowe*s  *  test.   This  is  performed  as 

follows  :  100  e.e.  of  the  erude  tar  aeid  is  slowly 
distilled  in  an  H-oz.  glass  retort,  and  the  receiver 
n  changed  when  10  e.c.  of  oil  have  come  over; 

these  10  e.c.  are  ncrnmpanied  by  a  var\'in;: 
amount  of  water,  and  by  reading  the  quantity 
of  water  obtained,  the  percentage  of  water  is 
ascertained.  The  distillation  is  «■.  .ntinued  until 
02]^  c.c.  have  collected  in  the  graduated  tube 
whioh  Is  used  as  a  receiver;  the  distilUtion  w 
♦  hr-n  stopjx'd.  The  C2|  r.r.  are  thf»n  oonled.  and 
a  luuiute  crystal  of  pure  plmuol  is  dropped  into 
the  tube,  and  the  cooling  continued  until  the 
contents  bei'in  ♦<>  erystallise.  Tho  temp«raturo 
}»  noted  when  the  crystallisation  nitiK-ars  to 
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.spread  through  the  tube,  and  this  in  the  measure 
of  the  quslity  oi  the  carbolic  acid. 

The  preparation  of  pure  carl>ol!e  acid  from 
the  CTOflo  article  is  always  eommeucctl  by  a 
distillation  in  wrought- iron  stiUi*  formerly 
without  a  column,  but  at  the  pre<(ent  day 
fractionating  columns  aru  almost  universally 
employed.  The  water  comes  over  first  and  then 
the  carbolic  acid,  which  is  collected  apart,  m 
long  as  it  crystallises  on  cooling.  iSume  uu- 
crystailisable  acid  comes  over  next,  and  the  diS' 
tillation  is  then  stopped  and  the  residue  ia 
mostly  pitch. 

In  some  cases,  a  little  strong  sulphuric  acid 
and  potassium  dichromate  is  added  to  the  con- 
tents of  the  stiU.  The  condensing  worm  must 
be  made  of  zinc,  silver,  or  stoneware.  The 
distillate  is  allowed  to  cool  and  crystallise,  and 
the  crystals  are  drained  from  the  liquid  portion, 
either  on  a  drainer  or  in  a  centrifugal  machine. 
The  liquid  portion  ia  either  sold  as  liquid  caiboUo 
aeid  Is  worlted  up  again  wi^  the  next  batch. 
The  drained  erystais  are  treated  with  a  small 
quantity  of  coooentr^ed  sulphuric  acid  and 
potassium  dichromate  and  redistilled,  when 

'  pure  *  crystallised  carbolic  acid  of  c<»mmcrce  is 
obtained,  in  some  cases  the  separation  of  the 
last  traces  of  cresylic  aoM  ii  effected  hy  adding 
a  small  quantity  of  water,  and  the  mi.xture  is 
cooled,  when  a  hydrate  of  carbolic  acid  crystal- 
lises out;  this  is  sepsmted  from  the  Hquid 
portion,  which  contains  the  cresylic  acid  and 
the  orystals  are  redistilled.  Water  comes  over 
first,  and  then  the  boilmg'point  risss  and  pure 
carbolic  acid  li^til-^  rver.  Fi>r  medicinal 
purposes,  a  final  disliilatiou  in  glass  retorts  is 
pertonned. 

Properiiet. — Pure  carbolio  acid  crystallises 
in  long,  colourless  ueedles  ;  has  a  characteristic 
odour;  melts  at  42-5°  or  43"  and  boils  at  178*6* 
(Choay.  Compt.  rend.  118,  1211);  Lunge  (Coal 
Tar  and  Ammonia,  1909  ed.  210),  gives 
m.p.  42-2*^  and  b.p.  184°  under  760  mm.  pnamm. 
Ordinary  'pure  carbolic  acid  of  commerce, 
w  hii  ii  contains  traces  of  cresols,  melts  at  a  some- 
what lower  temperature  and  boils  at  182''  to 
184°.  The  specific  (gravity  f  f  i  n,ri„,lic  acid  at 
18'*  is  1-065  (Laurent);  its  expansion  for  tem- 
perature C  at  760  mm.  pnsmia  is  atftted  by 

H.  Kopp  as  follows  :  — 

1 4-0'0006744<^0-OO0O01 7211* 

~O'O000000006O406l>. 
The  presence  of  small  quantities  of  im- 
purities such  as  water,  naphthalene,  or  nvridine, 
materially  lowers  the  melting-point.  The  red 
colour  of  ordinary  com raercial  acid  seems  to  be 
induced  by  the  presence  of  minute  traces  of 
metals,  partfcuUr^jr  lead  (Mcyke,  Ber.  18,  2513 ; 
rf.  however,  BImt,  ibid.  1 7.  Roferate  69 ; 
Hager,  ibid,  18,  Beferate  114;  Yvon,  Pharm. 
J.  Trsns.  1881, 1001  i  Richardson,  J.  Soc.  Ghem. 
Ind.  12,  41^;  Rich.  Mon.  S.  i.  fA).  8, 
508;  Kraemer  and  ^Spilker,  Ber.  1890,  1^48). 
Carbolio  acid  Is  a  deliquescent  snbstanoe,  and  in 
damp  air  forms  a  hydrate  C,Hj-OH.H  ,0.  whi(  h 
melts  17-2°  (AUen,  Analyst,  3,  319)1  At  the 
same  time,  however,  it  is  not  verr  readily 
soluble  in  water,  100  parts  of  water  dissolving 
4  83  parts  at  1 T  ;  5-36  ports  at  35'' ;  6*  19  parts 
at  46^ ;  7*33  parts  at  58° ;  11-83  parts  at  77'* ; 
and  at  S4°  both  liquids  mix  in  all  proportions; 
whiiit  conversely,  lUO  parts  of  ph^^^,ifAj«*«jvfcoogle 
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23*3  parts  of  water  at  9*;  26-75  parts  at  32'^  ; 
31-99  parts  at  53'  ;  and  40-72  parts  at  71" 
(Alixt  jcff,  Bcr.  10,  110).  According  to  Ham- 
lioig  {ibid.  4,  751),  however,  it  dissolvoa  in  15 
pmts  of  water  at  IG^-l?".  It  is  soluble  in  all 
proportions  in  alcohol,  ether,  benzene,  glacial 
acetic  acid,  glycerol,  olive  oil,  chloroform,  carbon 
disillphide,  &c.  The  aqueous  solution  becomes 
coloured  violet  by  ferric  chloride  and  is  without 
action  on  litmus.  According  to  KramerK.  a 
mixture  of  benzene,  toluene,  xylene,  naphtha- 
lene, anthracene,  and  phenanthrenc,  is  obtained 
when  the  vapour  of  carbolic  acid  is  passed 
through  a  red-hot  tube  (Annalen,  189,  129). 
Two  isomeric  mononitropheuols  are  obtained  by 
the  action  of  dilute  nitric  acid  (sp.gr.  i-^4) 
(Fritzsche,  ibid.  Ill),  150);  and  at  a  lowe  r  tem- 
perature, the  para-  and  at  highei  tcmpcraturea 
the  ortho-  derivative  appear  to  be  chiefly  formed 
(Goldstein,  Ber.  11.  1043).  By  the  fndlu  r 
action  of  niirio  aoid,  dinitropheuol  (Kolbe,  4, 
147,  67),  and  trinitropbenol  (picric  acid)  (Schmitt 
and  (ilut/.  ibid.  2.  52),  result. 

Chlorint:  (Laurent,  Annalen,  23,  00,  43,  209 ; 
F^tist  and  MHHer,  itnd.  173.  303 ;  Benedlkt, 
MoHJit.sh.  4.  233  ;  llonwlikt  and  Schmidt,  ibid. 
4,  tK)6)  and  bromine  (Komer,  Annalan,  137, 
2O0,  205,  20ft.  209.  210 ;  Hfibnor  and  Brenken, 
Bcr.  6,  171)  convert  carbolic  acid  at  the 
ordinary  temperatures  into  mono-,  di-,  nnd  tri- 
sahstttntinn  derivatiTW,  and  at  Ugher  tempera- 
turi'  Ml  ill  the  presence  of  halogen  carrierB,  such 
as  antimony  pcntachloride,  &c.,  into  tetra-  and 
penta-  derivatives.  The  iiitro>,  diloro-,  and 
Dromo-  <lerivative^  of  carbolic  acid  are  fairly 
stroi^  acids,  and  the  acid  character  increases 
with  tha  oiinkber  of  nitfo-  irronpe  or  chlorine  or 
lir  niiTie  atom^^  introduced  into  the  molecule. 
Iodine  yields  mono-  and  di-  derivative!}  in  the 
proeonce  of  mercury  (Hlasiwete  and  Wescbky, 
Ber.  2,  524)  or  iodie  acid  (Krirner,  Annalen,  137, 
213).  Sulphuric  acid  converts  curlxilic  acid 
into  two  isomeric  monosulphonic  acids  (KekulJ, 
Zeitsch.  f.  Clietii.  [2]  3,  197),  of  which  the  ortho- 
acid  in  the  chief  prmluct  at  the  ordinary  and  the 
para-  acid  at  higher  temperatures.  When  heated 
with  aininoniuni  zinc  chloride  at  280''-3nO*, 
carbolic  acid  yields  aniline,  together  with  di- 
phenvlamine  and  phenyl  ether  ( Merz  and  Weith, 
Bcr.  13,  1200).  W  lien  fused  with  eaustio  potash, 
salicylic  aeid,  nuttaUydruxy-bcuzoic  acid  ami 
two  isomer i''  diyihenola  are  formed  (Barth  and 
Schreder,  t6i<i.  11.  1332).  whilst  fusion  with 
caustic  soda  results  in  tlu'  formation  of  ])yro- 
catechol  (catechin),  resorcinol  (resort  in),  and 
phloroglucol  ([)!iloroylue  in)  (iliil.  12.  417).  The 
behaviour  of  audiuui  atui  put^a^iaium  p)honate8 
(carbolates),  when  heated  in  a  current  of  carbi  .n 
dioxide,  has  been  studied  by  Kolbe  f.T.  pr.  (  hem. 
[2]  iU,  h9  ;  cf.  a/*3  Schmitt,  J.  pr.  Chem.  [2]  31, 
410;  D.  R.  P.  29039.  June  84,  1884);  with 
sodium  phenatc,  the  reaction  commences  below 
100°,  is  most  rapid  and  complete  about  180", 
aad  continues  up  to  the  temperature  of  the  de- 
composition of  sodium  salicylate  with  the  forma- 
tion  of  that  compound  as  sole  product,  but  with 
pota^isium  phenatc,  salicylate  is  formed  only  at 
temperatures  below  ISO'',  whilst  at  higher 
tenn)erature8  the  isomeric  potaa«4ium  para- 
hvdroxj'-l>enzoato  constitutes  almoHt  the  entire 
product;  in  these  reactions,  one  half  of  the 
plieaol  ia  recovered.  Wbra  carbolic  acid  is 


lieitcU  with  phthtilic  anhydride  and  a  de- 
hydrating agent,  such  as  zinc  chloride  or  mai- 
pnurie  aeid.  it  yields  p^ennlphthalelll  (Baeyw, 
iicr.  0.  1230  j  Aimak'ii,  2u2,  08). 

Jf  the  aeid  is  heated  with  oacalio  acid  and 
frulphurio  acid,  it  is  converted  into  coralline 
(Zulkowsky,  Annalen,  194,  119;  202,  1*4). 
from  which  pure  aurine  can  be  extrac^ted  by 
suitable  mHhfid.s  (Dale  and  Schorlcmmer,  ibiJ. 
106,  77).  whii^^t  bcnzaurine  results  from  h^tiog 
carholic  aeid  with  beDiotrichlofida  (Soebifter 
Ber.  12,  1462). 

Heactions.—il)  In  aqueous  solution,  carbolic 
acid  gives  a  violet  colour  with  ferric  chloride  ; 
this,  however,  is  neither  developed  in  very 
dilute  solutions  (Sarauw,  Ber.  15,  40)  nor  in  the 
presence  of  alcohol  (Hesse,  Annalen.  182,  Ifil)  ; 
limit  of  sensitiveness,  1  in  2000  (Polacci,  Ber. 
7,  360).    (2)  The  aqueous  solution,  on  treatment 
with  J  vol.  of  ammonia  and  then  with  a  few 
dropa  of  an  aqueous  solution  of  bleaching  F>owder 
(1  part  in  20  \)arts  of  water),  gives  either  at  once 
or  on  standing  a  blue  eolouration  ;   limit  of 
•ensitiveneas,  1  in  4000  (Salkowski,  Zeitsch. 
anal.   Chem.    II,  316).   (3)  Bromine  water, 
added  to  an  aqueous  .solution  of  carb<fli<-  acid, 
gives  either  at  once  or  on  standins  a  yeUowiah- 
white  flooottlent  precipitate  of  trnm>inopb«xil 
lirondde  (Landolt,  IVr.  4,  770);  Ij^nif   if  senst 
tiveness,  1  in  43,700  Ubid,},  1  in  tH).0U0  (Lunge). 
(4)  A  solntfon  of  carmlie  aeid  aasnniee  a  deep- 
red  colour  when  ^  ile  I  w  ith  one-third  to  one-half 
its  bulk  of  JMilion's  reagent  (a  10-15  p.c  aolatioQ 
of  merenrons  nitrate  containing  nitrooa  aokl) ; 
limit  of  sensitiveness,  r  nation  distinct  with  1  in 
60.000,  and  still  appreciable  with  1  in  200.000. 
Salicylic  acid  irivee  a  aimilar  Maetioa  (Hu^e, 
Zeitsch.  anal  Chem.  II,  173 ;  Almra,  J.  1§78* 
1079).  . 

QwmtUtaive  J^sf^fAm.— Osrbolie  aeid  ooeura 

in  commerce  in  different  qualities  ;  as  erude  acid, 
as  liquid  acid,  and  as  crystallised  acid  of  vary* 
ing  degrees  of  purity.  The  percentage  of  phenola 
in  crude  rarbolic  acid  can  be  approximately 
determined  by  Niiaking  it  with  twice  its  volume 
of  10  p.c.  soda  Icy  added  gradually ;  ^  wIMM' 
tiou  of  the  oily  and  aqtieous  layer?  Ixy^oraes  more 
accurate  if  a  known  quantity  of  petroleum  spirit 
equal  in  volume  to  that  of  the  layer  of  indtSer- 
ent  and  rcsinoiu  substances,  is  added,  and  the 
amount   added    afterwards    deducted.  The 
phenols  are  estimated  in  a  portion  of  the  aqueous 
layer  by  treatment  with  hydrochloric  acid  and 
subsequent  iwiditiuu  of  salt  to  ensure  a  complete 
separation.     Such  a  correction  is,  however, 
harrlly  railed  for,  since  the  phenols  will  dis^iolvr 
aliout  as  niueh  water  as  the  water  will  dissolve 
phenols  (Heekurts.  Arch.  Pharm.  [3)  ti,  SIS), 
1^-kurtfl  (*6m/.    [3]  24.  580)  also  states  that 
Kopfieschaar's  method  (f.  infra)  gives  satin- 
faei  .ry  results  for  testing  liquid  carbolic  acid 
when  the  fipeciinen  is  free  from  crcsols.  Cas. 
thelaz  (Bull.  Sue.  Cbim.  42,  574>  iesU  meaauaxl 
samples  of  crude  or  li<{ui<i  cartxilie  acid  in  tubes 
with  water,  with  sulphuric  aeid  (1  to  1),  and  with 
soda  solution  (1  pcu-t  soda  ley  (im.gr.  1*38)  to 
9  parts  ol  water),  and  6o»Xfy  notioiiitM  a 
fourth  sample. 

The  exact  quantitative  estimation  of  carbolic 
acid  in  the  pure  product  is  alwayaiaade  hy  pre- 
cipitating it  with  bromine.  The  cnmposition  of 
the  precipitate  was  believed  to  bo  tribrumc 
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(Landolt)  until  it  was  ascertained  by  Boncdikt 
tliftt  imder  oertain  oooditions  it  was  partially 
conip«>8e(l  of  tribroniplienol  bromide  (c/. 
Weinreb  and  Bondi,  Munatsh.  6,  506).  Kop- 
pe«c1iaar*s  method  (Zeitseli.  anal.  Oheni.  15, 
233),  the  one  usually  empIoyi>(l.  rtquiri's  tin- 
following  solations:  (a)  solution  of  sodium 
thloBtdpnate,  equivalent  to  a  sohition  <^  iodine 
containing  5  p.c.  of  iodine;  (6)  solution  of 
stacoh ;  (c)  bromine  water  (titrated  witli  pure 
carboHo  acid),  or  preferably  a  eolation  at  bromme 
in  caustic  soda  prepared  by  adding  an  excess  of 
bromine  to  tlie  soda  and  subsequentlj  removing 
the  ezeees  ^her  by  boiling  (Allen*  J.  Soe.  Chem. 
Ind.  1SS4,  fi  t)  or  by  evaporating  the  sulutiun  to 
dryness  and  a^ain  dissolving  in  water ;  (d)  solu- 
tion of  potaasram  iodide  oontaining  126  grama  in 
the  litre.  The  process  consists  in  treating  25  c.c. 
of  the  aqueous  solution  of  carbolic  acid  (4  grams 
in  the  litre)  witb  100  c.o.  eitiierof  tbe  eolation  of 
hromat^'  and  bromide  with  5  c.c.  f»f  en  rut  rated 
hydrochloric  acid  to  liberate  the  bromine,  or  of 
bromine  water  in  a  stoppered  bottle,  which  is 
then  well  shaken,  allowed  to  remain  for  l.T 
minutes,  treated  with  10  c.c.  of  potassium  iodide 
solution,  again  ahaken,  and  titrated  with  thio« 
i^  tilphate.  The  raaetioiia  involved  are  the  follow- 
ing : — 

I.  C,H,  OH-f3Br,=C,H,Br,OH+3HBr; 
II.  C,H.  OH+4Br,=C,H,Br5  0Br-|-4HBr ; 
UI,  C,H.Br,  0Br+2KI=C,H,Br,  0K+KBr+I,. 
(Weireb  and  Bondi  (.e.) ;  so  tliat,  as  Beelrarts 

points  out  {I.e.  infra),  the  assumption  madn  by 
Koppeschaar  in  the  preceding  method,  that 
6  atom,  props,  of  bromine  enter  into  eombina- 
tion  with  1  moL  prop,  of  phenol,  is  in  practice 
correct.  BeckurU  (Arch.  Pharm.  [31  24,  562) 
givee  the  following  as  the  best  mode  of  esti- 
mating carbolic  acid  :  The  solutions  employed 
are  (a)  1/20  normal  potassium  bromide  (6'939 
jrrams  in  the  litre) ;  \h)  eentinormal  potawinm 
broniate  (1*666  Errams  in  the  litre) ;  (c)  potassium 
iodide  solution  containing  125  grams  in  the 
litre;  (d)  dwinormal  sodium  thiosulphato  (24-8 
jrrams  of  Xa,.S_,0„r)ir,0  in  the  litre).  For  the 
titration.  25  to  30  c.c.  of  the  phenol  solution  (1 
in  1000)  are  treated  with  50  c.c.  each  of  the 
pot'i-siiini  bromate  and  bromide  solutions, 
sbakou  \^ith  5  c.c.  of  concentrated  sulphuric 
aeid,  allowed  to  remain  15  minutes,  treated  with 
10  c.c.  of  the  potaspium  iodide  .solution,  and 
haally  titrated  with  thio.sulphafe  to  e.sf  imate  the 
amount  of  iodine  liberated.  Tlie  calculation  is 
simple  :  from  the  50  c.e.  each  of  bromate  and 
bromide  solution,  0*23U2  gram  of  bromine  is 
libera t<-<i  by  the  sulphuric  acid,  and  this  is 
capable  of  converting  0-0469  gram  of  carbolic 
acid  into  tribromophenol ;  1  c.c.  of  the  deci- 
normal  thiosolphate  is  equivalent  to  0-008  gram 
of  bromine,  n  quantity  capable  of  convertinp 
0-00156  gram  carbolic  aeid  into  tribromo- 
phenol ;  multiplving  now  0-00166  by  the 
number  of  c.c.  of  thio.sulphate  used,  and  .«tub- 
tracting  the  product  from  00469,  gives  the 
weight  in  grams  of  phenol  in  the  quantity  of 
solution  originally  taken.  This  process  is 
accurate  whenever  solutions  of  pure  carbolic 
aoidt  or  miictures  from  which  the  pure  acid  can 
be  separated,  arc  to  be  tested,  but  it  fails  in  all 
cases  {e.g.  crude  carbolic  acid)  when  other 
I  phenols,  particularly  cresols,  are  also  present. 
Metitods  for  the  estimatkm  of  carbolic  acid  have 


also  been  proposed  by  Waller  (Cheni.  News,  43, 
162),  Degener  (J.  pr.  Chem.  [21  17,  390),  and 
("handelon  (J.  Soc.  Chem.  Ind.  1882,  203);  but 
these  are  inaccurate  ( Bockurts).  Other  methods 
have  been  proposed  by  Moerk  (Chem.  Zentr. 
in04,  ii.  17C4) ;  Messing*  r  and  Vortmann  (Ber. 
1890,  liry^) ;  and  Schryver  (J.  Soc.  Chem.  Ind. 
ISOi),  053).  A  biological  method  for  the  deter- 
mination of  phenol  ha.s  been  proposied  by  Blyth 
and  Goodban  (J.  Soc  Chem.  Ind.  1907, 632),  and 
an  lodometrio  method  by  Skirrow  {UtiA.  1908, 
58);  and  Wake  and  Inglis  have  investigated  the 
iodine  values  of  thej^enols  {ibid,  1908,  316). 
A  method  has  been  dftvlsed  AUen  iw  dster- 
mining  phenols  in  carbolio  soap  (Ana^nrtk  1886, 
103). 

Uae». — Osrbolio  aeid  has  powerfol  antiseptio 

propertie.-^  and  is  used  on  the  large  scale  as  a  dis- 
infectant. Large  quantities  of  carbolio  acid  are 
also  employed  in  the  manofactnre  of  saUeylio 

acid  ;  whilst  in  the  colour  industry,  a  considerable 
demand  for  the  acid  exists,  inasmuch  as  it  is  the 
sonroe  of  pierio  aeid  and  eoralline,  and  it  is  nsed 
in  the  preparation  of  .some  azo-colonrs'  !'henol 
has,  of  late  years,  been  very  largely  for  the 
preoaration  of  modem  high  expiMivM.  '  Lydd- 
ite and  '  melinite,'  consistin;L!;  very  largely  of 
picric  acid  and  picrates,  although  trinitrotoluene 
appears  now  to  oe  replacing  picric  acid.  Phenol 
forms  condensation  products  with  formaldehyde 
which  are  bodies  of  resinous  appearance  and 
properties,  and  which  are  proposed  as  substitutes 
for  natural  gums  and  shellac. 

Compounds  tcith'Mdah. — Potassium  phenate 
C,H(*OK,  formed  by  diraolving  potassium  in 
carbolic  acid  (Ilartmann,  J.  pr.  Chem.  [2]  16, 
36),  ur  by  heatiug  carbolic  acid  with  caustic 
potash  (Bauraann,  Ber.  10,  686),  cry.>$tallise«  in 
slender  white  needles,  readily  soluble  in  water, 
alcohol,  and  ether.  Sodium  phenate  can  be 
prcpsred  by  similar  methods  and  may  be  used 
in  the  manufacture  of  salicylic  acid  and  as  a  dis- 
infectant. Compounds  with  barium  (J>aurent) 
and  lead  (Calvert,  Zcitsch.  Chem.  ISii.l,  631) 
have  also  been  described.  W.  II  ^  " 

CARBON.  Svm.  C.  At.  wt.  12.  Carbon 
boils  at  3600'  (Violle,  Compt.  rend.  1892,  115, 
1273;  1895,  120,  868).  Carbon  occurs  in 
nature  in  the  free  state,  and  very  abundantly 
in  combination,  notably  in  the  form  of  carbon- 
ates and  as  an  essential  constituent  of  orpanie 
biKiies.  In  the  free  state  it  is  a  solid,  without 
taste  or  smell,  exhibiting  great  diversity  in  the 
physical  characteristics  of  its  three  allotropic 
forms— diamond,  graphite,  and  charcoal. 

The  diamond,  up  to  the  time  of  Bergman, 
was  supposed  to  be  a  kind  of  rock  crysf.nl,  al- 
though .Xewton  regarded  it  as  probably  an 
unctuous  substance  coagulated.  It  was  shown 
to  bo  combustible  by  the  members  of  the 
Academy  del  Cimeatu  in  1G94,  and  Lavoiuier 
proved  that  the  sole  product  of  its  oombostion 
was  carbon  dioxide.  He  had  previously  ascer- 
tained that  this  gas  was  a  compound  of  oxygen 
and  an  element  to  which  ho  gave  the  name  of 
carbone,  cdhtained  in  coal  and  wood.  Graphite, 
as  its  synonyms,  blacklead  and  plumbago  (from 
the  Italian  grafio  piombino — ^the  wTiting  lead), 
imply,  was  long  considered  to  be  a  kinri  of  lead, 
or  as  related  to  antimony ;  Schecle  regarded  it 
as  a  compound  of  iron  and  carbon  ;  Kastner 
proved  tliat  it  was  eaaentially  oarboaw  ^J^oogle 


660 


CARBON. 


combines  directly  with  hydrogen  at  1 100-^-1200% 
forming  hydrocarbons  (lione  and  Jerdau,  Chem. 
Soc  Proc.  1901.  162  ;  Hone  and  Coward,  ibid. 
Trans.  lOOS,  licr, :  1910,  1210;  Prof.  1908, 
222;  Pring  and  Jiuttou,  Traus.  I'.HJtJ,  1591; 
Pring,  ibid.  1910,  498).  At  high  temperatures, 
sxich  as  the  electric  furnace,  it  is  dissolve<i  by  the 

alkaline  earth  carbides  and  by  rhodium,  iridium,   _  ,  .  -- 

palhulium,  and  pktinum  (Kahn,pompt.  tend.  •  horlBontei  laycti 
1900.  113,  40;  HK»7,  144.  197; 
Moissan,  tbui.  122,  1479).  At 
the  tempenbtme  of  the  electric 
arc,  carbon  reduces  ahimina 
(Moi5»8aD,  ibid.  1894,  119,  935). 

Manufacture  of  Wood  Char, 
coal— The  earliest  plan  of  coed- 
ivg  uvoi,  as  the  manufacture 
of  charcoal   was  termed  and 
is  still  called^  is  carried  on  as 
follows:  A  piece  of  ground  is 
levelled  at  8omo  convenient  spot  in  the  forest, 
which  is  termed  the  '  hearth  '  or  *  earth.'    In  the 
centre  of  this  a  thick  pole  or  bundle  of  bttwh- 
wood  i«?  placed,  around  which  the  wood 
arranged,  some  of  the  pieces  being  laid  horizon - 
UUy  and  others  set  up  at  an  meUnation,  or 
the  wood  may  l)e  placed  altogethrr  at  any  steep 


for  ages  as  secrets  from  father  to  son  amongst 
the  *  coalliers  *  in  every  oonntey  in  Europe,  are 
the  results  of  lone  practical  experience,  .in  l 
strictly  accord  witfai  the  true  pnnciplea  on  which 
the  prooess  is  based. 

To  carbonise  wood  under  a  movable  cover- 
ing, the  plan  of  meUer,  or  heaps,  is  emolojed 
ill  Gflraian;.  The  wood  is  amoged  moflr  in 
or  in  neatly  Tcrtionl 


a  "flattened  eone,  which,  when  oomplete,  is 

usually  called  a  heap  ;  the  object,  whichever 
way  tke  wood  is  placed,  is  to  obtain  a  free  ckcu- 
IstiCNi  of  air  mdeir  the  heap  to  communicate 
with  the  chimney  in  the  centre,  which  is  formed 
by  tlini  withdrawing  the  central  pole  or  bundle 
of  bnuhwood.  The  laiige  wood  shonld,  if  con- 
Tonient,  be  at  the  bottom  of  the  heap,  and  the 
outside  paoloed  as  close  as  possible ;  the  heap 
is  then  eoreied  with  smsD  hmdiwood,  and 
afterwards  with  turf,  or  the  material  most  im- 
pervious to  air  which  can  be  conveniently  ob- 
taioed.  A  fixe  is  lighted  in  the  centre  chimney, 
and  by  leaving  openings  in  the  outside  covering 
at  the  bottom  of  the  heap,  the  fire  soon  extends, 
and  ean  be  guided  to  any  part  by  making  tem- 
por.nry  openings  if>  admit  the  air.  \\  lien  the 
heap  is  sufficiently  fired,  all  the  openings  are 
ckwed,  and  lastly  the  chimney  itself.  The  fire 
mil  always  extend  most  rapidly  on  the  side 
facing  or  towards  the  wind,  and  great  care  must 
1)0  tuien  to  watch  and  check  this,  by  keeping 
the  roverini^  on  that  side  in  good  order.  The 
charcoal  burner  must  always  be  careful  to  spread 
the  fire  as  evenly  as  possible  thnmgh  the  heap, 
and  after  it  is  coaled  to  stop  it  down  carefully  ;  he 
can  always  accelerate  the  process  in  any  part  of 
the  heap,  if  well  bui't,  by  opening  the  outside  to 
admit  air  freely,  brit  if  he  finds  this  does  not 


with  a  slight  slope,  so  as  to  form  conical  rounded 
heaps  of  difierent  sizes.  The  former  are  calle«i 
•Iving  meSUr*  (Pig.  1);  the  latter,  'standing 
ui'rihr '  (Figs.  2  and  3).  Both  aredisfcribated  in 
much  the  same  way. 

In  distriots  where  the  wood  can  be  trans- 
ported by  me.ms  of  rivers  or  mountain  slide*, 
angle,  sloping  outwards  from  the  centre  to  form  .  a  dry  flat  .space  must  be  pitched  upon  (scrcene  j 
-         -  ..  ..   i-x-        from  gtonns  and  floods),  which  may  be  walled 

round,  having  a  nlight  declivity  m.^de  in  the 
ground  towards  the  centre  {v.  Fig.  4).  Into  this 
space  tlw  tany  acid  will  partially  fdl,  and  may 
be  conducted  outwards  through  a  eovcred  gutter 
beneath  into  a  covered  tank.  The  mouth  of  the 
tank  must  be  ^ut  during  the  coking  with  an 
iron  or  .stone  slab,  luted  with  clay.  A  square 
iron  plate  is  placed  over  the  iiuur  orifice  of  the 
gatter  to  prevent  it  being  choked  with  coal  asheii 
Fig.  4  represents  a  walled  meiler  station  : 
o,  the  station ;  h,  the  gutter ;  c,  the  tank,  which 
is  covered  with  the  slab  d ;  e,  a  slab  which 
serves  to  keep  the  gutter  clear  of  eoals.  The 
cover  of  the  heaps  is  formed  of  earth,  sand, 
ashes,  or  such  otner  matter  as  may  be  most 
readily  found  in  the  woods.  They  should  be 
kindled  in  the  centre.  From  6  days  to  4  weelu 
may  be  required  for  chairing  n  haap^  nocoidiiig 


to  it.''  size,  hard  wood  recpiiring  more  time*  and 
the  slower  the  process  the  better  and  greater  in 


act,  from  anv  fault  in  setting  the  wood,  he  had    the  product,  generally  speaking. 

" •      •  Charring  of    wood  m   mounds    [hauft  or 

liegendc  werke)  JFiga.  6  and  ti)  differs  from 


better  open  a  hole  with  a  bar  at  the  place  re- 
quired, and  light  a  fire  in  the  hole  ;  this  will  I 
soon  communicate  with  the  main  fire  in  the  ' 
lieap.  As  soon  as  the  smoke  and  white  flame 
cease  to  escape  at  the  vents,  the  whole  heap  , 
must  l>e  closed  from  the  air  as  carefully  as 
possible  until  the  charcoal  is  quite  cooled,  and 
IS  ready  to  draw.  The  fire  must  never  burn  too 
fa-it  ;  the  slower  the  process,  if  the  fire  is  steady 
and  regular,  the  better  the  yield  of  charcoal. 
Hard  close-grained  woods  take  a  longer  time  to 
coal  than  soft  open -grained  woods,  and  shonfd 
be  placed  in  the  nenp  aeeordingly.  These  tech- 
nical instructions,  handed  down  in  the  forests 


that  in  the  MsAr,  beoanse  the  wood  in  the 

haufe  is  successively  charred,  and  the  charcoal 
is  raked  out  little  by  little.  The  product  ia 
said  to  be  greater  in  this  way,  and  abo  better. 

Uncleft  billets,  0  or  S  feet  l>»n-;.  l>eing  laid  over 
each  other,  are  covered  with  ashes,  an»l  then 
cattNmbed.  The  station  is  somet  imes  horizontal 
and  sometimes  m:\de  to  slope.  The  K-nL'th  may 
be  24  feet,  the  breadth  8  feet,  and  the  wood  is 
laid  crosswise.  PQes  are  .set  perpendicularly  to 
sini])ort  a  roof  made  >>f  boughs  and  leaver 
covered  with  ashes.    Pipes  areot^^ift^QHi^yj^y^ 
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within  the  upper  part  of  the  moimdH,  whioh 
servo  to  catch  and  curry  off  some  ol  the  liijuid. 


Vn.  7. 

Fir.  7  ia  a  vertical  section,  and  Fig.  8  a  half 
bird's-eye  view  und  half  cross-section  at  the 
height  of  the  pit  bottom,  of  Chabeanssiorc's 
kihi  for  maldng  wood  charcoal  a  is  the  oven ; 
b,  vertioJ air-pqpM;    c, horiranUl  Hum  for  ad- 
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mittingair  to  the  kilns;  d,d,  small  pits  which 
communicate  by  short  horizontal  pipes,  e,  c,  with 
the  vertical  ones;  /,  the  sole  of  the  kiln,  a  circle 
of  brickwork  upon  which  the  cover  or  hood  h 
reposes  ;  t,  a  pii)e  which  leads  to  the  dstem  k ; 
i,  the  pipe  destined  for  carrying  oil  tlic  pnseoiis 
matter ;  m,  m,  holes  in  the  iron  cover  or  liU. 

The  distribution  of  the  wood  is  like  that  in 
the  horizontal  mciler  or  heaps  ;  it  is  kindled  in 
the  central  vertical  canal  with  burning  fuel,  and 


the  lid  is  covered  with  a  few  iin  he.s  of  earth. 
At  the  beginning  of  the  operation  all  the  dr.iuirht 
Hues  are  left  open*  boft  they  are  progressively 
closed  as  occasion  requires.  In  8  kiln.s  of 
this  kind  GOO  decasters  of  oak  wood  are  car- 
bonised, from  which  15,000  hectolitres  of  char- 
coal are  obtained,  equal  to  64,000  lbs.  French, 
being  about  25  p.c,  besides  tar  and  3000  velta 
of  wood  vinegar  of  from  2°  to  3°Baum^. 

At  Crouy-upon-the-Ourcq,  near  Meaux,  there 
is  a  well-constructed  kiln  for  making  turf-char- 
coaL  It  resembles  most  nearly  a  tar  kiln.  In 
Fig.  9,  a  is  the  cylindrical  coking  place  whose 
snrronnding  walls  are  heated  by  the  flame  which 
pa.ss<-ij  throujih  the  intermediate  space  6.  The 
place  it«eU  is  divided  bv  partitions  of  fire  tiles 
into  three  stai^cs,  through  the  apertures  hi  which 
the  flames  of  the  fire,  c,  c,  rise,  and  heat  the 
exterior  of  the  coking  apartment.  In  order  to 
eoniliie  the  heat,  there  is  in  the  finnliwhig  walls 
of  the  outer  kiln  a  cylindrical  hollow  space,«f, 
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where  the  air  is  kept  stagnant.  Through  the 
aix-rttiK  s  left  in  the  upper  end  at  e,  the  turf  is 
introducetl  ;  they  are  then  shut  with  an  iron 
plate,  /,  which  is  covered  with  ashes  or  sand. 
The  fireplace  opens  above  thi.s  aperture,  and  its 
outlet  is  provided  with  a  movable  iron  cover,  </, 
in  which  there  is  a  small  hole  for  the  issue  of 
the  ga.ses.  The  sole  of  the  kiln  consists  of  a 
cast-iron  slab,  ik,  which  may  be  raised  by  means 

'  of  a  hook,  I,  upon  it.  This  is  drawn  back  after 
the  carbonisation  is  complet^'d,  whereby  the 

i  charcoal  falls  from  the  coking  .space  into  a 
subjacent  vault.  The  volatile  products  are 
carried  off  by  the  pipe  h,  and  led  into  tl»  con- 

I  densing  cistern,  the  gases  escaping  to  the  lire- 

'  place,  where  thev  are  burned.  The  iron  slab  ia 
protected  from  the  corrosion  of  the  acid  vapours 
by  a  layer  of  coal  ashes. 

Charcoal  obtained  by  the  action  of  a  rapid 
fire  in  close  vessels  is  not  so  solid  and  so  good  a 
fuel  as  that  which  is  made  in  the  ancient  way 
by  the  slow  calcination  of  pyramklal  piles 
covered  with  earth.   Aceording  to  Juon  (Rtahl 

!  and  Ei^en,  1904.  24.  1230),  this  is  due  nu  n  ly  to 
the  difference  in  temp<*rature  of  the  two  pro- 
cesses, the  higher  temperature  used  in  the  heap- 
made  carbon  increasing  the  carbon  content. 
One  of  the  most  economical  oveiDlgfQruJnii^c^^ogle 
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wood  L-lmrcoal  is  that  invented  by  M.  Fimcauld, 
which  he  calls  a  slirotid  or  ahri.  To  construct 
ono  of  these,  30  feet  in  diameter  at  the  base, 
10  feot  at  its  summit,  and  from  8  to  9  feet  high, 
he  forms,  with  wockI  2  inches  square,  a  frame 
1 2  feet  long,  3  feet  bro«d  at  one  end,  and  1  loot 
at  the  other  end. 

The  Figs,  10  and  II  will  explain  the  con- 
Btruction.  The  uprights,  a,  and  d,  of  this 
frame  are  furnished  with  three  pairs  of  wooden 
handles,  a,  o,  «,  bv  means  of  whic  h  they  can  be 
joined  toother,  by  paaaiiig  through  two  con- 
tiguous handles  a  wooden  fork,  the  fnine  bemg 
previoi^^ly  provided  with  props,  as  shown  in 
Fig.  11,  and  covered  with  loam  mixed  with 
grass.  A  flat  eover  of  10  fBSt  diaa«tor,  made 
of  ^anka  weU  joined,  and  woiired  by  four  cfon* 


Fid.  12. 

bars,  is  mountc<l  with  two  trap  doors,  M,  K 
(Fig.  12),  fur  giving  egress  to  the  t>inoke  at  the 
commencement  of  the  openttion ;  a  triangidar 
hole,  p,  cut  out  in  the  cover,  receives  the  end  of 
the  conduit,  q,  b,  s  (Figs.  13  and  12),  of  wood 
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formed  of  tbiee  deals  destined  to  convey  the 
gases  and  condensed liqQjds  into  the  casks  f,  o.h. 
Lastly,  a  door,  T,  whifh  may  be  opened  and  shut 
at  pleasure,  permits  tlie  operator  to  inspect  the 
state  of  the  lire.  The  charcoal  calcined  1^  this 
aibri  has  Wen  found  of  Kup<Tior  quality. 

When  it  is  winbed  U>  change  tlie  place  where 
fhe  abri  is  crectc<l,  and  to  transp<^>rt  it  to  a  store 
of  new-felled  timber,  the  frame  is  taken  down, 
after  beating  oil  the  day  which  covers  it;  the 
joints  are  then  cut  by  a  niw,  as  well  as  theende 
of  the  fork  which  ti\<Mi  flic  franu"*  t')  <Hir 
another.  This  procetiii  n  ecuuomical  in  use  and 
aiinple  and  cheap  in  coutmotioD,  since  all  the 
pieoee  of  the  apparatus  are  easilv  moved  about, 
and  may  be  readily  mounted  in  the  forests.  For 
obtaining  a  compact  charcoal  for  the  use  of 
artisans,  this  mixe<l  process  of  Foucauld  Is  said 
to  be  preferable  to  either  the  close  iron  cylinder 
or  the  pile. 

The  fierce  process  for  the  production  of 
charcoal,  in  which  the  wood  is  heated  in  brick 
kiln-i  shajjed  like  a  bee-hive,  of  32  feet  diameter 
and  16  feet  high  in  the  centre,  by  means  of  the 
combustion  oif  the  permanent  gases  produced 
during  a  previous  proci>s.s.  is  said  to  produce  a 
far  hiffhor  percentage  of  charcoal,  and  Ui  involve 
a  smiutflr  loss  of  l»y-pro<lucts  (Dudley,  J.  Anal, 
and  Appl.  (  lu  III.  isiay.  I89J  ;  Amour,  liowcrs, 
J.  Soc.  Chem.  Jnd.  1KU2,  152). 

The  fhawwal  made  at  Ontario  from  the 


local  wood  U  of  excelK'nt  quality  for  bLiij>t. 
furnace  use.  The  wood  is  hero  heated  in  half* 
iron  cylinder  retorts,  sot  horizontally  and  alxjut 
9  feet  long  and  4  feet  high.  The  retorts  are 
charged  once  a  day,  and  are  heated  underneath 
by  the  tar  produced  mixed  with  the  waste  from 
the  charcoal.  The  dL««tillate  is  condenpcd  by 
straight  condensers,  one  of  which  is  attat  bed  to 
each  retort  (Goodwin,  J.  Soc  diem.  Ind.  1902. 
743). 

In  other  processes  wood  is  carbonised  by 
superheated  steam  (Elfetrom,  Proc.  Inst.  Civil 
Eng.  1906,  164,  60 ;  Zwilliger,  J.  Soc.  Chem.  Ind. 
1891,  129). 

According  to  Ru  bands  (J.  Soc.  Cliem.  Ind. 
1902,  1466),  a  hygienic  and  antiseptic  wood 
charcoal  is  obtainetl  by  heatiru'  a  mixture  of 
aromatic  plants,  such  aa  juniper,  thyme,  Iwoom, 
&c.,  in  an  oven  until  the  eresots  begin  to  come 
off.  The  mass  is  then  thrown  into  shtx-t-inm 
boxes,  sealed  to  prevent  combustion,  and  allowed 
to  cool,  the  cmpvrenmatio  matters  thus  being 
reabsorbed. 

A  large  number  of  improvementa  in  tlie 
apparatus  employed  for  obtaining  wood  char- 
coal have  been  proposed  (Jones,  Eng.  Pat. 
1485,  1894 ;  J.  Soc.  Chem.  ind.  1805,  24  ;  Wise 
Waworth,  Eng.  Fkt.  10628,  19V! ;  ibid,  1896^ 
128  ;  Schenk,  Eng.  Pat.  23085  ;  ibid.  1900.  321 ; 
Burcy,  ibid,  1902,  009;  Mourlot,  ibid.  1902; 
1448 :  Blaeher,  Cbom.  Ind.  28, 606). 

Charcoal  is  clsfj  prepared  from  .sawdust, 
wood,  chips,  and  peat.  The  raw  material  is 
fed  and  pressed  into  sod  through  heated  retocts 
in  a  continuous  stream,  and  comoa  out  at  the 
other  end  of  the  furnace  as  bard  charcoal.  The 
retorts  are  pcorided  with  pipee  for  drawing  oti 
the  by  products  (Heidcnst am.  J.  Soc.  Cliem.  led. 
1898,  445).  Many  other  methods  of  converting 
peat  into  charcoal  havo  lieen  deeeril>ed  (Rose, 
thid.  1890,  643;  Eng.  Pat.  17568.  J  895; 
Calmont,  ibid.  1S92,  257;  Eng.  Pat.  3978; 
Zohrab.  ibid,  1893,487;  1897,  1006;  Eng.  Pal 
3619,  1892;  jQrgensen  and  Bauschlicker,  Chem 
Zeit.  1901,  25,  635;  SUuber,  J.  Soc.  Chem. 
I  Ind.  1906.  6S5 ;  Jllrgensen,  ibid,  1907,  685). 

For  blast-furnace  work,  peat  charcoal  and 
that  obtained  from  birchwood  is  the  best. 

Accord im,'  to  Maubr<?  {ibid,  1890,  881). 
charcoal  is  !\\?o  produced  from  the  by-products 
in  the  manufacture  of  spirits  from  grains  and 
cereala.  Charcoal  suitable  for  use  aa  filters, 
re-ipirators.  and  as  wick  for  candles,  can  W 
preimrcd  by  placing  vegetable  fibres,  such  as 
cotton,  cotton  fabnc  or  waste  tlareads  into 
drums,  which  are  placed  one  by  one  into  an 
inclined  furnace,  down  which  they  roll  to  the 
lower  end*  whioh  is  pcorided  with  an  exit  door. 
When  no  more  gases  are  given  off,  the  drums  arc 
withdrawn  and  the  charcoal  washed  with  water 
(Cooper,  J.  Soa  Chem.  Ind.  1902,  421). 

For  making  gunpowder  charcoal  the  lighter 
woods,  such  as  the  willow,  dogwood,  and  alder, 
ans\\TT  best ;  and  in  their  carbonisation  CSIO 
should  Ite  taken  to  let  the  vapours  freely  escape, 
especially  towards  the  end  of  the  operation,  for 
when  they  arc  reabsorbed,  they  (rreatly  impair 
the  combustibilitv  of  the  oliacoosl  (Taylor  and 
Challon,  ihid.  1890,  106). 

The  charcoal  of  sonie  woods  contains  silica, 
and  is  therefore  used  for  polishing  metals, 
lieing  a  bad  conductor  of  b^J^, jj^aj^^^jjgig 


CARBON. 


MS 


employed  sometixues  in  powder  to  encase  small 
fmoMCt  Mid  «teftm>pipet.   Tt  ii  not  affected  by 

watfT,  and  hence  the  ( \*ri mitir  r  f  .  t  \kc8 
driven  into  moiat  groiuid  are  not  liable  to  de* 
oomfKMitioo.  In  like  maanercaaks  when  cbamd 

insiHr  prt'wrve  water  much  better  tliaii  common 
caiiJus  because  they  luniish  no  soluble  matter  for 
fermentation  or  for  food  to  animalcules. 

For  ri;ilviniT  rrayons  of  charcoal  tlie  willow 
Ii  the  bebt  wood  that  can  be  employed,  as  the 
softness  is  uniform  in  all  its  parts.  The  dura* 
bility  of  rharconl  may  be  seen  in  several  of  ov 
old  churchy ardji,  wlicrc  the  letters  made  with 
lampblack  are  still  perfec  t,  thougb  tlie  white  lead 
u  ith  whii  h  tlie  body  of  the  stones  was  painted 
is  entirely  dt'.stroyeti.  ThiH  jiroperty  of  carbon 
is  shown,  however,  in  a  more  striking  manner 
by  the  writinL^s  that  were  found  in  the  ruins  of 
Hcrculaneurn.  whic  h  have  retained  their  original 
blackness  for  two  thousand  yean*.  The  ancients 
wr( >t'»  ■\vTth  ink  made  from  pf  nn'l  charcoal. 

Jr  it/  required  to  purity  any  carbonaceous 
matter  to  render  it  fitter  for  delicate  pigments, 
tlris  nny  I  f  clone  by  fifft  calcining  It  in  a  close 
vessel,  and  then  lixivrating  it  in  water  slightly 
AOiduIated  1^  nitric  acid. 

The  incorruptibility  of  ohTreo>l  was  well 
known  to  the  ancients,  and  they  availed  tiiem- 
nlvst  of  this  pcuperiy  upon  all  imporCaat  ooea* 
Cions. 

Some  years  ago  a  quantity  of  uak.  stakes 
vere  found  in  the  bed  of  the  Thames,  in  the 
very  spot  where  Tacitus  says  that  the  J5riton5? 
fixed  a  vast  number  of  such  stakes  to  prevent 
the  passage  of  Julius  Caesar  and  his  army. 
These  stakes  were  charred  to  a  considerable 
depth,  had  retained  their  form  completely,  and 
were  firm  at  the  heart. 

Desmond  found  that  wood  charcoal,  when 
submitted  to  a  high  temperature  out  of  contact 
with  nir,  evolved  a  considerable  quantity  of 
gaa  consisting  of  9-14  p.c.  COt,  18-08  p.c.  CO, 
4f»'ll  p.c.  H,,  1604  p.c.  CH4,  0-26  p  c.  0„  and 
7-37  p.c.  N^,  its  antiseptic  properties  beini^ 
saperior  to  carboa  monoxide  (Compt.  rend. 
1^,  119,733). 

Mr>.st  of  the  houses  in  ^'enlce  stand  upon 
piles  of  wood,  which  have  all  been  previously 
charred  for  their  preservation.  Tn  this  country 
estates  were  formerly  marked  out  by  cliarrcd 
Stakes  driven  to  a  coosidorable  depth  into  the 
gronad.  These  tie  occaakmally  found,  and 
usually  the  charred  portions  are  quite  perfect, 
although  every  oihia  part  is  decayed  {v.  Wood,  j 
DMTBITOnVB  vnnixARov  ov).  ' 

WfKxl  (1:1  ,  u  fx)s.scH,Kes  in  a  remarkable 
decree  the  power  ol  absorbing  gases  in  ita  pores, 
and  in  many  eases  of  determining  their  combi- 
nation. This  power  increases  witti  its  porosity. 
A.^  ordinary  charcoal  contains  atmusiphcrie  air 
in  Ha  pores,  it  most  for  this  purpose  he  prepared 
by  heating  it  to  redness  in  a  clo-^c  %  •  s  ,  I,  iui  ? 
cooling  over  mercurj'.  I'he  following  tabh> 
shows  the  abeorptive  power  of  freshly  ignite<i 
boxwood  charcoal  for  diflenrnt  gases : — 

Ammonia  gas   .       .  .90  vola. 

Hydrochlorio  acid  gns  .  85 

Sulphur  dioxide  .  85  „ 

Hydrosulphuric  acid  .  .  56  ., 

Nitrous  oxide   .       .  .  40 

Carbon  dioxide .       .  ,  Z5  „ 

£thy]«ie        ...  36  „  > 


Carbon  monoxide  .       *     9*42  vols. 

Oxygen        ,       .       ,     9*25  „ 

Nitrogen        .        .        ,      fi'5  „ 

Hydrogen     .       .       .      1*25  „ 
Charcoal  obtained  from  the  shell  of  the 
cocm-nut  has  still  greater  absorptive  pcopeities. 
absorbing,  according  to  Unnter, 

Ammonia     .  •  .171-7  vols. 

Carbon  dioxide  .    67  -7  „ 

Carbon  monoxide  .  .   21*2  „ 

U.xygen  .  .    17-9  „ 

In  consequence  of  this  absorption  of  gases  in 
the  pores  cl  charooal,  tlieir  cnemieal  aotivity 

is  greatly  increased.  When  a  piece  of  charcoal 
which  has  absorbed  a  oonaiderable  quantity  of 
sulphuretted  hydrogen  is  introdooed  into  oxygen, 
a  vinlont  reaction  iuimetliately  takes  place,  water 
and  sulphur  dioxide  being  set  free.  If  air  be  em> 
ployed  instead  of  oxygen,  aulphar  is  depoaited. 

'I'hhi  prujf-rty  is  utilised  in  tlie  removal  of 
icBtid  and  bad -smellinx^  gases  from  rooms,  and  in 
the  sweetening  of  liaa'SmeUing  liquids  and  of 
clothes.  For  thi.s  purpose  charcc>al  of  average 
porosity  is  found  to  be  the  most  etficient,  and 
it  sliOQJd  be  in  moderate«idzed  pieces^  its  absor- 
bent power  being  greater  in  this  state  thia  wbSQ 
in  fine  powder  or  in  very  large  pieces. 

Potasshim  and  sodibni  alloy  absorbs  ohar- 
coal,  and  the  suspension  so  obtamed  has  a 
variety  of  uses,  and  constitutes  an  intermediate 
product  in  a  variety  of  processes  such  as  the 
production  of  poto&sium  cyanide  and  so  forth 
(Weintraub,  J.  Soc.  Chem.  Ind.  1909,  794). 

When  c^iarcoal  is  boiled  in  a  sdntion  of 
platinum  tetrachloride,  it  become.^!  impregnated 
with  platinum,  and  is  known  as  platiuiued 
charcoal.  This  substance  possesses  in  a 
greatly  increased  deL,TL^  the  powec  of  indncing 
chemkal  combination. 

diaieoal  containing  2  p.c.  of  platinum  causes 
oxj'gen  atid  liydrorron  to  unite  completely  in 
about  u  quarter  of  an  hour,  the  rapidity  increas- 
ing with  the  percentage  of  phttinum,  charcoal 
containin;:;  a  larger  quantity  of  platinum  acting 
like  pLatiuum  sponge.  Platinised  charcoal  may 
be  applied  to  the  preparation  of  air-tilters  and 
respirators,  and  also  a  mild  cauatio  (Sten- 
houtiie,  (Jhem.  Soc.  Trau.-i.  b,  lUo). 

A  further  property  of  charcoal  is  its  power 
of  depriving  most  coloured  liquid.^  of  their 
colouringmatters,  by  absorbing  tiiein  within  it.s 
pores.  The  eoioaring  of  red  wine^  cochine^, 
madder,  or  indigo,  can  thus  be  removed  from 
solutions. 

Tliis  property  was  discovered  in  1790  by 

Lowit7.  and  is  made  use  of  on  the  large  scale  in 
several  industrial  operations,  particularly  in  the 
process  of  n  lining  sugar.  It  is  mo-t  .-trikin^dy 
possessed  by  bone  black  or  animal  charcoal 
iq.v.).  (,'harcoal  of  great  decolourising  power 
can  be  obtained  by  the  dry  distillation  of  birch- 
W(X)d  or  other  substances  containing  carbon 
mixed  with  calcium  or  niani;esium  chloride, 
without  access  of  air.  The  charcoal  so  obtained 
is  washe<l  with  water,  then  with  hydrochloric 
acid,  and  then  apain  with  water  (t)strcjho,  J. 
8oe.  (.'hem.  Ind.  ltKK>.  lO'H);  191>2,  .'iS). 

Ciuircoal  of  higher  decolourising  power  is 
obtained  from  blood,  horns,  hoofs,  dippings  of 
hides,  jriue,  <S:e.,  in  contact  with  pearl-ash.  A 
good  decolourising  charcoal  is  also  "ObtainodybtyiOOgle 
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carbonising  vegetable  matters  mixed  with  chalk, 
eafeined  raite,  or  other  earthy  substances. 

According  to  Halsc  f  J.  Soc.  Chem.  Ind.  1903, 
504),  charcoal,  espccklly  applicable  for  use  in 
<k'(  (>louri«ing  and  purifying  .naccharine  and  other 
liquids,  and  which  can  \'<i-  I  in  nfvl  sohittnn-^, 
is  oijtain^Kl  b^  heating  wood  ur  a,  BiiiiiLir  inuteiial 
with  sulphuric  acid  to  a  tomperatim  not  exceed- 
ing 200°.  Thf  chnrrpfl  mass  w  then  waK^uxl  and 
dried,  and,  when  t^peut,  it  can  be  reviviticd  by 
tCMtnuiit  with  s  MnaUer  fttnoont  of  iolplniric 
acid. 

Charcoal  also  precipitates  or  abMjrbs  certain 
■ubstances  from  aolntion,  notably  iodine,  lime, 
and  its  salts  (being  uwd  for  the  purification  of 
highly  calcart'ouH  waters),  lead  salt.s  and  moai 
metauki  subsalts,  besides  many  organic  sub- 
stances, as  the  bitter  principles  of  hop,  gentian, 
and  aloe,  tannin,  alkaloids  and  resins,  from  their 
alcoholic  Bolntion  (deConinck,  Compt.  rend.  130, 
1627  ;  Laval,  Pharm.  J.  1900,  65,  213  ;  Mal- 
megac,  J.  Pharm.  Chim.  1900,  12,  6;  Davis, 
Cfaem.  Soc.  Trans.  1907,  1666). 

Crude  alcohol  is  occasionally  allowed  to  re- 
main for  some  time  in  contact  with  charcoal. 

Carbon  is  used  for  the  reduction  of  metals 
from  their  ores,  and  in  the  manufacture  of  glass 
for  the  reduction  of  alkaline  sulphates. 

Porous  carbon  can  also  be  used  with  advant- 

S)  in  electrolytic  oeUa  (Lob,  Zeit.  L  Elect, 
em.  1896,  3, 186).  When  used  a«  an  anode  In 
strong  hcf  sulj  hnric  and  other  acid.s,  which  give 
ofi  ojurgen  at  the  anode,  carbon  is  diaeolved, 
and  tab  property  ou  M  med  in  dtpoaiting 
carbon  on  suitable  oathodet  (Codui,  J.  Soo.  GhMU. 
JUuL  1897,  446). 

(For  the  trcatmeiit  d  carimi  articles  before 
use,  compare  Thomson  Houfcton.  Hid.  1005, 
1230;  Eng.  Fat.  28062,  1904;  Acheson, 
U.8.  Pat.  749418, 1904.) 

Gas-carbon  {Olancc  conl)  is  a  very  dense  form 
of  carbon,  deposited  in  the  upper  part  of  the 
retorte  in  the  mamifaotare  ot  ooal  gas  and  fn 
blast  furnaces.  It  iftin  exhibits  the  lustre 
and  sonority  of  a  metal,  is  very  hard,  and  a 
good  oondiictor  of  beat  and  ekictrioity.  It  is 
u.<^hI  to  form  the  nefatt^e  fllenmit  in  a  bnnoen 
battery. 

Materbls  used  for  manufaetnre  of  carbon 

plrTtrixle.s  are  coke,  hard  and  soft  pitch,  coal 
tar,  and  petroleum  oil ;  in  some  cases,  to  obtain 
eleotrodee  of  better  meohatdoal  wearing  power, 

a  small  portion  of  the  coke  is  replaced  by  soot. 
The  proportions  of  the  various  substances 
depend  on  the  kind  of  electrode  required. 
Roush  (J.  Ind.  En^r.  Chem.  1909,  1,  286 ;  Lake, 
J.  Soc.  Chem.  Ind.  1900,  1001 ;  Cooper.  Shrews- 
bury and  Marshall,  ibid.  1896,  25 ;  Starta,  ibid. 
IDOn.  544  :         Pat.  81900(1,  1006). 

Accorduig  to  I^iewerth  (J.  8oc.  Chem.  Ind. 
1 894,  1 206).  carbons  of  less  resistance  and  greater 
illuminntin?  power  when  xxhcd  in  arc  lamps,  can 
be  obtained  by  mixing  the  carbon  with  aluminous 
earths,  magnesia,  or  other  mctallifeibus  minerals 
Iwfore  moulding.',  after  wliiih  prore^y^  it  is  heated 
by  means  of  an  electric  current.  The  carbon, 
when  being  heated,  is  supported  in  a  holding 
sleeve  of  nf>n-eon(hn  1  liiL'  mnterin!  to  prevent 
warpiii)^.  CiiKtner  (,1.  i>i>c.  Chem.  Ind.  1894, 
1007  ;  Aeheson,  ibid.  1894,  407)  adds  10  p.c 
carbide  of  silii on  f  o  the  carbon  n^cd  for  arc  lamps. 
Kivcrs  {ibid.  1906,  483;  Kuliiath,  tbui.  1907, 


adds  yttrium  salts.  Langvillt^  {ibid.  \^^'2, 
935)  describes  a  process  feat  obtaining;  cir}»'>ri 
for  electrical  purposes  jErom  paper  pulp  (i^g.  Pat. 
13847,  1892). 

Carbon  filaments  are  also  prepared  for  use  in 
incandescent  lampe  and  electric  lanip.s  (Thomson 
Houston,  J.  Soc.  Chem.  Ind.  liMJo,  02  ;  IVing  and 
Fielding,  Chem.  Soc.  Trans.  1909,  1497  ;  Cliato- 
lier  and  Wolagdine,  Compt-  rend.  IfHHj,  148. 
1715;  Howell,  Electrician,  1905,  55,  688; 
I  Levis,  J.  Soc  .  Chem.  Ind.  1906,  721,  882 ;  Eiog. 
Pat.  0959,  1904). 

Lampblack  is  prepared  on  the  lutgv  bc^le  by 
j  burning  fat,  oil,  resin,  tar,  &c.,  with  an  imperfect 
.supply  of  air.  either  in  a  briok  furaaoe  or  in 

cast-iron  clia  in  I  ters. 
I      T)k  ri  uitinu  dense  black smoke is oooducted 
into  large  chambers,  where,  on  account  of  the 
extremely  sluggish  draught,  it  is  allowed  to 
roll  about  untU  the  particles  gradually  ooaktsce 
j  into  masses  which  after  some  time  fall  on  the 
floor  as  soot.    The  condensation  of  the  partick^ 
'  may  be  greatly  facihtated  by  sending  a  current 
I  of  electricity  through  the  atmosphere  of  smoke, 
or  else  it  can  be  agitated  by  mechanical  means 
(Irvine,  J.  Soc.  Chem.  Ind.  1890,  1110). 

When  commercial  lampblack   is  strongly 
heated,  a  large  amount  of  emp^-rcuraatic  ma^k^r 
is  given  ofiF,  which  condenses  into  a  brown  greasy 
j  mass  consisting  of  chrysene,  pyrene.  capDonaar, 
I  ftc   Thiacanaea  ordinary  lampblack  to  oobsre 
when  pressed.  After  calcination  it  loass  thii 
I  property. 

Creosote  or  other  snftabfe  earbenaeeotts  faei 

is  burnt  in  a  furnace  viith  an  adjustable  air 
supply,  and  the  products  of  combustion  are  sent 
through  a  cooler,  where  by-prodnets  am  oon* 

densetl  in  centrifugal  separators,  the  carboo 
dcpofuted  being  collected  in  underlying  receivers 
(Adam,  J.  Soo.  Chem.  Ind.  1007,  701 ;  Eng.  Fkt. 
13301,  1906). 

An  arrangement  of  lamps  for  the  iireparaik>n 
of  an  especially  fine  quality  of  lampblack  from 
waste  fat  and  mineral  oils  n  desotibed  in  Fkyen- 
Paul,  64,  65. 

Numerooa  improvements  in  the  apparatus  for 
the  production  of  lampblack  have  b*'en  described 
(Wegslin,  J.  Soc.  Chem.  Ind.  ma,  747  ;  1899, 
926;  1900,66;  1902  1022;  1909,1190;  1908, 


81.  579  ;  Fr.  Pat.  ^80983,  1907  ;  Tr 


J.  S<x-. 


Chem.  Ind.  1890,  1110;  Sanders,  »6ici.  1900,  7{»3; 
Lembdner,  ibid,  1908,  1288 ;  U.&  FM.  741796. 

1903;  Smith,  J.  Soc.  Chem.  Ind,  1909.  430; 
Mehser,  ibid.  1908,  1212;  D.  R.  P.  203711; 
Liennard,  J.  Soo.  Cihem.  Ind.  1899, 1009 ;  f^hf, 

ibid.  1902,  1084). 

Carbon  haa  idmy  been  (ibtained  direct  from 
smoke  (Ward,  ibid.  ISOT.  i>02).  Irvine  (ibid, 
1894,  532)  obtains  laniptilack  by  spraying  tar» 
or  oils  rich  in  carbon  over  ineandi^scent  coke, 
mildng  the  gases  so  produced  with  air  and  steam, 
and  burning'  them  wiih  a  limited  supply  of  nir. 

Lampblack,  c^irbou  black,  also  sometime.H 
spoken  of  as  gR.sblAek,  hydnx'arbon  black,  jet- 
black,  and  forth,  is  \i>vd  in  the  prultjction  of 
printer's  ink,  paints,  mineral- black,  (stove  polish, 
shoe  leather,  rubber  goods,  fertilisers,  cokmring 
cement,  mortar  pulp,  and  artificial  stone, 
harneti»  oil,  8teu«-iliiig,  <!te.  It  varies  in  composi- 
tion and  properties  with  the  material  and 
ni''t)io'l  used  in  its  pnxluction.  When  ]>rodnced 
from  ihe  natural  gas  in  American  uU  ,y^/*^tj^ic 
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carbon-black  differs  from  ordinary  lampblack, 
by  mbdng  with  water  on  being  shalmi  with  it ; 
ortlinary  lampblack  will  not  do  this.  It  is  also 
miite  difierent  in  appearance  from  lampblack 
obtained  from  oib»  hnving  a  fine  Telvet-Iike 
l^oss. 

{Ste  description  of  figure  and  apparatus  for 
manufacture,  Cabot,  J.  Soo.  Chem.  Ind.  1894, 
Cf.  alho  Purtle  and  Rowlands,  ibid.  1JK)8. 
SS4;  U.S.  Pat.  877596»  1908;  Proach,  J.  Soc. 
CSiem.  Ind.  1903,  040.) 

A  good  lampblack,  said  to  be  superior  to 
the  best  American  biackSy  is  also  obtained  by 
sparking  a  mixtnreof  hydrocarbon  under  pressure 
and  with  or  without  admixture  of  carbon  di-  or 
num-oxidefKoppers,  J.  Soc.  Chem.  Ind.  1906, 13 ; 
Maehtolf.  Wd.  894,  1909  ;  482.  1050;  J).  B.  P. 
207r.2U.  lOitT;  (.'ollwert.  J.  vSoc.  ( ■hem.  Ind.  1909, 
1050).  According  to  Frank  {ibid.  1900,  545 ; 
1005.  20.  1044),  ute  carbon,  at  the  moment  of 
lil>er<ition.  in  readily  taken  up  by  metals;  it 
can  thus  be  made  to  pase  into  silver,  impartine 
to  the  Utter  the  appeaxaaoeof  M>*oaIled  oxidised 
■Dvcr. 

According  to  PetefB,  lampblack  suitable  for 
nae  in  the  preparation  of  paints,  can  abo  be 

obtaintnl  by  heating  the  waste  earbons  from  arc  j 
lamps  to  1200°-1400°,  and  then  allowing  the 
masi   to    oool   dowly    {see   also  Acetylene 
Uack). 

Carbon  monoxide;  carbonous  or  caHnmic 
caeide ;  fonnie  anhydride  00 ;  sp.gr.  (HUH Id 

(Ravleigh),  0-96702  (Leduc)  (air  1).  V.D.  14. 
(  —  186°)  (Wroblewski,  Compt.  rend.  98,  982). 
S.H.PL  0*2840.  aH.T.  0*18844  (Wiedemann  ; 

Pocc.  Ann.  157.  1).  C.E.  0  003667  (Regnault). 
8.(6^)0-0287;  (9")  0  0269;  (18-5°); 0-02315  (Bun- 
•eo).   6.  aleohol  (2»)  0*20908;  (IS^)  0-20416 ; 

(16°)  O  ^O.'Itm:    (24")  0-20452  (Bunsen) ; 

—  1HJ00301 ;  =  100035 ;  =  1-000391 
(GbonUeboii,  Ann.  Chim.  Phys.  [4]  20,  136). 

Does  not  exactly  obey  Boyle  s  law;  P\7P,V, 

—  1*00293  (Keipault).  Its  critical  temperature 
b  -•ISO'ff",  and  the  oorresponding  pressure  36*6 
•tmotpheres.    It  l)oils  at  -190^ 

mioOTered  by  Laiutouue,  and  independently 

Sr  Mestley.   Composition  first  established  by 
ement  and  Dcsornies. 
Carbon  monoxide  is  present  in  eoal  and  water 
gas,  from  both  of  whic  h  it  is  sometimes  obtained 
industrially  (Williams,  J.  Soc.  Chem*  Ind*  1891, 
270 ;  Claus,  ibid.  1890.  170). 

Produced  by  the  oxidation  of  charcoal  at  high 
tomporatures.    By   the   reduction   of  carbon 
diuxidc  by  means  of  hydrogen,  carbon,  metals, 
Ac,  at  a  red  heat,  or  over  carbon  made  iru  an- 
descent  electricall}-  and  coated   with  a  bad 
conducting  material  (Engels,  J.  8oe.  C  hem.  Ind.  ' 
1001.  350).    In  the  reduction  of  metallic  oxides 
by  charcoal  or  coke.    By  the  dry  distillation  of 
many  organic  compounds,  and  to^^ether  with  ; 
hydrogen  and  carbcm  dioxide  when  steam  is 
passed  over  red -hot  charcoal.    \'y  passiiit:  electric 
sparks  through  carbon  dioxide  (But!  and  llof- 
mannc  Annnlen,  113,  140)  or  by  heating  carbon 
dioxide  to  1300^  (Deville.  CV>mpt.  rend.  oU,  873).  ' 
By  heating  dehydrated  oxalic  acid,  or  by  heating  j 
d^  alkaline  formates  and  acetates  with  formic 
acid   (liorin,   ihifl.   82.    700).    By  heating  an 
oxalate  or  formate  or  these  acids  with  cuncen- 
tcated  sulphuric  acid. 

Carbon  monoxide  is  also  prodooed  in  con- 


siderable  Quantities  from  various  expluiuves, 
■noh  at  BMuinite,  gun  ootton,  &o.   It  is  evolved 

by  an  alkaline  pyrogallol  solution  during  the 
absorption  of  oxygen,  unless  a  large  excess  of 
potom  is  employed  (Clowea,  Cbmak,  Soc.  Proc. 

1895,  200). 

Prepared  by  the  decomposition  of  oxalic  or 
f onnio  acid,  potaarinm  f etrocyanide,  or  potassinm 

cyanide,  by  concentrated  sulphuric  acid  (Bou- 
douard,  Compt.  rend.  1899,  128,  08,  307,  822 ; 
Wade  and  Ftsnting^  Chem.  Soo.  Tram.  1808»  S67)* 

(1)  r^H^O,  =  CO+CO,+H,0. 

(2)  CH,0,  =  C04-H,0. 

(3)  K4Fe(CN)-+6H^O«+6H,0 

=  0CO+2K5.SO,  +  3(NH,)^SO4+FeSO4. 

In  the  first  case  the  gas  is  mixed  with  carbon 
dioxide,  which  must  be  removed  by  passing 
through  iKitash  or  lime-water.  In  the  last  re- 
action it  is  quite  free  from  carbon  dioxide,  but 
if  the  temperature  is  too  high,  a  quantity  of 
sulphur  dioxide  it  produced  in  addition  to  the 
carbon  monoxide.  It  ia  liable  also  to  contain  a 
small  quantity  of  hydrocyanic  acid  vapour. 

Dry  calcium  oxalate  or  barium  oxalate  m 
mixe^i  withabout  |^di^ lime, and  strongly  heated, 
the  ga.s  passed  throngh  lime  and  dried  :  CaC204 
=  CaC'Oj-i  CO,  any  carbon  dioxi  le  formed  being 
absorbed  by  the  lime.  Carbon  monoxide  is 
evolved  in  uie  manufacture  of  oarbide^  and  is 

collected  and  stored,  It  is  alsO  prndooed  in 
the  decomposition  of  sugars. 

Oarbon  monoxide  is  manufactured  practically 

pure  by  bringing  a  mixture  of  oxj  gen  and  carbon 
dioxide  in  contact  with  incandescent  graphite, 
coke,  antiiraeite,  Ac.  As  thus  obtained,  it  may 

be  us<'<l  for  the  manufacture  of  special  steels, 
the  reduction  of  refractory  oxides,  the  treatment 
of  iroo  ores  in  the  blast  faniaoe^  and  for  other 

purposes(I^iseau.  J.  Soc.C9Min.Ind.  1908^1112; 
Fr.  Pat.  390673,  1908). 

Propertiet, — Cdouilees,  tasteless  gas,  com* 

bustible,  non-supporter  of  combustion.  Ahsi  irKed 
bv  carbon,  bv  several  metals,  and  by  a  solution 
of  cnproQS  chloride  in  hydrocldorie  acid  or  am- 

nionia.  It  ncfs  as  an  energetic  re<iucer.  It  is  a 
higlily  poisonous  gas,  producing  giddiness,  and 
ultimately  aapl^irxia  when  inhal^.  0-43  p.c.  in 
air  is  fatal  to  man  (Mosso,  J.  Gas  Lighting.  1!H)2. 
80,  1334);  0-2  p.c.  ia  also  poisonous  if  breathed 
for  any  time. 

When  carbon  monoxide  is  jias^ed  over  dry 
silver  oxide,  the  latter  is  reduced  thus:  C04-Ag,6 
=  Ag^-f-COj-  An) inoniacal  silver  oxide  is  also 
reduced,  and  the  reaction  may  be  empIoye«l  for 
the  detection  of  small  quantities  of  carl>on 
monoxide  in  air  (Dejust.  (x»mpt.  rend.  190.5,  140, 
rj.W  ;  Hcrthclot,  ibid.  IHIM,  112,507;  Uaber- 
maiin.  Zcitsch.  angew.  (.'hem.  1892,  324). 

0  ()2  p.c.  carbon  monoxide  may  be  detected 
by  the  decolouration  of  a  mixture  of  silver 
nitrate,  and  weak  permanganate  solution  aciditied 
with  nitrio  acid  (Herwet,  Compt.  rend.  1897, 
124,  021). 

Acc(»rding  to  (Jrihant  (ibid.  18'Ji,  113,  289; 
114,  309),  1  part  of  carbon  monoxide  may  be 
detected  in  10.<XI0  parts  of  air.  by  asj)irntinir  the 
air  through  dog's  blood,  and  testing  the  respira- 
tory capacity  of  the  ))lood  before  and  after  the* 
experiment.  When  the  air  is  passed  Under  a 
pressure  of  o  atmospheres,  the  test  becomes  Still 
moredilicate.  It  can  also  l>e  detected  bypassing, 
the  gas  through  palladium  chlorfiteU^^i^tlBlBy 
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metallic  precipitate  is  formed  and  the  oolonr  i 

indicates  t lie  quantity  present.  ,,^!|...  to  ^^^f^  carbon 
monoxide  can  be  detected  in  the  atmosphere  by 
passing  several  litres  of  the  sospected  air  through 
iodio  acid,  when  the  following  reaction  ocourt: — 

5C04-2HiO,  =  6C0,-i-H,0+Ir 
The  iodine  is  absorbed  in  oUoroform  or  carbon 
disulpbide,  when  the  relative  tint  indicates  the 

Suantity  gkE  carbon  monoxide,  or  else  the  carbon 
iozkle  is  abaorbed  by  standard  potash  solutbn 
and  the  carbon  monoxide  calculated  (Gautier, 
Oompt.  rend.  1898,  126,  793,  871,  931,  1299; 
St.  Martin,  Oompt.  rend.  14,  1036 ;  Kinnioutt 
and  Sandford,  J.  Amor.  Chcm.  Soc.  1900,  22, 14; 
J^'iilangor,  Chem.  Zeit.  1903, 27,  Kep.  126  ;  Levy 
and  Pdooiil,  Compt.  rend.  1005,  140,  98 ;  Fr. 
Pat.  340714,  lOOt  ;  142102,  100(5;  Morgan 
and  McWhortcr,  J.  Anier.  Chem.  Soc.  1906,  29, 
1089;  Ctoutal,  Ann.  Chtm.  anat.  1010,  15). 
Clowes  recommends  tho  flame  ciip  test  as  an 
accurate  and  rapid  method  fur  detecting  carbon 
monoxide  (Brit.  Asaoo.  Brpoit,  Giem.  Zeit. 
ISOf'i)  ;  «  hil?-t  to  detect  the  presence  of  carbon 
monoxide  iu  mino8»  Haldane  and  also  Herman 
(J.  8oe.  Chem.  Ind.  1896, 654)  recommend  tin 
use  of  riii(  c.  which  tire  very  rapidly  afleoted  by 
»mall  quantities  ol  carbon  monoxide. 

Aooording  to  LebUuie  (Ann.  <%ini.  Phys.  [3] 
5,  223),  it  is  f  hiefly  the  presence  of  this  gas  that 
causes  the  poisonous  actitm  of  air  in  which 
obarooal  has  Deeo  bomt.  A  small  proportion  of 
carbon  monoxide  iu  a  dusty  ntmospncrc  con- 
stitutes a  dangerously  explosive  mixture.  It 
combines  with  the  red  oolonring  natter  of  the 
blood -forming  Ciirboxyhnrmoglobin,  and  may  be 
recoguiM^d  b^  its  absorption  spectrum,  which  is 
almost  identical  with  that  of  o^genated  blood, 
and  is  characterised  by  twn  bands  between  D 
and  £.  On  the  addition  of  ammonium  sulphide, 
these  disappear  in  tfae  ease  of  oxygenated  blood, 
and  the  spectrum  shows  one  Imnd  midway  be- 
tween i>  and  £,  but  remains  unchanged  if  carbon 
monoxide  is  present  ( Vogel,  Ber.  11, 235  ;  Hoppo- 
Seyler,  Zeit«ch.  anal.  Cheni.  3.  439  ;  also  Prever, 
J.  1867,  802;  Nawrutki,  J.  iti,  (>4U ;  Grebaut, 
<;ompt.  rend.  87,  193  ;  St.  Martin,  ibid.  1892, 
114,  1006).  According  to  Nicloux  (ibid.  189S, 
12t),  1526,  1595),  carbon  monoxide  is  a  normal 
constituent  i>{  dog's  blood,  but  this  has  been 
denied  Buekmnstcr  and  Gardner  (Proc.  Roy. 
Hoc.  B,  1U09,  81,  515).  Carbon  monoxide  burns 
ordinarily  with  a  Una  flame,  which,  by  previous 
t  ing,  becomes  hmJ,  peneratinp  carbon  dioxide, 
iiu-  temperature  i>f  its  Hume  in  air  is  about 
1400°  (Valerius,  J.  Ih74.  58).  When  dry  it  ij) 
not  changed  by  the  el<«'trie  current  nor  by 
ignited  platinum  wire,  but  when  ntandiu^  over 
water  it  is  decomposed  by  a  dowing  platinum 
spiral  (Buff  and  Uofmann,  Chem.  Soc.  Trans. 
1800,  1 2,  273).  When  not  absolutely  dry,  it  may 
be  exploded  with  oxygen  by  the  electric  spark  or 
by  platinum  wire  heated  to  300°  or  by  spongy 
platinum  at  oriiinary  temperatures.  2  vols.  CO 
unite  with  1  vol.  O,  formmg  2  vols.  COj. 

Dixon  (Phil.  Trans.  1884,  617)  has  shown  that 
no  action  takes  place  when  a  spark  is  passed  into 
a  mixture  of  perfectly  dry  cnrl>on  monoxide  and 
»3^gcn,  but  t  hat  a  more  trace  of  moisture  renders 
the  raixtnre  exi)h»sive.  The  combination  takes 
]>laee  very  .slowly  in  presence  of  small  i|uaii titles 
of  steam,  and  increases  in  rapidity  with  the 
quantity  of  steam  present.   Probable  reactions : 


Hence  the  steam  acts  as  a  carrier  of  oxygen 
to  carbon  monoxide  (v.  Dixon.  Chem.  Soc.  Trans, 
49,  94). 

Small  quantities  of  other  gases  than  stmm 
wore  tried  :  if  the  gas  contained  hydrogen,  ex- 
plosion  occurred,  if  the  gas  contained  no  hydro- 
gen, no  explosion  occurred.  When  a  mixtore  ui 
carbon  monoxide  and  steam  is  heated  to  alxrat 
600**,  a  portion  of  the  carbon  monoxide  is 
oxidisod.  If  the  carbon  dioxide  is  removed  as 
it  is  formed,  the  whole  may  be  oxidned.  H 
Meyer's  experiments  (Ber.  19,  1099)  «K*iTn  t<' 
prove  that  a  dry  mixture  of  carbon  monoxide  and 
oxygen  can  be  exploded  if  a  ray  steong  spark  s 
usecJ.  and  a  sufficiently  high  temperature  then 
obtained^  and  if  the  gases  are  under  oonsaderabk 
pressure.  When  sparks  from  an  indoction  ooil 
are  passed  through  a  mixture  of  carlw^n  m-Jti- 
oxide  and  steam,  carbon  dioxide,  a  little  formic 
acid,  and  sometimes  earbon,  are  formed  (IXboo. 

Chem.  Soe.  Tran.s.  49,  94).  When  to  u  niivture 
of  dry  carbon  monoxide  and  hydrc^cn,  oxjgeu 
insofficient  for  complete  oombostion  is  aaimd, 
and  the  mixture  exploded  by  the  ap.irk.  carlwjn 
dioxide  and  steam  are  formed  in  a  ratio  dependent 
upon  tlie  shape  of  the  tssscI  and  the  pressnre  vp 
to  a  certain  limit,  called  the  'critical  pre.^sun  ." 
AboTe  this  pressure  the  ratio  of  the  formation 
of  carbon  dioxide  and  water  is  independent  of 
th  sh  (j)a  of  the  vessel.  The  critical  pressure 
becomes  lower  the  larger  the  quantity  of  oxyeen 
used.  The  ratio  00+H,0:CO,-f  H,  remains 
constiint  EO  long  as  the  vol.  of  the  hyJros^fl^n  is 
more  than  twice  that  of  the  oxygen,  provided 
no  steam  condenses,  and  the  pressure  is  above 
the  critical  pressure.  When  the  vol.  of  hydrogen 
is  less  tlian  twice  the  vol.  of  oxygen,  the  above 
ratio  diminishes.  The  presence  of  an  inert 
gas  increases  the  formation  of  carbon  dioxide 
and  diminishes  that  of  water,  hence  it  l>>wt t> 
tho  value  of  the  ratio  CO-|-H,0  :  COH,. 
This  ratio  is  called  the  '  coefTicient  uf  afhnity  ' 
of  the  reaction  (Dixon,  PhiJ.  Trans.  lS8-i.  617; 
Chem.  Soc.  Trans.  49,  94).  According  to 
Hrodie,  when  carbon  monoxide  and  hydrogen 
arc  submitted  to  the  action  of  the  silent  discharge, 
marsh  gas  is  formed  by  synt  he^is ;  when  pure  and 
dry  carbon  monoxide  is  circulated  through  the 
induction  tube,  it  i.s  deci)ini>os«rf.  carbon  dioxide 
being  formed  together  with  other  '  oxy-carbons  ' 
of  the  formulas  C4O,  and  C^O^  (Brodie,  Fcoc 
Roy.  Soc.  21,  245). 

Carbon  monoxide  is  oonverted  into  onrboo 
dioxide  under  the  ijiflnence  of  nniw^ent  oxygen 
from  chromic  aeid  (Ludwig,  Auualen.  112,  47). 
but  not  by  <mme,  either  in  diHosed  daylight  or 
in  flirect  sunshine  (Remsen  and  South wark, 
Amur.  J.  iSci.  [3]  1 1, 136).  It  Ls  likewise  oxidised 
by  palladium  charged  with  hydrogen  in  presence 
of  oxygen  and  water  (Traube,  Ber.  15,  2325, 
2854  ;  16,  123 ;  Remsen  and  Keiser,  ibid.  17,  83) ; 
by  mixing  with  oxygen  and  passing  over  plati- 
num black  ;  by  nitric  oxide  (Hasenbach,  J.  pr. 
Chem.  [2]  4,  1);  by  heating  with  metallic  oxides 
and  with  many  ox3r8alts. 

When  passed  over  finely  divided  metals,  such 
as  nickel,  cobalt,  or  iron,  the  quantity  of  carbon 
dioxide  formed  depends  f)n  the  li-ni jK-raf  ur«-  and 
the  metal  (Zimmerraann,  Ber.  1903,  36.  1231  : 
Sabatier  and  Souderens,  BulL  Sj^^^^^j^^vA^^le 
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29»  294;  Bijrthelot,  Compt.  rencL  1891,  112,  I 
694;  Van  Breakedeosen  and  Horst,  Rec.  trav.  ' 

chim.  10.  27 ;  Smita  and  Wolff.  Zcitsch.  phyaikaL 
Chem.  iiH)3,  45,  199}   Charpy,  Corapt.  rend.  I 
1903,  137,  120;  Boadouard,  ibid.  1899.  128,  j 
1522).    In  some  rases  a  volatile  carbonyl  com- 
pound is  formed  oi  the  tjrpe  Al((J0j4  (Lange  and 
Quincke.  Chcm.  Soc.  Proc.  1890.  112;   1891,  i 
1 17  ;    Warthft,  Chcm.   Zcit.   1891,   16,  915 ; 
Gamier,  Compt.  rend.  1891,  11.3,  189;  Gautz,  ; 
Bull.  Soc.  chim.  1892,  13,  278 ;  Bertholet,  1892.  | 
431,1?}  ;  S.ibrttierandSenderen8(/.c.),  Accord- 
ing to  (iaut£  (Compt.  rend.  1892,  114,  115),  at  i 
400**  carbon  monoxide  reacts  with  manganese  i 
and  iron,  thus:  rO-f-Mn  -    MiiO  i  r.  Carbon 
monoxide  passes  through  cast  arul  vuought  iron 
when  heated  to  redness,  and,  accordinc  to  Sivcrts  I 
and  Kramftaar  (Ber.  1910,  43.  893),  it  diMolves 
iu  nickel  and  cobalt,  but  not  in  copper. 

Minute  quantities  of  carbon  monoxide  reduce 
gold  chloride,  and  also  golr!,  silver,  and  mercury 
oxideti  (Fav  and  Seeker,  J.  Aiuer.  Chem.  Soc. 
1908,  2S»  641). 

When  an  electric  spark  i"i  «<»nt  through  a 
mixture  of  ammonia  and  carbun  monoxide, 
ammoniam  cyanate  is  chiefly  fornud  (Mottball 
Laurie,  Chem.  Soc.  Trans.  1905,  433). 

Pure  carbon  monoxide  forms  a  colourless 
transparent  h'quid  under  200-300  atmospheres 
at  — 139^,  and  solidifies  to  a  snowy  mass  in  vacvd 
at  — 21  r  (Olszewski,  Compt.  rend.  99,  706  ;  100, 
350;  ^^  I  1 1  ki  and  (MBewski,  Ann.  Clkim. 
Phya.  m  I,  112). 

Carbon  monoxide  combines  with  potassium 
at  about  BO*  to  form  an  explosive  compound, 
KCO  (Brodie,  Cham.  Soc.  Trans.  1860,  12,  269). 
It  is  rapidly  absorbed  by  a  solution  of  cuprous 
chloride  in  ainnmnia  or  hydroc-hloric  acid,  by 
which  means  it  may  be  diroctJy  estimated  in  a 
jmseons  mixture  (c/.  Thomas,  (%eni.  News,  37, 6). 

<  rirdintj  to  Mauchot  and  Brandt  (Annalen, 
1U09,    370,    286).  it   forms    the    compound  I 
CiiCI<X),2H,0,  with  copjM-r  chloride,  and  the 
2llj0  can  be  replaced  by  2 Nil 3.    It  i.s  also  ab- 
8orb«d  by  moist  silver  oxide.    It  unites  directly 
with  chlorine,  lorming  phosgene  ga.s  (Schfltcen* 
berccr.  Z.  itsch.  f.  Chem.  [2)1.  Wl  1 ).  It  is  ab.sorb.  d  ' 
by  ncated  potassium  hydroxide  at  about  200°,  , 
forming  potassium  fonnate( Berthelot,  Ann.  Chim. 
Phys.  [3)61,463).  FrohlichandncutherfAnnah  ti.  ' 
202,  317)  recommend  passing  carbon  monoxide  , 
oirer  sodia*1ime  for  thb  purpose.   It  combines  { 
tvfth  sulphur  to   form  carbon   oxysulphidc ; 
with  platinum  tetrachloride  to  form  CaOjPtCl,  i 
and  GiOtPtClj  (^hiitzenberger,  Ann.  Chim.  ! 
Phys.  [4]  21.  430).    Tt  is  rapidly  absorbed  by  I 
anhy<lr(His  hydrocyanic  acid  cooled  by  a  freezing 
mixture,  two  ]a3wn  being  formed,  but  the  gas 
is  evolved  on  remnvini,'  the  tul>o  from  the 
mixture  (Bottinger.  Bor.  10,  1122).    It  acts  on  j 
metallic  alcoholates  with  formation  of  acid8  by  i 
synthe.sLs  (Ccuther,  Annalen,  202,  288;  Sohroe- 
dor,  ibid.  221,  34). 

Carbon  monoxide  has  been  used  in  electro- 
lytic cells  by  Ha  ber  and  Moser  (Zeitsch.  Elektro- 
chem.  IdOii,  ii.  5t»3). 

Carbon    di<Hdde,    Oathtmic  anhwlridr.   Cnr-  | 
Itonir  acid.  GfMcous.    Sp.ir.  I  •r.2nn<K  llayb-i^h) ; 
I  •52Sd't  (Ix»duc).    V.D. ;  22  12  at  800°  ;'21-2  at  , 
1180°  (Meyer  and  Goldschmidt,  Bcr.  1882.  15,  I 
1165). 

Spccitic  heat  (const,  vol.),  0  33  (equal  vol.  ' 


air  =  1) ;  0*2169  (equal  wt.  air==l}  (fiegnault, 
Compt.  rend.  80,  676,  etc. ;  Wiedemann,  Pogg. 

Ann.  157,  24).  Ratio  of  specific  heat  at  const, 
press,  to  specific  heat  at  constant  volume 
=1*20— 1*806  (Amagat  and  Bontgen,  Compt. 
rend.  71,  XM) 11,  1325).  Coellicient  of  ex- 
pansion =0-0037  (Beguault,  Magnus,  and  Joly). 
t\7P,Vi  =.1-00722  (Regnanlt.  ^  20,975);  at 
200**  carbon  dioxide  o  beys  Boyle*s  Law(Aniagat» 
ibid.  68,  1170  ;  73,  183). 

/i^=l-000395;  1-000366  ;  Mo=100049« 
(Croullebois,  Ann.  Chim.  Phj's.  [41  20,  136; 
Chapman  and  Riviere,  Compt.  rend.  103,  37). 
Heat  of  formation  (const,  press.)  (C+0,) 
^96-96;  (CO  4- 0)^^67-96:  heat  of  formation 
(const,  vol.)  (C  +  0,)=96-96;  (CO-f 0)=:67-67 ; 
(C+0,+A(})^  102-81 ;  (CO  +  O+Aq)  =  7384; 
(CO2  +  Aq)  ^  5-88;  (COjAq  •-  jiXaOHAq) 
■-^  11  016  (n  =  l);  20-184  (»=2);  20-692  (»=4) 
(Thomsen). 

Solubility  of  CO^  in  water  (Bvnsen,  Annalen, 


93,  1)  :- 

at  0"= 

1-7907 

at  7*-- 1-3339 

at  14 

=  1-0321 

1'= 

1  7207 

8°  =^1-2809 

15° 

=  1-0020 

2°- 

ir4si 

9"-- 1  2311 

16° 

=0-9753 

I  5787 

10°=i-l847 

17° 

=0-9519 

1-5126 

11*'  =  1-1416 

18° 

=09318 

1-4497 

12^=1-1018 

19° 

=09150 

6"= 

1-3901 

13° =1-0653 

20* 

=0-9014 

whoQce 

abeoipCion  oo<4fei6iit 

al-7967-0'0776U-f0-00164SII'. 
Solufatltty  of  COt  ^  alcohol : — 

at  3-2°-  1  0442  at  14-3° =3-3257 

6-8° =3-7374  18°  =3-0391 

m'^S-MTS  22-6*»*2-8S77 


iriiflnce  absorptioii  ooaffieisQt 

=4-32965-0O939« +0-00 1 24/^ 

Uqnid.—%x>  c!j.  1  057  at  -34°;  0-966  at 
-11°;  0  84  at  -f  U°  ;  0-726  at  +22  2°  (Caille- 
tet  and  Mathias,  Compt.  lend.  102,  1202).  Co- 
etticicnt  of  ex))an.sion  very  laru'c,  120  vols,  at 
—20°  become  150  vols,  at  +30°  (Tliilorier,  Ann. 
Chim.  Phys.  60,  ii.  427). 

fritical  temperature  30  i)"  (Andrews  Phil. 
Trans.  1869,  676),  31-36"  wiUi  a  corresponding 
pfesiure  ol  72*0  atmos.  (Amagat),  31*9^  and  a 
pressun^  of  77  atmos.  (Dcwari.  Vnp.  prcas.  in 
atmos.  (Regnault)  171  at  25°;  30-9  at  -6°; 
35-4  at  0°;  40-5  at  +5°;  at  16*;  66  at 
25°.  B.p.  —78*2^  at  atmos.  pfess.  (Beg* 
nault). 

Sdid. — Sp.gr.  shghtly  under  1-2  (Londoltk 

Rer.  18St,  17,  309).  Vap.  pres**.  in  rttmos. 
(Faraday) 5-33 at -67°;  2-2at-70  5%  I  11  at 
—99*4*.  When  solid  COt  is  exposed  to  the  air, 
the  tcmporatttre  remains  constant  at  --78°  to 
—79°  (Villard  and  Jarry ;  PuuiUct ;  Reg- 
nault). 

Carbon  dioxide  was  known  to  Priracehus  and 
Van  Hclmont,  and  was  carerully  studied  by 
Black.  Its  true  composrion  was  first  demon- 
strated by  Lavriisier  in  1775.  It  was  liquefied 
by  Davy  und  solidified  by  Thilorier.  It  is 
formed  by  the  coujhustion  of  carbon  in  oxv^ren 
..r  air  (Dixon,  Chem.  Soc.  Pn^-.  1899,  118; 
Nduvv aau,  Zcitsch.  angow.  Chem,  1896,  200). 
According  to  Potter  (Proc.  Roy.  Soc.  1908,  80, 
B,  239),  amorph«iu9  carbon,  such  as  charcoal, 
lampbkck,  coal,  &c.,  when  ^^V^^^,^z^tjK:,00^\z 
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slowly  oxiflistd  by  the  ageucy  of  bacteria, 
to  carbon  dioxide,  tne  amount  of  which  increases 
with  rise  in  temperature.  The  temperature 
at  which  carbon  will  form  carbon  dioxide 
•nd  monoxide,  when  heated  in  oxygen,  dc- 

Knds  largely  on  whether  the  temperature  has 
cn  reached  by  heating  or  cooling  (Manville, 
Coropt.  rend.  lOOfi,  142,  J 190).  The  presence  <  f 
moisture  is  necessary  for  the  comoostion  of 
carbon  in  oxygen  (Brereton  Baker,  Chem.  Soo. 
Trans.  1885.  349).  la  ft  conf<tant  product  of 
ordinary  processes  of  combustion,  it  is  also 
formed  by  the  respiration  of  animaLi,  in  vKriovifi 
processes  of  fermentation,  and  by  the  decay  of 
animal  and  vegetable  substanoea.  It  k  evolved 
from  fissures  in  the  ground  in  Toloanfe  district^, 
and  from  the  craters  of  active  volcanoeH,  and 
txists  in  solution  in  nataral  waters,  some  of  which 
oontain  it  in  siich  quantities  as  to  effervesce.  It 
is  found  nl.^o  in  intnea,  quarries,  well;^,  unci 
oavemsy  particularly  in  limeetone  districts,  it 
a  oonstSLkit  constituent  of  the  atmosphere, 
which  contains  on  the  average  about  0  0-M  p.c. 
Tbo  air  in  st^ticts  often  oontams  &s  much  as  0*05 
to  0*09  p.0.  In  crowded  rooms  it  may  reach 
0*3  p.c.  It  13  further  pioduccd  )>y  the  decom- 
poaition  of  carbonates  either  by  tiie  action  ui 
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stone  and  carries  the  owbon  dioxide  through 
outlets  at  the  top  of  each  retort.  lea<ling  tv  ■- 
collecting  gaa  main  running  round  the  top  of  the 
casting.  Tbe  nforta  bave  doeelv  fitting  montfa- 
piccci*,  at  which  they  are  charged  and  disclmrg'-  1 
respectively.  By  a  mtem  of  air  and  waste-gas 
flues,  pofeet  conitnurtion  and  Hi*  faDMt  vae  o( 
heat  frotn  the  v.  <.ti  ga«et  It «iMlired(Sng.Fatei 
20102,  24332.  l^i). 

Owbon  dioxide  is  obtained  eomiiietciallT 
from  natural  waters  from  the  Saratoga  springs  in 
New  York,  and  also  in  South  Germany.  In 
North  Germany  the  gas  is  obtained  by  the 
combustion  of  coke,  which  is  generally  cons^idertni 
to  be  the  cheapest  and  best  commercial  method 
of  producing  carbon  dioxide.  Ooke  ie  burnt  in 
a  generator,  .\  (Fit;.  M) ;  the  products  pass  int-f^ 
a  combustion  chamber,  b,  into  which  hot  air  is 
admitted  to  eompletothe 
combustion,  thua  oxidis 
log  all  tiie  Ctu  bon  mon- 
oidde  and  hydrogen  anl- 
phiiie.  The  hot  gast'S  now 
patM  thruu^k  tubes  cqu- 
tained  in  tbe  vessel  0^  time 
hcatuig  and  decomposing 
the  bicarbonate  solutioo 
contained  in  this  veeseL 
Tho  gad  now  i>ai?!?e.s 
through  one  or  more  wa^h 
toyer»,i),containing  lime.  < 


 il  >T' 
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heat  or  of  stronger  acid.^,  an<l  i-t  frequently 
formed  when  organic  bodies  arc  subjected  to  high 
temperatures.  In  the  reduction  of  many  metallic  i 
oxicfes  by  carbon  ;  by  burning  carbon  monoxide  ; 
by  heating  together  carbon  monoxide  and  steam  ; 
and  by  the  action  of  steam  on  calchim  carbonate 
at  red  heat ;  by  heathi:.^  a  mixture  d  potassfom 
dichromate  and  godium  carbonate. 

Best  prepared  by  acting  on  eluUk,  marble,  or 
magnesite  witli  dibit<>  li\  Ir  i-hl  iric  acid  sohition. 
The  gas  may  be  collected  over  water  or  by  dis- 
placement of  air.  On  the  iMgn  scale  it  is  obtained  ; 
by  heating  chalk  or  limestone  to  re<lnes,-;  in  iron 
or  earthen  vessels  (in  lime  burning)  or  by  bum-  | 
ing  charcoal.    It  is  manufactured  also  as  a  by«  ' 
product  in  th'-  cnmbustion  of  fuel.    Also  pun*  , 
on  large  i»cale  by  heating  carbonates  with  steam 
(J.  Soo.  Chem.  Ind.  3,  568). 

According  to  Thnm  and  Pryor  {ibid.  1909, 
1087),  pure  carbon  dio.xidecan  be  manufactured 
from  hmestone  by  tbc  following  process :  The 
lime.itono  is  heated  in  <  lo'ied  retrtrts  around  a 
central  combustiou  chamber,  benenth  which  in 
a  furnace,  the  whole  apparatus  being  enclosed 
in  a  casting  wbiidi  cxt  linles  air  from  the  retort?'. 
Superheated  steam  i.<i  admitted  to  the  retorts  at 
their  lower  ends,  and  tiiis  decomposes  the  lime* 


t  no  over  which  water  trickles,  and  i~  fr^  ^  !  h  r- 
from  dust  and  sulphur  dioxide.  E  is  a  biower  or 
fan.  which  suclcs  tne  gas  through  the  fomaoe  and 
drives  it  through  the  absorbing  apparatus,  r 
a  rectangular  vessel  filled  with  potash  ley,  and 
provided  with  a  number  of  semioiroiilar  balBs 
plates,  so  arranged  that  the  f^ris  accnmnlatei 
under  each  Buccessively,  thus  remaining  exposed 
for  a  considerable  time  under  the  pressure  of 
the  column  of  fluid  to  a  larije  surface  tif  liquid 
The  abst>rption  is  further  helped  by  an  agit^kior. 
which  throwH  the  WfoSd  into  the  upper  portion 
of  the  vesseL  From  f  the  gas  passes  into  the 
tower  o,  where  the  absorption  is  practically 
completed,  and  then  leaves  the  appatatua.  The 
circulation  of  the  pota,«!h  Icy  rtarts  from  the 
tank  K,  whence  it  is  pumped  by  n  throu£;h  the 
Kiirting's  jets  into  the  upper  pairt  of  o,  which  l< 
thus  tilled  with  fine  spray.  The  s'phfin  nt  the 
iKittom  of  the  tower  lieliveia  the  partially 
saturated  ley  into  f,  which  it  leavM,  almost 
saturated,  by  the  overflow  siphon  and  accumu- 
lates in  the  tank  i-  Ihe  pump  J  then  drives  it 
through  the  tubular  vessels  It  and  o  (where  it 
heated  to  ftO°  and  90°  respectively)  into  the 
heater  o,  where  its  temperature  is  raised  to 
100^.   The  *  poor  ley  *  circulates  in  the  «»Porite 

Lyiyiii^ud  by  CjOOgle 
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direction  back  fo  the  tank  K.  The  carbon 
dioxide  evulved  fr»iu  c  passes  into  a  cooler,  then 
to  &  gasholder  (Sohwstol^  Zeitaoh.  angow. 
Chern.  liMXJ,  1284). 

OtlitT  meth<xl3  of  obtaining  carbon  dioxide 
fruiii  ci;ke  iire  described  bv  Candia  and  Merlini 
(J.  Sec.  Chem.  Ind,  1908.  847).  Leslie  (ibid. 
1905,  240),  GraviUon  {ibid.  1900, 164  ;  Eng.  Pat. 
8377,  1904),  and  many  others. 

Numerous  patenta  also  exist  for  obtaining 
carbon  dioxide  mm  fnmace  gases  and  from  lime 
kilns,  mofitof  which  depend  upon  ita  .-^bHfjrptitm 
bv  potassium  or  sodium  carbonate  solution,  from 
which  it  is  then  boiled  off  ( Rylands,  J.  Soc.  Chem. 
Ind.  1892,  1005). 

Leslie  {ibid.  1907.  688)  dcwtribes  a  somewhat 
different  method.  Thefnniace  jE^asee  psM  from  a 
purifitT  lf  >  a  pump,  where  thev  fti  f  com  pressed, 
after  which  they  axe  cooled  in  a  heat  interchonger, 
from  which  ther  are  led  to  a  drying  vessel,  contain- 
ing  calcium  chloride,  into  a  refrigerator,  in  which 
the  carbon  dioxide  is  concienaeU  to  anow;  the 
other  gases,  still  above  1h«ir  critical  temperature, 
are  passed  back  thr  tlie  interi'hanger.  whilst 
the  carbon  dioxide  u  liquelied  and  drawn  off  into 
tnbee  and  c^Tinders  (En^.  Pat.  11902,  1906). 

A  method  of  olit;uning  sterilisotl  carbon 
dioxide,  with  disinfecting  propertiee,  is  described 
by  Bonehand  -  Praoeiq  (J.  8oo.  Chora.  Ind. 
1908,  994). 

Many  attempts  have  been  made  to  collect 
the  oarbon  dknode  given  off  during  fermenta* 
tion  processes,  but  none  of  these  has  been 
successful  BO  far  from  a  commercial  or  industrial 
point  oi  view. 

Mixtures  of  a  carhnnate  or  l)ii';u'lioni\te  with 
a  salt  or  double  salt,  which  is  readily  iiydrolysed 
in  aqneons  solutions,  have  been  prepared  for 
the  j^enoration  of  carbon  dioxide  (Mentcr  and 
Sedlitzky,  J.  Soc.  Chem.  Ind.  1908,  1151  ;  Eng. 
Pat  14868,  1908). 

Asreron  and  Kcniy  (J.  SiX'.  Chem.  Tnrl.  lfK>R. 
have  prupaifd  a  compound  by  heating  a 
mixture  of  magnesium  sulphate  and  sodium 
sulphate  or  bisulphatc  with  sulphuric  acid, 
which  tht;y  use  as  a  subf;titute  for  acids  in 
lilierating  carbon  dioxide  from  <Mr!K)nateB. 

Carbon  dioxide  is  a  colourless,  inodormts  gas, 
neither  combustible  nor  a  suppuiLcr  uf  combus- 
tion. Strongly  heated  potassium  or  sodium  and 
brightly  bnming  "**C™*"""»  bom  in  carbon 
dioxide. 

When  quite  dry  it  has  no  action  upon  litmuf>. 
but  if  moisture  be  present  the  litmus  is  coloured 
wine-red.  The  colour  diaiippcara  on  exposure 
to  air,  owing  to  escape  of  the  gas.  Passed  into 
lime-water,  carbon  dioxide  renders  it  turbid, 
owing  to  the  formation  of  calcium  carbonate, 
bnt  if  the  gas  be  in  exceas,  the  neutral  carbonate 
is  converted  into  an  acid  carbonate  and  the 
liquid  becomes  clear. 

Carbon  dioxide  is  rapidly  abaorbed  by  a  solu- 
tion of  caustic  potash. 

Between  —85°  and  -f54'*  absolutely  dry 
carbon  dioxide  doe.s  not  re;i<  t  with  absolutely 
dry  alkali  hydroxides.  At  or  above  54**,  the 
dry  substances  do  react,  and  at  86"  a  trace  of 
moisture  at  once  starts  the  reaction,  which  is 
completed  very  rapidly  (Moiasaa*  Compt.  rend. 
1903. 136,  723).  It  Ir  also  abeorbed  by  sulphuric 
acid  ri0<;'a  92fi],  where  a  Bunsen's  absorption 
coefficient  (Bohr.  Chem.  Zentr.  1910^  iL  1414}. 


Ita  solution  in  water  ha."  a  "p  irr.  1(XU8. 
It  has  a  slightly  acid  taste,  colours  litmus  wiue- 
red.  and  partially  neutralises  alkalis  and  diaiolves 
carbonates  of  bariam,  Btrontiam»  oalouim»aad 
magnesium,  &c. 

The  solut  ion  corrodes  iron.  Krohake  (J.  Soc 
Chem.  Ind.  1 1>(  H).  .120)  found  that  water  contain^ 
ing  about  40  aigrais.  of  CO,  per  litre  reduced  iron 
pipes  in  a  short  time  from  20  mm.  to  7  mm. 
diameter,  owing  to  the  formation  of  a  brown 
crust,  the  pipe  itself  being  corroded  to  a  depth 
of  1-3-5  mm. 

Its  aolttUon  in  water  probably  contains 
carbonic  add  HjCO,.  At  ordinary  tempera- 
ture.H,  and  under  1  ut  mosj)}icre,  the  mass  of 
carbon  dioxide  dissolved  increases  as  the  pressure. 
But  at  preesnrea  of  2, 3,  or  more  atmospheres,  the 
mass  of  carbon  dioxide  dissolved  is  loss  than  that 
calculated  by  Dalton  and  Henxy'a  law  {v. 
Khanikoff  and  Lougninine.  Ann.  Chim.  Pbvn 
[4]  11,  412).  By  the  a(  tion  of  carbon  dioxide 
under  pressure  on  v^atcr  at  low  t'^mperaturea, 
the  crystalline  hvd rates  CO^.fiH^O  (Villard. 
Compt.  rend.  IH'M,  110.  SHS),  C<).,KfT  f>.  .md 
CO.,9UaO  (Hempel  and  Seidel,  i5er.  iHan,  31, 
3997)  have  been  obtained. 

\V  1*1  r  which  has  been  saturated  with  carbon 
dioxide  under  preesure  figives  it  up  as  soon  as  the 
pressure  is  removed,  ^niis  proj>orty  it  made  use 
of  in  llie  manufacture  of  effervescing  drinks  and 
aerated  waters  (v.  Abbaxxd  waxbbbL 

Under  the  same  prennre  the  vaome  of  gas 
absorbed  by  water  diminish as  the  temperature 
rises,  the  whole  of  the  gas  beins  expelled  at 
boding  heat.  Hence  carbonic  acid  water,  hold- 
ing  an  earthy  carbonate  in  sohition  fiep  )-it-,  it 
wnen  the  water  is  boiled.  This  is  the  cause  of 
the  furring  of  kettles,  boilers*  ftc,  hi  which 
i  sprint;  or  river  watens  have  been  boiled. 

Tutaii^ium  burns  in  carbon  dioxide  at  a  red 
heat  with  a  red  incandeaeence,  depositing  ehat- 
coal  mixed  with  potassium  carbonate.  Sodium 
decomposes  it  in  a  tiimilar  manner,  as  do  plios> 
phorus  and  baton  in  presence  of  an  aUcalL 

It  is  decomposed  by  the  electric  spark  into 
carbon  monoxide  and  oxygen,  if  hydrogen,  or 
mercury,  or  some  other  metal  is  present  to  com- 
bine with  the  oxygen,  otherwiijc  the  carbon 
monoxide  and  oxvgen  recombine  to  form  carbon 
dioxide  (Collie,  Ghem.  Soe.  Trans.  1901,  1063). 

Partly  decomposed  bv  elwtric  sparki?,  a 
condition  of  equilibrium  m  attained  when  change 
of  CO,  into  CO-fO  equala  that  of  CO-f  O  into 
CO.  (Dixon  and  Tx)we,  Chem.  Soc.  Trans.  47, 671). 

Carbon  dioxide  is  decomposed  by  the  silent 
electric  discharge,  the  amount  of  decomposition 
varyinj?  with  tfio  detrree  of  dryness  of  the  gas. 
the  intensity  o£  the  discharge,  and  the  form  of 
oMoiBar  employed,  bnt  m  all  oases  a  diminished 
pressure  of  the  gas  results  in  a  greater  decompo- 
sition (Holt,  Chem.  Soc.  Froc.  lUOS,  24,  271). 

Ultra-violet  light  decomposes  dry  carbon 
dioxide  at  the  ordinary  temjH>rature  int«j  carbon 
monoxide  and  oxygen;  himilar  rcsuUii  are  ob- 
tained by  the  action  of  radium  emanatioaa 
(Herschtinkel,  Compt.  rend.  1909,  14<>,  :VJ5 ; 
Ramsbottom,  Chadwick,  and  Chapman,  Chem. 
Soc.  Proc.  1906,  23). 

It  is  partly  changed  to  carbon  monoxide  and 
oxygen  by  heating  to  1300"*  in  a  porcelain  tube 
(l).-ville.  Compt.  rend.  M,  729;  also  Berthelot* 
ibid,  68,  1036).  L/iyiii^ud  byUoogle 
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WboD  heated  at  350^  with  hydrogen  over 
reduced  nbkel  or  cob»lt»  it  k  oompletely  rednoed 
to  methane  (Sabatler  aad  Sendeniiib  rnieL  1902, 
m,  689). 

With  carbon  at  800<*-II60*,  it  Ibrnu  oarbon 

iminoxidf,  fqiiilibrium  being  ri-aoIuHl  when  the 
mixture  of  gases  contaizw  61  p.c.  unreduced  CU, 
(BaQdonftrd,  Wd,  1899,  128,  824,  1S24 ;  1906. 
141.  2.-32). 

Mixed  with  hydrttgen  and  heated  to  bright 
redneaa,  or  anbinitfted  to  induction  aparks. 

carbon  monoxide  and  water  nre  formed :  if 
the  water  ia  removed,  the  whole  is  converted 
to  carbon  monoxide  (Dixon,  dhem.  8oc.  Trans. 
49.  94  :  Gautier.  Bull.  Soc.  chim.  IWn  ^5.  020). 
A  mixture  of  carbon  dioxide  and  hydrogen 
paased  over  red-hot  pumice  yields  car)x>n  and 
vater  (Dubrunfaut,  Compt.  rrtid.  74,  12.1). 

Mixed  with  sulphur- vapour  and  pasw^i 
through  a  red-hot  tube  it  gives  carbon  monoxide, 
sulphur  dioxide,  and  n  littlo  cai  hnn  oxysulphide 
( Iki  tht  lot.  Bui!.  Sue.  cliiin.  [2]  40,  362).  Passed 
through  a  red-hot  tube  with  sulphuretted 
hydmpiMi.  it  forin.s  carlmn  monoxidr.  water,  and 
sulphur  (Kohlrr,  ibid.  II,  20."().  deduced  to 
caroOD  mon<»-\i  I  ■  by  hydrot'cii.  irijii.  and  rinc 
or  copper  which  has  occfndt  d  hydrogen  (1'  -m- 
dier.  Compt.  rend.  74,  531 ;  Schrotter,  Wicd.  Ann. 
34,  27) ;  by  potassium  cyanide  (Eiloart,  Chem. 
News,  64,  88) ;  }>v  protoxides  of  iron  ;ind  tin 
(VVajfner.  Zeits«  h.  aual.  Chcni.  1870,  .'(■ly) ;  and 
partially  by  ferrou.s  sulphate,  and  a  little  water 
in  a  closed  tube  (Ilor.sford,  IVt.  t),  i;j*.K»). 

Carbon  dioxide  h  reduced  tn  carbon  by 
heating  with  potassium,  8o<iiuin.  manne.Hiuni,  <>r 
silicon  (Schmiile,  J.  Soc.  Chem.  Ind.  1895,  1060). 
Aikuliiia  carbonates  heated  strongly  with  phos- 
phorus or  boron  give  carbon  dioxide,  which  is 
reduced  to  carbon  (Tennant,  Crelles  Annalcn. 
[1793]  1,  158;  Dragendorff,  J.  1861,  111; 
Leeds,  Bull.  Soc.  Chim.  12,  1834  and  2131) ; 
decomposes  moist  potassium  iodide  at  high 
temperatures,  yielding  hydriodic  acid  (Papa- 
sogli.  Gazz.  chim.  ital.  1881.  227);  it  also 
decomposes  alkaline  aluimnat«s  (Ditte,  Compt. 
rend.  1803,  116,  386) :  and,  according  to  Moore, 
liberates  nitr<>u><  acid  from  nitrites  (J.  Amer. 
Chem.  Soc.  1904,  26,  969).  Solution  of  carbon 
dioxide  in  water  yields  widjura  formate  with 
nirtidlic  .-^odiuni  fT^nlbe  and  Schmidt,  Annalen. 
110,  ^oi  j.  Carbon  dioxide  is  assimilated  by  the 
chlorophyll  corpuaelee  of  plants  under  the  m- 
fluence  of  sunlight,  carl»<>n  lieinp  ab.>*tracted  and 
ojq^genaetfree.  Carbon  dioxide  diffuses  through 
caoutchouc  (Kobbe,  Chem.  ZeU  1800,  14, 
1142). 

The  roecific  beat  of  caibon  dioxide  is  greater 
at  high  than  at  ordinary  temperatures  (Berthelot 

and  \'ieille,  Cotnpt.  rend.  98.  770  and  852). 
According  to  Uoppe-Seyler  (Zeitsvh.  physikal. 
Chem.  10,  SOI,  and  10.  401),  the  carbomo  acid 
and  marsh  pns  fnnnd  in  wafcr-Iof^ged  soils  is  due 
to  a  widespread  process  of  fermentation  of 
ceUttlose. 

In  any  workinp-  or  livinir-room  the  carbon 
dioxide  should  not  be  more  than  10  volumes  per 
10,(X)0  of  air. 

To  e'^tiniate  the  carbon  dioxide  in  air,  a 
meai«ured  &iuiple  of  the  air  is  passed  through  a 
known  quantitv  of  barium  hydroxide,  coloured 
w  hh  i)heno1phtnalein,  and  by  notinc  the  quantity 
of  air  needed  to  decolourise  the  hydroxide  thie 


carbon  dioxide  con  be  calculated.  Xhu  metbod 
is  sometimes  modified  by  usins  a  limitad  Tduaw 

of  air,  and  titrating  the  hydroxide  remaining 
unncutralised  (BaUo,  Her.  1884,  1097 ;  Wiener. 
Monatiih.  1894,  16,  429 ;  Henriet,  CompC  rend. 
I  son.  12:?,  12.",  :  W.  MKlman.  J.  Amor.  Chem.  Soc 
hm,  25,  150 ;  Jean,  Compt.  rend.  1902.  135, 
746 ;  J.  Pharm.  Chim.  1909,  27,  418 ;  Pto>al 
ami  I>?vy,  J.  S<*c.  Chem.  Ind.  1906,  8S5;  DaTiea 
and  McLcUan,  ibid.  1909,  232). 

Oarbon  dioxide  is  used  extenrirely  in  the  arte 
for  the  mantifactnre  of  aemted  watcrF.  in  «ij;rar 
manufacture  for  separating  lime  from  the  juice  of 
the  sugar-cane,  in  oread  maktog,  and  for  raiabig 
and  clarifyinp  beer. 

it  is  also  employed  for  protectinc  wineo  from 
moulds  and  acetifying  organisms.  It  preftt^rvna 
tlieir  aroma  and  liouquet,  and  makes  the  winr 
frciiiicr,  sweet<*r,  and  stronger.  Wines  can  alsu 
be  revivified  by  the'  gas  (Piaz,  J.  Soc.  Chem. 
Ind.  IS94,  26«;  mX],  f.lt;  Pini.  Bull,  de 
I'A.v-km:.  desChim.  1898, 15,  741).  It  als'i  ynjme^tson 
anti.<teptic  properties  and  retards  the  putrefac- 
tion ..f  meal  (Kolbe,  .T.  pr.  Chem.  [2]  28,  r.n. 
It  hiiiy  alAi)  i>t-i;n  prup4>.sed  to  use  it  as  a  motive 
power  where  fuel  i.s  expensivo  (Herbert,  Cbem. 
Zentr.  18S5,  543,  558,  672). 

Mixe<i  with  acetylene  (about  5-8  p.c),  it 
decrea.<ws  the  smokinenof  the  flame  and  prevents 
the  elngsing  of  the  bumeia  ( J.  QaaI4ghttng,  1898^ 
72.  nut!. 

LiqnuJ  cnrhoti  dioxide  (Buchner,  Zeitsch. 
physikaL  Chem.  ILKM),  54,  665)  can  be  obtained 
in  large  quuutitie.s  bv  an  apparatus  described  by 
Thilorier  (Annalen.'  30.  122).  Nattever  com- 
pressed carbon  dioxide  by  a  specially  constructed 
air-pump  (J.  pr.  Chem.  35,  16t»;  r.  also  Gore,  PhiL 
Trans.  1861,  63).  It  is  })repared  from  bisulpbatea 
by  the  action  of  carbonates,  the  apparat  u  s  eon  s  i?ft  - 
ing  essentially  of  a  leaden  vcMel  containing  a 
solution  of  the  bisulphate  and  having  a  stirring 
apparatus  and  gear  fixed  air-tight  to  it.  By 
means  of  a  tube  and  pump  an  eqtiivalcnt  quant  ity 
of  calcium  carbonate  (obtained  as  a  waste 
product  in  the  manufacture  of  caustic  soda) 
suspended  in  water  in  a  second  vessel  is  forced 
in  and  the  ittirrer  set  in  motion.  The  liberatetl 
oarboo  dbxida  is  dried  and  passed  into  a  gaso- 
meter from  which  it  fa  afterwards  condensed. 
.\n  apparatus  i-s  also  described  which  allows  the 
evaporation  and  expansion  of  liquid  carbon 
dioxide  to  taka  pbee  round  a  tube  oootainhig  & 
solution  of  <'alcmm  chloride.  The  latter  is  m> 
cooled  that  it  may  be  used  for  the  manufacture 
of  The  carbon  dioxide  thus  tnsed  is  passed 
over  moi.'it  sodium  carbonate,  ■  '  ri\  rting  it  into 
bicarbonate,  which  may  be  again  used  in  the 
carbonic  acid  manufsetory  (Thomas,  Zeitseli. 
mi-ew.  Cliera.  1900,  3S6).  (Forde.'H^ription  and 
figure  of  apparatus  for  liauifying  COg  and  for 
bottles  in  which  it  is  ilorea  and  sold,  set  ffisson. 
J.  Soc.  Chem.  Ind.  1904,  242.) 

Liquid  carbon  dioxide  may  be  bought  in  iroo 
or  steel  bottles  containing  8  kfloa.  (about  4000 
Utrcs  of  the  gas  at  ordinary  teniptratnre  and 
pressure),  costing  about  1  ah.  per  kilo.  It 
furnishes  the  <»ieapest  means  for  aeratJoyr 
waters,  and  \'>  used  for  rai'^inp  f^unken  .';hip^>.  fci 
driving  torpedoes,  for  extinguishing  fires^  for 
cooling  purposes,  and,  as  *Ffetei*s  fluid,*  far 
freezing  machines,  and  by  the  nnn  of  Krupp, 
in  £s8en,  for  the  condensation  0fjBtfieLaj9djc»tiic^iL 
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metals,  and  is  further  suggested  as  a  motive 
power  for  tramcara  and  baJloons  (J.  Soc.  Chom. 
Ind.  4,  610). 

It  is  also  used  lor  making  carbooatea  and 
other  chemical  products  for  filtering  and  sterfltsing 
orgunic  liquids  (d' Arson val,  Compt.  rend.  1S91, 
1 12,  067),  and  to  tiennany  for  the  generation  of 
pressure  on  stoniM  oaska  of  heer  to  the  faueets 
above  where  the  beer  is  drawn  for  consumption. 
In  JSngineeriog,  Dec.  3,  liA>3,  a  description  is 
given  of  its  use  in  rallHay  signalling  in  outlying 
stations,  to  supply  tlu-  motive  jxiwer  for  working 
the  gigri^la,  so  as  to  avoid  the  expense  of  com- 
pression machinery  or  of  long  lengtns  of  oonneot- 
ing  pipes. 

LH^uid  carbon  dioxide  is  colourless,  very 
solnbte  in  alcohol,  ether,  and  TolatHe  oils,  hot 

does  not  mix  with  water.  When  the  prcf.sure  is 
suddenly  relieved,  part  of  the  carbon  dioxide 
immediately  vaporises,  producing  sufSeisnt  ocUd 
to  solidify  the  remainder.  Laiulolt  allows  the 
liquid  to  evaporate  freely  into  woollen  bags,  and 
compresses  the  solid  carbon  dioxide  in  conical 
wooden  moulds  by  w;  <  !<  n  pi.ston3  (Ber.  17, 309) ; 
c^.  Purcell  (J.  Soc.  Chem.  Ind.  1892.  936 ;  Eng. 
Flat.  13664,  1891).  A  v^el  for  storing  solid 
carbon  dioxide  is  described  by  Heyl  and  VViiltze 
(J.  Soc.  Chem.  Ind.  1904,  I2I5 ;  Eng.  i'at. 
344667,1904). 

An  apparatus  for  .',l,taininj»  small  and  lira;o 
quantities  of  solid  carbon  dioxide  is  deiicribed 
by  Feohlu  (J.  pr.  Chem.  1903,  67,  423 ;  J.  Soc. 
Chem.  Ind.  1903,  026) ;  abo  by  Els mrthy  (J. 
Soc.  Chem.  Ind.  1905, 1231).  (For  an  apparatus 
for  collecting  solid  carbon  dioxide,  tt.  Docretet, 
Compt.  rend.  09.  235.) 

Solid  carbon  dioxide  is  a  white,  flocculent, 
moir-likie  mam,  mdting  at  —  66<7*  at  6  atmo- 
Hpheres  pressure,  and  may  be  left  exposed  to  the 
air  for  some  time  without  sensible  evaporation. 
An  afar  or  spirit  thmnometer  immersed  in  it 
sink.?  to  —79  ;  it  can,  however,  be  plat  ed  on  the 
hand  without  any  acute  scnsaliun  uf  cold.  13^ 
mixing  with  ether  its  refrigerating  power  is 
greatly  increasi<d.  'I'hiA  hi  denied  by  ViU.ird 
and  Jerry  {l-c),  but  the  tcmpeniture  sinks  to 
—9S^  WMn  it  n  mixed  with  chloroform.  The 
tem^rature  can  readily  be  reduced  to  —90*  by 
passing  a  current  of  air  through  the  mixture.  At 
5  mm.  pressure  the  temperature  ol  eolid  Oarbon 
dioxide  soon  falls  to  —125^. 

Magnesium  powder  burnt  in  a  dLih  of  solid 
CO,  deposits  carbon  (Brfinner,  Ber.  1906^  38, 
1432). 

CoMrouKcs  OF  Carbon. 
Owbcn  tetrabrondit  or  Tetrabrommetluine 

CBr^.  White  lustrous  crystals  of  a  character- 
istic nungent  smell ;  mlp.  91° ;  b.p.  189-5** 
with  slight  deoompoaition  s  h*p,  101^  at  60  mm. 

without  decomposition.  Occurs  in  two  enantio- 
tropic  forms  (Rothmund,  Zeitach.  physikal. 
Chem.  1899,  664).  Insoluble  in  water:  soluble 
in  alcohol,  ether,  and  cldoroform.  Best  ob- 
tained by  action  of  bromine  on  carbon  disulphido 
in  presence  of  iodine  (BoIa.s  and  Groreik  Ubem. 
Soc.  'rrnn«.  1)^70.  Ifil  ;    ISTI,  T?:?). 

Carbon  tribronude  or  Hexabromide,  Ttlra- 
dmmmrtyfgw^  '^if'romide  C,Br,.  Small  rect- 
angular prisms  obtained  by  action  of  bromine 
on  ethylene  dibrumide ;  or  by  heating  CjHBrj 
with  bromine  and  water  at  170^.  Sohd>te  in 
catboo  disnlidiide ;  inaokible  in  alcohol  and  ether. 


Decomposed  at  200"  into  C^Br^  and  Br,  (Rebonl, 
Annalen,  124,  271). 

Carbon  dibromlde,  TetrabrommeihyUne  C^Brf. 
White  crystals ;  m.p.  53"  ;  formed  by  action  of 
nascent  hydrogen  on  CjBr,  (Liiwig,  .Annalen,  3, 
292:  I.  Ill    X  I  ;  m.  Soc.  Trans.  1862.  11.  209). 

Carbon  bromide,  DUtromaeetylidene  C :  CBr, ; 
b.p.  78".  Prepared  from  tetrabromoethane  by 
removal  of  two  molecules  of  hydrobromic  acid. 
Spontaneously  inflammable  in  air  and  very 
explosive  (LemooH,  BnlL  Soe.  ohim.  1905,  13, 
193).  It  cont  lins  a  double  bond  (Lftwtie!»Ajner. 
Chem.  J.  1906.  3tl.  487). 

CblortllbromroetlUUie  OClBr,.  Colourless 
plates;  m.p.  55°;  b.p.  160*.  rreiiared  by 
neatint;  chloroform  with  bromine  at  250'',  and 
retaining  fraction  distilling  at  160°  (Besson, 
Compt.  rend.  IS'ii'  114.  223). 

Diehlordibrommethane  CCl,Bry  Fine  needles; 
m.p.  22^ ;  b.p.  13ff*.  Obtained  mm  eUoroform 
by  action  01  bromine  as  above,  retaining  the 
fraction  of  the  product  boiling  at  about  135** 
(Bsaaon,  l.c). 

Trlchlorbfommethane  rn,Br;  m.p.  —21**; 
b.p.  104*'.  From  chloroform  and  bromine  (Besson, 
If.).  From  bromine  and  triehloraoetio  acid 
(J.  H.  van't  HotT,  1'  -  ls-7  f^TS). 

Chlorotribfomethylepe  CClBr :  CBti  ;  in.i». 
34°  ;  b  p.  203"-206''  at  734  mm.  (Denze1»  ib&t, 
1879,  2208). 

aa-dlchIoro-^)9-dibromoethyIeiie  CCL  :  CBr. ; 
b.p.  194*  (Bonrgoin.  Bnll.  Soc  ehim.  1875,  116 ; 
and  Deuzel,  Annalen .  H7'>.  2f>s 

Q^-dlehloro-a^-dibromoethyleae  CClBnCGLBr; 
b.pu  172*  at  766  mm.  (Swarta,  Gbem.  Zentr.  1899, 

i.  688). 

TrichlorobromoethyleDe  CCl,:CCIBr;  m.p. 
-12°  to  -13°  ;  b.p.  146^-148*  (Beaaon.  Compt. 
tend.  1894,  119.  88). 

Chloropentabromoethane  CgClBr.;  m.p.  170* 
(Denzel,  Ber.  1879,  2207). 

aa-diebloio>ai9j9i3tetrabromo«Uuuie 

CCljBrCBr,. 

Colourless  crystals ;  m.p.  180°  (Denzel,  Ber. 
1879.  2207). 

a/S'dielihno-aa^d  tetrabromoetluuie 
CCIBr.CClBrg ; 
m.p.  191°  (S warts,  Chem.  Zentr.  1809,  [1]  588). 
flAi-trieiiiaco-aa3-trIbiomoetbaM 

r<1Br,-ra,Br ; 

m.p.  178''-I80''  Reason,  Compt.  rend.  1894,  88). 
ci3/ii3-t«traehloro-iio-dlbromoethaiie 

cciRr  J -en,. 

Prisms  from  alcohol ;  enu  lls  like  camphor.  May 
be  sublimed  (Patemct,  (!a/.z..  cbiiu.  ittil.  1,  593; 
Bourgoin,  Bull.  Soc.  chim.  [2]  23,  4 ;  Gotaner, 
Chem.  Zentr.  !<>h;v  io--)iv 

(uii30-tetraciiioro  a;i  dibromoetbaoe 
OCIaBHX}i«Br. 
Tables  from  alcohol  (Malaguti,  Ann.  Chim.  Phva. 
1846,  24  ;  Cossner,  Chem.  Zentr.  1903.  ii.  1053). 

CuteD  totiMUoride  or  TetnehlomMOuuit 
CCl,  was  first  obtained  by  Regnault  (Annalen. 
1840, 1.33J  332),  who  prepared  it  by  the  action  of 
chlorine  on  cUorolom  m  sonahine : 

cHa,4-ci,  =  Ha-f  ca«. 

Dumas  afterwards  obtained  it  by  the  action 
of  chlorine  upon  marsh  gas  (Annalen,  1840.  [331 
187).  It  can  also  be  prepared  by  passing  carbon 
cUsulphide  satorated^with  ohlorine  thirengh  a- 
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red-hut  tube.  The  nuxture  of  carbon  tetra- 
cliloride  and  sulphur  chloride  thus  obtained  is 
treated  with  potash  or  milk  of  line  and  the 
tetrachloride  di^tiilud  oQ  ( Koibe,  Auaalen,  1843, 
46,  41 ;  1845.  54.  146).  The  tetrachloride  auy 
contain  carbon  disulphiJo  if  that  substance  was 
in  excess,  or  if  tlio  heat  was  insufficieot.  This 
may  be  removed  by  leaving  the  liquid  for  Nine 
time  in  contact  with  potaah.  Oeuther  removes 
the  carbon  disulphidc  liy  converting  it  into 
potassium  xanthAte  by  dissolving  the  mixture 
in  ak<ihii!,  addint;  alcoholic  potash  so  lone  rif  the 
liquid  bocomes  darker  in  colour,  and  lieu  ling 
OMktly  *  the  unaltered  tetnohloride  is  separated 
by  water  and  purified  by  wnshinc  (ri-uther, 
Annalen,  1868.  107,212;  and  Selmiu-Dumont, 
Caiem.  Zentr.  1897,  ii.  266). 

The  complete  chloriiiation  of  carbon  disul- 

Ehidc  and  of  many  other  carbon  compounds  can 
o  more  readily  accomplished  in  the  presence  of 
a  chlorine  carrier.  Thus,  in  the  cose  of  carbon 
disulphide,  bromine  has  been  used  (Crump, 
Chem.  News,  1866,  14,  164)  and  iodine,  both 
alone  (Morel^  Compt.  rend.  1877,  84,  1460) 
and  in  the  preoenoe  of  metallic  iron  (Serra, 
Chem.  Zentr.  1899,  ii.  109S) ;  antimony  ponta- 
ehloride  reacts  with  carbon  disulphide  alone 
without  the  addition  of  chlorine.  The  mixture 
becomes  hot,  and  on  cooling  deposits  crystals 
of  antimony  trichloride  mixed  with  milphur, 
whikt  carbon  tetrachloride  remains  in  aonition 
(Hofmann.  Annalen,  IHW),  116.  2W).  I 
A  large  number  of  other  substances  con  be 
lued  M  Otttalytio  agents,  e.g.  molybdeiram  pen- 
tochloride  (Aronheim,  iv  r.  1876.  1788),  the 
chlorides  of  phoaphonu  and  arsenic,  and  also  a 
teriet  of  ohloridee  of  metab,  eepedally  thon  of 

the  iron  group.  In  the  presence  of  these  8ub« 
staocen*  sulphur  chloride  reacts  readily  with 
ouhon  and  exceas  of  eUorine,  giving  carbon 
tetrachl  rl  1 A  stream  of  chlorine  is  led  over 
a  red-hot  mixture  of  ohaxoool  and  sulphnr. 
Carbon  disulphide  is  first  formed,  then  earbon 
t<  tracliloride  and  sulphur  monochloride  ;  the 
latter  then  brealcs  up  into  chlorine  and  sulphur, 
and  the  process  befpna  over  again.  The  carbon 
tetrachloride  prepared  in  ihi^  ^vny  is  usually 
oontaminated  with  sulphur  ohiorides  and  ctUor- 
ethaoe  oompounds  (Combes,  Chctn.  Zratr.  1609, 
1,  326;  J.  Soc.  Chem.  Ind.  1902,  272  and  1469). 
In  the  presence  of  manganese  chloride  the 
reaction  can  be  earrtod  out  with  pfeoipiftation  of 
sulpl^ur.  which  can  be  used  to  manufacture  more 
carbon  disulphide  (Cdt«>  and  Pierron,  ibid. 
1908,  962;  FebTre.  ibid.  1905,  1189).  Other 
carbon  compounds  beside  carbon  disulphide 
con  be  completely  chlorinated.  Thus  ehluro- 
form  heated  with  iodine  chloride  at  165**  gj^es 
carbon  tetrachloride  (Friedel  and  Silva,  Bull,  i 
Soo.  cbim,  1872,637).  the  same  reactiou  taking 
j)liicc.  to  a  slight  extent,  in  the  prest^nce  of 
aluminium  trichloride  instead  of  todllM  ohioride 
(Monuoyrat,  ibid,  1898,  262). 

Pcrchlormethyl  formate,  when  treated  with 
aluminium  chloride  in  the  proportion  of  50 
pai  U  Ut  1  of  chloride,  also  yields  carbon  tetra- 
chloride cao,-ca,  =  OCI«+CO«  (Heatiobel. 
J.  pr.  Chem.  1877.  306). 

'I  hc  t<»chnical  preparation  of  carbon  tetra-  i 
chloride  is  j.'cnerally  carried  out  by  ttM  direct 
cblorination  of  carbon  disulpliide  in  tlic  presence 
of  powdered  aluminium  chloride,  the  i^uantity 


of  catalyst  necessary  being  only  about  1  p.c.  of 
the  earbon  dlral^bide  need. 

cs,+3ci,  =  ca^+s^cir 

The  sulphur  chloride  reacts  separately  with 
more  carbon  disulj)hide  in  the  presence  of  iron 
filings,  and  the  crystalline  sulphur  which  is 
formeil  is  emploved  agaui  in  the  manufacture 
of  carbou  disulphide  (L'rbain,  (^hom.  Zeit.  1902. 
1086 ;  Breteau.  J.  Pharra.  Chim.  1908,  1 10  ; 
Urbain,  J.  8oo.  Chem.  Jnd.  1902, 926 ;  £iig.  Pat. 
13733). 

Later  modifications  of  the  process  consist  in 
the  further  cblorination  of  the  siilphur  diodo 
chloride,  in  the  presence  of  antimony  chloride, 
before  treatment  with  carbon  disulpliide  i  H.»  worth 
and  Bak«r,  J.  Boc  Chem.  Ind.  569).  and 

the  use  of  a  eohitkni  of  sulphur  in  sulphur  moiio> 
chloride,  in  a  finely  divided  c(mdition.  a 
chlorine  carrier  (Acker  and  Strue,  ^id,  1908, 
833).  Instead  of  ahimhiinm  cMoiide,  ahraiiniiun 
amalgam  has  I>ecn  employed  (Castner  Co.  thid. 
1905.  903).  Ux^  this  patent,  the  reaultiog 
carbon  tetraehhwUe  is  pQrilied  by  tfeatment 
with  a  solution  of  alkaline  sulphide  containing 
free  aliuJi,  the  carbon  disulphide  being  tnwormi 
as  thfoearbonate. 

A  number  <  f  rl-<  1 1 ii  -ni  iting  processes  hav. 
been  suggested.  A  mixture  <d  sodium  chltwide 
and  riliea  it  heated  in  tiie  lowest  portion  of  » 
furnace  lined  with  magnesia,  and  provided  with 
three  sets  of  electrodes,  one  above  the  Other.  The 
middle  eleotrbdee  bmt  a  maas  of  eeite.  and  the 
chlorinefrcm  the  alkali  chloride  rtMctswith  the  Ln- 
candeecent  oarbon,  forming  carbon  tetrachloride, 
which,  after  passing  through  the  area  between 
the  third  set  of  electrodes,  i.s  di.stnied  off.  Tlie 
temperature  does  not  exceed  2000^  (Mochalake 
and  Lvon,  J.  Boe.  Gheni.  Ind.  IMS.  1S98: 
Machafcke,  Chem.  7cntr.  1904.  1.  1009).  Thn 
chkMciiie  can  aluu  be  supplied  from  an  external 
aouroe,  lihe  oarbon  only  oeing  heated  by  elee> 
tricity  (Maywflld.  J.  Soc.  Chem.  Ind.  1907,  1253). 

Another  process  consists  in  heatinf  together 
lime,  eakiom  chkwide,  and  oarbon  in  toe  abaanoe 
of  air  in  an  electric  frjma'  t^.ia  ilie  JumwiUfWia 
indicated  by  the  equation 

SCaO+2Caa,-f  10C->4QiC,+2OOa«- 
The  carbonvl  ohknide  ia  led  over  heated 
coke,  animal  charcoal,  or  pumice,  where  it  is 
decomposed  into  carbou  tetrachloride  and  carbon 
dioxide  by  surface  contact  (Macbalsko  and 
Darlington,  J.  Soc.  Chem.  Ind.  1906.  669). 

A  mixture  of  calcium  chloride  and  coke, 
heated  in  the  electric  furnace  in  a  stream  of 
chloruie.  also  yields  carbon  tetrarhlorwle  (Mat* 
thewH  and  Darlington,  ibid.  1906,  1232). 

The  halogenation  of  metallic  or  other  cor- 
I  bides,  STieh   as  acetylene,  also  yields  carbon 
iialides,  m  long  as  the  temperature  is  keot 
below  the  disMciation  point  of  the  haliae 
feqnire<^  fPlackmore,  Und.  1908,  712). 

I'arbuu  tetrachloride  id  a  tronsparcut  cokmr- 
less  liijiiid,  with  a  pVDgent  aromatic  odonr ; 
b.p.  lii  li' ;  and  sp.gr.  I •r>:il95.  0»/4o  (Thorpe, 
Chem.  Soc.  Trans.  18 SO.  201). 

The  Taponr  prefwure  of  carljon  tetracldoride 
has  boon  measured  by  Shrcinemakers  (Zeit^ch. 
I  ph^sikal.  Chem.  1904,  48,  44.'>).    The  compretsi 
bihty  has  been  measured  by  Richards  and  StuU 
'  (Amcr.  Chem.  J.  1904,  26.  408).    In  the  «*.!id 
state  carbon  tetroohioricfe  is  trimorphuuH,  th^^ 
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three  moUiHcatious  melting  at  — 28'6**,  — 23*77°, 
and  —21  2°  rea^)ectively,  the  second  l>eing  the  , 
form  usually  obtained  (Taniinaiui,  W.  Ann.  | 
1898.  489).    The  refractive  index  for  the  lino 
F  in  14726,  and  for  the  lino  l>  U  M«68  (GJad- 
stone,  Chem.  Soc.  Trana,  issti,  ti2.'{). 

Hh  dielectric  constant  in-  Uoen  inea-iured 
by  Turner  (Zeitflch.  physikal.  Chem.  IIXMJ,  385), 
iJnide  (Zeitsch.  physikal.  Chem.  2.1.  2«7), 
and  Veley  (Phfl.  Us^^.  [6]  11.  73).  Its 
solubility  in  water,  whirh  is  extremely  .sni  ill, 
has  been  measured  by  livx  (Zeitech.  pkyjiikal. 
Chem.  55,  355). 

It  is  soluble  in  alcohol  and  ether,  and 
dissolves  a  large  number  of  organic  substances, 
especially  those  of  a  fatty  nattire,  whence  its 
wule  application  in  the  arts.  It  is  preferable  to 
carbon  disulphide  on  acconnt  of  ita  non-inflam- 
mability. W  ith  sulphonated  oils  and  resins  it 
yields  a  gelatinous  soap,  which  is  miscible  with 
water  (Stookhausen.  Chem.  Zentr.  1906,  ii.  731). 
It  jrields  chlorine  and  lower  chlorides  of  carbon 
on  pnwring  through  a  red-hot  tube  (Rcgnault, 
{.<*.).  When  mixed  with  hydrogen  and  passed 
through  a  red-hot  tube  with  pumice,  it  yields 
marsh  gas  and  ethylene  (Berthelot,  Ann.  Chim. 
Fbjt.  1858,  53,  69). 

The  same  mixture  passed  over  reduced  nickel 
yields  hexachlorethano  (carbon  trichloride)  at 
270^.  "With  exoMS  of  hydrogen  at  the  same 
tmip'^r  (t  in  .  tetr  icblorethylene  (carbon  dichlo- 
ride)  is  obtained  fSabatier  and  MaUhe,  Comyt. 
rand.  1904. 138.  4()7). 

Mixed  with  sulphuretted  hydrogen  and 
paaaed  through  a  red-hot  tube,  the  vapoar  of 
carbon  tetoaehlotlde  yielda  hydrochloric  acid 
and  nrbon  sulphochloride  CSCl,  (Kolbc, 
Annaien.  1843, 45,  41.  and  1845,  54, 146). 

Heated  under  preBBue  with  oxygen  and 
water  at  2!Vy.  it  forms  carbonyl  chloride  and 
carbon  dioxide  (Goldacbmidt,  Ber.  1881,  [14 1 
028).  In  akohoUo  solution,  and  treated  with 
pf>tassinm  amalgam,  it  yields  chloroform,  marsb 

fas,  and  methylene  chloride  (iiegoault.  I.e.). 
''hoephorufl  pentoxide  at  206"  acts  in  two 
ways  :  in  the  first,  carljonvl  chloride  and  carbon 
dioxide  are  produced  ;   in  the  second,  in  the 

Sresence  of  more  phosphonis  pentoxide,  carbon 
ioxide  alone  is  obtained. 

20CI4 + P.O. = con, -j-coj-f  2P0C1, 

3Ca44-2P,Oi=3CO,-|-4POa, 

(GnsUveon,  Zeitfloh.  f.  Chem.  1871,  615). 

A  similar  rfactiou  takes  plice  at  10()^  with 
sulphur  trioxide,  carlxmyl  chloride  being  formed : 

ca4+2so,-s,ci,04+cocia 

(Erdmann,  Ber.  1893. 26, 1M3). 

With  the  oxides  of  many  mftals.  a  similar 
production  of  carbonyl  rhltM-ide,  to^'cther  witb 
carbon  dioxide  and  the  chloride  of  the  met  il, 
takee  place  (Demarcay,  G>mpt.  rend.  1887,  104, 
111;  Quantin.  ibid.  1887,  i04,  223 ;  1888,  106, 
1074 :  Delafontaine  and  Lineba^r,  Amer. 
Chem.  J.  1896,  532). 

With  zinc  and  dilute  acid,  carbon  tetrachloride 
is  converted  into  hyflrochloric  acid  and  <  Idoro. 
form  (Geuther,  Lc).    Alcoholic  potash  slowly 
converts  it  into  potassium  chloride  and  carbonate 
(R^natUt,  I.e.).  By  long-continued  action  at  I 
100"  in  sealed  tubes,  alcoholic  potash  converts  j 
it  partially  into  ethylene  (Berthelot,  Ann.  Chim. 
Phys.  1859,  109>  118).  With  aicohoUo  potash  i 
Vol.  L— 


and  aniline  it  Yields  phenyl j^ocyanide  (r/, 
CMoroform^  With  phen  vl  wnine  it  yields  carbo- 
triphenyltnamino  (Hutmanu.  I'roc.  Hoy.  Soc. 
9,  284,  and  10,  184).  By  the  action  of  aolphur 
at  220°,  a  number  of  sulphocblorides  of  carbon 
aro  formed,  the  tiual  product  being  carbon 
disnlphido  (Klason,  Ber.  mi,  20,  2376).  It  is 
decomposed  at  200'^  by  iiiolec-ular  silver,  being 
converted  into  hexachlorethano  C,Ci,  (Gold- 
Schmidt,  Ber.  1881,  14,  927).  By  heating  with 
aluminium  bromide  it  is  readily  converted  into 
carbon  tetrabromido  (Gustavson,  Bull.  iSoc. 
chim.  1881,  566). 

Heated  in  a  sealed  tube  for  10  hours  at 
130"  with  hydriodic  acid,  carbon  tetrachJoride 
yields  iodoform  and  hydrochloric  acid  (Waliisz, 
ibid.  1893,  7,  256).  Acetylene  reacts  with 
carbon  tetrachloride,  yielding  free  carbon  in  a 
very  finely  divided  form,  hydrochloric  acid  lieing 
formed  at  the  same  time  (Sandman,  Chem.  Soc. 
Abstr.  1902,82,1  581).  Carbon  tetrachloride 
reacts  with  benzene  in  the  presence  of  aluminium 
trichloride,  giving,  as  chief  proi^luct.  diphen^l- 
didiloromethane,  CC1,(C,HJ,  (13ik;seken,  Chem. 
Soc.  Abslr.  94,  i.  189). 

In  its  physiological  action,  carbon  tetra* 
oUor^e  etrongly  resemblet  ehlorcrfbrm. 

Its  popularity  as  a  solvent  in  the  arts  has 
been  somewhat  diminished  by  the  increaaing 
nuuraftM^tme  of  teteaohlorethane  G|G1|H„  as 
the  InUcr  more  indifTerent  toward  metals,  and 
is  readily  produced  by  the  action  of  chlorine  on 
a  doable  compound  of  antimony  pentaehlOTide 
and  acetylene  (P       P.  151^57,  Um). 

Carbon  trichloride.  Carbon  hexacbloride^ 
TelroeMortfAyfene  ikJtktridt,  BexaMertthanet 
Perchior ethane  C,C1„  discovered  by  Faraday 
(Phil.  Trans.  1821,  47);  also  investigated  by 
RegaanH  (Ann.  Chim.  Fhya.  1838,  [2]  60,  166, 
and  1839.  f2T7T,  371).  Tsobtauiedby  the  action 
of  chlorine  in  sunshine  upon  various  derivatives 
of  ethyl  and  ethylene ;  on  carbon  dichloride ;  on 
1 1 ! >  vlene  chloride  ( Faraday. I.e.)  ;  and  also  ( Lfebig, 
Annaien,  1,  219)  on  ethyl  chloride,  first  in  the 
shade,  afterwards  in  sunshine  (Laurent,  Ann. 
Chim  riiv^  !S37.  f2]  flt,  328);  on  mono-,  di-, 
or  tri-ciilormatod  ethyl  chloride  (Regnault,  l.e.) ; 
on  ethyl  sulphite  (Ebelmen  and  Bouquet,  ibii* 
1846,  (31  17,  66) ;  on  ethyl  oxide  (Regnault) ;  on 
hydrochloride  of  ethylammo  (Geuther  and 
Sofacker,  Annaien,  1858, 108, 51)  (in  this  process 
some  chloride  of  nitrogen  is  produced) ;  by 
passing  the  tetrachloride  through  a  rad-hot  tube 
(Kolbe,  Annaien,  1846,  54,  147);  bv  distilling 
perchlorethylic  oxide,  and  repeatetlTv  trf^atin? 
the  distillate  with  water  (Mali^ti,  x\im.  Clam. 
Phys.  1846,  [3]  16,  14);  by  heating  carbon 
totraf^hloride  with  copper  powder  at  120° 
( K  id/.iszt;vvski,  iier.  17,  834)  or  with 

molecular  silver  at  200°  (Goldschmidt,  ibid, 
1881,  14,  928);  by  heatiiu:  acetyl  chloride 
with  excess  of  phosphorus  peritachloride  at 
180°  (Hiibner  and  MftUer,  Zeitsrh.  f.  Chem. 
1870.  .328) ;  by  heating  propyl  cldorido  or  1*0- 
butyl  chloride  with  iodine  trichloride  at  200° 
(Krafftand  Merz,  Ber.  1875, 8, 1298);  bv  treating 
pentachlorethylchloroformic  esterwith  aluminium 
chloride  (MUller.  Annaien,  1890.  258,  63). 

Carbon  trichloride  crystallises  from  a  mixture 
of  alcohol  and  ether  in  right  rhombic  prisms 
(Gossner,  Chem.  Zentr.  1903,  il  1052).  Colour- 
leee.  traaiytent,  and  nearly  taetetees,  l>ut  having 
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an  aromatic  txiuur  rebcinbliny  that  of  cam- 
phor; BD.gr.  20;  mi).  184  -186'  (Bolton, 
Zeit.'^ch.  Kleklrochem.  1902,  8,  lft5 ;  1903, 
9,  209).  volatilising  even  at  ordinary  tempera- 
tures; b.p.  185°  (Hahn,  Ber.  1878.  11.  1735). 
Insoluble  in  water ;  soluble  in  alcohol  ami  ether, 
and  in  all  oils.  Convert«d,  by  repeated  distilla- 
tion, into  the  dichloride  and  frto  chlorine. 
Bums  with  a  red  light  in  the  tlamo  of  a  spirit 
lamp.  Mixed  with  hydrogen  and  passed  through 
a  r«l-hot  tube,  it  yields  dichloride  ami  hydn)- 
chlurio  acid  (Gcuther,  Lc).  Metals  heated  in  i 
itti  vapour  form  metaUto  chknrMss,  ebarooal  | 
being  deposited.  Heated  in  Bealetl  tubes  with 
potassium  hydroxide,  it  yields  potassium  oxalate 
and  chloride 

C,Gl«+8KHO-K/3tO«+eKa+iH,0 
(Geuther.  J.  1850,  277).    The  same  products  to- 
gether with  hydrogen  and  ethylene  axe  formed 
when  it  is  heated  with  alcoholic  potash  in  sealed 
tube><  (Berthelnt,  Annalen.  1R59,  100,  118). 

Kcducing  ^ents,  such  &»  zinc  and  dilute 
sulphnrio  awl,  or  alcoholic  potaasitun  hydrogen 
sulphide  (Re^rnault,  Tc),  reduce  it  to  tetrachlor- 
ethylcno  (carlx>u  dtchbrido).  The  twiUiu  reaction 
takes  place  when  it  is  heated  with  silver  at  280°. 
Sulphur  tr:  vide  aota  upon  it  at  lfiO°  acoording 
to  the  equHtiou 

oci,ca,+2so,=ca,coa+s,OjCi, 

(Prudhomnie.  Annalen,  1870,  166,  342). 

Carbon  dichloride,  TdraGhloreihyUne  CjCl, 
(Faraday,  Phil.  Trans.  1821,  47;  Regnault, 
Ann.  Ghim.  Phy.s.  1839.  [21  70;  [21  71,  372),  is 
formed  r«  a  liouid  coloured  with  cnlorine  when 
tiie  vapour  of  carbon  trichloride  is  passed 
tluoiiigh  1^  red-hot  tube  filled  with  fragments  of 
glass.  It  is  purified  by  pacing  it  repeatedlv 
through  a  rea-hot  tube,  then  Rnaking  up  with 
mercury  and  rectifying  at  a  low  tenipernture 
(Faraday).  More  easily  obtained  by  adding 
carbon  trichloride  in  small  portions  to  an  alcoholic 
solution  of  hydrogen  pota^pium  sulphide,  as  long 
as  sulphuretted  hydrogen  b  given  o£[.  Tbeiiqaia 
is  distilled  and  carbon  dichloride  separates  nam 
the  distillate  on  dilution  with  water  (Regnault. 
tc.) ;  or  by  reduction  of  carbon  trichloride  with 
fthio  and  mlphtirio  acid.  Mobile  liquid  of  pp.gr. 
l-filO  at  fR,  -nanlt).  i  ni2  at  10°  (Ceuther) ; 
b.p.  122'  (Regnault),  110°  (Ueuther);  remains 
li<psid  at  -^18%  and  does  notoondnet  eketricity. 
Insoluble  in  water,  acide,  hm!  lII.  iI--  lui  dis- 
solves in  alcohol  and  ether,  and  utlii.  l)ecompo«ed 
at  a  red  h^at  into  the  JkacdUora&msnw  C,Gi,  vod 
free  chlorine.  When  its  vapour  is  paf*.«»ed  over 
banrta  at  a  red  heat,  it  is  decomposed  with  vivid 
^ttion  into  barium  diloride,  carbon  dioxide, 
and  charcoal.  It  absorbs  bromine  in  the  sun- 
shine, forming  carhon  chlorobromid/'.  C,Cl«Brt. 
It  is  converted  by  continued  heatfng  to  SO<r 
with  potassium  hydroxide  into  potassium  oxalate 
and  eUoride,  hydrogen  being  given  ott  (Geather, 
Annalen,  247).  It  absorbs  dry  chlorine  in  ton- 
shine,  fnrminc;  the  trichloride,  but  ii  rnnvcrted 
into  triehioracflic  acid  when  exposed  to  an 
atmoepliem  of  ehlorino  «nder  water 

c,n,4^2H,o^n,  =  3Ha-fCgHCS/), 

(Kolbe.  Annaien.  1845,  54.  181). 

Hexeblorobeniene  C«C1« ;  m.p.  2250 ;  dis- 
covered in  1821  by  Jul  in  and  inve«tigated  by 
Phillips  and  Faradnv  (Phil.  Trans.  1821).  and 
by  Regnault  (Ann.  Chim.  Phys.  [2]  70,  144), 


who  ])reparcd  it  by  passing  the  vapoor  of 
chloroform  or  tetrachlorethjiene  through  a 
porcelain  tube  filled  with  liagmenta  of  poroelam 
and  heated  to  rednms.  Obtamed  from  methvleDe 

chloride  by  in  or  ICl,  (Hr.Iand.  Annalen.' 240. 
234) ;  the  crystalline  product  is  dissolved  in 
ether,  filtered,  evaporated  to  dryness,  and 
Hubliraed.  01»faincd  hy  Hugo  Miiller  a»  a 
tinal  product  of  the  action  ol  antimony  peota- 
chlonde  or  chlorine  in  presence  of  iodne  on 
ben/ene.  It  is  also  olitaiiu-d  ]>\  sending:  a 
current  of  5'5  amoiTes  and  42  volts  for  |  hour 
between  carbon  electrodes  in  an  atnosfmere  of 
ehlorine.  If  a  hi^rher  current  and  volt.i;:^  are 
used,  and  it  is  continued  for  much  longer,  the 
tricUbcide  C,C!1,  is  formed.  Bromine  yidds 
similar  coinp<.iunds  fHolton.  I.e.).  Forms  white 
delicate  needles  with  a  silky  lustre,  tasteln». 
but  with  an  odour  reeemUing  spennaeeti; 
sublimes  without  fusion  at  120°. 

Insoluble  in  water,  acids,  and  alk&lii$,  but 
soluble  in  akohol,  ether,  and  hot  oil  of  turpen- 
tine. DerompoMxl  into  ehlorine  and  <  han.  i;tl 
on  tMUMting  through  a  red-hot  porct^Lun  tube 
Bllea  with  glass  or  rock  crystal.  Bums  with  a 
bluinh  cdlour  in  (In-  flaiue.  Potassium  bums  on 
being  strongly  heated  in  ita*  vapour.  Formerly 
r^gavdted  as  carbon  monoehloride  :  molecular 
formula  established  by  Basaett  (Qism.  Soc. 
Trans.  [2]  5,  443). 

(Mob  tetralodUo,  Tdmioikmiethane  CI  4. 
Dark-rf»d  octnhedra  ;  sp.frr.  4  -32;  obtained  by 
action  of  aluminium  iodide  on  a  mixture  uf 
carbon  tetrachloride  and  disnlphide  (GutaTson, 
Ber.  14.  170.'>V 

Carbon  nitride  (»•.  Cyatiogat,  art.  C'YA3tu>£s). 
Carbon  SUbnltrlde  C4N,  has  been  obtained 
by  Moureu  and  Bouprand  (Oompt.  rend.  1910, 
150,  225)  by  removing  two  molecules  of  »at*'r 
from  the  diamide  of  acetylene  dicarboxv  He  acid. 
CONHs-T  :  C  rONH,  ^  X  :  C  C  C-C  :  2H,0. 

It  forms  fine  white  needles ;  m.p.  20-5''-2i° ; 
b.jp.  76^  at  78)  mm.,  and  its  vapour  has  an 

otlourand  an  irritating  action  reseniMin;:  that  i.1 
cyanogen,  it  is  readny  combustible,  and  take^ 
6re  spontaneously  at  19(P.  burning  with  a 
purple  flame,  also  rpsemblinp  that  of  cyano^jr-n. 
It  has  an  abnormally  high  molecular  refraction 
and  dispenloD,  and  a  density  of  0-9703  at  2674^ 

Carbon  OXychloride  rOCL.  Carhonyl  (/»■- 
chloride^  Chiarvcarbunic  acid,  thotigtm  j^m. 
First  obtained  by  J.  Davy  by  action  of  sunlight 
on  mixture  of  earlmn  monoxide  and  chlorine. 
(For  details  of  thiii  uiude  of  preparing  it.  t*.  Em 
nieling  and  Lengyel,  Annalen  Supp!.  7.  101.  and 
Wilm  and  Wischin.  Pnd.  147.  4.W. )  A'mj  ob- 
tained by  passing  c&rbuu  munu^ide  into  boiiing 
antimony  pentachloride  (Hofmann,  %hid.  70, 
13ft;  Butlcrow  Zeit-.  h.  f.  Oiera.  1803.  4S4  : 
Kraut.  Gm.-K.  I.  2.  (^80) ;  by  boating  carbon 
tetrachloride  with  zino  oxide  in  closed  tubes  at 
2(X)'*,  or  by  mutuiit  action  of  carbon  tetrachloride 
and  carbon  monoxide  at  400  ;  or  by  heating  a 
mixture  of  chlorofoRO,  potsssiinm  aiohramate, 
and  sulphuric  aoid. 

Carbon  oxychloride  is  a  colourless  liquid, 
boahig  at  and  of  sp.gr.  1 432  0/4^  Solu  ble 
in  acetic  acid  and  benzene ;  deeom posed  by 
water ;  COCl,  +  H,0  =  CO,  +  2Ha.  W  ith  alcohol 
forms  cAZorocar6oNic  eslsr  Gl«OOOCsHp»  Obm- 
bines  with  ammonia  to  form  nrw  and  ammo- 
nium chloride.  Digitized  by  Google 
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Carbon  dislUpUde,  Thiocearbonic  anhy^bridt^  \  stood  in  a  kind  of  shallow  oiHtcrn  rontaining 
Sidphoeanhmit  aeid  CB,.  Thw  compound  wm  [  wat«r  a  little  deeper  than  the  openings,  so  aa  to 
discovered  by  T^mpadiiiH.  in  1790.  hy  heating  !  form  a  water  lut«.  permitting  the  passage  of  tko 
P?^iS2»*.!^_f^^fF^    Clement  and  Deaormes,  !  condensed  Ii(iuid  while  closing  the  exit  against 

*  ^     '      "  vapours.    Tlie  lids  of  these  condensers  were  fur- 

nished with  rims  forming  a  kind  of  saucer,  con- 
taining water  to  assist  in  the  condensation  of 
the  vapour.  Each  lid  had  two  openings  in  the 
form  of  tubulares,  into  which  tne  pipes  wvre 
fixed  for  the  transmission  of  the  vaponn  from 
condenser  to  condenser. 

(icrard  employed  a  vessel  of  cast  iron  Oi  feet  in 
height, abouti (eet  8  inches  in  diameter,  and  aidefl 


in  1902.  in  examining  the  action  of  sulphur  on 

rerl-hot  chrircoal,  obtained  the  8atno  product. 
Its  nature  was  established  by  Vauquclin. 

Mnnwfadvre. — SchrStter  in  Qwmany,  and 
Peroncel  in  Fram-e.  first  prepared  earbon  disul- 
phide  on  a  manufacturing  scale.  Schriittcr  om> 
ployed  a  cylinder  of  Hemsn  clay  in  which  the 
charcoal  was  heated  ;  the  sulphur  wa*?  intnxluocd 
through  a  liole  near  the  bottom,  to  the  upper  end 
was  Hxcd  an  exit  tube  tm  the  vapour  of  the 
carbon  disulphide  formed.  The  apparatus  pro* 
duced  about  2^  kilos,  of  the  disolphide  in  12 
hoars. 

Dciss  and  Fisher  employed  caat-iron  oylinderH 
in  which  the  vapoiir  of  sulphur  passed  over 
charcoal  heated  to  radness,  Fireclaj  retorts 
glazed  internally  to  prevent  the  eseape  of 
vapour  through  the  pores  were  also  used,  each 
cylinder  was  about  5  feet  high  and  nearly  20 
inches  diameter.  Four  retorts  were  arranged 
in  a  single  furnace  in  such  a  way  that  the 
flame  of  the  fire  oould  play  entirely  round 
them.  Eaeh  retort  was  divided  internally  into 
two  parts  by  means  of  a  perforated  shelf ;  the 
upper  oompartment,  which  was  the  larger  of 
the  two,  served  to  contain  the  charcoal,  which 
could  be  thrown  in  through  a  special  open- 
ing in  the  Ud  without  interrupting  the  working. 
A  second  opening  in  the  top  of  the  retort  waa 
provided  with  a  tube  about  2  incbeii  in  dia- 
meter, which  led  directly  into  the  lower  com- 
partment, and  was  used  to  throw  in  sulphur  as 
required.  The  vapour  of  cari)on  diiiuiphide  which 
waa  formed  during  tlie  process  was  conducted 
through  a  delivery  pipe  connected  with  a  third 
opening  in  the  retort,  into  the  ctnideiiHers.  The 
fonr  retorts,  having  been  filled  with  charcoal  and 
the  lids  elosed,  were  heated  to  redness  by  a  coal 
fire.  Pieces  of  sulphur  wrapped  in  cylindrical 
paper  packets  were  then  dropped  in  the  pipes 
leading  to  the  lower  partitions  of  the  retorts. 
Two  such  packets,  each  containing  about  5 J 
oz.  of  sulphur,  were  thrown  in  at  intervals  of 
about  .3  minutes,  the  opening  at  the  end  of 
each  tube  being  closed  at  each  successive  addi- 
tion. The  charcoal  was  renewed  every  7 
hoars,  and  was  heated  about  an  hour  and 
three-quarters  each  time  before  the  necessary 
temperature  was  attained  for  its  combination 
wttii  sulphur,  Tiie  vapour  of  carbon  disulphide 
mfaced  with  that  of  sutphnr  escaped  througK  the 
delivery  tuWs,  pa.ssing  into  the  first  rovvof  con- 
densers, where  it  was  partially  condensed^  to- 
gether with  some  sutphnr;  the  undissolved 
sulphur  was  recovcre<l  and  used  over  again. 
Thence  the  uncondensed  vapours  passed  on  into 
the  second  row  of  condensers,  and  so  on  till  the 

last  row.  The  condenser",  amounting  to  18  or 
20  in  all,  were  connected  together  by  pipes,  the 
last  of  which  was  connected  with  the  chimney  of 
the  work.'',  or  bf  ttrr,  with  ves'^^ls  or  tubes  con- 
taining layers  of  pulverised  lime  to  absorb  the 
sulphuretted  hydrogen  which  would  otherwise 
create  a  mdnooe  in  the  neighbovrhood  of  the 
factory. 

The  condensers  were  made  of  sheet  zinc, 
were  Cfylindrical  in  shape  and  about  26  inches  in 
diameter,  bottomiess,  with  slutted  sides,  and 


If  inch  thick  (Fig.  15  j.  J'he  retort  was  elliptical 
in  section,  stood  upon  a  brickwork  arch,  and  was 
heated  from  below  by  a  tire.  Near  the  bottom 
was  a  pipe  litUd  with  a  valve,  through  which 
sulphur  could  be  introduced  into  the  cylinder. 
At  the  upper  extremity  was  a  wide  pipe  which 
could  be  closed  with  a  lid,  and  served  for  the 
introduction  of  charcoal  into  the  apparatus. 
Another  pipe,  cast  in  one  piece  with  tne  upper 
one,  sloped  forward  and  passed  into  a  receiver  in 
which  tne  sulphur  which  passed  over  during  the 
operation  was  condensed,  and  could  be  easily  re- 
moved by  opening  a  valve  in  a  tubulus  placed 
at  a  bend  in  the  pifK? :  the  more  volatile  carbon 
disuiphide  patiiwi  forward  into  the  condensers. 
The  condenser  consfated  of  three  vessels,  cylin- 
drical in  form,  arrangwl  one  above  the  other, 
and  oommunicatiiig  by  vertical  pipes.  The 
topmost  condenser  had  aa  exit  pipe  tor  sulphur- 
etted hydrogen.  &e..  and  the  (  (jiidenseil  carbon 
disiiiDbide  could  be  drawn  oS  into  a  receiving 
vessel  beneath  bv  opening  a  cock  In  a  pipe 
prcK  CfMling  from  the  lower  condenser. 

The  three  condensers  were  contained  in  a 
tank  5  feet  high  and  5  feet  wide,  filled  with  water, 
which  ct>uld  be  renewed  at  plea.'nirc. 

The  sulphur  was  added  in  portions  of  about 
3  lbs.  at  uitervsls  of  3  minutes.  The  oven  was 
heated  during  the  night  to  volatili'ie  the  sulphur, 
and  the  residual  charcoal  was  added  to  the  new 
ehiurga  This  apparatus  3Helded  in  24  hours 
about  570  lb."*,  of  carbon  disulphide.  consisting 
theoretically  of  4H0  lbs.  of  sulphur  and  90  lbs. 
of  carlK>n :  in  practice  630  Iba.  of  sulphur  and 
242  n>s.  of  wood  charcoal  were  need.  C'rard 
found  it  advantageoits  to  surround  the  geperating  Google 
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▼eeads  with  brickwork,  which  nmdered  them 
more  durable. 

Only  retorts  of  a  certaio  aizo  could  be  em- 
ployed, as,  when  thoy  were  too  hufse.  the  heating 
was  irregular,  causing  wasto  i>f  sulphur.  Whi-n 
using  uureiined  sulphur,  the  retorts  needed 
cleaning  every  fornught,  but  wt<^  imrified 
sulphur  they  oould  be  kept  working  for  two 
monthflL 

The  present  mode  of  mannfeotiire  is  thus 

(les(  ribed  by  Ignatius  Singer  (J.  800.  C9iem.  Ind. 
8.  1889.  93}  (see  Pig.  16) : 

A  is  ft  Tertfoal  cast-iron  retort,  or,  better  still, 

made  of  earthenware,  glazod  inside,  of  elliptical 
shape,  about  66  inches  high,  and  20  by  12  inches 
inteiDftl  diuneter.   It  testa  cm  »  support,  b, 

made  of  firebricks,  and  is  protected  by  a  mantle 
of  best  firebricks,  c,  about  4  inches  tiiick,  leav- 
ing a  space  of  from  |  to  f  inch  between  it  and 
the  rctcirt.  The  metal  of  the  retort  should  not 
be  less  than  2  inches  in  thickness,  d  is  the 
outer  britdnrOTk  of  tlie  furnace  lined  on  the  fai* 
side  with  firebricks,  n' ;  e,  e,  firc-pratcs  ;  e', 
ash  pits ;  F,  furnace  doors,  made  of  frames,  a, 
into  whk»h  a  fire«praof  slab,  h,  is  inserted.  The 
furnace  doors  are  suspended  by  cables  running 
over  puUe}^,  autl  are  counterpoised,  so  that  they 
can  be  raised  or  lowered.  At  «f  is  shown  a  sm^ 
peep-hole,  through  which  the  temperature  in  the 
furnace  may  be  watched.  In  the  lid  of  the 
retort  are  cast  two  tubes,  o  and  o',  of  about  5 
inches  internal  diameter  and  not  less  than  1 
inch  in  thickncj)",  but  it  is  advisable  to  have 
tiiem  made  somewhat  stronger,  as  the  lid  will 
then  outlast  several  retorts.  Over  the  openinc**. 
o,  a  vent-pipe  or  flue,  m,  is  suspended  b_\'  u  lever, 
so  that  it  can  bo  raised  or  lowered  at  will,  one 
end  of  which  passes  through  the  roof.  W  hen 
fresh  charges  of  charcoal  are  to  be  introduced 
into  the  generator  a,  which  is  done  through  the 
tubulurc  g',  the  lid  clo.sinf;  the  tube  o  is  first 
removed,  and  the  veut  pipe  H  quickly  lowered, 
wlubh  serves  the  purpose  of  carrying  off  the 
noxiou«i  panes  that  would  otherwise  be  injurious 
to  the  workmen,  o'  may  now  be  openetl,  and 
the  cnrbon  fed  in  without  th»  siightert  inocm- 
Teoience. 

From  the  tubulure  o'  issues  a  pipe,  i,  inclined 
upwaids,  through  which  the  disulphide  of  carbon 
vapours  escape.  Most  of  the  free  sulphur  pass- 
lug  over  will  condense  here  and  run  back  into 
the  retort.  But  the  partially  cooled  sulphur 
falling  on  to  the  surface  of  the  incandescent 
carbon  would  be  immediately  vaponrised  again, 
at  the  same  time  cooling  down  the  tfip  layer  of 
the  charcoal  To  obviate  this,  Singer  suggests 
than  an  opening  should  be  made  in  the  lower 
part  of  the  pipe  i,  to  which  a  hopper  can  bo 
fitted,  as  shown  at  J,  terminating  in  an  earthen- 
ware pipe  K,  reaching  ncarlv  to  the  bottom  of 
the  retort.  I'.y  this  means  the  .sulphur  <lisfilling 
over  uncombined  would  be  conducted  back  to 
the  bottom  of  the  generator,  the  pipes  would  be 
less  liable  to  bo  choked  up,  while  the  reaaltfaag 
product  would  be  purer. 

From  tlie  lower  end  of  the  retort,  close  to 
the  iKittotn.  a  i)ipe  M  branches  off.  a  little 
upwards  inclined,  jessing  through  the  brick- 
work and  terminating  in  a  chamber  ir.  with 
donr  7j.  Durini:  u  orl:  this  pipe  is  carefully  closed 
by  a  iicL  It  server  the  purpose  of  raking  the 
aahaa  out  of  the  Eetofft^  woioh  is  dom  oooe 


a  week.    At  m  a  flue  is  shown,  carrying  the 

noxious  gases  into  the  chimney.  The  aahe:^ 
an>  allowed  to  Cool  here  before  their  removal 
Adjoinuig  this  chamber  is  a  liearth  hito  which 
au  iron  vessel,  o,  is  fitted,  for  melting  the  Mil 
I  phur.  it  is  heated  by  a  flue  from  too  funiacr 
I  passing  underneath  it,  provided  with  a  damper 
to  regulate  the  heat,  fin  Fig.  16  this  Milphur 
vessel  is  raised  &u  as  to  make  it  visible  in  the 
drawing.)  A  pi{>e.  o,  closed  by  a  conical  valve 
to  which  an  iron  ro<l.  o'.  is  attached,  ronnoctsthe 
sulphur  pot  with  the  arm  m  of  the  retort,  by 
which  means  the  sulphur  can  conveniently  be 
introclnrcd  into  the  latter. 

The  sulphur  flowing  down  the  incline  of  the 
arm  w  arrives  at  the  bottom  of  the  retort,  whcn^ 
it  is  volatilised  ;  the  vapours,  ]>assini;  upwani-. 
I  combine  with  the  carbon.  The  generated  di- 
sulphide vapours  ^ape  through  pipe  i.  and 
then  pn.ss  down  the  vertical  tube  i'  into  a  vrs-rl 
r,  where  anv  excess  of  sulphur  is  deposited. 
Tlie  lid  of  this  vessel  rests  m  hydranhe  aeala. 
and  is  connected  with  the  inlet  atul  outlet  pip^  * 
by  a  kind  of  telescopic  tul>e  made  air-tight  by 
water.  When  the  vessel  r  is  to  be  removed,  the 
lid  is  raised,  the  vessel  taken  awav,  an'^thrr 
similar  one  put  in  its  place,  and  the  lid  lowered 
again.  Tiiis  should  be  done  once  a  week  oidy, 
and  never  while  distillation     7  'in<i  on. 

The  carbon  disulphide  vapours,  now  freed 
from  the  greater  part  of  uncombtned  solphar. 
pass  through  a  Liebig's  condenser,  l,  about 
30  feet  long,  into  a  receiver,  s,  partially  tiiied 
with  water.  The  crosspieoe  t,  connecting  tbe 
Liebig'3  condenser  with  the  recptrer,  is  nuule  so 
that  it  can  be  detached — l>eing  secured  at  r 
by  flanges  bolted  together,  and  at  r>  by  water 
seal — for  purposes  of  cleaning,  A:c.  From  hrr*» 
the  disulphide  is  allow  ed  to  run  through  a  sjpb.uu. 
p,  direct  to  the  storage  tanks.  A  better  plan, 
however,  is  to  keep  the  storage  tanks  for  th*- 
crude  product  on  a  high  level,  which  greatly 
facilitates  the  after- process  of  purification.  In 
this  case  the  disulphide  of  carbon  is  aQowed  to 
flow  iuto  a  monk  jus,  u,  as  shown  in  drawing;. 
A  pipe  q,  reaching  neaify  to  the  bottom, 
passed  through  the  cover  of  the  tnontejus  to  the 
nigh-level  tank.  A  second  pipe,  r.  connects  the 
vessel  V  with  a  force-pump.  On  air  being 
pumped  into  c  through  r,  the  stop-cocks  /.'  and 
P'  having  been  shut  off,  the  disulpnide  pressed 
up  through  pipe  q  into  the  tank.  This  is  a  far 
better  method  than  using  pumps,  as  in  the  latter 
it  is  difficult  to  prevent  leakage,  the  crude  di- 
sulphide having  a  very  corrosive  action  on  most 
metal?.  For  the  same  reason,  the  receivers, 
tanks,  i^c,  for  the  crude  substance  should  all  he 
lined  with  f*heet-lead,  as  i»Tougbt-iron  reasel* 
soon  perish,  while  copper  is  even  more  ener- 
getically  acted  upon.  Out  iron  withstands  cor- 
rosion much  better,  but  is  objtx^tionable  on 
account  of  ita  porosity.  This  might  be  remedied, 
however,  by  giving  toe  veassls  rejpeated  coatings 
of  dilute  silicate  of  soda,  Ixith  mside  and  <nir- 
side,  the  Teasels  being  first  sljghthr  heated  with 
steam  and  the  siKoate  applied  i^le  warm. 

Near  to  the  top  of  the  receiver  s  is  a  pipe,  - 
for  carrying  ofi  the  nncoodeasable  vapours— 
chiefly  sidphiiNtted  hydrogen.  Tim  gases  are. 
conductefl  into  a  rectangular  vessel,  w.  whm* 
they  are  made  to  circulate  in  cigzae  over  a  senrs 


J  of  shallow  tmya  filled  with  a  v.-cuble  oU^^t^g^^ 
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absorb  any  disulphide  vapours  which  tiave  escaped  As  the  generator  a  re<juires  fresh  charges  of  car- 

conden^tion.    The  oil  can  be  made  to  trickle  bon  every  8  hours,  it  is  very  economical  to  keen 

from  a  reservoir,  x,  as  shown,  through  a  goose-  thi«  small  retort  always  filled  with  charcoal, 

necked  pipe,  which,  passing  from  tray  to  tray  which  by  the  time  it  i?  required  will  be  red  hot, 

in  an  opposite  course  to  that  of  the  gases,  finally  and  no  more  time  need  be  lost  than  is  required 

trickles  through  x  into  a  receiver,  y.    When  a  for  transferring  it  from  the  one  into  the  other 

sufficient  quantity  has  accumulated  here,  the  retort.    By  this  arrangement,  part  of  what 

diaulphido  is  distilled  off  and  the  oil  returned  to  would  otherwise  be  waste  heat  is  utilised,  and  a 

X.    Before  the  gases  enter  this  absorber  they  arc  great  saving  in  time  and  fuel  effected.    A  still 

'  washed '  by  making  the  end  of  the  pipe  s  dip  better  plan  ia  to  make  the  charcoal  on  the  spot, 

into  the  oil  as  shown  at  y,  whereby  the  apparatus  8  hours  being  more  thon  sufficient  to  char  the 

is  disconnected  from  contact  with  air.  The  gases  wootl  and  to  neat  it  up  to  bright  redness.  Spent 

are  now  passed  through  a  second  vessel,  /.,  simi-  dyewo<xls.   tanner's   refuse,   or    sawdust,  are 

lar  in  construction  to  the  one  just  described,  only  excellent  for  the  purpose,  and  as  these  would  not 

substituting  lime  or  oxide  of  iron  for  the  oil,  to  require  crushing — as  when  charcoal  is  bought 

iibsorb  the  H;.S,  and  are  then  allowed  to  escape  in  lumps — a  saving  in  labour,  possibly  also  in 

into  the  open  air  through  the  pipe  r.  money,  might  bo  made,  besides  being  more 

Above  the  retort  a,  and  between  it  and  the  cleanly.    By  a  small  outlay,  the  vapours  might 

chimney,  set  at  right  angles  to  each  other,  is  bo  condensed,  and  pyroligneous  acid  obtained  oa 

a  smaller  retort,  similar  in  construction  to  a,  but  a  by-product. 

only  about  one-third  the  capacity  of  the  latter.  The  apparatus  is  worked  as  follows  :  After 

and  ia  heated  by  causing  the  products  of  com-  having  allowed  the  brickwork  to  set  and  partially 

bustion  coming  from  the  furnace  to  circulate  dry  for  a  few  days,  the  fires  are  started,  at  first 

round  it  before  finally  passing  into  the  chimney,  gently,  to  prevent  the  brickwork  from  cracking, 

(Only  the  discharge  hole  A  ,  corresponding  to  the  then  gradually  incn^asing  the  heat  until  the 

arm  m  of  the  retort  a,  is  visible  in  the  drawing.)  retort  becomva  a  dull  red  colour.    The  latter  is 


Fig.  16. 


now  filled  with  small  charcoal,  and  the  smaller 
retort  with  chips,  sawdu^^t,  &c.,and  the  fires  are 
now  urged  until  the  retort  and  the  charcoal  in  it 
have  become  a  'cherry  red.'  This  heat  should 
never  be  exceeded,  nor  should  it  be  allowed  to 
fall  below  this,  as  in  either  case  it  would  result 
in  a  lesser  yield  of  carbon  disulphide. 

When  the  proper  temperature  is  attained,  the 
two  openings  in  the  lid  of  the  retort  are  closed, 
the  lids  being  screwed  down  tightly,  with  some 
clay  made  into  a  thick  paste  as  a  lute.  A  better 
way  would  bo  to  cast  in  the  top  of  these  tubu- 
lures  grooves,  and  the  lids  witli  a  rim  loosely 
fitting  into  these  grooves,  forming  what  ia  called 
an  hydraulic  seal,  only  using  lead  in  the  place  of 
water.  The  heat  there  is  suflicient  to  melt  lead, 
l>ut  not  so  great  as  to  prevent  its  use.  This 
would  form  a  much  better  lute,  and  could  be 
opened  and  closed  in  much  less  time,  which,  in  i 
the  case  of  dLsuIphido  of  carbon  manufacture,  is 
a  great  desideratum.  Having  previously  securetl  ' 
all  the  joints  throughout  the  apparatus,  sulphur 
is  now  run  in  by  raising  the  rod  o'  in  the  sulphur 
pot.  A  bubbling  will  immediately  be  heard  in 
the  gas  washer  at  >/,  caused  by  the  escape  of 
sulphuretted  hydrogen,  &c.    In  a  few  minutes, 


this  bubbling  ceanes,  and  carbon  disulphide 
begins  to  distil  over.  Distillation  is  now  pro- 
ceding,  sulphur  being  charged  in  every  6 
minutes,  about  IJ  to  IJ  lbs.  each  time,  for  7 
hours,  when  the  supply  of  sulphur  is  stopped, 
and  one  hour  allowed  to  elapse  before  fresh 
charcoal  is  filled  in.  The  lid  is  then  removed 
from  c,  and  the  flue-pipe  it  lowered,  c'  may  now 
l>e  opened,  and  last  of  all  the  lid  h'  is  removed 
from  h  of  the  carboniscr,  and  the  red-hot  char- 
coal raked  from  the  carboniser,  by  means  of  a 
funnel  or  hopper,  into  the  retort  a.  The  retort 
is  now  closed,  taking  care  that  the  opening 
communicating  with  the  flue  ii  is  the  last  to  Ik> 
shut  off,  and  work  started  again.  At  the  end  of 
each  week,  neither  coal  nor  sulphur  ia  charged 
in  for  8  hours,  after  which  the  whole  apparatus 
is  cleaned  out  in  the  following  manner:  The 
flue  H  having  been  lowered  on  to  a  as  described 
above,  the  cover  at  the  end  of  the  delivery  pipe  I 
is  removed,  and  wet  bags  or  pieces  of  canvas  are 
tightly  rammed  down  the  pipe  i,  and  past  its 
junction  with  the  vertical  pipe  i',  so  as  to  isolate 
the  condensers.  Sec,  from  the  furnace.  The 
ashes  are  now  rake<l  out  through  M.  as  de.scribe<l 
above,  the  retort  refilled  with  fresli  charcoal,  . 

.li-  l.^.    l-.y  \^J^) 
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and  while  this  is  getting  heated  up,  the  other  ; 
portionfi  of  the  apparattu  are  ezamined,  and  ■ 
where  sulphur  is  proHcnt  it  is  removed. 

With  one  such  retort,  from  4  to  5  cwts.  of  , 
oarbon  diaalphide  can  be  made  in  a  day,  but  it ! 
is  much  more  economical,  both  in  labour  and 
fuel,  to  have  several  retorts — say  four — in  the  ^ 
■ame  funaoe. 

1 

MAKUrACTUBI  OF  CaRBON  DiSCLPHIDE  BY  1BI 
El.KCTRIC  FUBNACE. 

Carbon  disulphide  is  now  made  on  the  larpe 
scale,  near  Penn  Van,  N.Y.,  America,  by  the 
Taylor  Chemical  Company,  by  means  of  an 
electric  furnace,  devised  and  patenttxl  bv  Mr. 
Edward  R.  Taylor  (U.S.  Pat.  688364.  Dec.  10,  I 
1901 ;  871071,  Nov.  28,  1907).  who  has  kindly  | 
supplied  the  infortimiion  upon  which  the  follow- 
ing de«cription  of  the  proces**  in  baaed.  The 
construction  of  the  funiacc  is  shown  in  Figs.  17,  ' 
18,lO»20^21.  jrig.l7ahowaa8eotioDmekvatkKi 


Fio.2a 


Fio.  17. 


thitragb  tbe  eleetrodea,  and  F1^.  18  ahoirs  a  eroBR 

section  in  elevation  at  rif:ht  nnjiles,  the  fijjures 
iHiing  taken  from  the  patent  specilicaticns.  In 
Fig.  17  is  shown  tbe  poatimi  of  tne  electrodes  d, 
ni  ;ir  the  bottdiii  nf  the  furnace  Bhaft,  which  is 
represented  as  liiied  with  charcoal ;  in  Fig.  18, 
the^  are  bmii  at  <f  .  A  t  it  ( Fig.  1 7 )  are  pipes  through 
which  arc  passed  brnkcu  carbons.  I'.r.  refuse 
from  the  factoric»  of  carbons  for  arc  lights,  for 
the  purpow  of  reinforcing  the  main  carbons  ; 
thes"  passd«)wn.  upiD.  Mtid  over  the  ends  nf  the 
main  carbons,  and  (  uuvey  the  current  from  the 
oli  <  trixies  to  the  eharooal.  The  intermediate 
conductive  material  protects  the  ehK-triHles 
pniper  from  the  intense  heat  ami  enwline  a<  tion 
and  tht  ri  l.y  prolongs  their  life.  It  also  tends  to 
steady  the  currcrit.  Huctuations  hein>/  nuiinly 
due  t<i  variations  in  powi-r  and  not  to  cbiuges  of 


resistanoe  io  the  furnace  iteelf.  The  charcoal 
for  the  reaction  ia  fed  into  the  fnrnaoe  timnwh 

thcnjiening  j-(Fig.  17).  Preferably  fotir '  Ifi  trod^ 
are  used  in  this  construction,  supplied  with  two- 
phase  altonating  onrrent.  PnynsioB'  ia  made 
for  keeping  the  metallic  portions  of  them  com- 
paratively cool  by  feeding  cold  sulphur  on  to 
them  throogh  themtela  ah^rn  as  o  {Fig.  17),  and 
which  can  be  replenished  through  the  hoppers  n. 
the  sulphur  p«"w«ng  into  the  annular  chambers 
shown  bekiw  tbe  hoppers,  leeo  in  detail  in 
Figs.  19.  20,  and  21.  The  interior  of  the  futnaee 
thus  filled  with  sulphur,  which  is  ^raduaOy 
melted  and  finds  ita  way  to  the  reaction  sone. 
l\\  (his  constniction,  the  he«t  that  would 
otherwiiic  be  radiated  from  the  external  walls  of 
the  furnace  is  absorbed,  and  no  outride  ]mg0^ 
is  needed.  The  furnace  is  16  feet  m  diametor 
and  41  feet  high.  It  needs  much  less  care  and 
is^asier  to  manage  than  one  of  the  small  iroii  or 
clay  retorts  generally  used. 

In  working,  charcoal  is  put  into  the  chacgnr 
above  the  bell  and  the  opening  sealed.  TiM 
charcoal  falls  into  the  ahan  of  the  lonwM  as 


Via,  18. 

often  as  there  Is  romn  for  it,  the  obarser  bdng 

replenished  from  time  to  time.  The  ?-haft 
should  bo  kept  filled  with  charcoal  and  the 
internal  spaces  filled  with  solphnr :  thus  there 

is  no  lo.ss  of  beat  by  radiation  and  the  hent 
abwrbed  in  melting  the  sulphur  is  returned  tu 
the  furnace. 

KIcctrieity  Is  suppHe<l  in  such  quatitity  that 
the  clectrodcH  are  not  submerged  in  the  melted 
sulphur  to  such  an  extent  as  to  restrict  the 
passage  of  the  current.  The  ekvtrioity  is 
ordinarily  ptt>.se<l  from  the  one  electrode  to  the 
other  initnediately  opposite,  bat  the  direction 
can  Im'  changed  at  any  time  so  as  to  pass  to  the 
adjacent  elect riKle.  thus  burning  out  any  piers 
or  '  seiitTolds  '  that  may  form  in  the  comers  and 
which  would  ]>!eveii(  the  retrular  descent  of  the 
charge     The    sulphur    u  ithiii    the  wurtuog 
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chamber  z  soon  becomes  melted,  and  it«  level 
Tises  more  or  leas  nearly  to  the  top  of  the  elec- 
trodes. A*  it  approaches  the  heat  zone,  the 
ndphnr  is  vapourbcd  and  rises  through  the 
chucoal  which,  when  sufficiently  heated,  com* 
Inmes  with  it*  forming  the  disulphide»  tibe 
▼apour  of  which  ascends  through  the  charcoal 
in  the  shaft,  and  paaaea  out  through  the  pipe  x, 
to  a  condenser.  The  furnaces  are  run  for  about 
a  year  before  renewing  the  electrtxles  or  cleaning 
out.    Aluminium   bars,   6  inches   wide  and 


Fio.  22. 


I  inch  thick,  connect  the  insulated  electrodes 

with  two  Stanley  inductive  type  dynamos,  each  of 
330  kilowatts  capacity,  run,  as  a  rule,  by  water 
power.  The  average  voltage  is  about  50.  The 
yield  is  usually  about  14,000  lbs.  of  the  di- 
sulphide  in  24  huurs,  but  it  is  capable  of  being 
increased  to  25,000  lbs. 

An  improved  type  of  electric  furnace,  more 
particularly  ailuptcd  for  a  auialler  in8t«llation» 
is  seen  in  KigM.  22  and  23,  reproduced  from  the 
patent  HpefificationM. 

Fig.  22  shows  the  famace  in  aectional  eleva* 


I  tion.  Fig.  23  shows  a  sectional  elevation  with 
the  plane  of  the  section  at  right  angles  to  that 
of  Fig.  22,  and  with  portions  broken  away  at 
top  to  expose  parts  behind  the  plane  of  the 
section.  Fig.  24  is  a  top  view  on  which  the  planes 
of  Figs.  22  and  23  respectively  are  indicated  by 
broken  lines,  a-b  and  c-d;  and  Fig.  26  repre- 
sents a  horizontal  section  on  the  line  S-r 


Fio.  23. 

(Fig.  23).   Like  reference  characters  refer  to  like 

I  part*  in  all  the  figtjres.  There  Is  an  outer  shell 
<»f  iron  or  steel  within  which,  at  the  bottom,  is  a 
I  flat  hearth  of  floor 4  (Figs.  22. 23,  and  25)  of  fire- 
,  brick,  which  supports  a  circular  wall  of  like 
material,  within  which  is  the  working  chamber  a 
of  the  furnace,  and  an  outer  wall,  6,  concentric 
with  the  wall  6»  extending  npward  a  short 
distance  and  terminating  jiol}«tantially  on  a 
level  with  the  bolster,  forming  lower  ends  of  a 
pair  of  diametrically  opposite  embrasures,  7 
and  8. 
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The  Weill  5  uf  tlic  wurking  chamber  a  is  con- 
tinued upward  to  tho  top  of  the  outer  shell 
1,  2,  3;  a  feed  chamber  6  for  sulphur  being 
formed  between  the  walls  5  and  6  at  bottom 
and  between  the  wall  5  of  the  working  chamber 
and  the  outer  shell  above  the  top  of  the  outer 
wall  6. 

The  shell  1,  2,  3  terminates  at  top  in  a  hori- 
rontal  anaalar  top  portion,  9  (Figs.  22,  23,  24), 


Fio.  24. 

which  is  provided  at  suitable  intervals  with 
hoppen  fr'  and  with  openings  10  (Fig.  23)  at  their 

bottoms,  communicating  with  said  feed  space  b, 
each  of  the  hoppers  being  provided  with  a 
suitable phig,  II,  having » haoole,  II',  extending 
above  the  top  of  the  hopper,  so  that  the  hoppers 
may  be  tilled  u>>ove  the  plugs,  and  the  plugs  then 
lifted  to  drop  the  contents  of  the  hoppers  into 
the  feed  space  h,  and  quirkly  replaced  to  prevent 
the  escape  of  fumes  and  the  admission  of  air. 


Within  the  (  rntral  «»jiotiiiiL'  uf  the  t<ip  portion  0,  of 
the  shell,  a  rharrual  hopper,  a  (Kifis.  22,  23,  24), 
is  supported  .  this  is  constmcteci  w  ith  a  conical  ! 
*op»  12,  provided  with  a  capped  chari,'in ;  n*  k, 
18,  through  which  the  charcoal  u?  introiiuti  d  into  , 
the  hopper,  and  a  conical  bottom,  14,  depending  I 
within  the  upper  end  of  the  working  rfiambcr 
and  proTidedl  witli  m  central  opening  closed  by  a 
bell,  10 ;  tfa9  top  of  the  hopper  being  further  | 


provided  with  the  supporting  link  16  ul  a 
weighted  lever,  17,  connected  with  the  said  beO 
15,  by  a  rod,  18,  and  rendering  the  hopper  a' 
normally  closed  at  bottom.  A  discharge  pipe,  c 
(Figs.  23  and  24),  e.\t.  ii<!-  from  the  working 
chamber  a  through  the  tof)  portion  9  of  the 
shelly  in  an  oblique  direction,  as  shown  in  Fig.  23. 

Openings  19  and  20  (Figs.  22,  23,  and  23)  for 
the  sulphur,  are  formed  in  the  working  chamU-r 
wall  5,  immediately  above  the  floor  4,  and  at 
one  or  more  higher  points,  connecting  the  feed 
space  h  with  the  working  chamber  n.  and  pip<» 
openings  21  and   22  extend  through  the  outer 
wall  G  and  the  lower  iihell  section  1  at  diAfCBt 
heights  to  allow  the  sulphur  to  enter  the  fumaM 
proper.   MetalHe  oonductors,  d  and  c  (Figs.  2S 
and  24),  connected  with  the  source  of  electricity, 
are  attached  respectively  to  the  protruding 
nmt  ends  of  netallic  electrode  stems  /  and  g, 
which  extend  to  the  top  of  the  outer  wall  6,  and 
rest  upon  the  top  of  this  wall,  as  in  Fig.  22. 
Each  of  the  electrode  stems  d  and  e  is  mode  in 
three  sections,  numbered  respectively,  1,2', and 
3'  in  Fig.  22  ;  the  upper  section  I'  of  each  of  the 
stems  bc>ing  hoDow  and  cylindrical,  and  ex* 
tending  through  a  stuffing  box.  23,  mounted  on 
the  tup  of  the  shell,  and  prefcn^bly  constructed 
with  a  water  chamber,  24,  for  keeping  the  gland 
sufficiently  cool.    The  lower  end  of  the  upper 
section    has  tiunges  2d,  on  opposite  aitus, 
adapting  it  to  be  coupled  to  the  parUj  dosed 
upper  end  of  a  flat  middle  section  2',  which  i^ 
tubukr,  excepting  its  lower  end,  and  this  end  is 
trough-shaped  in  common  with  the  lowetmot 
section  3',  which  is  dctaohablv  Iwlted  to  the 
trough-shaped  lower  end  of  the  middle  section  2'. 

A  pair  of  manholes,  26  and  27  ( Fig.  22),  in  the 
middle  section  2  of  the  oiit'-r  -lie!!,  afTi  rd  arcess 
U)  the  bolts  connecting  the  middle  and  lowermost 
(sections  2'  and  S*  of  the  electrode  ftenii,  and 
farilitate  disoonnpcf  inir  the  lowermost  seotloiia  J* 
when  the  latter  need  to  be  renewed. 

The  electrodes  proper,  h  and  i,  are  of  carboo, 
I  made  in  sections  of  fiifferent  lengths,  but  all  of 
I  one  and  the  same  size,  and  all  rectangular  in 
cross  section  (compare  Figs.  22  and  25).  Such 
carbon  sections  project  at  right  angles  from  the 
lower  ends  of  the  stems  /  and  and  may  be 
clamped  within  the  trough-shaped  stem  sections 
3'.  A  sufficient  number  of  the  longer  carbon 
sections  are  united  at  bottom  to  form  the  m^in 
body  of  each  electrode^  and  above  tbeee  the 
shorter  sections  are  arranged  in  steps,  as  shown 
in  Fig.  22.  The  electrodes  h  and  I  project  in- 
wardly, as  shown  in  Figs.  22  and  25.  and  are 
supported  beneath  by  the  bolster-forming  lower 
ends  of  the  embrasures  7  and  8,  through  which 
the  respective  electrodes  extend  towaid  each 
other,  into  the  working  chamber  a,  as  ahown  in 
Fig.  82. 

The  tubular  or  hollow-stem  sections  1'  4>nd 
2'  provide  for  feeding  the  material  downwards 
upon  the  electrodes.  The  uppt  r  end  of  each 
stem  h  provided  with  a  conical  ping,  29,  and 
with  a  gallows  or  yoke,  30,  between  which  and 
the  top  of  the  plug  29  a  wooden  wedge,  'M,  is 
driven  to  render  the  closure  air-tight. 

In  charging  the  furnace,  the  lower  part  of 
the  working  chamber  o  is  filled  with  brok-en 
sulphur  to  the  plane  f»f  the  ehH^lnxles  h,  ami  a 
sufficient  quantity  of  charcoal  is  8uperimpos<N|. 
The  knisr  part  ol  the  fnrasoe^ig,  fe^  tighUy^le 
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closed  and  sealed,  and  the  working  chamber  a  is 
tbereaiter  filled  with  charcoal  to  any  desired 
extent  by  ^vay  uf  the  charooal  hopper  a'  by  de- 
pressing the  bell  15  by  means  of  the  lever  17. 
The  hopper  a'  is  then  autoinatically  closed  at 
bottom  by  the  re-elevatit)n  of  the  bell  16. 
Cashed  sulphur  ia  fed  into  the  annular  feed 
space  b  surruundixig  the  working  chamber  wall 
m»m  time  to  time  as  reqaired  by  way  of  the 
hoppers  5',  which  are  filled  with  the  aulphnr, 
and  may  serve  to  measure  the  quantity  intro- 
doced,  and  are  emptied  into  the  feed  space  b  by 
partly  Mithdrawing  their  plugs  11  and  replacing 
them.  imm«xliately  to  prevent  the  entrance  uf  air 
end  tbe  escape  of  fumea.  The  disulphide 
vapour,  a<?  it  in  formed,  pai^.^  off  thtoogn.  the 
pipe  c  into  a  suitable  couucmer. 

An  upper  manhole,  32,  extending  outward 
from  the  working  chamber  a  through  the  shell 
sections  1  and  2,  as  shown  in  Figs.  22,  23.  and  25, 
facilitates  access  to  the  interior  of  the  furnace 
when  it  is  ooid  for  adrosting  or  renewing  the 
eleotrodM  h  and  i,  and  lor  arranging  the  charge 
at  the  beginning  of  an  operation  ;  and  a  sub- 
jacent manhole,  33  (Fig.  23),  facilitates  removing 
tbe  ash  from  time  to  time  as  may  be  necessary. 
The  electrode  ste  MLS / and  jr.  and  their  .stufTingboxe.s 
23,  are  insulated  with  mica  and  asbestos  naper. 

This  famaee  la  designed  to  be  8  or  10  teet  in 
diameter  and  18  or  20  feet  high,  and  will  produce 
5000  lbs.  of  carbon  disulphide  in  24  hours.  Two 
eleetrodee  only  are  employed. 

Purification  oj  rnrl',:,  Disulphide. — ^The 
crude  product,  which  contains  considerable  quan* 
titiee  of  solpbiir,  may  be  pnrified  by  distillation. 
The  distilling  vessel  is  made  of  sheet  zinc,  and 
is  fitted  in  a  watcr^bath.  The  vapours  of  carbon 
dfisolpbide  are  passed  throogh  a  wide  tnbe  into 
a  woriix  surrounded  by  cola  water,  and  ending 
in  a  lajp  at  the  bottom ;  the  hquid  as  it  con- 
denses IS  allowed  to  trickle  into  a  Tessel  placed 
to  receive  it. 

Deiss  empluytHl  large  boilers  with  flat  bot- 
toms,  'which  were  10  feet  in  length,  6^  feet  in 
diameter,  and  3^  feet  high.  They  h.od  domed 
covers,  externally  coated  by  badly  conducting 
mstenal*  so  as  to  reduce  to  a  minimum  the 
amount  of  carbon  disulphide  returned  to  the 
boiler  by  condensation.  The  boiler  was  capable 
of  receiving  6  tons  of  crude  disulphide  at  a 
Mingle  charge,  and  had  six  delivery  tubes  which 
terminated  in  six  vertically  placed  cuadensers. 
At  the  bottom  of  the  boiler,  there  werotwoserpen- 
tinc  pipes,  through  one  of  which  steam  was 

Si»8ea  uutd  the  crude  carbon  disulphide  boils, 
or  the  poipose  of  distilling  off  the  last  portions 
Hteam  was  pa.sscd  through  the  second  serpentine 
pipe  direct  into  the  boiler,  by  which  mcau^j 
carbon  disulphide  vapour  and  steam  pass  over 
together  into  the  condensers,  when  the  former 
accumulated  in  a  layer  below  the  surface  of  the 
water.  The  distillation  of  h  tons  lasted  3  or 
4  days,  and  the  products  of  the  distillation  at 
different  stages  were  separately  collected,  and 
served  for  different  purposes.  In  the  first  por- 
tions,  foul-smelling  constituents  predominate, 
snch  as  sulphuretted  hydrogen ;  the  inter- 
mediate portion.s  are  the  purest,  while  the  last 
IKirtions  are  contaminated  with  sulphur.  Much 
of  the  snlphnretted  hydrogen  waa  removed 
by  placing  a  small  quantity  of  caustic  soda  in 
the  boiler. 


Bonierc  purified  the  crude  material  by  run- 
ning it  into  a  still  containing  a  strong  solution 
of  caustic  soda  and  heated  externally  by  steam ; 

the  vapour  was  then  jwissed  through  several 
other  vessels  of  a  similar  kind  containing  alka- 
line liquids,  solutions  of  salts  of  iron,  lead,  or 
copper,  from  which  it  was  distilled  and  condensed. 
-Millon  patentefl  a  prooessi  which  consisteil  iu 
mixing  the  disuli 'itde  \*ith  half  its  weight  of 
milk  of  lime,  and  then  carefully  ditstilling. 

Sidot  &ret  distils  the  crude  product,  and 
then  agitates  it  with  mercury  till  the  shining 
surface  of  the  metal  is  no  longer  blackened  by 
it.  Carbon  disulphide,  when  pure,  is  not  affected 
by  contact  with  mercury  for  any  leni.'th  of  time. 
Or  it  may  bo  shaken  with  0*5  p.c.  of  mercuric 
chloride,  which  removes  a  ftetid  compound  of 
sulphur.  The  clear  liquid  is  then  decanted,  0-02 
of  its  weight  of  an  uiodorous  fat  ia  added,  and 
the  mixture  distilled  in  a  WAter^bath  at  a  lov 
temperature  ((  "loez). 

Another  method  of  purification  is  to  add  to 
100  parts  of  comm^dal  produot  from  2  to  3 
parts  of  dried  copper  sulphate,  and  to  shake  the 
mixture.  The  copper  salt  blackens  and  settles 
down,  -with  removal  of  the  smell  of  sulphuretted 
liydrogen.  Absolute  purity  is  obtained  by  again 
rectifying  over  dry  copper  sulphate.  The  latter 
can  be  rendeied  fit  for  further  use  by  ignition, 
treating  with  sulphuric  acid,  and  again  igniting. 
The  sulphide  may  be  retained  iu  a  state  of  purity 
by  alhywins  it  to  stand  constantly  over  diy 
copper  sulphate  (J.  Soc.  Chem.  Ind.  2,  246). 

Singer  has  employed  the  following  simple 
method  with  very  satiafactory  results  :~ 

A  cyUndricaf  vessel,  about  30  inches  in 
diameter  and  0  feet  high,  is  provided  with  a 
perforated  coil  of  lead  pipe  at  the  bottom.  Into 
this  vessel  the  impure  carbon  disulphide  is  run 
to  about  one-third  its  height.  Lime-water  is 
then  pumped  into  it  by  means  of  a  force>pump 
through  the  perforated  coil.  The  lime-water, 
being  sptjciticaiiy  lighter  than  the  carbon  disul- 
phide, rises  to  the  surface,  and,  while  traver&ini; 
the  body  of  the  disulphide  in  a  finely  divided 
spray,  the  lime  combines  with  the  sulphuretted 
hydrogen,  &c.  1  his  washing  is  continued  until 
the  lime-water,  which  1<mv.'s  tbi>  vcs>(  1  through 
au  overflow  pipe  near  to  the  tup,  perfectly 
clear.  The  carbon  disulphide  is  now  run  into  a 
still,  about  1  p.c.  its  weight  of  a  cheap  colourless 
oil  added,  and  covered  with  a  layer  of  about  1 
inch  of  water,  to  which  gome  sugar  of  l«id  may 
l)f  added.  The  carbon  tiisulphido  is  now  dis- 
tilled in  a  water- bath  and  condensed  in  the 
usual  way. 

( 'arbon  disulphide  comes  into  the  nmrkut  iu 
bhccL  iron  drums,  the  plates  forming  the  top  and 
bottom  being  bent  inwards  for  their  better  pro- 
tection from  blows  in  moving  about,  and  in  the 
upper  end  there  is  an  opening  which  can  be 
closed  by  a  screw  stopper.  Great  care  should 
be  taken  in  the  storing  of  carlion  disulphide  on 
account  of  its  extreme  volatility,  the  explosive 
nature  of  a  mucturo  of  the  vapour  with  air,  and 
the  fact  that  its  products  of  combustion  are 
three  irrospiraWo  gases,  vix.  carbon  dioxide, 
sulphurous  oxide,  and  nitrogen.  Tbe  store 
room  ought  to  be  iwlated  from  other  buildings, 
and  should  be  weD  ventilated.  The  vesseb  in 
which  thr  substance  is  kept  ought  to  In-  tolfrably 
large  and  placed  where  they  are  not  likely  tu^^ 
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receive  &  blow  or  get  thrown  over.    When  re- 

3 Hired  for  nat,  the  carbon  disulphide  can  be 
Cftwn  off  by  means  of  a  siphon. 
Properties. — Carbon  disulphide  is  a  colour- 
lam  uid  ertromely  vdfttila  liquid ;  the  com- 
mercial product  has  a  mptifpiftnt  and  f  apt  id 
smell,  but  when  purified  it  h&s  a  sweetish 
ethereal  odour,  and  an  acrid  pungent  taato.  It 
y  h\[i)\\v  refractivf,  its  power  in  this  respect 
hvin/  l  iM5;  ita  sp-gr.  is  1  •29216.  0°/4°  (Thorpe). 
Watet  1  involves  about  of  its  volume  of  the 
tlisulnhirie,  and  yields  it  up  fifrniu  uiuhanged  on 
dihtiiliiig  :  the  solution  in  water  possesses  the 
odonr  <n  the  diBO^^iide,  and  has  a  slight  burning 
taste.  The  aqueous  solution  nets  as  an  anti- 
septic. Carbon  disulphide  dissolves  sulphur, 
phosphorus,  iodine,  bromine,  ohlorilie,  CMliphor, 
caoutchouc,  oils,  and  fats,  and  may  be  mixed 
in  almost  any  proportions  with  alcohol,  ether, 
benzene,  and  the  Hxed  and  volatile  oils.  Sulphur 
aad  pbo«phonis  may  be  obtained  in  crystals  by 
the  spontaneous  evaporation  of  their  solutions 
in  carbon  disuljjhide.  When  a  rapid  stream  of 
air  is  Mssed  through  it,  Uie  vapour,  as  it  rises, 
is  (xmdeiiMd  to  eanliflower-like  masses,  which 
make  their  appearand  on  the  surface  of  the 
liquid  (Wartha,  Ber.  3.  SU).  When  the  whole  of 
the  liquid  has  disappeared,  the  resulting  solid 
has  a  constant  temperature  of  —12^,  so  long  as 
it  remains  aavolatilised.  Acooxding  to  Wro* 
Uewdd  and  Olsewtald,  it  solidiaca  At  -116%  and 
remainf^  nolid  for  a  considerable  tine*  Sinittillg 
a  peculiar  aromatic  odour. 

Carbon  disidfrihide  boib  at  46'0"  (Thorpe), 
and  the  vapour  ignite;*  in  air  at  140°.  When 
mixed  with  three  times  ita  volume  of  oi^gen,  or 
an  amount  ai  air  oontafadng  that  Tohune  of 
oxygen,  it  is  very  pxploaive.  The  flame  uf  burn- 
ing carbon  disulphide  is  blue,  and  gives  rise  to 
sulphurous  and  carbonic  acid  gases :  CS-f  30, 
■  C0j-r2S0j.  When  carbon  disulphide  in  burnt 
in  a  lamp  on  the  principle  of  the  Bunsen  burner, 
and  apeoial  pxecautions  taken  to  prevent  explo- 
sions, it  produces  a  flame  a  ith  an  aetinic  power 
superior  to  that  of  nmgueiiiuui  (Compt.  rend.  79, 
1078). 

A  rnixtTirr  i^f  the  vapour  of  carbon  di^ul- 
iihuio  with  nitric  oxide  bums  with  a  blue 
name,  which  is  very  rioh  in  rays  of  high  refrangi- 
bility,  and  on  this  aooount  luHl  been  emploj^ 
in  photography. 

Carbon  disolphide  is  highly  poisonous,  inhala- 
tion of  the  vapour  producing  giddiness,  vomit- 
ing, congestion,  and  finally  coma.  Even  in 
small  quantity  only,  h  ptodooes  in  time  very 
serious  effects  on  the  "nervotis  system.  In  the 
workmen  employed  in  ita  luauufacture,  it  causes 
weakness,  depression,  and  loss  of  memory. 
Solution  of  ferrous  carbonate  in  carbonic  acid 
water  has  been  found  in  some  cases  effectual 
as  a  remedy.  Carbon  disulphide  vapour,  when 
passed  through  a  tube  heated  to  bright  redness, 
IS  partly  resolved  into  its  elements,  carbon  de- 
positing and  sulphur  passing  off  with  the 
decomposed  compound. 

The  following  table  represents  its  \-apour 
tension  at  varying  temperatuica  (Seyferth) : — 
46 '6^       ,        .        .        .1  atmosphere 
fi7*7  .       .       .    y  „ 

....  Satmosphene 
743       ....    24  „ 
80-a       ....    3  7, 


tier 

90-0 

95-5 
90-0 


3i  atmosphere* 
4 

5 


{ For  table  of  vapour  pressures  between  0®  and 
50°,  V.  Ramsay  and  Yoong,  Ghem.  6oe.  TrawL 
47,  f$r>3  ;  al^o  Uerwu,  Fogg.  Ami.  137, 69;  141, 
83  ;  147,  Itti.) 

The  vapour  of  carbon  disulnhide,  when 
passed  over  metallic  oxides  at  a  im  heat,  yields 
sulphur  dioxide  and  carbon,  together  with 
metallic  sulphides,  which  are  generally  found 
crystallised  nnd  resemble  thos*'  found  in  nntniv. 
Carbon  disulphide  in  one  uf  the  luu^t  powerful 
snlphorifling  agents  known,  and  by  meana  of  it 
many  Ptilphides  may  be  produced  which  are  not 
otherwise  ubtainable  (Fr^my).  It  converts 
oxides  into  sulphides  when  heated  with  them  in 
sealed  tubes.  The  vapour  is  strongly  atlarked 
by  nitric  acid,  yielding  sulphuric  acid  aud 
nitrous  vapours. 

A  mixture  of  the  vaponr  of  carbon  disulphide 
and  sulphuretted  hydrogen,  when  passed  over 
red-hot  copper,  yields  copper  Hulphide  and 
marsh  gas  :  CS,+2SH,  +  4Cu=4CuS-f  CH4- 

The  vapour  of   C4irbun   disulphide  when 

{lassed  over  wood  undergoing  destructive  distil- 
ation  alters  the  character  (d  the  carbonaceous 
residue,  producing  a  matmial  having  high  con- 
ducting powers  for  heat  and  eieotnoify,  and 
extremely  sonorous  when  struck. 

Oarbon  disulphide  is  a  powerful  disinfoctAnt. 
Meat  and  other  putrescible  bodiea  have  been 
kept  in  an  atmosphere  containing  its  vapour  for 
months  without  change. 

Heated  potassium  bums  in  the  vapour  of 
carbon  disolpbide  with  formation  of  potassiom 
sulphide  ami  liberation  of  carbon. 

When  brought  in  contact  with  a  sohitxm  d 
an  alkaline  hydroxide,  carbon  disulphide  is  de- 
composed, a  carbonate  and  a  sulpbooarbonate 
being  formed : 

6KH0  -f  3CS  J  =2K,CS , + 3H  jO  ^  K  ,CO,. 

When  the  vapour  of  carbon  disulphide  is 
passed  over  heated  ealeinm  hydroxkic,  it  is 
decomposed,  carbon  dioxide  Sod  aulphmettsd 
hydrogen  being  evolved. 

Tins  reaction  has  been  utilised  in  tlw  removal 
of  carbon  disulphide  from  coal  gas. 

Chlorine  lias  but  little  action  on  carbon  di- 
sulphide at  the  oidinary  temperaturse,  hot  in  ths 
presence  of  iodine,  the  chlorides  of  antinu-in 
and  molybdenum,  &c,  chlorine  replaces  the 
I  sulphur  with  convecsion  of  the  oarbon  disolphide 
.  into  ;•!^r^lnl  tctrachlotide,  and,  if  th-  ,i'  Hon  is 
iut^irrupted  before  it  ii  complete,  intermediate 
compounds  or  sulphochloricws  are  fotined  (J. 
Soc.  Cheiii.  Tnd  n,  7iS). 

Carbon  disulpiude  combines  with  trbthyl- 
phosphino  P(C,H(),  to  form  a  solid  compound, 
crystallising  in  red  Gcystab  of  the  compoaitaoa 
P(CJi,),CS^ 

Owmg  to  ita  volatility  it  may  be  made  to 
prodnre  groat  enld  l<y  its  own  evaporation,  and 
if  this  takes  place  very  quickly  under  the  air- 
pump,  a  tempstature  of  —60"^  may  bo  obtained 

An  aqueous  or  alcoholic  solution  of  »  ;uistit- 
potash,  boiletl  with  carbon  disulphide.  yieid<i 
with  lead  salts  a  black  precipitate  of  lead  sal' 
phide.    This  is  a  dfli<  a<e  test  for  the  sul>-^t  !'>'  p 

Carbon  disulphide  may  be  detecttxi  m  l>^L 
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by  passing  the  gas  when  completely  freed 
froni  mlphiiTvtted  hydrogen  over  rea>hot  copper 
foil,  when  the  copper  acquires  an  iridescent 
lustre,  and  its  nitric  acid  solution  dilated  with 
water  yields  after  •ome  timo  •  pceoipitaite  with 
barttim  chloride  (A.  Vogel,  Zdtoefa.  moX,  Chem. 
[2J  n.  253). 

Oarbon  disoliiliide  oombines  with  metallio 
SOlfAtidcaft  forming  sulphocarbouatet> 

Suiphocarbonic  acid  is  a  yellow  oily  liquid, 
obtained  by  decomposing  its  potaaiinm  wH  with 
hjdfoohloric  acid 

KXS,4-2Hn=H,CS,+2Ka 

Potassium  siilpiiDcarbonate  has  been  used  for 
the  destruction  of  phylloxera. 

U^rs. — f'arhon  dismlphide  is  applied  to  a 
Large  number  of  ut^cful  purpose »,  the  chief  of 
whlBh  is  in  the  preparatioii  of  vulcanised  caout- 
cI.riTir.  and  as  a  solvent  for  the  latter  in  the 
manuiacture  of  waterproof  goods,  by  the  de- 
pomtion  of  a  thin  layer  of  the  dissolved  caout- 
chouc on  the  fnbric  ;  for  the  extraction  of  fat 
from  crude  wool ;  fatty  oila  troui  oil  seeds  and 
pireseed  residues ;  and  for  the  purificatloD  of 
paraffin.  It  i-^  v-cd  in  thf  extraction  of  un- 
combined  sululiur.  aiui  uf  bitumen  liom  mineralti. 
A  aolntion  of  guttai>erdba  In  oarbon  disttlphide 

employed  in  making  seamless  joints  and 
ioT  the  preparation  of  caoutchouc  cement, 
\  iri  I  H  colours,  ammonium,  thioojanate,  Ac. 
It  is  also  u»ed  for  filling  prisnui  OH  aoocnmt  of 
iUi  high  dispersive  power. 

Advantage  is  taken  of  its  poisonous  pro- 
perties to  expel  weevils  and  other  insects  from 
stored  grain  without  injuring  the  cereal.  For 
this  purpose,  a  small  quantity  of  the  carbon 
dtSQlpbide  is  sprinkled  over  the  grain  ;  both  the 
lanrse  and  eggs  arc  killed  without  injury  to  the 
grain  (Doy^re).  It  is  also  employed  to  destro}- 
chicken  lice  and  fleas,  moths  in  furs,  and  in 
America  to  IriU  borrowing  ammab,  raefa  as 
goplier.s,  ground  squirrels,  woodchucks.  prairie 
aoga,  rats,  mice,  moles,  &c.,  and  as  a  plant 
ineeetieide.  It  li  med  in  Brazil  to  expel  the 
Saiiba  ant  from  the  foundations  of  houses.  It 
may  also  be  used  in  the  analyses  of  oil  seeds  as  a 
adveDt  for  the  mirpose  of  aeoertainfng  the  pro- 
portion of  oil  which  the  ground  seeils  mnt  lin. 

As  carbon  disulphide  dissolves  iodine  in  large 
quantity,  bat  does  not  appieciably  dinoWe  m 
w  ater,  it  is  employed  for  determining  the amovint 
o(  moisture  in  commercial  iodine. 

It  may  be  need  for  diaeohring  qninine  and 
other  alkaloids;  for  extracting  the  aromatic 
principles  from  seeds  and  spices;  and  for  the 
extraction  of  the  eeent  of  flowen.  For  these 
purposes,  however,  the  purest  quality  oi  the 
disulphide  can  alone  be  employed. 

A  solutioD  of  phosphorus  in  carbon  disul- 
phide has  been  employed  in  tlie  elect  rotypinp  of 
very  delicate  objects,  such  m  j.rrasse>,  (low  era. 
feathers,  &c.  These  are  dipped  into  the  8olu> 
tion.  when,  by  eTpo?nirp  to  the  air,  the  (  arlxm 
(lisnlpliide  evaporates  uud  leaves  a  thin  hlin  of 
phosphorus  on  the  surfaces ;  they  arc  then 
dipped  into  ri  «nhition  of  Kilver  nitrate,  l;y  which 
silver  is  prccipituted  in  a  thin  iilui,  upon  which, 
hv  the  electrotype  pfoeeM,  any  thick  dcns  of 
fcilver,  gold,  copper.  *e.,  can  be  depoi*ite<l.  If 
a  few  drops  uf  carbuu  Ui^tulphidc  arc  put  into 


a  solution  of  silver  cyanide,  from  which  the 
metal  is  being  eleetro^lepoalked,  tiie  ailTer  is 
deposited  bright,  whexeas  withont the disolphide 
it  would  be  dulL 

Beiae,  who  firtt  employed  carbon  diealphide 
in  the  extraction  of  fatty  oils  from  seeds,  oil- 
cakes, and  other  pressed  residues,  wi>ed  the  fol* 
lowing  arrangement  r*- 

Carbon  diMiljiliirfc  was  introduced  into  a 
large  cemented  brickwork  reservoir,  with  a  man- 
hole, which  is  generally  kept  closed,  22  feet 
long,  <i  fee*  in  diameter,  and  nearly  fi  feet  deep, 
ana  lined  with  lead  up  to  the  point  to  which  it 
was  filled  with  the  disulphide  and  water,  the 
latter  l>eing  added  as  a  thm  layer  to  prevent  the 
too  rapid  evaporation  of  the  carbon  disulphide. 
Immediately  above  this  rc>^ervoir  is  a  w(»rm  con- 
denser, whose  tail  pipe  dips  into  the  liquid  in 
the  reservoir  below  ;  on  one  aide  of  the  condenser 
there  is  an  extractor  having  a  capacity  of  4400 
gallons,  and  capable  of  receiving  a  charge  of  12 
tons  of  oilcake.  This  extr^ictor  is  iiu]>plied  by 
means  of  a  pump  with  carbon  disnlphide  from 
the  reservoir  below  through  a  pipe  leading  up 
from  the  reservoir  to  the  extractor.  The  latter 
apparatus  has  two  perforated  shelves,  one  nearly 
nt  the  top  and  the  other  nearly  at  the  bottom, 
between  \\  hich  the  substance  to  be  operated  upon 
is  placed.  In  the  space  between  the  lower  per- 
forated Hhelf  and  the  bottom  of  the  extractor  is 
a  coil  of  pipe  through  which  steam  can  be 
paseed^  Just  above  the  upper  perforated  shelf 
there  are  nine  pipes  on  the  same  level  for  the 
purpose  of  carrying  the  vajx  iurs  produced  in  the 
operation  to  the  etmilenser.  There  are  also 
pipes  just  above  this  shelf  which  are  in  direct 
communication  with  a  etill  on  the  opposite  eide 
of  the  condenser,  to  which  disulphide  saturated 
with  oil  is  carried,  the  saturated  disulphide 
rising  to  the  enrface  in  the  operation  owing  to 
the  uitTerenco  in  thf?  sp.gr.  of  the  carbon  disul- 
phide (1-29)  and  oil  (about  0-900).  The  stUl  in 
whioh  thie  hqnid  is  distilled  is  ahont  U  feet 
long.  C  feet  wide,  and  15  inches  deep,  holding 
when  half  tilled  about  400  gallons.  The  liauid 
b  heated  by  steam  enpplwd  through  two  pipea 
coiled  several  times  round  the  bottcmi  of  the 
still,  and  the  vapour  of  the  voktiiised  carbon 
disulphide  ie  led  through  nine  pipes  into  the 
condenser,  and  thctu  e  into  the  reservoir  bclnw 
the  condenser,  and  is  ready  to  be  used  again  in 
the  extractor  for  naoerathig  a  fresh  quantity  of 
material. 

The  time  taken  to  fill  the  extractor  with 
carlxm  disnlphide  is  8  houra,  the  maceration 
of  the  material  4  hmirs.  the  emptying  of  the 
contents  of  the  extractor  into  the  reservoir  at 
the  close*  of  the  op^'ration  2  hours,  and  the 
steaming  of  the  oil  in  the  still  in  nrd'-r  free  it 
from  carbon  dibulphide  from  8  to  J  2  iiours. 
Working  with  an  apparatus  such  as  described, 
about  2^  tons  of  oil  can  bo  obtained  in  30  hours 
from  2o  ton»  of  oikuke. 

Sxtmdion  of  fat  from  wooL — Uorson  and 

I  Jerome  employ  for  this  purpose  a  Inrge  cylindri- 
cal vcjisel  with  a  closc  titting  cover  uud  double 
walls,  between  which  hot  water  circulates.  The 
wool  is  placed  on  a  perforated  shelf  near  the 
bottom  of  the  cylinder,  whil-«t  a  perforated  plate, 
a  kind  of  pjeUm,  could  l>e  pressed  upon  the  wool 
by  an  arrangement  of  screws.    Carbon  disul- 

I  phide  is  pumped  from  a  reservoir  jato  tljeGoogle 
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extractor,  and  as  the  liquid  becomes  saturated 
with  fat  it  ia  led  through  a  jiipo  into  a  still, 
heated  by  a  coil  of  steam  pij)e  at  the  bottom,  the 
vapour  being  pnwed  to  a  worm  coodenwr  aud 
the  Uqnfd  cBmtlphide  paned  into  th«  raaeiToir 
uliich  is  iinmeiiiately  bcneatU.  lU'  a  second 
arrangemeat  of  afceam  pipes,  steam  can  be  passed 
direotly  into  the  ttfll  so  ae  to  remove  the  last 
portions  of  disulphide.  A  (  ui  rent  of  air,  heated 
to  70**,  is  then  forced  through  the  wool  by  means 
ofanav'pnmp.  As  all  the  parts  of  the  apparatus 
are  in  direct  communication  with  cacli  otlier,  it 
IS  necessary  to  supply  the  diminished  pressure 
hi  the  reserrofar.  WheD  air  is  pumped  oat  of  it 
and  sent  through  a  tube  sovoral  timca  bent  and 
the  last  portion  fitted  with  a  hot-water  jacket, 
the  equiliorinm  of  proecore  should  be  maintained, 
nil!  'i' -no  by  a  supply  of  air  frotri  a  ffas- 

iioldur  Hi  connectioQ  with  the  apparatus.  The 
last  portions  of  earbon  disul^rihide  are  thos  swept 
out  of  the  extractor  and  are  carried  through  a 
pipe  into  a  second  worm  coudeuuer,  and  thence 
to  the  reservoir.  At  convenient  pohite  between 
the  macerating  vessel  and  tlie  still,  as  well  as  at 
the  ends  of  the  cuudensing  wornr%  there  are 
windows  in  the  pipes,  whidi  serve  to  form  an 
idea  of  the  at^te  or  the  operation,  md  rlncn  to  I 
each  of  these  windows  i.s  a  cock  from  which  a 
little  of  the  Uqukl  can  be  drawn  and  evaporated,  | 
in  order  to  see  if  a  residue  of  fat  remains. 

The  macerating  vessel  ur  extractor  b  cii&igeU 
w  itli  about  10  tons  of  wool,  which  is  then  re- 
duced to  about  half  its  bulk  by  screwing  down 
the  perforated  plate.  The  carbon  disulphide  is 
pumped  into  the  extractor,  and^  after  filtering 
through  the  wool,  ascends  through  the  perfora- 
tions and  pasaes  into  a  pipe  leading  to  the  con- 
d«iser.  'TluB  is  continued  until  the  liquid  comes 
over  colourless,  and  leaves  no  residue  on  cvapt>- 
ration.  When  the  extracting  pruceiis  is  finished, 
the  cock  admitting  carbon  disulphide  into  the 
extractor  h  eIo.«»^d,  and  a  partual  vnctium  Ls 
formed  by  drawnig  air  out  of  the  extractor  by 
the  air-pump,  the  greater  part  of  the  disolphide 
adhering  to  the  wool  being  carried  \\ith  it  at 
the  first  few  strokes.  The  watur-jacket  then 
heated  by  water  at  and  the  cocks  are  so 
arranged  as  to  allow  the  heated  air  to  pass 
through  the  wool,  and  thence  into  the  open  air. 
By  thw  method  a  considerable  quantity  of  fatty 
substance  is  obtained  from  sheep's  wool  which 
was  formerly  lost. 

The  following  materials  are  treated  with 
carbon  disulphide  in  order  to  obtain  fatty 
matters  from  them !— - 

1.  The  dark-coloured  residues  of  stearin 
manufactories*  which  are  products  of  the  treat- 
ment with  sulphurio  acid.  They  yield  from  18 
to  20  p.c.  of  fatty  acid,  which  was  formerly 
almost  entirely  losk  The  reeidttes  are  mixed 
vfHh  sawdust  to  facilitate  the  fihration  of  the 
dissolved  portion. 

2.  The  dark- brown  cort-^oese  from  the  axles 
of  carts,  carriages,  Ac.  This  is  first  treated  with 
Snlphurie  acid,  washed,  and  dricl. 

3.  Tow  and  rags  used  iu  cloauiug  machinery. 
This  treatment  of  rags,  ftc.,  has  a  threefold  ad- 
vantage ;  reeovery  of  fat  or  fatly  if  ids,  purifi- 
e.ition  of  the  rag»  so  that  they  can  be  used  again, 
and  the  prcveutioii  of  spontBoeons  oombustion, 
nliirh  rhese  materials  are  liable  to  on  e^Nwore 
to  uir. 


4.  The  refuse  of  the  prefMration  of  bees- 
wax, which  on  treatment  with  carbon  disulphide 
yields  a  yellow  wax  useful  for  many  purposes. 

5.  Sawdust  that  has  been  used  for  filtcrios 
oils  after  purification  with  sulphuric  ockL 

6.  The  sediment  j)r<MiuL'ed  by  the  treatment 
of  various  oils  with  sulphurio  acid  contains  about 
SO  p.0.  of  oil,  which  may  be  extracted  \fy  carboo 
disulphide  after  washLm;  with  boiling  water, 
dryiug,  and  mixing  it  with  sawdust, 

7.  Bones  from  daughter-houses  and  kitdiens 
t^)  l>o  iise<l  in  the  preparation  of  bone-black 
^fild  to  carbon  disulphide  from  10  to  12  p.c.  of 

8.  The  expressed  residues  of  oil  seeds,  ' 
as  rape,  .sesame,  flax,  &c.,  when  they  cannot  be 
properly  employed  as  fodder.  Tn  aU  eases  it  i« 
necei^iry  to  break  up  the  oilrake  into  small 
pieces  before  tceating  it  with  carbon  disulphide, 
so  as  to  ensure  thorough  penetntion  of  th»  snb- 
st-anco.  The  residue  left  after  extr.ictini:  th- 
fat  is  hardly  suitable  for  fodder,  but  is  valuabk 
as  a  manure. 

n.  The  *  cracklings '  or  gnaves  ohtaiosd  by 
the  melting  of  tallow. 

10.  The  pressed  cacao  beans  from  whioh  no 
further  cacao  butter  can  1     t  r  lined  hy  prp^.ng. 

11.  The  pressed  residues  obtained  in  the 
preparation  of  olive  oiL 

Extraclion  of  bHntnen,  rf-c,  from  minerals. — 
Carbon  disulphide  can  be  employed  in  the  ex- 
traction d  Mtumen  from  mineru  bodies  wliieh 
contain  ro  small  a  perecntagc  as  not  to  pay  when 
obtained  by  the  ordinary  process  of  distillatioQ. 
The  apparatus  used  consists  of  a  close  reservoir 
lov  the  carbon  disulphide,  over  which  is  a 
eooUug  apparatus  which  serves  as;  condenser. 
Below  the  reservoir  are  two  lilters  pn)vid(?d  near 
the  bottom  with  perforated  shelves.  Mincr;^l« 
are  introduced  into  the  lilters  upon  the  >hxZ 
through  doors  near  the  bottom,  which  are  tbeo 
closed  and  ma<le  air-tight.  Carbon  disulphide 
is  now  admitted  through  a  jiipe  at  the  bottom  of 
each  filter,  and  as  the  liquid  rises  it  percolates 
through  the  minerals,  dissolving  out  the  bito- 
meu,  aud  when  full  flows  out  at  the  top  through 
a  pipe  leading  to  a  still,  where  the  saturated 
liquid  is  distUled,  the  vapour  of  carbon  di?ul- 

f>hido  ascending  into  the  condenser,  and  the 
iquid  carbon  d^Iphide  as  it  condenses  trickles 
into  the  reservoir  beneath.  The  bitumuioQS 
matters,  which  remain  in  the  still,  are  drawn  off 
by  a  cock  at  the  bottom,  and  the  disulphide 
which  remains  absorbed  by  the  minftraia  in  the 
filters  is  expelled  by  a  current  of  steam.  Thii 
apparatus  is  practically  continuous.  v»  ry  litilt 
loss  of  the  disulphide  taking  place  at  each  opera- 
tion, and  as  much  as  12  pi.c.  of  bitnmeti  can  be 
oht^iined.  whereas  only  7  OT  8  p.c  oooM  be  had 
by  distillation. 

Ejdrtuiion  of  gpkt't,  4ht. — ^Booltev  has  de- 
vised an  apparatu'^  for  extracting  the  ar-'mi*: 
principles  of  various  spices  and  otiier  substances 
used  for  seasonmg  food,  by  means  c<  carbm 
ilisulphide.    It  w  on  the  s.ime  principle  as  thi- 
apparatus  already  described,  and  consists  of  » 
series  of  wire-ganse  sieves  arranged  one  ovrr 
I  lie  >  A  liei  in  an  air-tight  casi'.    The  carbon  disu' 
phidc  IS  made  to  paas  through  the  sieves,  wluch 
contain  the  snbslanoe  to  be  operated  upon, 
pepper,  thus  dis.solving  out  the  artivt  prir.i  :]iU-> 
and  as  it  reaches  the  top  it  flows  through  a  £^ 
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iuto  a  boiler.  Tlio  boilt'r  contains  either  *\lt, 
!!ugar,  lactose,  dextrin,  saltpetre  or  other  material. 
The  liquM  is  distilled  in  the  boiler,  by  admitting 
steam  into  a  kind  of  jacket,  when  the  di^ulphido 
flistils  over  and  is  condensed  in  a  worm  con- 
denser, while  the  salt  or  sugar  remains  l>ehind, 
retaining  all  the  aromatic  or  active  principles  of 
the  spke. 

Bcrgot  has  crmstructt-d  an  apparatus  for 
rapidly  determining  the  quantity  of  oil  in  seeds, 
&c.,  by  means  of  carbon  dlsulphidc.  It  rotisists 
of  a  glass  vessel  in  the  oeck  of  which  a  oylin* 
drical  glass  veawl  is  Accurately  fitted,  and  m  the 
side  in  a  tubulure  is  iiis^-rted  a  small  air-pump. 
50  gr»ms  of  the  finely  gronnd  seed  to  be  ex- 
aminetcl  are  phoed  m  thB  oytiiidiieal  glass 
vessel,  and  are  covered  with  a  diaphragm 
upon  which  50  moxe  grams  are  placed  and 
eofrered  with  a  feoond  diaphragm.  Carbon 
disulphide  is  now  ]>'iured  on  unti!  the  .seed  is 
fully  moistened,  and  after  a  few  minutes  a 
paitial  vacuum  is  made  in  the  apparatus  by 
means  of  the  air-pump,  when  the  pressure  of  the 
air  drives  out  the  dtsulphide  and  oil  in  solution 
into  the  Tcsod  beneath.  This  is  repeated  until 
the  carbon  disulphide  comes  off  colourless  and 
leaves  no  oily  stain  on  contact  with  filter 
paper.  Abont  400  or  600  grams  of  carbon  di- 
sulphide arc  snfBeieot  to  exhaust  tlw  above 
amount  of  seed. 

The  ofly  solution  thus  obtained  is  lieatf  d 
over  a  water-bath,  and  as  soon  ns  the  disulpliidc 
is  expelled,  the  residue  is  allowed  to  cool  and  irf 
weigh  fd. 

H.  L.  r.reville  has  extracted  with  advantage 
the  carbon  disulphide  absorbed  in  the  purifiers 
ol  the  gasworks.  The  lime  used  for  tnis  pur- 
pose, aner  bfinji  dist^harged  from  the  puriner^, 
is  introduced  iuto  a  boiler  capable  of  receiving  a 
charge  of  several  hundiedwMghts,  fitted  with  a 
perforated  false  bottom,  pressure  gauge,  and  an 
arrangement  for  admitting  steam.  The  yield  of 
carbon  di.<4ul]>hide  from  100  tons  of  spent  lime 
is  about  H  ton'?.  Tn  addition  to  the  value  of 
the  crude  product  thus  obtained,  the  lime 
remaining  is,  with  a  small  addition  of  fresh 
lime,  fit  for  further  us©  in  the  purification  of 
coal  gas.  As  is  well  known,  oxide  of  iron, 
after  continued  use  in  the  absorption  of  sulphur- 
etted hydrogen  from  coal  gas,  contains  about 
50  p.c.  of  free  sulphur.  The  crude  carbon  di- 
sulphide, obtaine<l  as  de9cril>ed,  can  be  used  for 
the  extraction  of  this  sulphur,  and  the  oxide 
which  remains  is  revinfied,  and  is  again  fit  for 
I'urifjring  purposes.  The  sulphur  La  recovered 
by  distillation,  and  the  carbon  disulphide  can 
be  used  over  again  (J.  Soo.  Chem.  Ind.  2,  4S8>. 

Tbf  pririeipal  seatxof  manufacture  of  carbon 
disulphide  in  England  are  London*  Manchester, 
cMtain  towns  in  Toriohire,  and  Tronbridge :  in 
France,  Paris,  Bordeaux,  and  Marseilles.  Gvr- 
muxy,  Austria,  and  ijiciiy  have  several  manufac- 
tories. 

Carbon  monosulphlde  A  red  li-h  brmvn 

powder  obtained  by  exposiog carbon  disulphide  to 
Bonlight.  lasolnUb  in  water,  alcohol,  turpentine, 
and  benzene  (Sidot,  Compt.  rend.  09,  1903; 
74,  180  ;  81,  32). 

It  is  also  formed  when  thiocarbon]^  chloride 
reacts  at  ordinary  t'-nij)  rature  with  nickel  rar- 
bonyl i  zajCL+ xNi(t'U )4=x.N iCl,  +  4xCU +{GS)^ 
The  leaotion  ^so  takes  place  at  —80%  although 


more  slowlj*.  The  nickel  chloride  prodiicecl  \n 
extracted  with  water,  atid  the  brown  residue  is 
dried  by  heating  at  100°,  then  at  ISO^'-aOO*' 
under  reduced  pres-sure. 

Carbon  monc^lphide  has  !^.gr.  1*6,  but  alter 
compression  iuto  a  solid  block  the  sp.gr.  is  1-83. 
It  is  a  non-conductor  of  electricity.  In  concen- 
trated sulphuric  acid  it  forms  a  purplish- brown 
solution,  the  colour  of  which  is  destroyed  on 
boiling,  when  carbon  dioxide  and  sulphur  di- 
oxide are  evolved.  When  poured  into  water 
the  purplish- brown  solution  yields  the  unchanged 
monosiuphide.  It  also  forms  brown  solutions 
in  aqueous  or  alcoholic  ammonia,  in  ammonium 
sulphide,  in  potasatum-bydroxide  sulphide  and 
hydrosulphide.  With  nitric  acid  it  gives  a  red 
solution.  When  heated  in  a  vaciuirti  at  360°  or 
below,  no  chance  takes  plaoe,  only  a  small 
quantity  of  hydrogen  sulphide  is  evolved,  but 
at  aduUted  heat  it  (I'coiDpo.ses  thus: 

When  carbon  disulphide  ▼aponr  at  low 

pressure  is  subjected  to  the  aetion  <if  the  .silent 
electric  discharge,  sulphur  is  deposited,  and 
probably  gaseous  carbon  monoonlphide  is 
evolved.  The  g;is  ean  bo  collected  in  a  tube 
cooled  with  liauid  air,  when  it  condenses  together 
vrrth  carbon  disulphide.  If  the  temperature  of 
the  condenKitii;  tube  is  allowed  to  ri^e,  the  mono- 
sulphide  polymerises  with  explosive  violence  to 
the  brown  solid  carbon  monosulphide  (CS)^  In 
pre.seiKO  of  excess  of  carbon  dlsulplude,  the 
gaseous  monosulphide  is  fairlv  stable  under 
certain  oonditioQS  eren  at  hign  temperatures, 
but  it  is  completely  decomposed  whi'ii  pussecl 
through  10  o.m.  ol  a  red-hot  tube  packed  with 
asbestos.  (Xtowar  and  Jones,  Proo.  Roy.  Soo. 
I9I0,  S3,  .\,  408,  620.  See  also  Dunn,  Chem. 
Soo.  l*roc.  1910,  116;  Dewar  and  Jones,  ibid. 
Tram.  1910, 1226.) 

Carbon  oxysnlphlde  or  Carboxyl  sulphide  or 
Carbonyl  sulphide  COS.  Discovered  by  Than, 
in  1867;  occurs  in  certain  hepatic  waters  or 
mineral  springs.  Prepared  (1)  by  passing  a 
mixture  of  carbonic  oxide  and  vapour  of  sulphur 
through  a  hot  tube :  CO+S»00S.-~<2)  By  the 
action  of  .sulpluiric  acid  upon  potassilim  Off 
ammoniuia  tkiucyauate  : 

CNKS+2SO«H,-fOH, 

«C0S+80«BX-fS0«H(NH«). 

The  gas  is  purified  bv  pa.Hsing  it  successively 
through  strung  cauetie  alkali,  concentrated  sul- 
phurio  acid,  and  finally  through  a  mixture  of 
triel  hylphosphinc  (1  part pyridene  (f>  parts), 
and  nitrotwnzcnc  (10  parts).  It  is  then  cooled 
to  10^-20",  and  the  last  traces  ol  impurities  are 
removed  by  liquefying  it.  when  the  impuritic} 
remain  uncondcnsed  (Hempel,  Zeitseh.  angew. 
Chem.  1901,  14,  865).— (3)  By  heating  together 
sulphur  trioxido  and  carbon  disulphide  : 
C«.+3SO,--COS  +  480,  (Armstrong).— (4)  By 
heating  urea  with  carbon  disulphide  in  a  sealed 
tube  to  110^  COH«N%"  rs,^COS^-CXS-NH,. 
The  oxy^ulphido  is  given  off  together  with 
hydrogen  .sulphide  on  opening  the  tube,  and  the 
latter  is  absorbed  by  passing  throtiirh  h  ad 
acetate  (Ladenburg).  It  is  also  formed  in  tho 
combustion  of  carbon  disulphide  with  oxvuen 
(Dixon  and  Rus-^ell,  Chem.  Soc.  Tran^.  1899. 
010),  and  by  tho  passage  of  the  dark  electric 
discharge  through  a  mixture  of  carbon  disulphi<lc 
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and  carbon  monoxide  (Losanitach  and  Jovit- 
•Chitsch,  Ber.  1897,  30,  135). 

Projtrrfit  ".  -  Th  a  coloiirlcsR  fras  «!nii'l!in<;  like 
hydiugt-u  iiulpbide,  but  with  u  etlight  anuiiatic 
odour.  It  acts  sfcroogly  on  the  nervous  Hystem, 
a  rapid  overpowering  action  following  the  in- 
halation of  Bmall  quantities.  It  ia  ruailily  in- 
flammable, and  forms  with  oxygen  an  explosive 
mixture  (RuMell.  Chem.  Soc.  Trans.  1900,  360). 
Th©  gas  ia  soluble  in  wat«r,  1  c.c.  dissolving 
04  0.0.  of  the  gas  at  13-5°  and  756  mm.  pressiire. 
The  solution  acquires  its  characteristic  t&ste 
and  smell,  but  gradually  decomposes,  forming 
hydrogen  sulphide  and  carbon  diuxitle.  A 
platinum  wire  heated  to  whiteneM  in  the  gas 
dccom poses  it  into  sulphur  and  carboDic  oxide, 
the  latter  occupying  the  nrij^inal  volume  of  the 
gas.  It  has  a  specific  gravity  of  2*1040j  and 
may  be  easily  poured  from  one  yeMtel  to  Rnotlier. 
\\ luri  liurnt  in  air,  it  produces  carbon  dioxide 
and  sulphur  dioxide,  with  caustic  alkalis*  it 
yields  *  auzAura  <rf  cwboiwte  and  mlphide 

COS+4KHO=>CO.K,+K,8+2H,0. 

Carbon  oxysulphide  reacts  with  solutions  of 
metallic  salts,  forming  the  metallk  sulphide  and 
carbon  dioxide,  and  is  readily  oxidued  to 
carbon  dioxide  and  sulphurio  acid  by  bromitM 
water  or  acid  permaoganatc. 

It  is  slowly  deoompoeed  by  acid  cuproas 
cUorido ;  thus : 

COS  +  2CuCl + H ,0  -  CO, -f  2Ha -I- Cu ^ 

(fierthelot.  Ann.  Chim.  Ph^  1898,  [7J  14,  206). 
With  magnednm  orsanio  oom|ioands,  it  oan 

be  employed  in  the  synuiesis  of  thio-acids  and  of 
tf-tnsuDstituted  carbinola  (Weigert,  Ber.  1B03, 
86.  1007). 

Its  critical  temperature  is  lOf)",  and  its 
critioal  pressure  is  OU  atmospheres,  it  is 
liquefied  at  a  premne  of  12*5  atmospherea  and 

temperature  0°  to  a  colourless,  mobile,  and 
higfajy  refractive  liquid,  boiling  at  — 47*5''  at 
760  mm.,  which  dissolves  sulphur  and  mixes 
with  ul<  I'hol  and  ether,  but  not  with  water.  If 
the  pressure  is  suddenly  released,  solid  flakes  are 
deposited,  and  persist  for  aonie  time  (floevay, 
Bull  «      .  luni.  f2'  •2'*\\ 

CARBON  SUBOXIDE  (Carbon  (mbonyl; 
Carbcmyl  f:<!ene;  Malonic  anhydride)  CjOj. 
Disro\-ered  in  IW)  1)\'  Diels  and  ^\'oIf.  Pre- 
pared by  distilling  ctiiyl  malonate  under  reduced 
pressure  into  a  vessel  containing  a  large  exoees 
of  phopphoni^  pentoxiilc  and  wme  gla««'  wool, 
the  vesstl  beinj^  kept  at  a  Icuiperature  of  3lH)°. 
The  resulting  products  are  pa.sscd  through  a  dry 
tube,  and  then  into  a  vessel  immersed  in  liquid 
ail  to  condense  the  ethylene  and  carbon  suboxide. 
The  ethylene  vdatiliK^s  from  the  mixture  at  the 
ordinary  terapemture,  leaving  a  small  quantity 
of  colourle!<»  liquid.  This  is  volatilised  and 
collected  in  a  tube  kept  at  between  60°  snd  70* 
(Uicls  and  Wolf,  Ber.  1906,  689).  Diels  and 
Meyerheim  {ibid.  1907,  355)  Hhowe<l  that  carbon 
Bub<jxide  may  \hi  obtaine<i  by  similar  methods 
fn^m  methyl,  benzyl, and  phenyl  malonates  and 
also  from  ethyl  methanetricarboxylate ;  and 
that  by  heating  malonic  acid  at  140^-150*^  there 
is  foriiHHl  acetic  acid,  carbon  dioxide,  and  about 
10-12  p.c.  of  carbon  suboxide.  StaOdinger  and 
Bercza  obi  lirit  d  i  iirli'  ii  Mil>oxidp  by  treating 
nialonyl  chloride  with  >ilver.  lead,  or  zinc 
oxide*;  the  yield  in  only  ID  p.c.  (Ber.  1908^ 


4461).  By  treating  an  ethereal  solutirm  of 
dibrommalonyl  chloride  with  zinc  shaving  a 
method  hiinil  r  t<>  thjit  for  preparing  the  ketenes. 
Staiidinger  and  Klevor  obtained  a  50-80  p.c. 
I  yield  of  earboB  suboxide  (Ber.  1908,  908). 

The  pure  oxide  is  a  colourless,  very  mobile, 
refrai^tive  liquid  with  a  pungent  sincU  rtiaemblin^ 
j  acetaldehydc  and  mustard  <mL  It  is  poieoiKNia. 
I  It  boils  at  7"  under  761  mm.,  and  its  vaprmr 
I  density  correspunds  to  the  formula  CjOj : 
:  m.|».  — 107*j  density  of  liqakl  1-11.  On 
I  passing  the  vapour  through  a  constricted  tul,c, 
I  a  metallic  mirror  resembling  arsenic  is  obtainetL 
1  At  low  temperatures,  carbon  suboxide  is  quite 
'  stable,  but  between  0°  and  16°  a  trace  of  im- 

?urity  rapidly  pilytnerises  it  to  a  T«d  ooUd. 
his  polymeride  is  very  hyi;rc>si'(tpi< ,  and  on 
addition  of  water,  heat  is  developed,  carbon 
dioxide  evolved,  and  an  eoein-Tvd  aolntion 
formetl  :  by  heating  the  red  eornjxnind  » arbrm 
dioxide,  carbon  monoxide  and  carbon  suboxide 
are  formed,  snd  at  h%her  tempemtnrM.  earbrm 
monoxide  and  dioxide  are  produced,  tli*-  rer^idu' 
being  a  mixture  containing  mure  carbon  than 
is  required  for  carbon  snboxide.  Bv  keeping 
carbon  suboxide  for  2  days  in  a  >ea!ed  a' 
16°.  it  completely  changes  into  the  pol^cnde. 
forming  a  dark-red  eolkl  mam,  eolnble  m  water 
to  a  dark-red  srdntion  ;  this  change  is  insinn- 
taneous  at  100".  Carbon  suboxide  bums  with 
a  bright*blne  bat  amoky  flame,  forming  carbon 
dioxide.  Carbon  suboxide  does  not  mm  bine 
with  aldehydes,  Schifi's  bases  or  hvdrogen 
cyanide  (Diela  and  Lalin,  Ber.  1908,  34x8),  but 
in  liquid  sulphur  dioxide  at  —40°  to  —50"  forms 
a  white  crystalline  compound  with  formic  acitl. 
and  a  colourless  syrup  with  acetic  acid  ;  the 
con.Htitiition  of  these  eompounds  is  dtmbtful. 
Two  foriuula?  have  been  projxwit'd  ioi  caibon 
j  suboxide ;  Diels  and  Wolf  represent  it  as  the 
anhydride  of  malonic  a<.  id  O  :  C  ;  C  :  C  :  <  )  ; 
MicUcl  (Ber.  ISXMj,  1915;  1908,  425).  as  the 

lactone  of  3-hydroxypropiolic  ai  id 

The  lirst  formula  seems  to  l»e  correct,  for  the 
following  reasons  (ff.  Diela  and  Blumfaefg,  B«fr. 

1908,  82,  123.'})  :— 

(1)  15. p.  7  .  Propiolic  acid  boils  at  144  ,  and 
if  /3-hydroxypropiolic  acid  bad  a  boiling  point, 
it  would  boil  higher  still,  and  its  lactone  w  t>!d<i 
certainly  not  boil  at  so  low  a  t»'tnp«  ratun-  a-  7  \ 

(2)  The  values  for  the  mok^'ular  refrmeticin 
and  mo!e<ndar  di;»per««ion  are  hi;;li  :   M  —  16-<>  ; 

7- a=0  730, 0-739, 0-862  (three  determinations). 

(3)  l^miLuity  of  carbon  suboxide  to  the 
metallic  carbonyls. 

(4)  Similarity  to  the  isocyanates  and  ketcnce. 

(5)  Addition  of  lour  atoms  of  bromine  to 
form  dibroinmalonyl  bromide  and  the  rr;^enem- 
tion  of  carbon  suboxide  from  this  compound. 

(B)  The  following  chemical  reactiona : — 

O  : C :  C  : C  :  O  +  2H,0=H00r  CH,  fOOHf inal.  n \t acldi. 
0:C:C:C:0+2HCI=C1CCTH^  roCHr.ialutni  rhiorldi ) 
0:C:C:C:0-l-SNH, 

=H,N  (IC-CH.  CONH.  (wakMiamMr) 
O:0:C:0:O+SC,HjN-H, 

=r,H,-Hlf-OC  fH,  COKH  r.Hj  (mjilonanlUd*). 

(7)  Tlie  improbability  of  the  existen*^  of  a 
3-lactone  containing  two  carbon  alums  triply 
linked  toj:t'il>  [  Kktones). 

CARBONADO  t<.  Diamond. 

OABBCnnTE,  or  natural  co^e,   A  .cokcrli^ 
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material  foniMd  hj  the  bakiiaig  action  of  intra* 

pive  ign<H>n  -  i  k-nift.isos  on  scams  of  bituminou? 
coal.  IToaaii  iu  Aynbire  and  in  Cbeaterfipid  co., 
VirriBia.  L>  J.  S. 

CARBONITE.  An  explosive  conswting  of 
nitn^ycerine,  2^-21  parte ;  barium  nitrate  and 
potaMRim  nitvate,  90-36  parte;  wood  meal, 
40-43  parts ;  sodiom  carlxniate,  0'5  parte  {v. 
Exri<osivxs). 

CARBONYIS.  Metettio  oompoands  of  car- 
bon monoxide.  The  exi«tenrp  of  this  elasa  of 
compounds  was  tirst  made  known  in  1890,  when 
Hond,  Laoger,  and  Quincke  discovered  that 
carbon  monoxide,  passed  over  heated,  finely 
divided  nickei,  3rielded  a  colourlesti  volatile 
fiqnid. 

Iron,  cobalt,  inulybdentim,  and  ruthenium 
have  fines  bt-cn  fuuud  to  yield  carbonyls  by 
nuiilar  treatment. 

The  production  of  the  carbonyl  i'*  facilitated 
by  conducting  the  operation  under  pressure  and, 
in  most  cases,  at  a  fairly  high  temperature. 

For  the  production  of  the  iron  and  nickel 
compounds,  the  curbuu  monoxide  is  simply 
painril  orw  the  heated  metsd,  but  for  the  other 
comx>oundfl  a  special  apparatus  is  used.  This 
consists  of  a  nickel-steel  tube,  in  the  form  of  a 
test-tube,  capable  of  withstanding  a  preasure  of 
5O0  atmospheres  and  a  tempraature  of  45tf.  It 
is  copper  lined  to  prevent  the  action  of  carbon 
monoxide  upon  the  iron.  The  carbon  monoxide 
under  pressure  is  led  in  through  a  pressure  valve 
and  down  a  copper  tube  reaching  almoet  to  the 
bottom  of  the  nickel-ctcfl  tube,  where  it  ronies 
in  contact  with  the  metal  to  be  experimented 
upon,  contained  in  a  g:la88  tube  loosely  fitted 
t<>  the  top  of  thi-  '["he  excess  of  the 

carbon  monoxide,  and  other  vapours,  eM>ape 
through  a  preamire  valve  and  pais  through  a 
tube  unmersed  in  a  freezing  mixture,  in  which 
any  oompoond  that  is  formed  is  ooUectcd 
(Cbem.  Soe.  Traaa.  1910,  97.  708). 

The  carbonyls  have  yiv  -imilar  chemical 
propertiee.  Upon  heating,  in  some  casm  an 
intermediate  oomponad  ht  formed,  bat  they  all 
dt'coni|x>Hf  ultimately,  yielding  the  metal,  which 
is  deposited  as  a  bright  mirror,  and  carbon 
monoxide*  Dilate  aeids  are  practically  without 
action  upon  them,  but  Btronj?  acids  decompose 
them  readily,  giving  the  corresponding  mlt, 
with  the  evolution  of  carbon  monoskleaadhydro- 
iit'n.  The  halogenH  alno  decompo5?o  them.  AU 
are  decomposed  by  muiiit  air,  giving  precipitates 
of  the  metallic  hydroxides  and,  in  some  oases, 
what  is  probably  a  hydrated  bn^^ic  carbonate. 
They  are  more  or  lees  soluble  in  the  common 
organk  solvents,  but  all  are  insohihle  in  water. 

In  phy«ifn!  properties,  they  vary  con- 
siderably: thus,  in  volatility,  they  range  from  the 
non-volatile  Fc^CO),  of  sp.gr.  2  08  to  the  very 
vohitile  Ni(C0)4  of  sp.gr.  1  -32.  They  an^  highly 
coloured,  except  in  tlie  cases  of  molybdenum 
and  nkkel  carbonyls,  which  am  white  and  colour- 
less respectively.  Some  can  exist  in  the  throe 
states  of  solid,  liquid,  and  vapour,  aud  otherti  in 
only  one  or  two  of  these  phases. 

Owing  to  their  diversity  in  composition,  a 
eei^ral  cnemical  formula  cannot  be  assigned  to 
.  wwn,  but  il  ii  probable  that  they  are  similarly 

.  constituted.   A  ring  formtila,  e4f.  Ni<^^^^  |^ 


doee  not  explain  all  their  propertiee,  and  the 

compound  FeJ/'Oi  mnot  be  brought  into  line 
with  the  other  compounds  which  only  contain 
one  atom  of  the  meteL  Flreeumably  the^  have 
a  molecular  rather  than  an  atomic  constitution 
(Mond,  Hurts  and  Cowap,  Ix.).  The  various 
known  carbonyls  are  deeerihed  nnder  the  eeverat 
metals. 

CARBORUNDUM  (CryMalUne  silicon  car- 
bidf)  SiC.  This  compound  was  discovered 
accidentally  by  Acheson,  in  1891,  and  is  now 
manufactured  under  his  patent  (Eng.  Pat. 
17011,  18!)2)  by  tho  Caihorandum  C!o.  at 
Niagara  FaUa,  UJ3.A.,  and  to  a  smaller  eartent  in 
Canada. 

Prepamlion. — Amorphous  silkon  carbide  is 
formed  by  heating  carbon  and  Kilica  together  at 
about  1200^,  as  a  greenish  powder  (Bchutzen- 
berger,  Compt.  rend.  114,  1089).  but  carborun- 
dum is  ojilv  f^irnif'd  rit  <\  temperature  of  1950^ 
(Tucker  an«i  lumpen.  .1.  Amer.  Chem.  Soc.  1906, 
28.  853)  (1820*  according  to  Oillctt),  which  is 
attained  by  means  of  the  electric  arc.  ^loi.sssan 
thus  prej)nred  pure  silicon  Carbide  from  the 

vapours  of  carbon  and  silioon  (Oompt.  rend. 

1893,  114,  1089). 

The  method  of  manufacture  used  at  Niagara 
is  as  follows  : — The  furnaces  are  built  of  tirebrick 
and  are  about  itt  feet  long  x  6  feet  high  x  ft  feet 
wide.  The  ends  are  solid,  about  2  feet  thick, 
and  carry  the  terminals.  Each  terminal  con- 
sists of  60  carbon  rods,  30  inches  lon^  and 
3  inches  diameter,  into  the  ends  of  which  fit 
copper  plugs  which  in  turn  fit  into  sockets  in  a 
square  copper  plate  bolted  to  the  outeide  of  the 
wall,  and  connected  with  the  leads.  Only  the 
end  walls  an  l  the  bed  are  permanent  ;  the  sides 
are  built  up  with  the  charge  and  taken  down  to 
remove  the  prodnet. 

In  charguig,  the  furnace  is  half  filled  with 
the  materiais,  which  must  not  touch  the  elec< 
trodes :  and  a  cylindrical  core  21  inches  diameter, 
composed  of  pieces  of  coke  J-|  inch  diameter, 
is  built  up  between  the  electrodes.  Over  this 
the  charge  is  built  np  to  a  height  of  8  feet.  The 
current  pas.'ie.s  through  tho  coke  and  forms 
numerous  arcs  which  heat  the  charge  to  a  very 
high  tcmperatnnb   Ths  charge  is  compoeed  of : 

Coke     •       •       .       .  34-2  parte 

Sand     ....  r>42 
Sawdust        .       .       .     it'i)  „ 
Sslt      .                   .  W 

Tho  Wilt  18  added  is  ji  flux  ;  the  sawdust  to 
increase  the  porosity  of  the  charge  and  allow  the 
escape  of  the  earwn  m<ni03dd»  formed  in  tbs 
reaotkxi : 

SiO.+2C»Si+2CO 
Si+C=>Sia 

During  the  run,  about  6  tons  of  this  gas  are 
given  off;  it  is  allowed  to  bum  at  the  top  of  the 

furnace. 

The  alternating  current  supplied  by  the 
Niagara  Power  Co.  at  2200  volts  is  transformed 
down  to  165  volts,  and  a  large  water  rheostat  ia 
used  to  regulate  or  interrupt  the  current,  tlie 
usual  mcAns  being  too  dangeroTi»  with  the  heavy 
currents  used.  At  the  beginning  of  a  run,  the 
E.M.F.  is  ir>r>  volts,  but  within  U  hour.s  the 
resistance  decreases  and  the  E.M.F.  is  reduced 
to  195  Tolto;  during  this  period,  the  ctirreat 
increases  irom  1700  amperes  to  6000  amperes. 
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Tlic  conditions  then  remAin  Steady  doifog  the 
whole  run  of  3G  houx*. 

A  modification  of  the  proems  oonrists  in  pre- 

heatinR  the  chsrL."'  I'V  coiiibustifm  of  '  -  '  )us  or 
solid  fuel  (Tone  and  tbo  Carborundum  Co. 
U.S.  Pat.  908367,  1908).  By  moTin^  the  po. 
sition  of  tlic  an:  ret  itivcly  (o  Iho  cliar^o.  the 
process  may  bo  made  continuous  {ibid.  Pat. 
037119,  1900). 

The  rhiui^i'  pc?r  furnace  \a  about  30.000  lbs., 
of  which  the  core  forms  about  3  p.c.,  the  energy 
used  is  about  26.400  kilowatt-bonrs,  and  the 
protlnrt  rnnf  liiT?  about  6700  lbs.  of  carborun- 
dum and  5000  lbs.  of  amorphous  silicon  car- 
bide. 

The  carljiirundum  5?  dug  out  in  larfrn  masses 
and  pounded  with  water  in  a  mechanieul 
crasher,  and  tiien  digested  with  sulphuric  acid 
(1  :  2)  for  3  days  at  lOO"*.  and  fin.illy  washed  with 
water.  The  liner  portions,  which  are  wrished 
away,  are  collected  separately  and  known  as 
llovrs.  The  residue  Is  driftl  in  a  kiln  and  graded 
through  a  system  of  scroeuij.  liand-uxushed 
wnadtrs  a  re  of  various  grades  of  fincncfli,  accord - 
fng  to  the  leriL'th  of  time  thc-y  remain  snspended 
in  water  (Koiin,  J.  Soc.  ('hem.  Iivi.  1897. 
863% 

Some  analjBea  of  theee  produoto  are  tabulated 

below : — 


I. 

n. 

m. 

IV. 

V, 

8i 

70-00 

69-93 

62-70 

6910 

C542 

C 

so-oo 

20-00 

S2-26 

30-20 

Fe.Oj 

0-03 

0^6 

6-00 

CaO    •  — 

O-lff 

0-38 

MgO 

O-II 

0-21 

I.  is  the  calculated  composition  for  SiO; 
11.  ia  Moissan's  pure  product  (Coinpt.  rend. 
1893.  114.  1089);  III*  is  oommercial  carborun- 
dum ;  IV.  is  the  sane  after  porifioatfen  by 
Mfthlhauser^B  method  heatine  in  oxygen  fur 
I  hour  and  treating  with  hot  sulphuric  and 
hydro0aorio  adds  (Dingl.  poly.  J.  1808,  289. 
164)  :  V.  is  ainorphoii.H  silicon  carhide. 

Wetier  has  patented  a  method  of  prodaotion 
from  kaolin  ana  coIdb  in  the  deotriofiiniaoei.  Tlie 
product  is  treated  with  water,  which  decomposes 
the  aluminium  carbide,  leaving  the  carboron- 
dnni  (U.8.  Pat.  728528.  1903). 

Tlie  ]  •  liicfion  of  a  dense,  compact  variety, 
by  the  action  of  the  vapours  of  carbon  and 
Bilieon  upon  salioon  oarbiae  has  been  patented 
by  the  Carbonuidnm  Co.  (U.S.  Pat.  913324) 
and  by  Bouvier  (Fr.  Pat.  350369,  1904).  It 
is  Tery  hard,  resiiite  acid,  and  is  a  good  insu- 
lator. 

Its  preparation  from  silicon  monoxide  and 
oarbott  has  men  deecrib^  by  Potter  and  Westing' 
bonso  (U.  S.  Pnt.  875073,  1W7). 

Articles  may  be  foruicd  in  pure  carbon  and 
afterwards  converted  into  carliorundum  b} 
heatinc;  to  a  very  hich  temperature  in  a  be<l  of 
finely  powdered  carborundum  or  of  sand  and 
cnrhon  (Br.jling.  Eng.  Pat.  6693, 1005 ;  D.  R.  P. 
IRCfirtn  ;  Fr.  Pat.  363017). 

Properties. — Carborundum  crystidlLiics  in 
flattened  hexagonal  rhombohedra.  having  an 
adamantine  lustre  and  a  bardneos  of  0*5  (Miihl* 


httuser.  Zeit.^ch.  anal.  Chem.  ISTO.  n37'.  The 
colour  of  the  commercial  product  is  greenish- 
grey  to  yellow  or  bine;  otitrawd  para  bom 
pure  material'^,  the  eonipoimd  i^  coloiirTo^^ 
Ite  8p.gr.  19  3-23  at  15'*  (Fitzgerald,  J.  Soc.  Chem. 
Ind.  1897,  246). 

It  U  infusible  and  quite  unaffected  uj)  t'>  a 
temperature  of  2220^,  when  it  decomposes  into 
flilioon  and  graphitic  carbon  (Tneker  and 
lAmpen.  J.  Amer.  Chem.  Soc.  1906.  2«.  S.>3\ 
Acids  have  no  action  upon  it,  but  it  is  attacked 
by  fused  alkalis  with  formatioa  of  a  silieate  and 
carbon. 

The  determination  of  silicon  in  carlx)n]ndam 
is  made  by  converting  it  to  silicate  as  above,  and 
precipitating  as  silica;  rarlxin  i*;  e>t ini  itc-d  by 
oxidising  the  finely  powdered  substance  h  ith  lead 
chromate  (Matthews,  J.  Soc.  Chem,  Ind.  I80G« 
7.'..';;  Muhlhanser,  Zdtaeh.  anal.  Cbem.  1803. 
*k57). 

Utea. — Oarbomndum  is  used  chiefly  instead 
of  emery  as  an  abrasive.  'Dioul'Ii  it  i=!  mnrr 
costly,  it  does  the  same  work  more  etfectivelj  in 
one-third  to  one-fourth  the  time  (Mfthibanaer. 
I.e.").  The  powder  in  U!^ed  in  glsst  Cttttillg  and 
grinding,  and  for  poUshincr. 

It  is  made  up  into  wheels,  hones,  Ac*,  hf 
mixinc;  with  inoi^'mfi}  kaolin  and  fel^rpir, 
moulding  nndor  hydraulic  pressure,  and  tiring 
the  artit  les  in  a  kiln  for  7  days.  Other  binding; 
materials,  .such  aa  Nhcllao,  are  used  for  special 
purposes,  and  papers,  similar  to  emery  paper, 
are  made.  The  binding  material  may  be  dis- 
pensed with  by  moulding  the  carborundum  wit' 
water  and  then  heating  the  articles  to  2500'' F.  ui 
an  oxidismg  flame  (Tmray,  Bug.  Pat.  0003, 1004 ; 
Tone.  U.S.  Pat.  772262). 

Carborundum  can  be  used  instead  of  diamond 
for  drill  heads,  if  incorporated  in  a  suitable* 
metallic  or  ceramic  matrix  (Bonvier,  Fr.  Pat. 
375338.  1907). 

Silicon  carbide  is  used  instead  of  ferro-eilicoo 
as  a  souice  of  silioon  in  steel  making.  Abmt 
0*1~A*4  p.e.  is  placed  in  the  ladle  and  disRolvM 
roadilv  in  tlie  molten  steel,  ensuring.'  solid  r  is^inir* 
( Kauf  mann  and  Bouvier,  Fr.  PaL  344906,  1904  ; 
Eng.  Min.  J.  75,  481). 

The  amorphous  silicon  carbide,  formerly  n 
waste  product,  is  used  for  making  highly  rc- 
fraotofy  flTebriblts  and  the  retorts  tot  zibc 
distilliniz  fChesncnu,  .Ann.  Cliim.  anal.  appl.  1*K)S, 
13,  85).  A  refractory  cement  is  made  from  oar- 
b<»nmdiim  00-80  part^  fifccfaiy  10MH>  parita. 
lime  0-4  pBrt?:.  and  wator-^ilas'?  snlntion  47**r? 
20-50  pc^ts.  mixed,  dried,  and  repowdered 
(Moner,  F^.  Fbt  338014,  1008). 

Neumann  has  shown  that  silicon  carbide 
reduces  silver,  copper,  nickel,  and  lead  from  the 
chlorides  (Chem.  Zeit.  1000,  24,  1013). 

By  the  action  of  silicon  carbide  on  met  il!!" 
oxides,  many  metallic  silicides  may  be  obtained. 
This  reaotioB  maybe  osed  for  tin  nraparation  of 
special  ternary  or  quaternary  steels  at  a  stngl- 
operation  f  Baradac-Mtdler.  Roc.  Mg.  Cie.  de 
Franco.  Proc.-verb.  HK^S.  2ir>). 

CARBURINE.    Trade  name  for  a  variety  of 
petroleum  spirit :    sp.gr.  0-6R.    Used  as  au 
enricher  '  of  cfial  gas. 

CARDAMOM  OIL  r.  Oir.°.  i:s«E?m\T>. 

CARDINAL-RED.   Syn.   Arid   nuv/mla  (r. 
Thii  hknvi.mkthanb  coLorRrxQ  v vrrKiiS). 

CABDOL.  A  Qon-Tolatik  oil  found  m  the 
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CARNINE. 
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pericarp  ol  the  cashew  du^  Anacardiam  occt- 
Mtafe  (lAin.). 

CARICIN.  An  oil  lonnd  in  the  seaU  of  the 
papaw  tree,  Varica  papaya  (Linn.}  (Pecicolt, 
Plwrm.  T.  [3]  10.  343). 

CARMINAPH     Azo-  (  OLoi  Ktvn  matters. 

CARMIMAPH  GARNET  v.  Azo-  (  (>u>l BUio 

MATTKRS. 

CARMINAZARIN  v.  Cochixeal. 

CARMINE.  The  red  colouring  matter  ex- 
tmotad  from  the  eochineal  iuect.  It  is  oi  .s<  >iih  - 
what  variable  composition,  containing  besides 
the  coluuriug  matter  Home  organic  matter  from 
the  insects  and  a  little  of  the  salt  need  to  pi»* 
cipitate  it  from  solution. 

Pf  jxiraiion. — The  p«.nvderuil  cuchineai  hi 
I  oiled  with  water,  the  solution  filtere<J  or  al- 
lowed to  settle,  and  the  colouring  matter  pre 
cipitated  bv  addition  of  Kome  salt,  such  as  alum, 
stannous  c£joride,  cream  of  tartur.  Roman  alum, 
Ac.  The  precipitate  in  allowe<l  to  ttle,  and  col- 
lected. Sometimes  I'l^h  glue  i>r  white  of  egg  in 
added  before  precipitation.  Carmine  is  some- 
ivhat  soluble  in  water  and  very  freely  soluble  in 
alkaline  solutions.  The  whole  of  the  colouring 
matter  is  immediately  piecipitated  by  ahun  in 
the  form  of  a  lake. 

In  dyeing  with  carmine,  a  mordant  of  alnm 
or  stannous  chloride  is  used.  Kielmeyer  recom- 
mends the  following  mixture  for  printing  on 
wooUen  goods  :  14  kHos.  gum,  17'5  Itilos.  cochi- 
neal lake,  and  2  25  kilt  s.  fustic  lake,  are  mixed 
and  warmed  with  16  lit.  water  till  the  gum  is  dis- 
solved, then  1  kilo,  of  oxalic  add  and  l'76kiloe. 
acid  sodium  o.xalate  added,  and  the  mixture 
allowed  to  cool,  after  which  2-25  kilos,  sodium 
acetate  are  added.  After  printini?,  the  fabric 
must  l>e  drit  1  for  a  day  or  two.  steamed 
under  a  slight  pressure,  aud  wa^ihcd  in  a 
stream  of  water.  • 

Detection  of  rarmine  in  rl,th.  Alcohol 
takes  no  colour  from  the  cloth,  but  wlien  it  is 
boiled  in  eolution  of  aluminium  eniphate  the 
^solution  turns  red  and  the  colour  is  unohaog^ 
by  the  addition  of  acid  sodium  uulpliate. 

The  ahsorptk>n  spectrum  of  carmine  in 
alkaline  solution  is  remarkable,  showing  two 
dark  bands  between  the  lines  D  and  E  very 
nnular  to  those  of  blood.  Murexide  and  madder 
show  no  such  bands.  When  wine  is  coloured 
with  carmine,  the  characteristic  absorption 
bands  cannot  1k>  seen  unless  more  than  12  p.c.  of 
the  total  colour  is  due  to  carmine  (nfiulier).  l)Ut 
the  adulteration  can  bo  detected  by  adding 
alum,  when  the  ookNU  changes  to  »  rose 
tint. 

It  is  said  that  the  hnest  shades  of  carmine  can 
only  be  obtained  by  woAing  in  direct  sunl^ht 
(r.  CorHlNK  u  > 

CARMINiC  ACID  v.  C^^vmavixu. 

CARMOISINB.  Syn.  for  Atanbm  («.  A20< 

COf.Oi  TUVO  M  \TTERS). 

CARMUFELLIC  ACID  C,,H,„0„.  An  acid 
crystallising  in  thin  piate.s,  .<«aid  to  be  formed  by 
the  action  of  nitric  acid  on  oil  of  clov^ (Mospcatt 
and  i>aw8on,  Phil.  Mag.  [4]  2,  293). 

CARKALUTB.  A  double  chloride  of  potas* 
siiim  ind  mnpnesinrn  KnM.'C!  ..OH  jO,  found  nt 
btMtiturt,  Prussia,  in  a  thick  layer  under  rock- 
salt  beds,  and  accompanied  by  the  minerals 
Anh'flrifi.  KieuriU,  Toekhytiriiet  iSi^viU,  Km- 
mitt  ftnd  BomcUe. 
Vol.  I.— r. 


Magnesium  chloride 
Potassiom  chloride 
Sodium  chloride  . 
Caleinr  1  r  hloride 
Maguti«;um  sulphate 
Oadide  of  iron 
Water  (by  diir.)  . 


Analyua  by  Mote, 

1 

.  31-46 


24-27 
6*10 

2-62 
0-34 
0*14 

3(i-07 


2 

30-61 
24-27 
4*65 
3-01 
1-26 
0-14 
30-20 
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Hammerbacher  found  traces  of  c  esium,  rubi- 
dinm,  and  thallium  in  Stassfurt  curnsJlite  and 
in  crystals  resembling  camaUite  from  *  spiiiig 

uf  ^'auheim. 

Properties. — Amorphoiu  masees  of  a  fatty 
lustre  oti  fre.sh  fracture,  deliquescent  and  freely 
iioiuble,  leaving  a  residue  of  iron  oxide. 

Used  as  a  source  of  potassium  salts  and  as  a 
manure  (r.  PoT\s<-ir\o. 

CARNAUBA  WAX  or  CARNAUUBA  WAX 
V.  Waum» 

CARNAUBIC    ACID  CtJH^A'^nru  oh 
tained  from  Carnaiiba  wax  ;  m.p.  72-0-'  (Sturcke, 
Annalen.   129,   168  ;    DaruistAedter  and  Lifa- 
chiitz.  I!ri.  1896,  2809). 

CARNINE  is  the  name  given  to  a  base 
isolated  from  meat  extract  by  Voit  (Weidel, 
Annnlen,  1871,  los,  'A'}'.]);  it  occurs  also 
in  beer  yeast  extract  (8chutzenberger,  Chem. 
Zentr.  1877,  73),  in  the  muscle  of  some  fresh- 
water fish  and  frog's  flesh  (Kruekenberg  and 
Wagner,  ibid.  1884,  107),  and  in  beet  juice  (v. 
Lippmann,  Ber.  18%,  2'J,  2645).  Camine 
crystallises  in  chalk-whit<)  druses,  is  sparingly 
soluhie  in  cold,  readily  so  in  hot  water,  insoluble 
in  alcohol  or  ether ;  it  forms  a  crystalline  hydnh 
chloride  and  lAatinirhloride,  and  a  sparinglv 
•soluble  compound  with  silver  nitrate  (Weioe^ 

Haiser  and  W.uitzel  (Monatsh.  1908,  29,  l.'")7) 
have  shown  that  car»ine  is  an  approximately 
equal  molecular  mixture  <rf  hypoxanthine  and 

ino^im  < ',(ill ,  ' -Ni.  and  tlie  two  are  separated 
by  the  action  of  acetic  anhydride  whicii  converts 
the  inoshie  into  the  acfiaU  C,oH,0,N«(OAe)„ 
m.p.  230°  (decomp.).  Ino.*<ine  crystallises  in 
silkv  ne  edles,  m.p.  215''  (decomp.),  [a]J^  -49-2% 

,  aud  lUO  c.c.  of  aqueous  solution  saturated  at  20° 
•  contains  1'615  grams.   When  inosiae  ie  hydro* 

lysed  by  sulphuric  acid  it  yields  hypoxanthine 
and  a  jwntoM,  originally  termed  camwte  by 
i  Levene  and  Jacobs  (Ber.  1909,  42,  2102,  2474), 

and  afterward.s  id  ntified  with  a-r  lho*f .  Innsino 
IS  closely  related  to  twsic  acid  {hypoxanthine 
photf^oribonde)  (Levene  and  Jacobs,  ibid.  1910, 
43,  3117;  rioe.  Anier.  Soc.  Biol.  Chem.  1910, 
25;  iiaiser  and  Weutzel,  Monatsh.  190U,  30, 
'  147),  for  by  heating  a  dilute  aqueous  solution 
of  barium  inotsatf^  at  I2.'»'^-130  for  hour*!, 
inosine  and  barium  i)hosphate  are  formed.  The 

;  relation  between  the  two  Lumpound.^  is  probably 
j  rejiresented  by  the  ioUowing  iormuhn : 


M  H  H 


CH 


^N— C— N 


O :  P(OU  ),0  tll,  C— C— C^CH  N— C  CH 


OH  OH 


Inoftioackl. 


I 


CO-NH^^  , 
.  kj  i^  .^  l  y  Google 

2  Y 
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H  H  H  CHf  ^-^-^ 
OH-CH,C— ('-(*'— CH-JN-.C  CH 

I    OHOUl       'I  { 
 ^0        CO— NH 

M.  A.  W. 

CABMITINE  CyHj^OaN,  »  base  iwlated  from 
Liebig*!  beef  extract  anid  preaent  also  in  freeh 
beef ;  is  readily  soluble  in  water  yielding  an 
alkaline  solution,  the  nitrate  crystallises  in 
ncMHllesand  haa  [aj^  abont  —22'^;  the  platin- 

chloride  Ct«HM0cNt*PtC3«  forma  minute  orange- 
X«d  neadlea,  m.p.  214°-218'  (decomp.)  (GiUe- 
witach  and  Krinibera,  Zeitach.  phy^iul.  Chem. 
1906,  45,  326);  the  kifinclUoride  is  hygrosoopic 
and  Invo-iotatory.   The  aurichhride 

C,H,,0,NAuCl4 
formB  pale  yellow  needles  and  orange  needles  or 
priama,  m.p.  150* ;  the  menMriehhride 

C,Hi  ,0aN,Ha,6Hga, 

is  an  f'il  that  slowly  crystallises ;  the  compoiifid 
C,H„0,N,2HgCl,  ha.s'  m.p.  196^-197°  (Krim- 
berg,  ibid.  1907,  60,  361).  The  monoacttyl  de- 
rivative of  the  hydrochloride,  OAC  C7H,  .0,N,HC1 
forms  a  yellow  crystalline  plaiinichlortae 
(C,H„0,N),PtCl„ 

m.p.  199°  (Engeland,  Ber.  1909,  42,  2457).  The 
ethyl  eMer  is  identical  with  Kutscher's  oblitine 
(Zeitsch.  Nahr.  Genussm.  1906,  10,  534),  (Krim- 
berg,  Zeit,s<  h.  phvsiol.  Chem.  1908,  56,  417 ; 
Ber.  1009,  42,  3878;  Engeland,  I.e.). 

Carnitine  in  identical  with  Kutaeher's  novaine 
(Krimberg,  Zeitsch.  p  ysiol.  Chem.  1908,  65, 
466;  Engeland,  Ber.  1909.  42,  2467),  and  iH 
probably  a  hydroxy  derivative  of  a  betalne,  since 
on  reduction  with  hydrogen  iodide  and  rod 
phoephorua  at  130°,  it  ^elds  a  product  identical 
with  Wlllstfttter*B  Y>tmnethylbutyrobetaIne 

(Rer.  1902,  35.  584);  Krimberg  fZ.itsch. 
physioL  Chem.  1907,  53,  514).  According  to 
Engeland  (Ber.  1909,  42,  2457 ;  43.  2705)  and 

RoIIott  (Zoitsch.  physiol.  Chrrn,  1910.  GO,  <)0), 
carnitine  hydrochloride  is  the  chloride  of  a* 

]iydrfMqr*T*^<>>>^^7lM>i>><>'<^l><i^^^ 

Nlfa,a-CH«-CH,'CH(OH)-CO,H 

M.  A.  W. 

CARNOSINE  C,H,«0,N«.  a  ba^e  isolated 
from  Liebig's  extract  of  beef,  is  soluble  in  water, 

crystallises  in  micrnsmpir  needles,  decomposes 
at  241^-245^,  and  has  a  strongly  alkaline  re- 
action.  The  nitrate  C,Hj,OcN|  eryatallises  in 

soft  needles,  melts  and  decomposes  at  211°,  and 

has  la]^  4-22-3° ;  the  copper  derivative 

C.Hi^O^N^Cu 
ia  cryttalUne  and  ctooompoaea  at  220".  The 

fiili  f  r  derivative  and  arid  double  salt  with  silver 
nitrate  closely  retiomble  the  corresponding 
derivatives  of  arginine  (Gulewitech  and  Ami- 
radzibi,  Ber.  1900.  33,  1002).  Carnosine  is 
probably  identical  with  Kutscher's  ignotine 
(Zeitsch.  Nahr.  GenusMm.  1905,  10,528;  Gule- 
witsch,  Ztitwh.  phyviol.  Owm.  1906,  50,  204; 
51,  258 ;  52, 527).  Coiup&rc,  however,  Kutscher 
{ibid.  1907,  50,  445  ;  51,  545). 


When  oamoaine  ia  hydrolyaed  by  boifinf 
with  bariiiiii  hydroxide  it  yields  histidine.  th- 
other  product  of  hjrdrolysis  being  probablj 

CA«OaN«+H.O->C«H.O|N,+C,H  ,0,N 

31.  A.  W. 

CARNOTITE.  A  hydrated  vanadate  of 
uranium  and  potassium,  occurring  abundantlv 
as  a  bright  canary-yellow  powder  dissemiiiAted 
in  sandstone  in  western  Golorada  C  FHedd 
and  E.  Cumenge  (Compt.  rend.  1890.  128,  532), 
by  whom  it  wa«  first  described  and  named  (after 
A.  Cbmot).  expreamd  the  compueitkm  by  the 
formula  2U./)j  V,O^  KjO-3HjjO.  DetaUcd  an 
a^ses  were  made  by  \V.  F.  HiUebrand  (Amer.  J. 
ScL  1900,  10.  120).  and  he  ooDohided  that  the 
mineral  is  not  simple,  but  a  mixture.  Thw  view 
is,  however,  not  borne  out  by  T.  Crook  and  G.  & 
BhJce  (Mto.  Mag.  1010,  16.  271).  who  find  that 
the  material,  both  fmin  Colorado  and  from 
South  Australia,  is  detiuitely  crystallised  in 
ninnte  pUitee  poeManng  ovthothonbic  sym- 
metry and  with  oharaoters  analogous  to  those  of 
autunite  iCa(UO,),P,0»8HgOj.  The  original 
material  was  found  by  M.  ana  Mme.  Cam  to 
contain  radium  and  polonium. 

The  carnotite-bearing  sandstones  occur  over 
an  extensive  tract  of  country  on  both  sides  of  the 
Colorado-Utah  boundary,  the  richest  depofit* 
being  in  the  neighbourhood  of  La  Sal  Creek, 
Roc  Creek,  and  Paradox  Valley,  in  Montrose  Oou 
and  in  San  Miguel  and  Dolores  ( "os.,  in  <f»uth-we«t 
Colorado;  other  deposits  an*  met  with  near 
Coal  Creek  in  Kio  Blanco  Cx).  and  8kull  Creek  in 
Ho\itt  Co.  in  north-west  Colorado.  Most  of  the* 
deposits  are  in  Jurassic  (La  Plat^i)  sandstone,  but 
some  of  thoee  hi  the  N.W.  an  in  ■aiidstc>ne!>  of 
Cretaceous  age.  They  have  been  mined  at 
several  spots,  and  a  plant  for  the  extraction  ci 
uranium  and  vanadium  salts  has  been  erected 
near  Cedar  in  San  Miguel  Co.,  Colorado.  Owing, 
however,  to  difficulties  of  transport  and  to  tiie 
low  gnde  of  the  ■aadatone  ore,  no  great  measure 
of  success  has  yet  been  attained.  An  average 
sample  of  marketed  ore  assaved  I'aO.,  11 -49  p.c. 
and  \\0^  G-40  p.c. 

In  South  Australia,  at  Radium  Hill,  nesr 
Olary,  camotite  occurs  in  films  on  the  joint- 
planea  of  a  laige  depoait  of  ilmenita^  tvtile^  and 
magnetite. 

A  cloaely  allied  mineral,  named  feryanik 
(I.  A.  Antipov,  1908;  Abstr.  in  Jahrb.  Min.  um. 
iL  38),  ia  a  hydrated  vanadate  of  luanium  and 
lithium.  It  oocnrs,  together  with  other  nraoinm 
minerals^  In  pror.  Feigaoa  In  Bnanan  Turkea* 
tan.  L.  J.  & 

OABO'S  AOID.  Monoperaolphurio  aoid  (a. 

Sl'LPHUR). 

CAROBS.  Specimens  of  commercial  carobe 
are  found  to  poeten  the  following  peroentage 

conijiosition :    water,  9-13;   nitrogenouts  coin- 
pounds,  5-7  ;  cellulose,  8>12 ;  fat,  le»  than  1 ; 
aah,  2  ;  sugars  (dextrose  and  enoroae  in  rariabte 
proportions),  30-43  ;    phosphoric  oxide.  01 B- 
0-24  (Balland,  J.  Pharm.  Chim.  1904,  LOj  19, 569). 
CABOHB  9.  Kaioim. 
CARONY  BARK  v.  Ct  sPARiv  h\ric 
CAR0UBU4  and  CARODBINOSE.  Accord 
Uig  to  Bffront  (Compt.  rend.  1807,  185,  38).  thr 
seeds  of  Cfratonia  sxliqua,  used  as  a  cattle  food 
in  Portugal,  contain  a  carbohydrate,  mrovibin^ 
which,  when  pniiaed,  form*/ J^?^^(J®8lg{^ 
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friable  mass,  giving  with  water  a  thick  syrup 
or  jelly.  By  hydrolysia.  it  yields  Caroubinose 
(CgHjjO,),  v,'h\rh  hns'aliiiiit  the  same  reducing 
power  aa  dextrose.  i<>  probably  identical  with 
mftimoae  (Vao  Bkeostem,  Gompfc.  rand.  125. 

197)  (v.  CxaBOHYDBATES). 

CARRAGEEN.  Cftrugeen,  Carraghun,  or 
CamafloAeen.  (Fr.  On^mtn.)  Irish  or  Pearl  mow. 

An  alga  [ChotvJruf  critpm)  found  on  all  the 
western  coasts  of  Europe  and  on  tt>e  east  coast 
of  North  America.  In  Irdaad  it  is  collected, 
dried,  and  bleached  in  the  sun.  Found  in  oom- 
merce  as  flat,  dry,  yeliow-white  pieces  2  to  3 
iaehea  long*  usually  branching,  of  a  very  faint 
odour  and  muc  ilaginous  taste,  swelling:  in  water 
like  gelatine.  Almost  completely  soluble  in  boil- 
ing water  ;  the  solution  sets  to  a  jelly  on  oooling. 
Contains  a  high  percentage  of  nitrogen,  and  is 
of  value  as  &  food  in  diseases  of  luncs  and 
general  weakness,  usually  taken  dissolvea  in  hot 
milk.  It  has  also  l>een  spplied  a  size  and 
for  htitlening  silk,  »1bo  occasionally  ui  making 
jellies. 

Sometimes  found  largely  adulterated  with 
Gigariina  mamiUotta,  which  ii»  Itt^a  valuable  and 
recognised  by  its  etalked  fnita  and  ohanneUed 
stem  (v.  Auqm) 

CARRAWAY  OIL  v.  Oils,  Essential. 

CARRIAGE  VARNISH  v.  Varnish. 

CARROT,  the  tap  root  of  Daucua  canta 
(Liuu.).  Several  varieties  exist,  and  the  loota 
are  employed  as  cattle  food  and  as  a  table 
vegetable.  Kellner  giTM  as  the  avenge  oom* 
position : 

8c)l.  cart)o- 

Wftter  Protein  Fat  hjdrates  Fibre  Ash 
STO      I-S      0*2      9*3      1-3  1<0 

Ai  rording  to  American  analyses,  the  avemge 
cuiuposition  of  the  edible  portion,  as  a  table 
▼egHaUe,  is: 

Water    Protein     Fat  8«|.CWboh|rdratMVn)re  ArIi 


88-2 


11 


0-4 


9-2 


The  Belgian  white  carrot  is  often  u?ed  for 
the  field  crop,  whilst  the  red  carrot  is  preferred 
for  table  purposes.  The  reddish  colouring 
matter  f>f  tlie  carrot,  cnrroti  ne,  is  sometimes 
used  in  colouring  butter  and  cheese.  It  has 
the  composition  CigH^^,  and  can  be  obtained 
by  raspmg  the  root?,  precipitating  the  juice 
with  lead  acetate,  with  which  the  carrotehe 
forms  a  lake.  This  is  dried  and  extracted  with 
carbon  disulphide.  The  solotion  is  evaporated 
to  dnmess  and  repeatedly  extracted  with  cold 
petroleum  spirit  in  order  to  remove  cholesterol. 
The  residue  is  then  dissolved  in  carb<m  disul- 
phide, from  which  the  carrotene  is  precipitated 
by  the  addition  of  alcoliol.  It  can  then  be  re- 
crystallised  from  benzene  in  the  form  of  rhombic 
putee  with  a  metallie  lustre,  blue  by  reflected, 
orange-rod  by  tran.sniit ted  li<.;lit.  The  c  holesterol 
obtauied  from  carrots  has  the  composition 
(\.,H,,0,  and  melts  at  136*5%  and  is  apparently 
the  substance  previously  described  as  hydro- 
caRoteoe  (Amaud,  Compt.  rend*  102, 1319)  (v, 
CasitoTtini). 

a  farm  crop,  carrots  arc  pailicularly 
valued  for  horses  and  dairy  stock.  They  are 
best  grown  on  light  land,  hve  from  stones  and 

weed  ■  m  l  well  tilled.  H,  L 

CARROT  GUM  v.  Ucm& 

CABROm  The  ooloiiring  matter  cfJDttii- 


nui  caroia  (Linn.).  Found  also  in  the  leaves  of 
plants  to  the  extent  of  0-1  to  0*2  p.c.  (Amaud, 
Compt.  rend  IHfM*.  !0().  Oil)  in  full  vegetation, 
and  to  a  sligiit  exleut  in  etiolated  leaves  (Im^ 
mendorf,  Chem.  Zentr.  1890,  i.  103),  and  in  the 
tomato.  It  forms  the  colouring  matter  of 
yellow  and  orange  poUcn ;  the  oily  dropa  on  the 
surface  of  the  pollen  of  Verbascum  thapeiforma 
contain  not  less  than  6*6  p.c.  of  carrotene ; 
and  in  the  animal  kingdom  it  occurs  as 
the  colouring  matter  in  Diafiomus  bacillifer 
(Blanchacd,  Compt.  rend.  1890,  110,  292). 
It  can  also  be  extracted  from  stinging-nettle 
leaves  with  light  petroleum  (Willstatter  atul  Mieg, 
Annalen,  19^»  366»  1).  C^uiotene  crystallises 
in  coppor-oolonred  leaflets  which  appear  red  by 
transmitted  light,  and  have  ni.p.  HiT-S"^.  It 
is  insoluble  in  water,  readily  soluble  in  carbon 
disulphide  or  beneene,  sparingly  so  in  aloobol, 
ether,  petroleum,  or  chloroform.  Carrotene  is  able 
to  decompose  carbon  dioxide  with  formation  of 
oxygen.  Slid  this  probably'  explams  why  etiolttted 
leaves  can,  under  certain  (  ii  liti  ins,  genetate 
oxygen  (Kohl,  Chem.  Zentr.  1906.  ii.  442). 

Chrrotene  is  an  nosatniated  hydrooarbon 
having  the  formula  C,gHj,  (Willstntter  and 
Mie^,  Lc);  it  combines  with  iodine  to  form 
the«o(lj«rc  CmHj,!,,  whioh  crystallises  in  rosettes 
of  dark  violet  prismsi  and  decomposes  at 
140^-170^;  and  the  utdidt  CmH^.I^  which 
forms  dark-violet  plates  and  decomposes  at 
130"- 137°.  The  bromo-  compound  C^JIj.P.r,, 
decomposes  at  17r-174°  ( VVilistutter  and  Escher, 
Zeitsoh.  physiol.  Chem.  1910,  6i,  47).  Carro. 
tene  dissolves  slowly  in  concentrated  sulpluiric 
acid,  forming  an  indigo-blue  solution  from  which 
the  hydrocarbon  is  precipitated  in  green  flakes  on 
the  addition  of  water  ;  it  absorbs  oxygen  to  the 
extent  of  34*3  p.c.  of  its  weight,  yielding  a  colour- 
less substance.  When  carrotene  is  oxidised 
with  a  small  amount  of  arctic  acid  solution  of 
chromic  aiihytiride.  and  the  temperature  kept 
below  30°  40°,  an  oil  C4oH„0,  or  C«oH,oO,  is 
obtained,  and  this  does  not  solidify  at  —10° 
(Eulcr  and  Nordenson,  Zeitsch.  physiol.  Chem. 
1908.  56,  223). 

CARVACROL  v.  GaJOBOls;  also  OiLSi  Es* 

SKKTIAL. 

CARVEOL  I.  Camphors. 

CARVOL  r.  C A  Mmons :  also  OiLS,  BaSBlimL. 

CARVONE  V.  Kktunks. 

CASCARA  SAGRADA.   The  dxied  bark  of 

the  Jihamnm  Pur«hiana  (V.  C),  a  small  species 
of  thorn  tree  inhabiting  the  PaciBc  slopes  of  the 
Rocky  Mountains.  (For  botanical  characters, 
^ff  Hooker  (Flora  hor.  Amer.  43),  Prescott 
(Amer.  J.  Pharm.  1879,  165),  Miiller  (Pharm.  J. 
[3)  14,  467);  Moss  (ibid.  |3|  649,  19).)  Cascara 
sagrada  has  been  long  known  as  a  cathartic  to 
the  Indians  and  trappers  of  Oalifomia  ;  but  it 
hasonlv  recently  been  inf  roduecd  into  American 
and  liluropean  medicine.  Its  phyaiologioal 
action  is  similar  to  the  other  and  better-lmown 
Nhamnus  frangula  (Linn.),  but  the  Pur^ihifin 
is  the  more  esteemed.  {Cf.  Kennedy,  Amer.  J. 
Phamu  188A,  49ft.) 

Cascara  bark  has  been  exannncl  by  Pr»  K  ott 
{ibid.  1879,  165);  Limousin  (J.  Pharm.  Ciiim. 
[5]  6,  80) ;  Wenxell  (Pharm.  Rnndscb.  1886, 79); 
Meier  and  Webber  (Pharm.  J.  [3J  18,  804); 
Schwabe  (Arch.  Pharm.  226,  569);  Zeig  (Pharm. 
J.  [3j  20,  173);  Le  Prince  (Oompt.  rpn^L  J^Google 
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2>iti),  Dohine  and  Engelhardt  (Amor.  Chum.  J. 
20,  634) ;  but  the  statomoDts  made  regarding  it 
arc  very  conflicting,  for  a  summary  of  which  »te 
.Joweti  iUup.  Amer.  Pharm.  A»aoc.  1904,  1),  who 
has  a)80  made  an  exhaustive  examination  of  the 


alcohol,  and  finally  %rith  absolute  aJcohcd.  It  is 
next  similarly  treated  with  ether,  and  extracted 
with  ether  In  a  Soxhiet  appacatm,  «od  tiw 
casein  finally  dried  at  100°0. 

Proiterties. — Thus  prepared,  ca«ein  is  a  white. 


bark.    Ho   has   confirmed   the   proaeooe   of  |  amorphous  body  witbout  taste  or  smell,    it  is 
etnodin  together  with  a  small  proportion  of  an 
isomeric  substance  which  ui.iy  iw  iJenticul  with 

the  iao  cmo'lin  obtained  fxitm  Ehamnue /rangtUa  i  percentage  composition  is:  C,  5313;  H, 
by  Thorpe  and  Miller  (Chem.  Soc.  Trana.  «1,  6). »  N,  16'78 ;  P,  0-86 ;  O,  22-40 ;  8,  0-77. 


very  sparingly  aohible  in  water,  and  quite  in- 

suhible  in  alcuhol  and  ether.    Its  most  prolj.ih'e 


Ulucose  is  also  present,  and  a  f-ubstance  which, 
on  treatment  with  acid,  jrields  syrio^ic  acid. 
No  evidence  was  obtaiiwd  of  the  eziitenoe  of 
chrysophanic  acid  or  chrysarobin  or  of  t;lucu- 
sides  yielding  on  bydro^yais  emodin,  objryso- 
phanic  acid,  or  rhunnetin.  The  oaacaxine  of 
1a:  Prince  and  the  pursliianin  of  Dohme  and 
Kogelbacdt  ace  probably  impure  products. 
Emodin  is  not  the  active  priix  i[>le  of  the  drug, 
and  no  clue  could  be  obt-ained  as  to  the  nature 
of  this  principle.   Qwcara  bark  contains  about 


Casern  ia  a  })hospho-prutein.  Its  molei-ular 
weight  is  stated  to  be  about  1 135.  it  is  a  weak 
dibaak;  acid,  forming  acid  and  neatral  salts  with 
alkali.-.  In  dilute  alk.ilinc  iltitions,  it  hfts  a 
la;vo-rotary  action  on  polarised  light.  At  the 
ordinary  temperature,  1  gram  of  eaaein  com- 
bines with  U  c.c.  of  N/10  hydrates  or  carl  •<  wi-itcs  of 
alkalis,  and  with  nearly  7  cc.  decinormal  solutioiu* 
of  common  aoida.  It  is  sohible  in  caustic  alkalis, 
and  in  the  carbonates,  IjicarlKinate^i,  phosph.it- s. 
Ac,  of  the  alkali  metals,  and  is  precipitated  uit- 


2  p.e.  of  Hi  and  a  small  proportion  of  a  volatile  [  changed  by  addition  of  snlBoient  acid  to  neatraJise 


oil  Tho  constituents  of  JL  Califomicvs  i])]y  .\r 
to  difier  very  little  from  those  of  &  Purahtana, 
(For  methods  for  the  estimation  ol  the  aotivo 
constituents  of  ( 'ascara  sagrada*  sec  Warin  (J. 
Pharm.  ohim.  m  22, 12).)  A.  & 

0A8CA1IILLA  BARK.  The  bark  of  CnUm 
Ca-HcarHIa  (Kenn),  or  C.  Efufn-i--!  (Bonn),  or 
*  seaside  balsam/  a  euphorbiaceous  tree  Rowing 
in  the  West  Indies. 

Thival  obtained  from  it  a  substance,  coxa- 
riUi  ne  OijHijjO^,  which  Alessandri  (Arch. 
Pharm.  220,  6^)  also  isolated  by  extrai  ting  tlie 
bar),  ^\ith  r)xalic  acid  nnd  precipitating  the 
extract  wit  h  ammonia.  Tills  substance  dissolves 
in  hydrochloric  acid,  producing  a  rose-coloured 
Holutiun,  which  changes  tlirough  purnlish-red, 
viulel,  and  green  tu  a.  &ky-b]ue  without  the 
addition  of  water.  Boehm  ( Pharm.  J.  |  .i]  1 6. 360) 
finds  in  addition  an  alkaloid  citi.sely  allied  to 
cholin.  An  exainuiution  of  this  alkaloid  by 
Naylor  (Pharm.  J.  M,  279)  indicates  that  it  is 
bet.nfu'  A.  S. 

CASCAKILLA  OIL  v.  Oils,  K^jskntixl. 
CASEIN.  Casein  occurs  in  the  milk  of 
mammalp,  and  is  the  principal  protein  of  co\\'.s 
milk,  wliicli,  up  to  the  present,  i^i  its  only 
commercial  source.  Cow's  milk  contains,  on  an 
uverape,  about  3  p.c.  of  casein,  which  exists  in  a 
susptiudeU  or  colluidal  condition,  probably  as  a 
Jime  compound  in  combination  with  calcium 
phosphate,  giving  the  milk  its  opaque  appear- 
ance. This  can  easily  be  proved  by  allowing 
the  milk  to  pass  through  a  filter  of  unglazea 
porcelain,  when  a  white  mass  of  casein  and  fat 

will  be  foond  on  the  surface  of  the  filter,  and  the  i  tank  of  suitable  dimensions,  and  brought  to  the 
filtrate  will  contain  the  IaetOSe»  soluble  albumen,  I  cequired  temp<  r  iture  by  means  of  steam 


the  alkali. 

Casein  is  soluble  in  strong  hydrochloric  acid, 

Siving  a  fine  violet  colonr,  and  is  also  soJnble  in 
ilute  hydrochloric  acid  containing  0-2  p.c.  of 
the  fuming  acid,  but  in  iu^Kiluble  m  2  or  3  p^c 
acid. 

Preparation  of  industrial  easefn.  There  are 
many  methods  of  preparing  casein,  but  oo 
the  large  scale  these  are  generally  limited  to 

three : 

(1)  Precipitation  by  means  of  acid — osoally 
sulphuric,  tnough  acetic,  phosphoric,  lactw> 
hydrochlori'".  S-c,,  are  idso  employed. 

(2)  Curdling  by  uieaus  of  rennet. 

(3)  Curdling  by  '  self 'Souring.' 

A  very  int^-resting  method  of  preparati  ■•i  is 
by  moans  of  electricity,  but  so  far  this  do<;s  not 
seem  t<>  have  progressed  lieyODd  the  htlK>rator,v 
stage.  The  method,  however,  will  I..-  docriltfd 
later.  Whichever  raelhoU  be  employed,  the 
first  essential  is  a  niachine-9e|>arated  mUk.  con- 
taining the  smallest  po^-^iMe  ijuantity  of  fat. 
Milk  t  dvcn  from  cows  shortiy  after  cnlving,  and 
containing  colostrum,  is  nnsttited  for  casein 
manufacture.  It  gives  a  wft  curd  whicli 
sijuoczes  thn>ugh  the  filter  cloth^i,  and  holds  a 
great  deal  of  water.  It  has  sometimes  been 
found  necessary  to  throw  away  a  whole  batch 
:  as  the  curd  bos  bi'en  quite  unwoikal>le. 

Also,  if  the  milk  has  been  pasteurised  at  sueh 
a  high  temperature  that  aome  of  the  lact-albu- 
m in  becomes  insoluble,  the  curd  will  give  a  great 
deal  of  trouble. 

The  milk  from  the  separators  is  run  into  a 


and  soluble  salts  of  milk. 

Prepantloil  of  pare  easdn.  Separated  milk 

is  diluted  to  alntut  five  times  its  volume  with 
water  and  stitiicient  acetic  acid  added  to  give 
0*1  p.c.  of  acid  in  the  solution.  The  casein  is 

precipitated,  carrvint:  down  w  ifh  it  the  f;»t.  The 
curd  ia  washed  about  ten  times  bv  decantation, 
collected  on  a  cloth  filter,  washed,  and  pressed 

Hst  dry  .13  posj-ilile.  Tt  is  then  dissolved  in  the 
least  quantity  of  ammonia,  and  filtered.  The 
filtrate  is  prccipttated  with  acetic  acid,  washed, 

and  r<  di-^-ij'vcd  in  nTiunnnia.  This  process  is 
repeated  three  or  four  times.    The  curd  is  then 


PrecipHalton  by  ttdphwic  arid, — The  requi> 
site  quantity  of  mlphnrio  acid,  previously 

diluted  with  water  in  a  wooden  or  <  immelled 
iron  bucket,  is  then  introduced,  and  the  whob 
well  agitated,  when  the  milk  will  gradually  kme 
its  opaque  appearnnce  and  become  clear  with 
separation  of  the  curd.  As  soon  as  the  whey  ia 
yellow  and  transparent,  tiie  agHsatioo  is  stopped, 
and  the  curd  falls  to  the  bf/ttoni  of  the  tank. 
The  whev  is  run  off,  the  curd  allowed  to  drain 
and  wasned  with  odd  water  until  all  tiie  whrr 
ha.s  been  separated.  The  bulk  of  the  water  u 
then  rcmo\  cd  l.y  means  of  a  suitable  press  ot 
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Curdh'yiq  tcith  rrnnrf.— The  nmount  of  rennet 
required  depends  upon  the  acidity  of  the  milk 
»nd  the  tempemtoie.  Th»  more  add  the  milk 

and  the  nearer  the  t<>(n|»erAtur©  approachefl 
I06°F  the  Ip?w  is  the  rennet  roquirwl.  At 
118«5^.  »n'i  at  SO°F.,  the  curdling  power  of 
rennet  is  only  about  70  p.r.  of  thnt  at  106°F. 

If  the  acidity  of  the  milk  be  15  ,  about  2k  oz. 
rennet  should  curdle  100  gallons  of  milk  in  about 
j  hour.'  Whvn  the  acidif  y  roarlus  30\  half  thi? 
quantity  will  suffice.  ILc  requisite  quantity  of 
rennet  ia  diluted  with  water  and  thoroughly 
stirred  into  the  milk  at  a  tcrapKjraturo  of  about 
lOCF.  The  milk  is  then  allowed  to  rest  until 
H  has  *  set '  like  a  junket.  The  mass  is  cut  up 
into  small  rnbes  by  special  knivep,  and  then 
agitated  g«utlv  at  first,  and  afterwards  vigo- 
rously while  being  very  slowly  heated  up  to 
about  \20PF.  by  means  of  free  steam  or  a  steam- 
jacket.  The  curd  will  then  be  in  hard  Lrmins  or 
nodules  at  the  bottom  of  the  tank.  Tlio  whey 
is  rapidly  run  ofi,  the  card  waahed  well  with  cold 
water,  and  pressed 

Curdling  by  *  self-aourinj.''  When  milk  is 
exposed  to  the  air,  it  Decomes  acid.  This  chan^ 
is  effected  by  the  BaeUhta  aeidi  latiM,  which 
converts  the  lactoac  into  lartic  ncirl.  When 
auffioient  acid  has  been  formed,  the  curd  sepa* 
rates  from  the  whey.  On  the  hu^  aeale,  the 
si  paratcd  milk  is  run  into  a  tank,  the  temperature 
brought  tu  and  maintained  at  about  OS'^F.,  at 
which  point  the  growth  of  the  bacilli  ia  most 
rapid.  After  some  hours,  nocortling  to  the 
fieahnew  of  the  milk,  a  sour  smeU  will  be 
nolaoed  and  the  milk  will  begin  to  onrdle.  When 
the  right  point  has  been  reached,  steam  is  ttirncd 
on  ami  the  mass  agitated  in  order  to  make  the 
e^iid  finn,  and  in  a  snitable  eonditkm  for  washing 
aiul  pre<siiijT.  The  whoj-  is  then  run  ofi  and  the 
curd  finished  in  the  usual  manner. 

Drying  of  the  curd. — When  aa  much  moisture 
as  pos.'siblc  has  been  remored  from  the  r\m\.  it 
hi  broken  up  and  dried.  Thuj  may  be  eliectcd 
either  by  spreading  on  trays  in  heated  drying* 
rooms  fitted  with  \i  ritilating  appliances  to 
facilitate  the  removal  of  the  moisture,  or  in  a 
drying  cylinder  heated  from  inside  or  outside  or 
both,  and  rotated  to  keep  the  contents  in 
constant  motion.  Another  method  of  drying 
the  curd  in  by  means  of  a  Passburg  vacuam 
flrier,  consistiuij;  i>f  ,i  (  tst  or  wrought-iron  onne, 
which  can  be  hermetically  closed  by  doors.  A 
vacuum  is  prodnced  by  an  air  pump,  and  the 
moisture  h  vaponrised  at  a  low  temperatore  BO 
that  drying  is  soon  cilcctod 

Whatever  process  bo  adopted,  the  tempera^ 
ture  must  l)c  carefully  watehed,  as  a  few  degree«» 
too  much  heat  will  "  burn  '  the  casein  to  a  ricii 
brown  colour,  and  if  the  temperature  be  too 
low  the  curd  will  take  a  long  time  to  dty,  and 
may  become  sour  and  mouldy. 

The  dry  casein  is  then  ground  to  a  fine 
powder,  when  it  is  read^  for  the  market. 

Curdling  by  dectricittf. — Although  this  pro. 
cess  is  so  far  not  a  eommercialonc,  itis  sufficiently 
interesting  to  warrant  a  short  description.  The 
milk  is  heated  to  ISO^P.,  and  a  porons  cell, 
cont.iinint:  dilute  milk,  is  |>I;i(  (  il  in  the  centre. 
A  ciuTcnt  of  electricity  of  sutlicient  tension  is 

>  The  'doEtee  o(  acidity '  of  milk  U  the  oamber  of 
ex,  of  y/lo-saOH  sol.  required  to  nentialUe  the  adu 
ia  IQO 


passed,  and  the  soluble  elements,  the  phos- 
phates in  particular,  are  decomp<»s*'d.  The 
anode  ia  placed  in  the  milk  and  the  cathode  in 
the  pnrotn  cell.  Pliosjdiuri-  acid  is  then 
lil>crat4xi  in  the  milk,  and  causes  the  precipita- 
tion of  the  casein,  while  the  liquid  in  the  porous 
cell  becomes  strongly  alkaline.  The  chief 
difficulty  Ues  in  the  choice  of  electrodes — the 
cathode  in  the  porous  ccU  can  be  carbon,  but 
the  anode  must  be  of  plntinnm,  which  makes  tho 
original  cost  very  heiivy.  Any  of  tho  cf)mmon 
metals  are  attacked  in  a  very  short  time,  and 
carbon  thrown  off  small  [j.irtich's  which  caijsf' 
the  precipitated  curd  to  become  l^lack.  It  in. 
of  courM,  possible  to  have  both  electrodes  of 
carbon  in  pornn«»  cells,  but  it  La  found  that  the 
curd  soon  tlLb  up  the  puruii  and  the  actiua 
becomes  very  slow. 

Proj)ertief. — Industrial  eaf?ein,  prepared  with 
sulphuric  acid,  will  dissolve  in  tho  folIoMring 
quantities  of  alkalis  or  alkaline  salts,  though 
larger  quantities  are  always  used  in  the  varions 
industries : — 


Sodium  bicarbonate 
Sodium  oarhonate 

Sodium  hydroxide 
Sodium  sUioate  liO^Tw. 
Sodium  anenate  . 

Sodium  sulphite  .  , 
Strontium  hvdrato 
Trisodium  pWphate  . 
Ammonia,  880  . 
Sodium  tungatate 
Borax       .       .  . 


Fer  cent. 

:  a 

.  10 

.  20 

.  9 

.  20 
8 

.  2| 

.  12| 


Solutions  of  the  hydru.xides  of  potassium, 
sodium,  lithium,  and  ammonium  of  equal  con* 
centration,  dissolve  cawin  at  approximately  the 
same  rate.  Solutions  of  tho  hy<iroxides  of  the 
alkaline  earths  dissolve  cas(  iti  much  •  more 
slowly  ;  strontium  hydroxide  disisolves  it  most 
ftipidly,  i  ilcium  hydroxide  more  slowly,  and 
barium  hydroxide  more  slowly  still. 

Rennet  casein  ia  insoluble  in  carbonate  and 
bicarbonate  of  soda,  partly  soluble  in  borax  and 
ammonia,  and  soluble  in  triwdiom  phoqihato 
and  lime. 

Tts  solution  in  alkalis  does  not  coagulate  on 
heating,  hut  is  precipitatetl  by  acids  atid  m.iuy 
metallic  salts.  When  acted  on  b^  formaldehyde 
and  certain  other  bodies,  casern  is  rendered 
insoluble.  Advantage  is  taken  of  this  fad  in 
various  induatries  to  give  a  waterproof  coating 
of  oassin. 

Pure  casein  contains  only  a  very  small 
amount  of  ash,  but  industrial  casein  may  con- 
tain up  to  about  7  p.c.  or  8  p.c. — fstmet-prepared 
casein  containing  the  most»  and  *  self  •sound ' 
casein  the  least. 

Uses  of  easein.  Casein  is  employed  in  a 
large  number  of  in  hi^tri"*,  nnd  its  nse  ia  in- 
creasing every  year,  in  fact,  there  are  but  few 
industries  in  which  cawin,  in  some  shape  or 
form,  is  not  or  cannot  be  employed  with  advan- 
tage. 

The  greater  quantity  of  imported  casein,  tho 

value  f.f  whirh,  in  1909,  was  about  ."0.000/. , 
comes  from  tho  Argentine.  Large  quantities 
also  are  received  from  France  and  Germany,  and 
smaller  quantities  from  HoHand»  Belgium,  and 
the  United  SUtes.  -  j     d  by  Google 
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Casein  is  used  in  paste  and  dry  distempers ; 
in  cardboard  manufacture,  paper  glazing, 
imther  dressing,  soap  manufacture,  cotton 
sizing,  dressing  for  textiles,  finishing,  water- 
prooHng,  calico  printing,  cask  glazing ;  imitation 
bone,  ivory,  tortoiseshell,  amber,  ebony,  Ac.  ; 
picture  mouldings,  sealing  for  bottles,  cabinet 
and  pianoforte  making,  omulsioos,  fining  wines, 
boot  polishes,  waterproof  ccmcBtit  polishes, 
films,  oiabetio  and  protein  foods. 

AHmmtary  easdn.  Some  of   tfae  best- 

known  f(K>cl  preparations  of  rasoin  arc  : 

PUumon, — This  is  a  cream-coloured  powder, 
ooene  in  texture.  It  ii  a  sooa  oom> 
pound  of  oa.Hein.  and  i/<  partially  soluble  in  water. 
It  contains  nearly  2  p.c.  of  lactose  (milk-sufpur) 
Mid  ftboat  70  p.c.  of  proteins. 

Lnit]jrofo. — A  lino  white  powder,  completely 
soluble  in  water.  It  is  a  soda  compound  of 
osseio,  made  by  a  special  process.  It  oontains 
abotit  70  7S  p.c.  proteins,  and  is  nearly  free 
from  lactose,  and  so  is  specially  recommended 
for  diabetie  fwtients. 

Sanaiogen.—A  white  powder  soluble  in 
water.  It  con-sists  of  casein  with  about  5  p.c. 
of  sodium  glycerophosi^te,  and  is  free  fvom 
fat  and  Ia<  to.s^>. 

Dr.  Htigtl'g  milk  protein. — A  scxia  cuinjxiund 
of  casein,  soluble  in  water.    According  to  the 

J»atent  specification,  the  rurd  is  jireeipitated 
rom  the  milk  bv  means  of  ethyl-sulphuric  acid. 

Eucosein. — A  caseio^anunonla  oompoimd, 
■(duble  in  water. 

Ikuiros^.. — A  soda  compound  of  casein. 
Casein  solids.  Oalalith. — Insoluble  casein, 
treated  with  formaldehyde  and  Hul>jeote<l  to 
heavy  pressure,  gives  plates  of  p:rcat  hardness, 
and  by  blending  pigments  with  the  casejo* 
imitations  of  bone,  ivory,  ebonite.  &c..  are 
obtained.  The  prtxiucts  are  known  &»  Galnltih 
(from  the  Greek  sri^  milk,  and  lithw,  stone). 
The  following  articles  are  made  from  galalith  : 
brush -backs,  combs,  cigar  and  cigarette  holders, 
penholders,  electrical  fittings,  umbrella  and 
stick  handles,  buttons,  dommoe<«.  i^c.  Beinp 
uninflammable,  ca.sein  possesses  great  a<lvan- 
tages  over  celluloid.  It  i.s  a  bad  conduetor  of 
electricity,  and  is  therefore  suitable  for  electrical 
fittings.  A  plate  of  galalith  inch  thick,  is 
impervious  to  a  current  of  16,000  volts. 

hactojorm.—'T)m  is  a  patented  preparation 
of  casein  resembling  horn,  giving,  according  to 
the  specification,  a  hard  and  tough  article  which 
does  not  swell  or  materially  soften  when  im- 
mersed in  water.  It^  is  prepared  by  adding 
variuUH  talt.s  to  solutions  of  vasein  ;  thus,  by 
adding  a  solution  of  lead  acetate  to  a  solution  of 
casein,  a  coagulnm  is  prodneed  from  wUch 
lartof.trm,  resembling,'  hum,  may  be  obtained, 
while  to  manufacture  a  substitute  for  v/oty, 
carbonate  of  soda  b  added  to  the  casein  solntilrai 
find  precifiitated  Ijy  sii;:ar  of  lead,  thus  forming 
carbonate  of  lead  in  the  mass  obtained.  By  the 
use  of  ohrominm  eomfiounds,  bluish-green,  also 
yellow  and  orunue  laetoform,  is  obtainable;  l)y 
tbe  action  of  iron,  rust -coloured,  and  in  com- 
bination with  tannic  acid,  slate  and  bIaok> 
coloured,  laetoform  mny  be  produced.  These 
are  merely  interme^Jiate  products,  and  are  not 
claimed  as  a  new  Inventum,  but  are  oonverted 
Into  lactnforni  by  frentment  with  formaldehyde. 
J-'or  gluev  ^nji  eizcs,  casein  js  dissolved  ij) 


borax,  soda,  or  ammonia,  and  the  reaohins 
coating  may  afterwanis  be  rendwed  inadfaiblr 
by  formaldehyde,  or  the  cawin  may  be  dif- 
solved  in  lime,  which  will  give  a  wateifKool 
coating  when  dry. 

Films. — Schmidt  has  patented  a  prcn-ess  for 
making  casein  films  as  follows :  100  grams  oi 
casein  are  dii^lved  by  heatinff  in  1  litre  of  water 
fontainint;  S  gmms  of  2,")  p.e.  Iiydrochloric  acid  ; 
10  grams  of  40  p.c.  formaldehvde  and  a  amali 
quantity  of  glycerol  are  added,  and  the  soia> 
tion  poure<l  on  ^dan^  plate-'  to  dry.    He  .stntes* 
I  that  films  made  from  alkaline  solutions  of 
I  casein  ate  not  impermeable  to  monrtnre. 
'       Schmidt    i>atents    the    billowing    prxe^u  : 
100  flrams  of  casein  and  1  -5  grams  caustic  of  soda 
ars  diasolved  in  1  litre  of  water,  to  wliiidi  are 
ndded  about  15  ^'rams  of  a  40  p.c.  >inbition  of 
formaldehyde ;  or  100  grams  of  casein  and  10  c.c. 
of  a  10  p.e.  solution  of  snunonia  are  dissolved  in 
2  litres  of  water,  to  which  are  added  abou: 
30  grams  of  a  40  p.c.  solution  of  formaldehyde. 
Either  of  these,  he  states,  gives  inaolnble  films 
I  on  drjing,  wlurh  may  be  u-sed  for  j-hotograpby, 
1  suigioal  bandages,  paper-coating,  &c. 
t      Buss,  in  his  patent  for  photographic  films, 
'  proceed.';  as   follows :    600  to  700  prams  dry 
casein  are  heated  with  9  litres  of  water  to  35 
or  60^,  mixed  with  2S0  grams  of  citrk:  acid  dis- 
solved in  1  litre  of  water,  and  the  heating  con- 
tinued until  t\w  whole  has  dissolved.    Tlien  100 
or  200  grams  of  glycerol  Are  added,  and  the 
liquid  filtered.    It  is  applied  by  machine 
plain  or  baryta  paper,  and  allowed  to  dry.    It  i« 
next  remi ved  insoluble  by  being  drawn  thrangh 
a  5  or  7  p.e.  niolution  of  ammonium  or  ^odinm 
chloride,  and  linaily  »eni«itise<l  in  a  silver  nitrate 
bath,  ranging  between  4  and  12  p.c  in  strength. 

Scaiituj  for  ftritlft  t. — For  thi«  ptirpo«!e.  .'oirrrnot 
has  patented  the  following  preparation:  Ca."»eui 
is  treated  with  a  hot  aqueous  solntMm  of  aodiom 
phosphate,  ammonium  fluoride  and  glycerol, 
the  whole  beint'  then  heated  in  the  water-bath 
until  it  is  homotu-neous  and  vixoous.  ThU 
product  is  eni{)l<iyed  for  f^enlinij  bottles  of  metnl. 
u'lasi;,  pori  elain.  \e.,  by  applying  it  in  a  warm 
state  to  the  e<lge  of  the  vessel  or  Cover,  and  then 
1  treating  it  with  formaldehyde. 

Fining  of  winf^. — For  this  purpose,  a  readily 
soluble  .Mxbuni  compound  of  casein  is  used.  It 
is  dissolved  in  10  or  20  parts  of  water,  the  H  p.c. 
solution  effecting  a  somewhat  slowec  though 
more  eomplete  clarification.    The  casein  com- 
j  pound  has  the  advantage  that  it  is  very  much 
'  cheaper  than  albumen,  and  is  free  from  all 
^  flavour  such  as  is  found  in  even  the  purest 
j  gelatin.    Moreover,  if  in  fining  wines  with  white 
I  of  egg,  albumin  or  gelatin,  too  large  an  exce»  in 
'  projxirtioii  to  the  tannin  Ik-  ua^,  this  exoes* 
remains  in  solution,  and  may  lead  to  turbidity 
and  alteration  in  tibe  wine ;  wberoas  the  casein, 
even  when  added  in  considerable  excea-n,  is  com- 
pletely eliminated,  being  coagulated  by  the  acid 
In  the  wine. 

'"  '  *  I ?i  i/'ali  r-jioiTits-. — Casein  in  fine  powder 
i  is  intimately  mixed  with  sifted  slaked  Itnie  and 
inoorporated  with  the  pigments.   The  pr  >pi  r- 
tion  of  lime  to  casein  is  very  itiiiK)rfant  :  if  t'«o 
1  little  lime  be  used,  the  mixture  will,  after  a  short 
time,  especially  if  exposed  to  air,  become  in* 
I  soluble  in  water ;  and  if  too  much  lime  lie  u#ed, 
1  advejrae  results  will  follow.   The  brashes  w^ili^^^ 
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rotted  aud  the  paint  wilt  be  liable  to  flake  off.  i 
The  nozi  matter  of  importance  is  the  nroportion 
of  lime  and  ra'^ein  (o  he  incoqwratcd  with  the 
pigment.  If  too  little  be  uHed,  th(!  paint  will 
dust  off  aad  irill  not  stand  wa'^hing ;  and  if  too 
much  bo  tt9od»  the  ooatiog  will  be  brittle  and 
OakoofiU 

Tn  selecting  the  pigmonts,  it  is  necessary  to 
ernpl  >v  only  tho<e  which  are  onafiooted  by  lune. 

The  most  suitable  are  : 


For  White. 
„  Yellow. 

„  "Brown. 
Black. 
Bed. 
Bine. 
Green. 


Whiting,  China  r!ay,  zinc  oxide. 
Ochre,  Han^a  yellow,  naphtbol 

yellow,  chrome  yellow. 
Umber,  sionna. 
Carbon  blacks. 
Oxidets'litholred. 
Ultramarine. 

Green  earth,  ultramarine  green, 
lims  green. 

The  ingredients  most  be  thoroughly  in- 

corpf>ratotl  and  kept  jnnir-tip;ht  packagr?.  The 
paint  is  prepared  by  mixing  the  powder  with 
cold  water*  and  is  ready  for  use  in  a  few  minutes. 
When  tbovongfaly  d^»  the  snrface  is  wa^haMe. 

•  L.  M.  N. 

GASHBW  GUM  v,  Otms. 

Ci^SAVA.  Thn  mot  of  Muiuhot  jxilmaia 
(JInelL),  '  sweet  cassava ;  '  or  of  Manihot  lUilU- 
tima  (Pohl),  *  bitter  cassava.*  These  plants  are 
widely  cuhtvatt'd  in  the  tropics  for  the  sako  of 
their  starchy  edible  roota.  From  them  the 
eubstanee  ta|Noea  is  prepared.  The  starch  is 
al^Kj  known  fi'  tTiatiflioo  starch,  Brazilian, 
Bahia,  Rio  or  i'ara  arrowrwot,  and  by  other 


The  pirains  of  starch  are  grouped  in  twos, 
threes,  or  fours  ;  the  separate  grains  have  usually 
one  or  two  flat  surfaces,  but,  on  the  whole,  are 
ftnmded  and  sliow  delicate  conomtrio  striations 
and  a  distinct  hiluro. 

Cassava  root  contains  a  volatile  poisonous 
sulistanrt-  (Fermin,  1764),  which  proved  to  be 
hydrucvanii-  acid  (Boutron-Charlard,  1836,  and 
nancis,  Analyst,  1878,  2,  4).  Tho  latter 
oh<;erver  found  00168  p.c.  of  pruasio  acid  in 
Kv%  ec  t  cassava  root  and  00276  p.o.  in  the  bitter 
root.  He  found  69-4  p.c.  and  61-4  p.c.  water 
in  the  roots,  and  about  30  p.o.  of  starch. 

I^uscher  (Zeitsoh.  5ffentl.  Chem.  1902,  8. 
10),  aa  the  mean  of  six  analyses  of  the  fresh  root, 
found : 

Water  fxoteia  Fat  Starcli  Sosar  Cnide  fibre  A»h 
70^  1*12  (Kl  81*44  6-13     I'll  0*64 

He  states  that  the  3ield,  on  well-irrigated  land* 

may  amount  t^>  lo  or  Iti  tons  jH-r  acre. 

Tapioca  is  made  from  the  starch  of  cassava 
by  stirring  the  damp  product  on  a  hot  iron  plate 
until  it  agglomcratt'.s  into  the  irreuular.  spherical 
mnnifin  familiar  an  tapioca.  By  this  treatment, 
many  of  the  starch  giwns  become  changed, 
Uing  converted  into  shapeless,  tcanalaoent 
masses. 

Aooording  to  American  analyses  (Wiley,  Bull. 
13.  I'.S.  Dept.  of  Agrio.  Dtv.  of  Chem*  18»8), 

ta{)io<'a  contains  - 

Water  Protein  Fat  Carbohydrates  Fibre  ArIi 
U-SS    0-37    0-OS       8846       042  0-09 

Owing  to  the  exceptionally  low  r1emnnd>  of 
lot  mineral  mattor,  it  has  been  recom* 


raided  as  a  crop  particularly  well  adapted  for 
cultivation  on  poor  sandy  soUs,  as  it  ferns  very 
largely  u|)on  air  and  water  (EweU  and  Wiley, 
Amen  (  kern.  J.  1893,  15.  285).  H.  1. 

CA88EL  BABTH  or  VANDYRB  BROWN  n 

PWMBNTS. 

CASSEL  YELLOW.  Lcu^i  ^  orycldoride.  A 
pigment  also  known  as  Turner^s  Yellow,  Moni- 
pditr  Yrl!n>r,  Mineral  Yellow,  and  Pdlmi  Yellow. 

CASSELMAM'S  GREEN.  A  pigment  made 
by  mixing  boiling  sohitions.of  copper  solphate 
and  an  alkaline  acetate. 

CASSIA.  'I'he  bark  of  Cinmimoirium  nts'iia 
(Bllime),  a  tree  belonging  to  the  order  Lauraceai 
or  true  laurels.  It  is  grown  in  China.  .lava,  fee. 
C.  eoMta  furnishes  a  l)ark  which  ia  much  like 
cinnamon  [C.  tefflanicum  (Noes)],  hut  tiiioker, 
coarser,  stronger,  less  delicate  in  flavour,  and 
cheaper;  hence  it  is  frequently  uiicd  to  adul- 
terate cinnamon.  The  bark  is  stripped  off  the 
hranchps,  Mhen  it  rolls  up  in  the  form  of  quills. 
It  is  said  to  be  preferred  to  cinnamon  itaelf  by 
some  chocolate  makers  on  account  of  its  stronger 
flavour.  The  unopcnetl  flower-buds  are  also  8ol<^ 
under  the  name  of  '  cassia-buds,'  and  possess 
similar  properties  to  the  bark.  Other  species  of 
the  tjenns  afford  aromatic  barks,  e.g.  C.  cuU- 
launn  (Blume),  native  of  Malaya  and  China,  the 
l)ark  of  which  has  a  flavour  of  cloves  ;  C. 
tamala  (Nees),  which  oocmrs  in  sub-Uimalayan 
India  as  far  as  Burma,  and  provides  a  bsrk  that 
is  used  as  a  substitute  for  or  adidterant  of  true 
cinnamon  ;  C.  Btirtnanni  (Blumo)  is  the  source 
of  the  bark  exported  from  Sumatem.  The  bark 
known  as  clove-cassia  is  obtained  from  Di<!/- 
pellium  carvophyUatum  (Nees),  which  is  also  a 
tree  of  the  laurd  family  growing  in  Brazil. 

The  employment  of  cas.'jia  as  a  ^ophi.-^ticant 
of  the  more  esteemed  and  more  costly  bark  of 
cinnanHm  when  in  the  grmmd  state  may  usually 
be  detected  by  athling  tincture  of  iofline  to  a 
deoootion  of  the  powder ;  when,  since  cassia  con* 
tains  more  staron  than  enmamon,  the  substanco 
will  turn  bluo ;  but,  where  inferior  qualities  of 
the  true  cinnamon  have  been  examined,  their 
oonstitntion  has  approaehed  that  of  the  coarser 
bark  f  cassia,  and  this  t<'ht  has  proved  un- 
certain (<^,  U.  Hehner,  Analyst,  1879,  225- 
228). 

C'as.-^Ia  bark  is  thicker,  reddr  r,  .^tronprr  to  tho 
tafite  than  cinnamon.  The  jwiwiier  under  the 
microscope  exhibits  a  general  resemblance  to 
cinnamon,  but  it  will  be  seen  that  caasia  difTers 
from  cinnamon  in  its  ooamer  structure,  and 
especially  in  the  greater  sise  and  number  of  its 
starch  corpusck'.«. 

Cassia  yields  by  distillation  an  essential  oil 
largely  used  in  perfumery,  c^jm  cially  for  pnMluc- 
ing  the  scent  in  brown  Windsor  soap  (v.  Oiut, 

EsSXNTIAIi). 

CASSIA  OIL  t'.  Oils.  Rssknti  vl. 
CASSIA  TORA  (T.Inn. )  or  TAGEREY-VEREY. 
This  plant  prixiucus  urains  known  in  the  E&at 
Indies,  Arabia,  and  Japan  as  Tora,  but  which 
are  kno^^Tl  in  Pondichcrry  and  other  parts  of 
Hiudostan  as  Tagerey-txrey.  It  is  regularly  used 
as  ft  cpmponent  of  the  indigo  vat  in  dyeing, 
apparently  serving  the  same  pur|X).so  as  the 
bran-madiler  or  molasses  ust^  in  Europe, 

The  native  dyers  use  the  Twjtrey-vcrey  in  the 
'  follow  inc  manner.  To  dye  about  200  yanls  of 
I  cloth,  11^  lbs.  of  the  grain  arc  stcept?^  Ja  Jf^^nL. 


CASSIA  TOBA  OB  TAG£B£Y-V£R£T. 

.J  to  G  yalloiis  (tf  poM   \\;it<  r,  riiid  tlu-ii  l>i>iKHl     i  K_'>|i(  :.  liiit  has  hocn  t rrtn>]>l?intrd  to  In<lia  at 


for  four  hours.  The  grains  are  swolleu  and 
softcffied  by  this  trefttinent,  and  the  vnUt 
Ix-conifs  thi<'k  an'l  Eriiniiiiv.  The  wliolr  of  thia 
is  aiidtni  to  tUo  iudigo  vat,  and  after  standing 
for  fifteen  houn,  the  vat  n  readv  to  d3re. 

CASSITERITE  or  TIN  STONE.  Nativo  tin 
oxide  SaOff  containing  78-6  p.c.  of  iin»  and 
praotically  the  only  ore  of  the  metal.  It  varies 
much  in  appearance — the  coloiir  mv^f^a  from 
white  to  black,  being  usually  dark  brown — and 
its  most  ohameterifltio  feature  is  its  high  sp.gr. 
of  0-8-7 -1  ;  hardness,  H-T.  f'rv*tal>  arv  t 
tragonal,  with  very  characteristic  knce-ahape^i 
twms ;  their  faoee  tie  often  Tery  brilliant  with 
an  adamantine  lustre.  CYvstals  arr,  howevrr. 
not  very  common,  the  mineral  being  more 
fre^pMDuy  found  aa  disseminated  grains  mod 
water-worn  pebbles.  Veins  of  tin  ore  usually 
occur  at  the  junction  of  granitic  masses  and 
slates,  and  the  ore  also  impregnates  the  rodbi 
bordering  Iho  veinf.  Such  ores  are  known  as 
vcin'tin,  to  distinguish  them  from  the  stream-iin 
of  alla^UJ  deposits.  A  compact  variety  with  a 
radially  fibrous  and  concentric  structure  antl 
sometimes  a  bolryoidal  surface  in  kiiowo  as 
wood4in.  The  ore  as  Prepared  for  market  is 
known  a?  hlark-tin,  and  in  South  America  as 
harilUi.  The  principal  tin-producing  countries 
are  the  Federated  Malay  Stat<*8,  the  islands  of 
Baiika  aiul  Billiton  in  the  Dutch  East  Tndief. 
Australia  (Queensland,  New  South  VVali-.s, 
Western  Australia),  Tasmania,  Bolivia,  Corn- 
wall, and  more  recently  South  Africa  (Transvaal 
and  Swaziland),  and  Northern  Ntgtriu.  The 
production  of  tin  ore  unonnts  to  about  100,000 
tons  per  annum.  L.  J.  & 

CASSIUS,  PURPLE  OF,  v.  Gold. 

CASTILE  SOAP  v.  Soap. 

CASTOB  or  CASTOREUM.  {Bibergeil,  Ger.) 
A  name  given  to  a  secretion  of  the  l)eaver  {Castor 
fiber),  oontaiiKxl  in  pear-shaped  cellular  sacs 
(found  near  the  genital  oigans  of  the  male  and 
female  animal),  which  are  eat  off  and  dried,  to 
] in  vent  tlif  slcin  being  affected  by  water.  It  is 
a  substance  auakigous  to  civet  and  mask,  and  is 
of  the  consistence  of  thick  honey  and  nnetnons 
to  the  touch.  Tlu-  interior  sub«tan{  r'  is  .'•oliil,  of 
a  dark-brown  or  black  colour.  It  has  a  faint 
smell,  softens  when  heated,  but  becomes  brittle 
when  cold.  AVhrn  cht  wi  tl,  it  sticks  to  the  treth 
like  wax.  It  has  a  bitter  acrkl  taste,  and  a 
foetid,  penetratmg  smdl.  Its  fracture  is  shin* 
inp.  and  when  the  substance  is  genuine  it  shows 
fragments  of  niouibraae  indicating  orgaoio 
structure. 

Three  vnrii-ties  are  8ai(l  to  exist,  tlie  Hii>!«ian, 
Bavuriau,  ami  American  or  Canadian,  the  first- 
named  variety  containing  about  2  p.e.  of  the 
volaliJe  oil,  while  the  Lh(  tontains  only  1  p.o. 

Wohler  obtained  phenic  and  benzoic  acids 
and  salicine  from  it.  Lohmaim  found  bile  in  a 
fre^h  sumplc  together  -willi  alkah'nc*  urates, 
sebates,  and  an  albuminoid  huKhtancc.  Iviugier, 
Brandes,  Batka,  Buuillun.  Jjagrange,  and  Hilde- 
hrant  have  also  examined  if.  V.y  extracting  it 
with  six  times  its  weight  of  alooiioi  a  colourless 
subsianee,  ca.« /or (ft,  haa  been  isolated.  Used  in 
medicine  and  jx-rfunierv. 

CASTOR  OIL  is  obtaino<l  from  the  seeds  of 
J{icinu^  communis  (Linn.). 

Xhc  plant  appears  to  be  indigenous  to  Africa 


a  very  earl^  stage  of  history,  so  that  some 
writers  consider  the  |dant  indigenous  to  India 

it*;i  lf.  'I'ho  plant  gre)\\H  in  enormous  quantiti*^^ 
in  all  tropical  and  sub-tropical  countries,  and  is 
even  found  wild  toMlay  in  South  Amerieft, 
notably  in  Paraguay  and  the  Ar;:entiiie. 

The  most  important  sources  of  castor  seed 
are  East  India,  Java,  the  Hediterraneaa  eoon- 
(rie.a,  Mexico,  and  the  United  8tat«  >  of  AuHSffMa. 
By  far  the  laigest  producer  is  East  India. 

The  seeds  oonsiiit  of  20  p.o;  of  husks,  which 
are  rich  in  mineral  matter,  \mt  contain  no  oil. 
and  80  p.c.  of  kernels,  forntiug  a  white,  sottish 
mass.    The  whole  seeds  contain  a  toxic  prineiple 
--'ricine*  or  ricininp.    Tlie  kernel.^  contain  a 
jKjwerful  fat-hydrolysing  enzyme,  which  can  be 
made  u.<«e  of  on  a  manufaetunng  scale  for  hjnlio* 
lyfsinp  oils  and  fats  for  soap-making  pur|"*^^''<^!>- 
The  seetls  contain  46  to  53  p.c.  of  oil.    The  ud  Ls 
produced  on  a  Urge  scale  either  by  expre»uoa 
or  extraction.    For  tlie   iirtuiuetion   of  be^^t 
quality  oil — ^for  nurdicinai  purposes — the  seeds 
are  decorticated  before  being  expressed.  Tho 
pre5>?-cake  in  .Kn!)jected  to  a  second  and  thinJ 
expression,  but  the  oil.^  so  obtained  are  uiitit  lor 
medicinal  use,  and  are  employed  for  technical 
purposes  (soap-making,  Turkey-ri<l    oU,  and 
Rubricating  oils).   The  cakee  n-tain  the  jtuisonou^ 
alkaloid,  and  are  therefore  unfit  for  feeding 
piirposps.    Although  it  is  stiif  «h1  that  by  washing 
the  cakes  with  6  or  7  times  their  amount  of  a 
1(1  p.c.  sodium  chloride  solution,  they  can  be 
freed  from  the  alkaloid,  no  castor  cake  is  actually 
used  for  feeding  cattle,  but  applied  exclusivdiy 
to  manuring  the  land.    The  eztraoted  ofl  is  only 
used  for  technical  purposes. 

Onde  castor  oil  is  refined  by  steaming  tlie 
oil,  whereby  the  albuminous  substances  are 
coagulatodf  so  that  they  can  be  removed  by 
filtering. 

Castor  oil  is  a  colourIe^^s  or  pale-greeni«h  oil, 
having  a  taste  at  first  mild,  then  barah ;  tbin 
harsh  taste  is  mort^  pronouneed  in  Amwiean 
then  in  Italian  or  rn  iuh  oils.  Tlie  oil  difTers 
from  all  other  fatty  oils  by  its  high  specii^ 
gravity,  vie  0*960.  Contrary  to  dder  state* 
inentf;.  the  oil  does  not  dry.  oven  wfacn  eS^OSSd 
to  the  atmosphere  in  thin  layers. 

Osstor  oil  is  strongly  dextvo^iotatory ;  the 
optical  activity  is  due  to  the  presenoe  of  rioin- 
oleio  aeid. 

The  chi^  constituent  of  castor  oil  is  the 

triglyceride  of  n'rinoleic  acid,  both  isoirieriil- 
rioinoleio  and  Moriciuolcic  aoid  being  ix>mpri.'^e«i 
under  (liis  term ;  in  addition  thereto,  castor  oil 
contains  a  small  proportion  of  ^:lycerides  of  % 
natural  dihydros^'steario  acid  and  of  stearic 
acid.   Falmitin  end  olcila  are  absent. 

Owing  to  the  presence  of  triricinolein,  caetor 
oil  is  distinguisheil  from  all  other  fatty  oils  by 
its  high  'acetyl  value'  {«ee  OiLS  and  Fats). 
Cantor  oil  furtlier  difTers  from  all  other  fatty  oils 
by  its  rcaily  miscibility  with  abiolutc  alcohol 
and  glacial  acetic  acid,  as  also  by  its  int>olu- 
liility  in  larcf  qnantities  of  p«'troleiini  eth<r, 
kerosene,  and  high- boiling  paralhu  viia.  Ihr 
oil  gives  a  homogeneous  sdntioa  with  $n  ejssi 
inpa«snrr  of  light  petroleum,  or  one  volume  snd 
a  liall  of  kerosene  or  paraflin  oil ;  if  mure  of  tho 
solvents  is  used,  the  excess  will  float  on  tli  -  t  ;. 
of  the  miztuie.   If  castor  oil  be  mind  with  a 
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8mAU  quantitv  of  another  fatty  oil,  this  cttaraO' 
ttvjfltio  insolubility  in  petrolram  distillat'OS  is  loot. 

On  !-ul)ji  (tin!:»  castor  uil  to  (U ^tnictivo  dis- 
tillation (as  in  the  preparation  of  '  cognac  oil 
ttndecylenie  add  and  cenanthaldehydo  distil 
over,  whilst  the  rei.iiUu»  .soliilities  to  a  very 
bulky,  spongy,  indiarubbcr-iike  ujass,  for  which 
a  solvcn  t  has  not  yet  been  fonnd.  lliis  roaidne 
appoarM  to  consist  of  tho  nnh^ilrido  of  triun- 
deoenoic  acid.  By  heating  castor  oil  for  10 
hoan  at  a  tempetature  of  260*-300^  under  a 
prc^'siiro  of  4-6  atmosphcroa,  the  oil  beoomea 
miscible  with  mineral  ous.  J.  L. 

CAmR  OIL  SKBDS  or  CASfOR  BEAMS. 
The  seed  of  Jiichiu'i  rommitrn\i^  a  plant  which 
grows  as  a  tree  in  warm  countrios,  attaining  a 
Eeight  of  30  or  40  feet,  but  whioh  in  oooler 
CiiiTiat<*s  is  only  an  annual  f-hrub. 

'i'ho  following  is  an  analysis  of  Indian  secd;:^ 
(H&lenke  and  Ong,  Laodw.  Vexraoh.  St.  1900, 
H  01)»— 

Siil.carbo- 
Wat#r  Pff if   I M  1 1  hydrates  Fibre  A«h 
Kernels,  70  p.0.  3-6023'43Uti  02  4-01  0-70  2-24 
Hiuk,30p.c  .8-76  4-76  0-98  32-92  48  09  3-80 
Whole  leed     .  514 17-8&46*06  12-61 14-992-73 

Tt^  t- :\ny  varieties  the  proportion  of  husk  is 
much  lower,  sometimes  down  to  20  p.c. 

Of  the  total  *ptotcin,'  22-62  p.0.,  4'18  p.c., 
an<l  lT-13  p.c.  rrspoctivoly,  are  tme  nlbuiiii- 
noids,  whilst  of  the  carbohydrates,  0-89  p.c, 
16*63  p-c,  and  ((•SO  p.0.  reapeotiTciy,  are 
pentosans. 

The  ash  of  castor  seeds  was  analysed  by 
Thorns  {1890)— 

Sand. 

Wat«retc.Fe,PtOaO  MgO  K»()  JisiO  P.O.  .m>,  CI 
l>*SO  19-59  5'0&  irOS  10'5S  14^  1*88  2S-«7  5-010-29 

Oistcjr  seeds  are  very  poisonous.  Comevin 
found  the  folio  wijig  were  the  toxic  doses  in 
grammea  per  kilogram  of  body- weight.  Horses, 
oxen,  <iheep  and  dogs,  3;  pigs  about  fr-O;  hsixt* 
about  40. 

The  poisonous  constituent  was  believed  to 
be  riciniiii  by  Roinic  (Chf-ni.  Zi:«ntr.  1895,  i.  853), 
but  is  now  known  to  bt;  ricin,  an  albumin, 
wUch,  with  two  non-toxic  substances — n  proteose 
and  a  globulin— constitute  the  proteids  of  the 
seeds  (O.sborne  and  Mendel,  Proc.  Amcr.  Physiol. 
Boc.  1903,36). 

Iitc{}n'ric.  accordinj,'  to  Macquenno  and 
Pbiiij)pe  (Compt.  rtud.  1904,  138.  506  and  139, 
840),  has  the  composition  (.\H,(>,N,;  it  melts 
at  201-r)"  and  yields  ricinic  acid  CiH.O.X,  by 
saponification.  They  u  pre^sent  its  constitution  as 
XVCO0CHa):C\ 
N(CH,K^  I  >N 

CH  =  CH  •  C 

Bicin,  the  poisonous  principle,  has  l>een 
examined  1^  Stifimark  (Chem.  8oc.  Abstr.  1890, 
;';{."],  Osbornr,  an'l  others  (I.e.  and  Amer.  Jour. 
Physiol.  1905, 14, 259),  and  Brieger  (Chera.  Zeutr. 
1904,  i.  1286).  It  eaa  be  estraoted  from  the 
pressed  serds  by  n  10  p.<  .  »«3lution  of  common 
salt,  from  which  it  is  precipitated  by  magnesium 
and  eodium  snlphates. 

1^  iciu  afrszlutinatcs  th<'  n  d  i  nqnt^r-lfs  of  tho 
blood.  Osborne  iound  0  002  milligram  im:t  kilo- 
gram of  body  weight  soffielent  to  kill  a  rabbit 
when  subcutaufou^ly  injrrtrfl.  It  ran  be  kept 
for  mouths  without  deterioration,  but  loses  itii 


poisonous  qualities  when  coagulated  by  heat, 
Tozio  symptoms  do  not  appear  until  after  a 

latent  p<^riod  of  alniut  15  hours.  Castor  seeds 
also  CK}ntain  nn  enzyme  capable  of  decomposing 
fats  into  glycerol  and  fatty  aeids. 

f'a^t(jr  sicd^  arc  lurj^fly  u>>-d  as  m_>um  r  of 
castor  oil  {q.v,}.    The  cako  left  is  rioh  in  protein, 
and  if  it  were  not  poisonoiu,  would  prove  of 
value  aa  a  cattle  food.    It  contains — 
Soluble 

Profein        Oil   carbohydrates  Fibre  Ath 
29-34  p.c.  1-4  p.c.  12  18]).e.  30-40  p.c.  6-9  p.c. 

By  subjecting  the  cake  to  hich-pressure  steam, 
the  poisonous  qualities  are  raid  to  be  destroyed, 
and  cako  .-^o  prepared  may  safely  be  used  as  a  part 
of  the  ration  of  fattening  animals.  According  to 
Ehrlich,  animals  may  bo  immunised  against  the 
poison  by  feeding  thcni  ^ith  verj'  small  quan- 
tities of  the  crude  caku  until  they  betome 
accustomed  to  it.  The  serum  from  such 
animals  may  then  be  used  to  itnmunise  others. 

Neither  ui  these  methods  of  utilising  castor 
cake  appear  to  have  been  suooeasfnl,  and,  in 
England,  at  least,  it  is  rarely  or  never  used  for 
feeding  purposes. 

The  leaves  of  the  eastor  plant  are  rich  in 
lime  and  potash:  an  analysis  by  \Vaym;  (P)wirm. 
J.  Trans.  1874,  3,  749)  gave  as  the  couipusition 
of  the  adi  of  the  leaves : — 

CaO  MkO  K,0  NaaO  Fe.Oj  P>0,  80.    CI    CO.  8iO, 

■4  62  27  3  21    0-7    8-7  2-9  1-6  16-2  " 
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CATALASE  i'.  Enzymes^  art.  Fx&mentatioS* 

CATALYSIS  r.  Chemical  ArrnoTY. 

CATECHIN  V,  Cetbchin. 

CATECHOL  (Pi/roca(>chol  or  Pyrfxnticliiii. 
o-Dihydrmcybenzeiu ,  1  :  2-Phendiol  C,H|(OH)2, 
occurs  in  the  leaves  of  the  Viiginia  oreeper 
(Ampelopsis    hcdirncm)  (Onnip  Besaner,  B«t. 

1871,  4,  905);  iu  the  iuip  of  various  kinds  of  the 
kino  plants  ( l^:isfeldt,  ibid.  906  ;  Fluckiiger,  Ber. 

1872,  5,  1,  47):  in  crude  beet  Rugar  (Lippmann, 
Ber.  20,  3298;  1893,  20,  30*31  ;  J.  Soc.  Chem.  Ind. 
1893,  535) ;  in  the  dry  external  scales  of  the  onion ; 
in  Paudia  olive  oil  (Cauzoneri,  Gazz.  chim.  ital. 
27,  3) ;  in  tho  colouring  matter  of  nxl  grapes 
(Sostegni,  Gazz.  chim.  ital.  32,  17);  in  Silcfiian 
and  Westphalian  coal  (Bomstein,  Ber.  1902,  3ji, 
4324);  and  in  the  tar  water  of  bituminous  shale 
(D.  E.  P.  68944, 1892 ;  Ber.  1902,  35,  4325).  The 
catechol  complex  also  exists  in  certain  gluoostdes 
(Ne<lra,  J.  Soc.  Chem.  Tnd.  1900,  686 ;  Sohmidt 
and  Waljaschko,  Chcm.  Zentr.  1901,  ii.  121), 
in  a  large  number  of  products  of  ve^^table 
origin ;  as  the  sulphate,  oateehol  occurs  in  the 
urine  of  man  and  herbivorous  nnimals  (Miiller, 
Ber.  1874,  7,  1526;  Schmiedeberg,  Zeiteoh. 
physioL  Chem.  6,  189) ;  it  is  probaWv  also  con- 
tained in  tho  cerebro-spinal  fluid  (Haltiburtoii, 
J.  Phys,  Chem.  10,  247). 

It  is  formed  in  the  dry  distillatton  of  mori- 
fannic  acid  (Wagner,  Annalm,  1850,  76,  351  ; 
80,  316) ;  of  catechin  (Zwcnger,  Annalen,  1841. 
37,  327);  of  protocatechuic  acid  (Strecker. 
Annalen,  1860,  IIS,  285)  and  of  all  tannins  which 
give  a  green  colomration  with  iron  chloride 
(Uloth*  Annalen,  1859,  111,  215).  It  is  also 
formed  win  n  (liter  payn-r  is  hcafod  to  200*  or 
when  starch  or  sugar  is  heated  to  280*  with 
water  (Hoppe  Seyler,  Ber.  1871,  4»  16)  and  in 
many  other  r<"artion«. 

Catechol   is   preparcii   by  fusiQg  sodium*  «^ 
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chbenzene  diaulphonate  (lU  parts)  nith  sodium 
hvflroxide  (10-16  partn)  in  an  •vtoeiavtt  for 

8'  Ht  hours  at  2«0*  300*  ami  pn ''sure  of  2-3 
attuuttphervii.  Thu  masa  is  tboa  disaolved  ia 
dilute  sulphurio  acid,  neutndued  with  chftlk, 
t'ViiiHiratrn.  c(iol»»fl  and  lilt<r«-<l.  The  rimthor 
liquor  is  now  beatod  in  an  autoclave  with  50p.o, 
snlphario  Mid  (10  parts)  to  180*-2a0*.  The 

Eht-nol  is  ri  niov<.'<l  from  the  solution  so  obtained 
y  blowing  steam  through  it;  it  ia  then  de- 
oolourised  wHh  anim*!  ohuooal,  after  which  the 
oate<^hol  i?*  oxtrael' fl  with  ether  (Biiuni,  Eng.  Pat. 
21863;  D.  H.  P.  80817;  J.  Soc.  Chem.  Ind. 
18M,  879;  Ellis,  ibid.  1897.  674;  WdL  1894~7» 
116).  Catechol  is  also  prepared  by  heating 
catechol  disulphonic  acid  or  the  sodium  salt 
with  water  or  minecal  acid  to  200*<-216*  for 
10-16  hours  under  pressure  (Tobias,  D.  R.  P. 
81209,  1894  ;  FrtJl.  1894-7.  117);  or  by  treating 
commercial  catechu  with  water  (Gutknecht. 
Cli'  in.  Zeit.  1891,  15,  959);  or  by  diazotiaing 
o-aminophenol.  treating  the  product  with  boiling 
a^oeotu  copper  sulphate,  and  then  extracting 
the  catechol  with  ether  (Fnll.  lW);>-7,  128);  or 
bv  the  distillation  of  orthobwmo-  or  chloro- 
i)henol  in  vacud  or  in  steam  (D.  R.  P.  76697 ; 
Frill.  I8U0-4,  84.*)).  or  hv  hrntinir  with  sodium 
h>aruxidc  (Frdl.  181>4-7,'  114  ;  1).  li.  P.  84828). 
An  almost  theoretical  yield  of  catechol  can  be 
obtained  by  fnatin^^  truaiacol  \\ith  fuming 
hydhodic  acid  (Perkm,  Chcui.  S<>o.  Proc.  1890, 
90);  or  bytheintcffaotion  of  o-hydriixy>H<n7.al(lo- 
hyde  ^^^th  aqueous  sodium  liydroxidc  in  f(iiii- 
molecuiar  proportions;  to  tho  .sodium  salt  thua 
formed,  an  equimoleoular  proportion  of  2-3  p.o. 
hydrogen  peroxide  is  then  adde<l  and  the 
cattK;hol  is  extracted  with  n  suitable  solvent 
(Dakin,  Amer.  Chem.  J.  V.m,  42.  477).  Other 
methods  of  preparing  catechol  are  described  by 
Cross.  Bevan,and  Heiberg  (Ber.  1900,  33,  2018) ; 
Kunzkrause  (Ber.  1897,  30,  1620);  Meyer  {ibid. 
2660) ;  Hartmann  and  Gattermann  (Ber.  1892. 
26,  3632;  D.  R.  P.  70718;  Frdl.  1890-4,  62); 
Gilliartl,  Monii.-t  aiul  (  artier  (D.  R.  P.  !>70m> ; 
Chem.Zentr.  1898,  ii.  521);  Messel  (D.  R.  PP. 
68944.  60637;  Frdl.  1890-4,  844,  846). 

Catechol  IB  reatlily  stJuble  in  water,  alcohol, 
ether,  benzene,  and  cryataUisea  from  these 
solvents  in  priamatio  needlea  or  tablets  ;  m.p. 
104°;  b.p.  245'»  (Ghil).-,  Antml.ii,  lSs«».  2;Vt. 
296).  Its  aqueous  solution  precipitates  meUilio 
silver  from  sOver  nitrate  solution  at  ordhiary 
teni|)eralure,  and  with  ferric  clilorldc  it  ^ivi-s  a 
green  colouration,  ubich  turns  violet  on  addition 
of  ammonia  or  sodium  aoetate  (WidMeoas, 
Annalen.  isnn,  291,  174),  whil.^it  in  the  prosoiu-f 
of  aromatic  amino-sulphonic  acids  tho  colour 
changes  to  red-brown  and  the  test  ia  more 
delicate  than  vith  ferric  chloride  alone  (Bayer, 
Biochem.  Zeitsch.  1909.  20,  178).  UnUke'  its 
isoraeride.  resoroinol  (roetadihydroxybenzene).  it 
if  rrinvertf^d  into  an  unstal'le  qninnnf  by  the 
action  of  silver  oxide,  and  its  calcium  salt 
C^(C|H(Os)j  is  precipitated  by  an  ammoniacal 
si.ihition  of  cnUiuni  rlil<  ride  (Bottinu-er,  Ber. 
1895,  28.  Kef.  327).  C  alccluji  can  U-  M  jjarat-fti 
from  its  isomeride  l>y  adding  antinionyl  fluoride 
to  their  fiqDeoHs  «(.[ii1i<in.  when  un\y  catechol 
untinionvl  lluondo  wdl  [jq  precipiuicHl  (Causse, 
Ann.  Chiro.  Fhys.  1808.  (vii.)  14.  626.  638). 

An  alkaline  nolntinn  ff  cntci  !iul  becomes 
recM,  theu  black  uii  vxpoauit^  to  air;  cate- 


chol is  also  oxidised  to  a  black  insoluble  sub- 
stance  bv  the  action  of  CaledMajte,  a  thernio- 

stable  substance  obtained  from  the  young  shoots 
of  Salix  purpurea  (Weeven,  Proc.  K.  Akad. 
Wetensoh,  AmstenL  1909.  IS.  193).  Hested 
with  aninioniiim  carbonate  to  140^.  eatecbol 
yields  inx>tocatechuio  acid  C,H,(0H),C'O,H. 

Oateohol  is  nssd  ia  photography,  forming  a 
verj-  i  flin'ent  developer  in  the  jiresenei-  of 
sodium  iiuiphite  or  tribaaio  sodium  phosphate 
as  accelerator  (Eder.  J.  CSiem.  8oe.  Lid.  1800, 
;  Brit.  J.  Ph.jtoLrr  J^wt.  17,  076).  It  can 
aino  be  used  as  the  startu^^-puiut  in  the  prepara- 
tion of  a  large  number  of  valuable  derivattVea. 

Alkali  salts  of  catechol  of  the  general  com- 
position 0H-C,H4  0M,C.H|(0H)j.  can  be  ob- 
tained  by  treating  catecnol  with  a  solution  of 
the  theoretical  rjuantity  of  alkali  hydroxide  or 
of  a  salt  with  an  alkaline  reaction,  such  as  the 
sulphites.  They  form  nadily  erystallisahle 
salts,  use<l  in  photography,  and  can  be  employed 
for  producing  pure  catechol  (Meister.  Lucius  and 
Bruoing,  D.  R.  P.  164660,  1004;  ML  1005-7, 
129). 

The  moziu-  aud  di-ethyl  ethers  of  catechol 
aie  prepared  by  heating  under  pressure  a  soln- 
tion  containing'  oaf eehol, sodium  hydroxide,  and 
sodium  etk_>  1  sulphate  or  chloride  in  equivalent 
proportions.  The  ethers  are  then  removed  by 
steam  distillation  and  .sej)arated  l>y  treatment 
with  sodium  hydroxifle,  in  which  uulvthe  mono- 
ether  is  soluble  (J.  .Sv)c.  tliem.  Ind.'  1896,  741 ; 
Eng.  Pat.  16047,  1 896).  The  diethers  can  be  pn>- 
pared  by  the  action  of  alkalis  on  the  monoethcrs 
(Frdl.  1894-7,  123  ;  D.  R.  P.  92651). 

Catechol  monoethvl  ether  forms  large  clear 
colourless  crystals,  iti.p.  26*>-27®.  b.p.  215". 
which  have  an  odour  similar  to  that  of  thymol, 
and  are  soluble  in  alcohol  and  ether»  but  not  in 
water. 

The  monoalkyl  ethers  of  catechol,  when  fuse*! 
or  treated  in  solution  with  various  proteids, 
albumoses,  and  pepCcnes,  yield  ooBapooiuls 
which  are  appli^l  thorapentioaUy  (lelifllin, 
D.  K.  P.  162666,  1906). 

JfMoefAwl  eoliedkol  «fAer  v.  GxrAtAcOL. 

Dimethyl  cntechol  dhfr  r.  \'rA'.  \Ti'.<  >!.. 

Catechol,  whm  fused  with  aliphatic  amines 
or  heated  with  them  in  suitable  solyeota.  yieids 
.Ktahle  amines  which  form  usefid  phot<ii:ra|>hie 
developers  (D.  R.  P.  141101.  1903;  FidL 
1900-2.  1218).  Other  amino-  and  also  nitro- 
deri\ rttives- are  described  hv  Meldola.  Woulcott 
ami  Wray  (C!hem.  Soc  IWi.  1896,  1332); 
Heinisch  (Monatah.  1804,  18,  220)$  Nietsld  and 
Moll  (Ber.  1893,  26,  2l82h  Blank.-*wa  (Rec. 
trav.  clum.  1906,  24,  40);  Grisohkewitaoh> 
Trochimowski  (J.  Rusa.  Phvs.  Chem.  Soe.  1000. 
41,  1324) ;  Dakin  (  'r 

Good  stable  black,  greeui.->h.  and  bluish-black 
dves,  soluble  in  carbonates  and  alkaline  tiul- 
phidefi,  have  been  obtained  In  the  aotie^n  of 
aliphatic  amines  00  catechol  at  l8(t''-222* 
(D.  R  P.  84632;  IML  1804-7»  1048). 

MeO^leue  eaieM  tOm  CH«<^|^^,H«  Is 

a  colourless  liquid;  h.]>.  1T2''-173**  (Moureu. 
Bull.  Soc.  chim.  1897,  16,  664  ;  Mameli,  Atti.  R. 
Accatl.  Lincei,  1906.  (v.)  15.  ii.  101  :  Perkin. 
Robinson,  and  Thomas,  Chom.  Soc.  Traiifk 
1909,  1977).  A  number  of  derivatives  hafe 
been  prepared  (Moureu,  I.e.  1896,   19,  a07^1e 
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H«diDg»r  (MooaUh.  190G,  27,  237);  Bargcr 
(Chem.  Soc  TVans.  Ifl08,  5fi3,  2()8I);  Bargor 
•dd  Ewiiis  {{hid.  735). 

Catechol  dip/utiylm'ihyUne  eUuT 


is  prepared  by  gently  heating  oateehol  vith 

benzophenone  chioriflo ;  colourless  prisma,  m.p. 
93**  (Sacha  and  Thouut,  Bt;r.  lOt^,  37,  ^327. 

The  methylene  ethers  of  catechol  derivatives 
can  be  converted  into  chlorine  derivatives  of 
their  cyclic  carbonates  by  being  heated  with 
thionyl  chloride  (Wellcome  and  Barger,  EIng.  Pat. 
15087,  1907  ;  J.  Soo.  Chem.  Ind.  1908.  365). 

yOCH, 

CakM  tth^enie  ether  C«H«<     I      b  p. 

\0-CH, 

216'*  (IW-Ur,  31  mm.),  in  readily  obtamed 
by  heating  catechol  with  potash^  ethylmio 

bromide  and  wat«'r  in  an  atmosphrre  of 
hydrogen.  Pota«f<ium  ptTiuaiij^'aiiaU',  liyilrocen 
iodide,  and  ammonia  have  no  action  on  it,  but 
it  is  oxidised  by  chromic  acid  to  oxalic  and 
carbonic  acids.  It  yieldii  a  nunibor  of  In- 
stitution dfrivatives  (Mourcu,  Conipt.  rvnd. 
1898,126.  1426;  Bull.  Soc,  diim.  189s.  (iii.)  19. 
607;  Gattermann,  Annalen,  1907,  357,  313; 
luennM, Bull  Soc  ohim.  1909, (iv.) 6,  mi,  509). 

yOCH 

Oattekd    aeaylenic  ether  0^15^<(     ||  is 

\OCH 

prepared  by  dehydrating  orthohydrox\  ])hen- 
oxN  aldehyde  with  phosphoric  anhydride  in  nre- 
aenco  of  quinuliuc.  It  is  a  colourless  oil,  boiling 
at  193®,  and,  whm  stronply  cooled,  forms 
brilliant  white  crvstalft,  mj).  1U°-2U°.  It  iorms 
a  dibromide  C,HiO,(CH),Br,.  m.p.  lOS^-lOi-S*. 
which,  in  contact  with  hot  \\at<'r.  \^  converted 
into  catechol,  glyoxal,  and  hydrogvu  bromide 
(Moureu,  Compt.  rend.  1899,  128,  659). 

Catechol  forms  a  numlier  of  acetaU  (Mourcu, 
Ctempt.  rend.  1898.  120,  1656):  also  a  vinyl 
derivative  (Kurz  Krause,  Brr.  1H97,  30,  1617  ; 
Pauly  and  Neukam,  ibid.  1908.  41,  4151). 

CtOeehA  mtlphonic  acid  C»H,(OH)jSO,H  is 
conveniently  preparcil  by  stirring  together  a 
meta-halo}{en  phenol  snlphonio  acid  with  about 
an  equal  weight  of  sodittin  hydroxide  in  aqueous 
solution,  and  heating  the  mass  to  250**  for  8-10 
hours.  ^  The  inasa  is  now  diasolved  in  water  and 
nentralised  with  a  mfneral  aekl  such  as  sul- 
phijrie.  The  solution  i.-i  evaporate<l  and  the 
sodium  sulphate  hltered  off,  whilst  the  concen- 
trate solution  of  eateeh<d  mufdionic  acid  yields 
pure  catechol  \\}\>-v.  li  ^^  1  with  mineral  acids 
(Frdl.  1897-1900,  160;  1902-^,  100;  D.  R.  P. 
9023 ;  Ellis.  Eng.  Pftt.  14931,  1896). 

Catechol  Ji.'Oilphoyiic  arid  is  obtaine<I  hy 
treating  catechol  with  5  times  the  amount  lit 
fuming  solphurio  add  (Cousin*  Compt.  rend. 
1^3,  117,  113).  or  )>yfuf*int(  phenol  trisulphonic 
acid  or  it^^  salts  with  alkalis  and  decomposing 
the  alkali  sulphonate  SO  obtoined  with  dilute 
sulphuric  acid  (Frdl.  1S94-7,  llS). 

Haloqfn  dtrimiivts  (Jackfion  and  Boswell, 
Amr I     fiem.  J.  1906,  35,  519  ;  Dakln.  he.). 

Monocldorcntfchol  C,H,(OM),ri.  m.p.  80**- 
8!*,  is  obUuied  by  the  interaction  of  sulphuryl 
chloride  «ith  catechol  in  ethereal  solution ; 
by  u.-^ing  a  larizrr  proportion  of  sulphury! 
chloride,  the  dichiocaUchoi,  m.p.  lOS'-lOO",  is 


obtained  (Paratoner,  Gazz.  cbim.  ital.  1898,  28, 
i.  197). 

Trirf,h>rnit€chol  (\ll:,('\:,0_  U  ohtained  by 
the  action  of  a  chlorine  solution  in  acetic  acid  or 
an  acetic  chloroform  solution  on  catechol.  It 
forms  colourlc.s.s  odourle.H.s  prisms,  m.p.  104**- 
105%  with  a  burning  tasto.  Excess  of  chlorine 
yields  tetraehloroeatechcl  (Oottsin,  Compt  rend. 
1805,  120,  840).  The  corresponding,  bromo- 
derivatives  are  obtained  similarly  (Cousin,  Lc). 

The  hismuth  hrominated  catechols  mre  re- 

eonnr.f-ni.li-d  as  a  satisfactory  ^-nhst jtutt-  for 
tribrumpheuoxide,  which  i»  employed  medi- 
cally, tinder  the  name  of  *  zerofm-m.*  They  are 
pro<luce<l  by  adding  an  acid  solvit  ion  of  bismuth 
nitrat4^  toalkaline,tetra-,  tri-,  ordi-brumucateohol, 
or  by  introducing  precipitated  bismuth  hydro- 
xide  into  an  alcoholic,  .solution  of  the  hrbmo- 
cat<?chol  (D.  R.  P.  207644,  1909). 
Calcdkol  earftotryl«e  aeid 

C,H,(OH)  O  CO,H,iH,0  ; 
m.p.  240°.  is  formed  by  the  acii<ui  of  ammonium 
carbonate  on  catechol  at  130*-140*  under 
presHure,  or  by  heating  catechol  with  ^lyt ' tmI 
anri  potassium  hydrogen  carbonate  at  180*^-210° 
in  an  atmosphere  of  carbon  dioxide  (Praxinarer, 
Monatsh.  1906,  27,  1199)  The  di-cnrhoxylk  acid 
can  also  be  prepared.  Derivatives  of  catechol 
carboxylic  acid,  used  in  medicine,  are  obtained 
by  the  interaction  of  alcohols  and  also  of  primary 
and  secondary  bases  with  catechol  caroonate; 
thus : 

^'.H.<CS^CO+C,H,OH 

«C,H4(OH)0tO,e,H, 

or     by    using    aniline,     the  compound 

r,H,(O'H)0  (•ONHC.Hj  is  obtaintxl,  whilst 
with  ethylene  diamine  it  forms  dicatechol- 
dicarbethvlenediamide, 

C,H4(NH"CO,C,H4-OH),  (Einhom  and  Linden- 
beitt,  Annalen.  1898,  300,  136  ;  D.  R.  P.  92536  ; 
Fru.  1894-7,  1 1 10).    A  number  of  similar  com- 

poTinds  are  described  by  Einhom  find  T^ridnn- 
berg  (l.t.)\  Einhom  and  Pfeiffer (Annalen,  1898, 
310,  218). 

Methyl  catechol   diearh<inatc.   m.p.   41°,  is 
describwl  by  iSj,  aiewaki  (Ber.  1895,  28,  1874). 

Carlmnyl  esters  of  catechol  of  the  type 
CO(0(?,H40R)2,  also  used  in  medicine,  are  pn*- 
pared  hy  the  action  of  phosgene  on  the  corru- 
sponding  alkvl  catechol  in  sodium  hvtlroxide 
solution  (D.  R.  P.  7280B  :  Frdi  1890-^  864). 

Catechol  monoacetic  acid 

C,H<(OHK)»CH,CO,H  I 
m.p.  131",  is  obtained  by  the  af-tion  of  monochlor- 
acoUc  acid  on  catechol  in  aqueous  or  alkaline 
solution.  When  heated  to  120^,  it  fomis  the 

anhydride  C,H«  5^  q!»>C0,  nkp.  W*  (J.  Soo. 

Chem.  Ihd.  1896,  688),  which,  when  treated 

with  water,  yields  the  acid  in  a  very  pure  state 
(D.  R.  PP.  87336,  87668,  87669,  89693 ;  Frdl. 
1894->7,  1106.  1107.  1108).   The  sodium  salt  of 

this  acid  is  .said  to  l>c  a  bettor  rrnu-dy  for 
phthisis  and  loss  of  appetite  than  guaiacol  or  its 
carbonate  (Frdl.  1804-7. 1 106).  A  large  number 
of  derivatives  formetl  by  the  acid  are  describe<l 
by  Lu.iwi^  (J.  pr.  Chem,  1900,  ii.  61,  345). 
Catechol  diacciatca  are  described  by  Drezgowski 
(J.  Russ.  Phys.  riiem.  Soc.  26,  167),  and  by 
Voswinokel  (Ber.  1909,  42,  4561).    ^  j    jd  by  Google 
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Cateohiol  zeaote  with  chtomoetyl  oliloficl«  or  |  dv<^s  (Witt  and  Mayer.  Ber.  1893.  20,  1072 :  Or- 

l^>8,  1021). 


clJoraoetio  acid,  forming  ehhroactiffl  eateehol, 

thu«: 

C,li4(()H)j+CK'H /COCl  -CeH,fOH )  ,f '( )('If  jCl 

which,  with  auiuionia  or  u  piijiiiiry  ;iliphatic 
amine,  yields  amino-acctvl  compounds  of  the 
typo  RNHCHJ'0('jr,(OTI).,  and  (lirso  keto- 
compounds  can  bu  reaililv  ri  (lu«  «'l  to  the  com*- 
siwndinp  alcohol  (Imray.Enf:.  1 'at.  26480,  HK)3 : 
J.  Soc.  Chcm.  Ind.  190i.  WVA  ;  1).  R.  V.  U2W ; 
Frdl.  1890-1,  857)  (see  &ho  Avuksaij^e). 

Aniliii''  mid  ( hlornacctvl  cat<?chol  form  an 
aniliih  U,H3(0H)jC0-CHj  XHPh.  which,  with 
nitrous  acid,  yields  catecholglyeophenyl  iriazine 
[( ',H3(0H),ljC0-CH,-N-Ph-N  :  NCHaQO:  ffl-p. 
115**,  with  decomposition,  llio  corresponding 
/fl/yi- derivative  melts  at  120',  and  is  prepared  in 
a  similar  manner  ( Dziorzgowsky,  Ber.  18M»  27> 
1983  ;  D.  R,  P.  71312  Frdl.  1890-4,  857). 

^cetoCfl/fcAoZ  C,HjAc.(0H)5,  m.p.  116**;  di- 
tnethoxyaceicatechol  ( V,HiAi  (OMe),,  and  catechol- 
glyeoth'iocmnaU  CaH3(0H)X0-CH,-S(:N,  m.p. 
147*-150'*  have  been  prepared  by  I)zierzj?owsky 
(I.e.).  According  to  Abderhaldcn  and  Kantsdi, 
the  chloiaoetyl  derivativee  of  catechol,  when 
treated  with  ammonia,  are  reeolTod  into  their 
OOmponriits  (niftn.  Zentr.  1910,  ii.  l^aO). 

Alkyl  acetyl  catechol  alkyl  ethera,  uml  in 
pharmacy,  are  obtained  hy  the  action  of  the 
(ilkvl  arotvl  chlorides  on  catechol  monoallcvl 
ethers  (J.  i^oo.  Chem.  Ind.  1906,  663;  Eng.  Pat. 
2S571, 1905:  U.  &  Pat.  822839,  1006). 

A  soluble  tasteles.^  product.  n,oHgN,0,, 
uaeful  for  medical  purposes  and  as  a  substance 
from  which  other  valuaUe  teehnieal  producte 
can  be  olitainod,  i'^  fnrnird  by  the  condensation 
of  catechol  with  alloxan  in  the  presence  of  zinc 
ohlorido  or  minenl  aoida.  It  forms  prismatic 
ayetals,  which  dccompo^f  nbovo  200"  (D.  IL  P. 
1OT720 ;  Frdl.  1897-1900,  8d4). 

CaUchMiatUipyrine  is  obtained  by  mixing 
aqut'otiB  pohitions  of  its  constituents,  and  forms 
colourless  needles :  in. p.  78*-79*  (Patt'in  and 
Bufan,  Compt.  rend.  lS"jr),  121, 

rijH  riiUnr  rn(.rhr>l  ( H  , ,  X[C,H«(On)s].^ 
forinti  white  trvaUib  which  rapidly  become  red 
and  then  brown  on  expcsuro  to  air.  It  melts  at 
80*'  81*"  (Rosenheim  and  6chidrowitx»  CSiem. 
Soc.  Trans.  1898,  140). 

Catechol,  when  treated  with  phthalic  anhy- 
dride and  Bulphuno  aoid  at  10O"»  yielda  alizarin ; 
thus  : 

^•^*<jOO^«^»<CoH(2) 

(Baeyer  and  Caro,  Ber.  1874,  7.  972;  Liober- 
roann  and  lIohf*ncm«pr,  ibid.  1902,  35.  177S)  (r. 

ALIZAlilK  XKU  AIXIKU  COLOURIIIO  MATriiii.S). 

CahcJioiplUhuUin,  C;oH,|0,  is  pre|)ared  by 
heating  phthalic  anhydride  (3  parts)  with  cate- 
chol (2  parts)  and  z.ino  chloride  (3  parts)  to 
140'-I60*'  for  3-4  h>>uv>.  The  aqueou  .  \tract 
of  the  product  is  boiltnl  with  animal  charcoal, 
an«l  the  filtrut<*.  on  cooling,  deposits  yellowish- 
white  leaf  crystals  of  the  suhstmee  «  hich  sinters 
80*-90'',  but  docs  not  inelt  (Mcvor  and  Pfoten- 
hauer,  Jier.  1907,  40,  1442 ;  Bayer,  Chem. 
Zentr.  1910,  ii.  1524). 

Under  certain  conditions,  catechol  combine? 
cnergi  t  ically  with  diazo-  compounds  yielding  azo- 


T 


ran- 


\i\rt**,  which  dyea  cotton  mordaated  with 
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alumina  a  golden  yellow,  is  forniLil  l>y  the  intcr- 
actioa  of  an  alcoholic  solution  of  catechol  antl 
a  concentrated  solution  oi  diazobenxene  chloride, 
the  mixture  then  being  pourtxl  on  t-o  ice.  Tht- 
niYro-  derivative  l)iO,*CaXl4N|G4H,(OU)a  colours 
alumina  mordants  red,  and  iron  and  chiominni 
morrlants  brown ;  the  sodium  sulphonato 
SOgNaC,HjN,C«H,(OH),  colours  wool  mor- 
danted with  alumina,  yellow;  with  ehromiam, 
red-brown.  Similar  tolui-nc  comjfoimds  ba\e 
also  been  obtained.  Cat<-chol  also  forms  tnazo- 
or  axoimido-  compounds  (Rnpe  and  Majewaki, 
Ber.  1900.  ^3.  3401). 

Catechol  glyc^ii^fyfmnoliM 

forms  glitterincr  orange-coloured  crystals  which 
give  a  red  oolauration  with  vorj'  dilute  ferric 
chloride  and  a  green  colour  in  presenoe  of  cxce«^ 
of  the  latter;  both  the  ba-^e  and  th«»  chloride 
dye  cotton  mordanted  with  iron,  aluminium,  or 
chromium  salts,  black-yellow  or  n  d  ii-h-l»rown 
respectively  (Nencki,  Ber.  1894,  27,  1969). 

Catccholglycottirahydroq  uinoline  C,  ^  U  u  NO, 
o^rstalliscs  in  yellow  lostrooB  plates ;  ra.p.  170* 
(>iencki.  I.e.). 

Catechol,  when  heated  with  zinc  chloride  and 
formic  acid,  yields  awin  dyes  which  give  fai>t 
coloxir^  tfith  metallic  oxide  mindanta  (C^tro^  Ber. 
18U3,  20,  254). 

Catechol  tannin.^  aro  emploved  in  coU)urin2 
leathers  (J.  Soc  Chem.  Ind.  1007,  423,  882 ; 
ibid.  1900,  1151). 

A  number  of  product-i  olit>ained  by  the  con- 
densation of  catechol  with  lietonea  are  de- 
scribed by  Fftbinyi  and  Stikf  (Ber.  1905,  38, 
2307). 

Catechol,  when  warmed  with  ao  alco> 
holio  solution  of  picryl  chloride  eontaining 

sodiutn,  \  it  lds  3  :  5-dinitro  o^dipfienylene  oxide. 
C.H40|<;4H»(NO,)»  m.p.  192''-192'5*  (Hillyer, 
Amer.  Chem.  J.  1900,  23, 12ff). 

Catechol  ln-ated  with  hipiHiryl  clilorido  on 
the  watt*r-bath  yields  o-hydroxunhenul  hippurati 
NHB8-CII,  C0;c,H,  0H,  m.p.  134«-1S«»,  which 
with  hydrogen  chloridr-  jives  the  anhv  lril*- 
C,,Hi,6,N.  m.p.  232°-233«  (Fischer,  Ber.  1905, 
38,  2920). 

Wlicn  cat'^cho!  h vdrotzf^mtcd  in  th*"  prr- 
seuce  of  tinely  dividoil  nickel,  cis-cyclohoxam* 
1 : 2.diol,  m.p.  75«'-76**,  b.p.  226',*  is  formed 
(Sabatier  and  Maiihe,  Oomi^  rend.  1900,  146. 
1193). 

A  number  of  quinone  and  halogen  quinooe 

derivatives  of  catechol  are  described  by  Jackson 
and  Koch  (Amer.  Chem.  J.  1901,  26,  10); 
Jackson  and  Porter  {ibid.  1903.  30.  518) ;  Jack- 
son  and  Russe  (ibid.  1906.  35,  154  :  B  t. 
38.  419).  Other  derivatives  of  caU'^hul  have 
also  been  prejwirod  (Cousin,  Ann.  Chim.  Phv.«. 
1898,  (vii.)  4K0:  1899.  (vii.)  18,  76;  Bisrh.'.ff. 
Ber.  1900,  33,  1669  ;  Wisintjer.  .Monftt>*h.  IfltXt. 
21,  1007;  Bi:^hoffand  H«"d.  nHtr6m.  B.t.  m-2. 
.35,  31-2:  Bischoff  and  tVohlich.  T?.  r  mi. 
40,  277V'.  2790  :  Banjer  and  Ewin.s,  i  iicm,  ISoc. 
Trans.  l!K»9.  ',.'2,  IJ^J  ;  Foumean,  J.  Fhaim. 
Hiim.  1910.  (vii.)  1,  55,  97). 

Catechol  phosphincs  and  ^  cJ|ilcicu|ihpa{)luQcgle 
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(Krauor,  Ber.  1894,  27,  2505) ;  phosphites  and  i 
sulphites  (AuschtttJt  and  Posth,  Ber.  1894,  27,  | 
2751 ) ;  also  a  number  of  antimoDyl  cateohol  com- 
poundn  (Causso,  I.e.),  somo  bismnth  derivatives 
(Richanl,  Cb.  m.  Zentr.  1900,  ii.  629),  and  a  ka.i  1 
salt  (JackM>n  and  Koch,  Ber.  1898,  31,  1458), 
have  been  prepared.  j 

Hoiiiologues  of  catechol,  such  as  homo- 
catechol  (o-dibvdroxytoliiene),  oao  be  prepared 
by  heating  tbo  oorrespondin^  alcohol  with 
catc'ch<il  in  the  presence  of  zinc  hli  :i  '<  in  i  pLii 
or  sealed  vesaeis  (Merck,  Jb>di.  lb^7,  115; 

B.  B.  P.  78882),  or  by  the  interaction  of  per- 
Bulphatcs  and  ;)-phcnol  derivativt  ^  in  alkaliiu' 
aolatiou,  the  prouuct  then  beim:  warmed  with 
acid  (FrdL  18M-7, 121 ;  D.  rTp.  81298). 

C.  H,<^"|]J  +  K  AO,  +  KOH 

.0K(1) 

B  C.H, ;  0SO,OK(2)  +         +  H«0 

\R{4) 

/OK(l) 

C»H,C  0S0,0K(2)  +         +  Bfi 

/0H(1) 
=  C«H,(  0H(2)  +  3KHB0« 
\K(4) 

This  metiiod  can  be  applied  to  the  produeUon  of 

A  lar'2f  nitr:^i  '  T  of  various  derivatives. 

CATECHU  or  CUTCH.  There  are  several 
varietieB  of  eateoha  or  oatoh  bearing  different 
names  acconlinfj  to  the  country  or  pTfints  from 
which  they  nro  obtaiued.  The  following  are 
those  princi|mUy  employed  by  dyers  and 
tanners  :  GatJibicr  catechu,  Bengal  or  Acacia 
catechu,  Bombay  or  Arccu  catechu,  and  Man- 
grove cutch. 

AlthouL'h  cat'cchu  lias  perhaps  received  great*  r 
attention  llian  other  uatural  dyes,  the  rciiuits 
have  been  so  \  ariod  that  the  chemistry  of  the  sub> 
ject  was  until  recently  in  a  mo<?t  unsatisfactory 
condition.  Some  confusion  has  arisen  from  iLo 
non-appreciation  of  the  fact  that  the  main 
constituents  of  Gambicr  and  Acacia  catechu  are 
not  identical,  and  somo  uncertainty  has  also 
apparently  existed  as  to  the  botanical  origin 
of  the  commercial  varieties.  Bombay  catecnu 
is,  for  instance,  occasionally  referred  to  as 
originating  from  the  Acacia  catechu,  and  Bengal 
catechu  from  the  Artca  catechu  (Linn.);  and  in 
many  CAsm,  at  the  present  time,  it  is  impossible 
to  ascertain  the  botanical  derivation  of  com- 
merciai  brown  outch  preparations. 

OambUr  tateAu, — Gambier,  yellotr  eotoh, 
cubical  cutch,  cube  gambier,  or  terra  japonica, 
is  obtained  from  the  Uncaria  gambier,  an 
extenaivo  aoandent  bush  which  is  mot  wHh,  both 
wild  and  cultivated,  in  Malacca,  I'enang,  and 
Singapore.  The  catechu  is  isolated  by  extract* 
ing  the  leaTOt  and  twigs  with  hot  water  until  tho 
liquid  becomes  syrujiv,  (In*  insoluliln  matter 
b^ng  removed  from  time  to  titne  by  means  of 
a  strainer.  On  coolii^,  tho  pa^ty  maaa  is  out 
into  oubi.^  \\ith  sides  1  inon  in  length  and 
dried  on  bamboo  trays. 

Caleehin  C„H,«Oe,4H20,  tho  crystalline 
principle,  was  first  described  by  N'  e:^  van  <  n- 
beck  (Annalen,  1832,  1,  243),  was  .subsequently 
examined  by  Bcrzeiins  in  I8S7  (J.  14,  235),  and 
more  rec.i)i!\'  by  numerous  chemists.  '1V> 
isolate  catechin,  Lowe  (Zeit«ch.  anal.  C'hcm. 
13»  113)  devised  the  following  method :  catechu 


is  washed  with  cold  water  to  remove  catechu- 
tannic  acid,  well  pressed,  allowed  to  dry,  and 
dissolved  in  hot  acetic  ester.  The  filtered 
solution  is  evaporated  and  the  residue  cr3rstal> 
lised  from  hot  water. 

According  to  Pcrkin  and  Yoahitake  (Chem. 
Soo.  Trans.  1902,  81,  11G2),  a  oombbatioD  of 
thi8  method  and  that  of  Benelius  (kc)  givet 
good  results. 

The  finely  powdered  eateohu  is  extracted 
with  10  times  its  wcit:ht  of  boiling  ethyl  acetate. 
I  the  solution  is  ovaporatod,  and  the  residue 
I  orystaHised  from  10  timea  its  weight  of  water. 

The  jjroducf  is  again  dissol veil  in  boiUng  water, 
'  and  lead  acetate  soluUou  added,  drop  by  drop, 
I  until  a  coloured  precipitate  is  no  longer  formed, 
I  and  the  filtrate  is  almost  colourles.s ;  tho  latter. 
I  while  hot,  is  treated  with  sulphuretted  hydrogen, 
I  the  lead  sulphide  removed,  and  the  erystab, 
'  Avhich  soparate  on  coolin/:;,  arc  rollocterl,  washed, 
and  allowed  to  dry  at  the  ordinary  temperature. 
Hie  sobstanee  is  now  practically  colouness,  an<l 
the  yield  greater  than  if  the  purification  had 
been  effected  by  frequent  crystallisation  from 
■  water. 

'      Tho  forraulie  wliich  have  been  assifrncd  to 
I  catechin  are  ver>'  numeruoa,  and  it  has  only 
)  recently  been  shown  by  Kostanecki  and  Tambor 
(Ber.   1902,  35,  ISHT),  and  simidtJincoudy  by 
Porkin  and  Yoshit^ko  {I.e.),  that  it  i.s  correctly 
represented  as  C,5Hj40„4H  ,0. 

Cateehin  forms  colourle'-s  neidlcs,  and  whetv 
I  crV"iallided   from  water    the  air-diy  product 
I  melt^  at  06*  (Clauscr,  Ber.  19U3.  3G,  101).  After 
.-taniling  over  nnlphuric  acid,  it  iWHUOffes  the 
I  turniulu  c;,BllnU„iijO,  and  melta  at  17ti°-177*, 
and  this  is  also  the  melting-point  of  the  anhy- 
drous substance.    Cttechin  is  rrarlily  .soluble  in 
boiling  water  and  euld  alcohol,  and  gives  with 
I  lead  acetate  solution  a  colourless  precipitate, 
and  -with  ferric  chl-aide  a  deep-green  liquid. 
With  pino  wooil  and  hydrochloric  acid,  it  gives 
I  the  pUoro^bicinol  reaction. 

On  fusion  with  alkali,  protocaiechuic  acid, 
phloroglwinol,  and  prolwbly  acetic  acid  are  pro- 
duced, and  it  is  interesting  to  note  that  catechu 
has  been  considerably  employed  for  the  oom- 
mereial  ])reparation  of  the  former  compound. 
'      Schutzenberger  and  Rack  (Bull.  Soc.  chim. 
I  4,  6)  have  described  a  dibenzoylcatochin ;  and 
Licl>ermann  and  Tauehert  (Ber.  1880.  13,  G95), 
I  diaectyl  catechin,  diacetyl  <li(  hIorcat<H  hm.  and 
diacetyl  dibromoatecliin ;  but  their  formula  for 
^  these  compounds  are  now  known  to  be  incorrect* 
Penta-ncftyl     catechin      C,5H,0,(C,H.,()),  ; 
colourless  nee^lkv,  m.p.  124'*-125^  (Kmtanccki 
and      Tambor):       pentahemn^l  ca^ehin, 
C,sH,04(C.HjO}5.eol,,url.-  iir,.,nr.,  m.p,  151**- 
163**;  htujhenzoiil  catccJiin,  CijHj-OJCjHjO)^; 
prisms,  m.p.  171«-172'  (Perkin  and  Yoshitake) : 
,  dilinzofiav.' '       catechin,      C\sll , />,;ft'Jl.,N  ) 
salmou'  red    needles,  OLp.   193''-195^  (Ktti, 
I  P.  and  T.) ;  aeetf^i^nvAenzene  or/ccAtw,  orange. 

red  im  (lle.s,  m.p.  2i>3*-255'*  (P.  and  Y.) ;  catechin 
1  tdraiiKthukiher  Cj,Hja0j(0t'Hj,)4,  needles,  m.p. 
I  144*>-146*  (K.  and  T.) :  acetyl  catechin  tetra- 
mrlhyh  thrr  jH,0,(On  ?  ,1  / '  J I  ,0,  Tice<!Ie>'. 
,  m.j*.  !»2'*-93'' ;  and  caitrhm  jfcntarnfAhylcther 
I  CjlLOiOCH,).  (K.  and  T.),  have  been  prepared. 

When  cati'CMin  tctramethylether,  bu.'*pendp<l 
J  in  water,  is  oxidised  with  jwtan^sium  prnian- 
I  ganate,  it  giveaf  vertttrie  acid,  and  mo^t  1'^ i'l^^'^oogle 
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jWUbro^ltKinol  dimHhf^eAer  (Tnuu.  Chem.  Boo. 

1005.  87).  As  thf  rv^ult  nf  (h,  invest ij^mtion, 
Fcrkin  considered  that  catechin  waa  possibl/  a 
rednetkm  iiroduofe  of  qneraetiii : 

0 


ur 


I 

\  \ 
OH  CHOH 


and  indefMl  a  nmall  quantity  of  the  latter  colour- 
ing matter  is  present  in  catechu  {Lij we  ;  Prrkin, 
ibU.  71,  1135>. 

More  rpcently,  KoPtanecki  and  Lam])e  (Ber. 
1906,  39,  4007)  have  ahown  that  when  catechin 
tetramethvlether  k  bfominaAed  in  the  praaence 
of  sunlight,  only  a  mondbnymcaifrhin  tHmmrfhuI- 
ether,  m.p.  I73'*-174®,  is  produce<l,  whereaji  the 
above  consMtutidlAl  fonnnlae  require  the  forma- 
tion of  a  dibromo-  compound.  When  oxidised 
'  with  permanganate,  bromcatochin  tetramethvl- 
ether gives  verntric  acid*  BO  that  the  brorome 
must  have  replaced  one  hydrogen  c^f  the  phloro- 
glucinol  nucleus.  Kostanecki  and  L&mpt:  have 
aaaigned  tile  following  eooatitution  to  cateohia : — 

OhI^— CH(OH )— ;     -CH^  / 

OH 

and  this  is  bi  harmony  with  many  of  the 

profH'rtiea  of  this  substance.  When  cat^xhin 
totramethylether  is  oxidise<l  with  chromic  acid, 
eoteAoae  irinM<A»lefA«r,  orange^^ellow  needles, 
m.p*  2I<P,  is  produced  (K.  and  T.) : 

O 

CH,0^^yU-CH(OH)— >,^^h/ 

whereat*  catechin  pentamethyletber  give*  the 
tetramethyl  compound : 

O 


CH,0 


CH.0 

CH.O 


-CH(OCH,) 


-CH, 


O 


and  thif«  Virhavlmir  is  nnalogoufi  to  that  of 
leucomaclurtn  pi  iitameth^  Icther  (<ce  Old  fustic). 

When  catechono  trimothylether  ia  nitrated, 
a  mononitro-  derivatave  (1) : 

O 


CHjO/"^— NO,  CH,0 

(1) 


,0^ 


ai,0  ^^^CH  (OH)— ^    -  CH, 

If 


(8) 


CH.Oi^^^NO, 


m.p.  141°,  is  obUkiucd,  and  ou  oxidation  ytetkb 
nitrov^tric  acid  (2).  FinaUy,  by  the  reduction 
of  catechin  tetramethj'lether  with  scxJiTim  and 
alcohol,  an  oil  is  produced  which,  on  treatment 
with  methyl  wilplUte,  givei  pentamdkoa^fttkjfUi- 
phenylmelSaM 

CH,Ovi-CHr-y/C,H, 

OCH, 

a  reaction  which  point?!  clearly  to  the  presence 
of  the  cum  a  ran  ring  in  cateohin. 

Catechin  is  o.xidised  m  aqueous  solution  by 
potaasium  ferricyauide  in  the  presence  of  potaa- 
sium  acetate  with  formation  of  an  oran^ 
coloured  amorphous  compoimd  (Perkin),  which 
dyes  mordanted  calico  orange- brown  Bhade(< 
which  are  fairly  fast  to  soap.  It  is  probable  that 
this  dyestuff  is  related  to  the  cateohone  of 
Kostanecki  and  Tambor,  and  ^iriiiefa  was  obtained 
l)y  the<<o  author-)  in  thA  focm  of  its  tti-  and 
tetramethyl  ethexs. 

Cateehuiannie  aeU.  addition  to  cateebin, 
gambier  catechu  contains  a  .small  amount  of 
catechutannic  acid,  and  this  substance  is  pr^wt 
in  eowrideFable  quantity  in  tb»  bflowner  vatieties 
of  cutch.  To  isolate  it,  the  foUowing  method 
has  been  employed : — 

A  hot  aqueous  extract  of  oateohu  is  allowed 
to  stand  until  no  mon'  cateclun  is  deposited,  and 
the  dear  liquid  is  evaporated  to  dryness.  The 
reddne  is  disscdyed  hi  sloohoU  the  sohitioa 
treated  with  ether  to  precipitate  impnritiei  and 
then  evaporated  to  dryness. 

Ostedratannio  ana  oonsista  of  an  amorphoas 
n'ddi.sh-brnwTi  ]>  ^vdcr,  readily  soluble  in  water 
and  alcohol,  luitulublo  in  ether.  According  to 
Ldwe  (Ft.  13,  121),  it  poesesscs  the  formula 
C„H,  ,0„  and  gives  a  lead  f*alt  3Pb0.2C„H„0„ 
but  this  most  probably  required  revi^uuii. 

Aooordin^  to  Etti  (Annalen,  186,  332  ),  oate- 
clmtannic  acid  is  an  anhvflride  of  catechin,  and 
H  apparently  derived  from  this  substance  by 
elimination  of  water.  It  is  said  to  be  produced 
when  an  aqueous  solution  of  rat^"chin  is  heated 
to  liU°  (Lowe,  ibid.  12,  2^},  or  by  boiling 
catechin  with  solutions  of  the  alkali  carbonatoH. 
.Airain,  catechin  i.sdocompo«?rd  at  its  melting-point 
with  iivolutiou  of  wat-ur  and  formation  of  a  pro- 
duct resembling  catechutannio  acid,  and  aqneona 
srilutions  uf  catechin  oti  King  .'standing  become 
brown-coloured  with  appartut  forukation  of  this 
compound.  That  the  products  obtained  by  these 
methods  re.<»emble  catochutannic  acid  is  certain. 
Init  t  he  subject  has  not  been  fully  lu ventilated. 

( at <  chu tannic  acid  solution  gives  a  precipi- 
tate with  I(  ad  acetate,  and  also  resembles  that  of 
catechtn  in  giving  a  green  colouration  with  ferric 
ehlofide,  and  the  pnloroglucinol  reaction  Milh 

f>inewood  and  hydrochloric  acid.    It  is  a  pouvr- 
ul   tanning  agent,  and  appears  to  differ  but 
little  from  the  so-called  '  catechol '  tannins. 

Three  other  catechin  anhydrides  have  been 
described,  viz.  the MComI anhydride  C^^H^O,,  (?) 
(Ktti),  which  is  produced  bv  heating  cate<  h\i 
tannin  to  162* ;  thefAw^  anhydride  Cy  H„0,  (I> 
formed  by  digesting  oateohin  with  bmung  dilute 
•nl^tnio  aoid  fdrsevcnj  hoois ;  and  the  btuth  , 
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MliTdiide,  whioh  is  ol>bdof>d  by  heatinc  cateohin 

w-ith  hydrochloric  acid  at  1  no*  1 80*.  These  com 
pounds  consist  of  reddish-brumi  powders,  and 
the  foortli  subetance  isimohible,  both  in  alkaline 
solutions  and  all  8olvent<;.  A  product  f^imilar  in 
proi»erties  to  Etti's  fourth  anhydride,  is  readily 
formed  by  adding  sulphuric  acid  to  an  acetic 
acid  solution  of  catecnin  (Perkin).  A  bright 
orange  powder  almottt  immediately  separates, 
and  this,  on  analysis,  gave  Gs08*26  p.c. ;  H  = 
3*89  p.c.  It  is  interesting  to  not*;  thnt  thr^  for- 
mation of  thme  rod  Anhyariilea,  or  pMobophancJi, 
is  characteristic  of  all  the  catechol  tannins. 

Aocorfling  to  Porkin  and  YoshitaJce,  gambler 
catechu  contains  a  »mall  quantity  of  a  second 
catechin,  which  crj'stallises  in  small  prisms, 
devoid  of  wat<>r  of  crystallisation,  and  melts  at 
236*-237".  It*»  Keneral  reactions  are  identical 
witih  those  of  ordinary  catechin,  and  by  fusion 
n-ith  alkali  it  also  pives  phloroglucinol  and 
protocaiechuic  acid.  The  azo benzene  compound 
^-is^^i2^*«(^'«H,Na)c  onuig»>i<ed  needles,  melts 
at  21o°--217**. 

Finally,  there  are  present  in  catechu,  certain 
brown  mibstances  known  as  mlnnie  and  japon ic 
acids,  which,  according  to  some  writerf,  appear 
to  have  been  formed  by  the  oxidatiun  uf  the 
catechin.  Their  ehemioAl  nstnze  is,  however, 
unknown. 

Catechin,  though  largely  employed  for  tan- 
ning purposes,  does  not  precipitate  a  gelatine 
solution,  and  is  not  itself  a  tannin  matter.  On 
the  other  hand,  it  is  absorbed  by  the  hide,  and 
there  gradually  ])a.>vs«:'s  into  catechutannic  acid. 

Dyeing  Properties, — On  cotton,  oateohu  is 
largely  used  for  the  production  of  the  well* 
kno\\ni  '  eateehu  brown/  which  is  exc<>e<lingly 
fast  to  light,  acid  and  alkaline  solutions,  and 
also  to  bleiMshing  powder.  To  obtain  this, 
cotton  is  Ktee]M-d  in  a  hot  solution  of  catoehu 
(l->2  p.c.)  to  which  has  been  added  about  6  p.c. 
of  copper  sulphate,  reekoned  on  the  weight  of 
the  catechu  emplo\  ed.  The  material  is  allowed 
to  remain  in  the  bath  as  it  cools,  and  without 
waahing  is  then  treated  in  a  warm  or  boiling 
bath  containinc  1  or  2  grams  of  bichromat<i  of 
potash  per  litre.  According  to  Hummel  and 
Brown  (J.  8oc.  Oiem.  Ind.  1896,  16,  422),  in 
this  operation  the  copper  sulphate  probably 
convertis  the  catechin  into  catechutannic  acid, 
and  this  is  subsequently  oxidised  tojaponic  acid 
by  the  action  of  the  bichromate.  The  colour  is 
apparently  intensified  by  the  formation  of  a  ba«tic 
copper  chiromate.  Oambier  catechu  is  also  em- 
ploy tfl  in  dyeing  coFMTviMnd  shades  with  log- 
A\oo(l  fustic  and  aliiuiruiu  in  coajuuctiun  with 
hichromc,  and  with  bismarck  bronii,  magenta, 
J^'e.  In  the  latter  cnno  catechu -tannin  forms 
the  mordant  for  the  basic  colour. 

Wool  may  be  dyed  with  catechu  in  a  similar 
manner  to  cotton.  In  silk-dyeing,  catechu  is 
largely  utied  for  weighting  purposes.  The  silk 
is  steeped  in  basic  ferrous  sulphate  solution,  then 
in  potassium  ferrocyanide  and  hydrochloric  acid, 
which  causes  the  pro'luction  of  prussian  blue  ou 
the  fibre.  It  is  then  worked  in  a  etrong  solution 
of  gambicr  to  which  stannous  chloride  solution 
has  been  added. 

Bengal  or  Aeacia  catechu. — Bengal  catechu 
is  d«rived  from  the  Aeacia  catechu,  a  tree  to 
20  feet  high,  which  is  common  in  mo^it  parts  of 
India  and  Burma.  To  istdate  the  oatechu  which 


is  present  in  the  red  heartwood,  the  tree  is  out 

dow7i  while  it  is  ful!^  t  n*^  iji,  and  the  intemsJ 
portion  is  sawn  intu  tunali  siticlvi^  uml  extracted 
with  Ixrfiing  water.  The  liquid  thus  obtained 
is  concentrated  over  a  fire,  and  tin  ii  nllowod  to 
evaporate  spontaneously  in  shallow  didhes.  The 
extiaot  thus  obtained  oomes  into  the  markei  as 
Peg^i  catechu,  BrowTi  <'utch,and  Brown  oatechu 
((>i>oko4i.  Dyeing  and  Calico  Printing). 

A  purer  substance,  kalh,  or  the  pale  eateehu 
of  India,  it  prepared  bv  su.sjx'nding  twigs  in  the 
hot  concent rati'd  extract  and  collecting  the 
crystals  which  thus  separate. 

Acacaiechin  C,JfuO.,3H,0  can  be  ob- 
tained from  the  acacia  kath  by  methods  identical 
with  those  which  are  emidojwi  for  the  isolation 
of  catechin  from  jrambier  catechu.  It  mf^ifs  at 
204°-205*,  is  somewhat  more  Hparinely  soluble 
in  water  than  catechin,  and  when  lifsed  with 
alkali  gives  phloroglucinol  and  protocatechuic 
acid.  The  rcHctions  of  acacateckin  and  cate- 
ohin, in  m  far  as  they  have  been  observed,  are 
identical,  and  there  is  no  difference  in  the  com- 
pofcition  of  their  derivatives  when  prepared 
under  similar  conditions.  On  the  other  hand, 
the  melting-points  of  tha  substances  themselves, 
and  also  .of  their  derivatives,  differ  widely,  as  is 
evident  from  the  following  taUo  (Perkjn  and 
Yoshitake) : — 

Acocatechin 

Pentaacetvl  derivative  ISS^-lOO** 
rentabenzoyl  „  ISl^-lSS" 
Azobenzene  „  198*-200* 
Tetramethyl  „  152°  154*' 
Acetyl  „      135**-!  37* 

It  'appeals  certain,  therefore,  that  catechin  and 
acacatechin  are  isomerides,  and  it  is  j>o.ssible 
that  the  latter  may,  on  the  basis  of  Kostaneoki 
and  Lampe's  fomula  for  oatodun  be  tepfe- 
sented  thus  (Berlctii,  private  oommunicatkm) : 

OHf^V-CH(OH)  

'     !  OHi 


CateeUn 
124°- J  25'* 

isi'-isa* 

lOS^-lQS" 
92*-93» 


OH 


ft  point  which  should  not  be  ditticuJt  to  determine. 

Bombay  or  Areea  catechu.  This  variety  is 
obtained  from  the  fruit  of  the  Arecn  catechu,  or 
bctel-iiut  palm,  a  tree  which  is  common  in 
tropical  Asia.  Though  its  chief  constituent 
resembles  catechutannic  acid,  catechin  itself 
has  not  been  isolated  from  ihU  product.  It 
poasesees  a  hright-ohooolate  and  sometimes  aa 
oranpp-brown  colour,  and  }  ields,  on  dyeing,  very 
similar  rt^Hults  to  the  ordinary  cutches. 

Mangrove  cuteh.  Mangrove  cntch  is  ob- 
tained from  the  bark  of  the  mangrove  Ceriops 
1  candolleana,  and  is  of  somewhat  recent  employ- 
'  ment.    In  its  preparation  it  is  preferable  to 
I  extract  the  fresh  bark,  which  is  of  a  light  colour 
internally,  rather  than  the  stored  product  which 
has  Iwjcome  red,  or  is  said  to  have  sweated.  The 
extract,  on  evaporation,  becomes  deep-red  in 
colour,  and  the  object  of  the  manufacturer  is  to 
prevent  this  anhydride  formation  from  going  too 
far,  otherwise  a  certain  portion  of  the  extract  is 
rendere<l  insoluble  in  water. 

By  fusion  with  alkali,  it  gives  protocaicchuic 
acid,  but  at  present  no  catechm  has  been  isolated 
from  it  ( Perkin,  private  eommunieation).  When 
diseolved  in  sodium  bioarbooato  solution,  acctia . 


CATBGHD  OB  CUTOH. 


eater  eztnote  mi  almoat  oolonrloaa  tennin,  whioli 

poHsesaes  th<*  pr<){M»rtii's  of  a  catctli '  )  t  imiin. 

For  many  purposes,  MAOgiove  catch  is  com- 
peting cloHcly  witfi  tiie  other  ▼arietiee  of  oatoehu, 
and  this  coinix-tiliuu  will  no  dou')!  beeoiiu' 
keener  if  its  quality  can  be  further  im|>ruvod. 
lUhogaiiy.  AooorcUng  to  Caaeneuve  (Ber.  8, 

mahogany  v,  '  -d  contains  a  cntochin. 
Kino  or  Gum  kino  («e«  under  Kings), 

A.  O.  P. 

CATELLAGIC  ACID  Cj.H.O,.  Schiff  (Ber. 
12,  2590),  ou  h<iating  protocat^huio  acid  with 
anenio  aoid,  obtained  a  substance  which  he 

nam»"d  catellagic  acid,  and  to  this  he  assigned 
the  formuia  C.4Hn,0,  or  C,4HjO..  Perkin  and 
Kierenstcin  (Chein.  Soo.Traiu.S7,  1417)  obtained 
apparently  the  same  STibstancr;  }>y  the  oxida- 
tion  of  protooatechujo  acid,  and  aliio  paraliy- 
droxyUiizoic  acid  witli  potassium  perstUphate 
and  sulphuric  acid.  According  fo  thf  latter 
authors,  cat'Cllagic  ac'id  cryaUiUiMtii  Iroiu  pyndine 
in  colourless  needles,  which  melt  above  360*, 
and  sublime  with  but  moderate  carbonisatii  ti  at 
higher  temperatures.  Solutions  of  tho  ailiali 
hydroxides  dissolve  it  with  a  pale-Tellow  colour, 
and  with  nitric  acid  it  gives  a  magenta-coloured 
liquid.  DiacelylcaieUagic  acid,  colourless  pris- 
matic needles,  melts  at  322°-324'*. 

Catellagic  acid,  by  distillation  with  ^inc-dti-^t, 
gives  Jluorem,  and  is  closely  relaUid  to  ellaMic 
acid.  Its  constitution  (P.  and  N.)  may  be 
expxaaod  as  follows 


OH 


O 


CO 
— 0- 


\ 


ou 


From  the  oxidation  products  of  xiarahy  droxy  • 

b<  nzoii-  acid,  Perkin  and  Nicr<:n-toin  isolated, 
in  addition  to  cateiioAic  acid,  a  second 
compound,  Ci^H^O,,  ooloiixless  needles,  m.p. 

This,  which  gives  tilt.!  di acetyl 
derivative,  Ci4HgO«(C«H,0)t  colourless  ueedlra, 
m.p.  287^-268*,  and  by  distillatioo  with  ainc- 
dutt  fluonne,  possesses  the  formula: 


OH 


0  CO 


oil 

and  evidently  orijrinatcs  from  the  mteraction  of 
one  raol<-t'ul(>  ot  }» (itucatechnic  acid  ami  one  of 
parahy  droxy  benzoic  acid.  A.  G.  P. 

CATHARTIC  ACID  t'.  Skuha  lkavjbs. 

CATHARTIN      -^knxa  leaves. 

CATHARTOGENIC  ACID  v.  Sexna  leaves. 

CATHARTOMANNITE  v.  Senna  leavb.s. 

CAULIFLOWEB.  A  variety  of  Brassica  dem- 
cci.  in  which  numerous  imperfoet  (lowers  form  a 
compact  head, which  forms  the  maiu  edible  portion. 

An  American  analyBia  'shows  the  edible 
portion  to  contain : 

Soluble 

Water     Proteitj      Fat    cartwiiydrates  Ash 
!H>H         10       Uti  Ou  0-8 

H.i. 

CAY  cAy  fat  or  OOOHIN  CHIHA  WAX 

V.  Wazjbs. 

CAYENNE  PEPPBR  v.  Rbains. 

CEDAR  CAMPHOR  i. 
CEDAR  OIL  t'.  UiL-M,  EiibfiNXiAl*. 
CBDSA.   {Ctdral.Vr.)   The  fruit  of  a  species 
of  orange,  citron,  or  lemon.  The  peel  is  very 


tfaiek,  covered  wKh  an  epidermia  containing  a 

fragrant  essential  oil,  used  for  flavouring  pr;-- 
serves,  also  used  whole  for  wet  comhts,  and  cut 
in  qaarters  for  dry  comfits.  A  liqueur  is  made 
from  it  by  ^athnrinrr  the  fruit  betofe  it  js  xipe, 
and  grating  the  peel  into  brandy. 

CEDRIKET.  A  subetanoe  found  in  wood- 
tar  by  Rcichonbnch  and  recognised  hv  IJ«^b<"T 
mauu  as  a  quinono-liko  substance  and  termed  by 
him  emrulignone.  Uofmann  showed  that  it  was 
totramethox>  diplienyl  quinon*^.  formtnl  \,v  tht* 
oxidation  of  ])}  rogaUol  dimethyl  ether  (r.  Lckbi  - 
LIOKOKK  and  QUIKOinS). 

CELERY.  Apium  gmvtdeui.  The  bdanohed 

stems  are  usisd  for  food. 

The  compo8itioci»  as  given  by  Anaerioan 
analyses,  is: 

Water     Protein      Fat  Carbotffdratet>  A«li 
94*4        1*4        O-I        3^  I'l 

A  more  d(>tailed  analysis  is  given  by  Chnrdi 

(Footls,  1889): 

Starch  and 

Water  Proteia  mncUsce  Sagsr  OeUulosc  Aih 
93*3      1^        1-6      2-0      0*9  0-8 

Maimitol  is  one  of  the  chief  carbohydrate 
constituents.  Asparagine  (about  0-5  p.c.)  and 
tyrosine,  are  among  the  nitrogcnoas  con- 
stituents (Bambeiger  and  landsiedl,  Mooatah. 
1904, 26. 1030). 

like  oharaoteristio  odonr  and  flavour  of 
celery  are  duo  to  an  essential  oil,  which,  accord- 
ing toCiamicianand  Silber  (Ber.  29,  1799;  1897, 
30,  492,  U19),  consists  of  a  terpene,  probably 
CwH  .  >  rl  two  acid  bodies,  aedanonic  aoid 
COtH-C,H,  CO  C,H,  and  sedanolic  acid 
CO.Ll  L\il8-CH(OH)  C4H, 

the  aiihj'drido  C.H,<^*^*^*">0  of  the 

f onaer  and  the  lactone  C,H,<;^^*^'^>0 

of  the  latter  appear  to  be  the  oonstitttents  upon 

which  th<  smell  of  th(  ( <'1«  r\'  di  pend.  Palmitic 
aoid  and  a  phenolic  substatujo  are  also  pieseatk 

H.  I. 

CELERY  OIL  ( .  Oils,  Kssextlil. 

CELESTIHE  BLUE  v.  Oxauks  pvasTtrm. 

CELESTITB  or  CekttilM.  Native  stron- 
tium 8uli>hate  (SrSOjI.  foniiin^  .-rf hi>rliombic 
crystals  isomorphous  with  barytas  (BabO^). 
The  crystals  are  cohnuleBs  or  yeOowiah,  but 
sometimes  they  f-how  a  p.\lf  tinnc  of  sky-blue, 
and  ou  this  account  the  mineral  receives  its 
name.  The  mineral  is  often  very  like  barytes 
in  fippraranco  and  it  i-  d  ■•  hr;i\ >■  '-\'>.'^t.  3-9; 
oi  barytes,  4\»  ;  it  is  rt^ddy  dj-strngtiished 
by  the  oolour  it  impart<<  to  the  Bunsen  flame. 
Nuirrrons  finely  «rv,-taIIiM-d  .^pcinirns  havn 
been  found  in  the  reti  luari^i  ol  'I'nassic  ago  in 
the  neighbotirhoo<l  of  Bristol,  and  in  the  sulphur- 
mines  near  Girgenti  in  Sicily.  The  largest 
cr^'stals,  measuring  a  foot  across,  are  from  a  cave 
in  liiiK-tono  on  Strontian  Island,  Lake  Erie, 
Ohio,  j'he  mineral  is  dut;  in  numerous  shallow 
pits  in  Gloucestershire  and  Somersetshire,  the 
production  amounting  to  about  20,000  torn  per 
annum,  valued  at  about  M  jwt  ton.  Most  of 
thi.s  is  exported  to  (Jerinan^,  where,  in  the  form 
of  strontium  hydroxide,  it  is  used  in  the  rodaing 
of  b««i't-3Ugar.  It  is  also  convprtf'd  into  sin  n- 
tium  nitrate  for  making  red  tire  in  pvnjtcckiy. 

L.  J. 


CELLULOSK. 
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GELLOSB  (CEUX>BIOS£)  v.  Ca&bohy  obatxs. 
0ELLULA8B  v.  Einmas. 

CELLULOID  ia  a  colloid  conijKisrd  of  soluble 
nitroceUulose,  approaching  ^»^a»(^Q»)49^  ^ 
oonponliiony  t<^otliop  intli  oanphof.  It  it 
obtaineii  by  gplatinating  nitrocellulose  liv  means 
of  a  solution  of  oampnor  in  ethyl  alcohol  or  a 
dmilar  nMnstrmuii.  The  word  •  oenoloid '  is  a 
reci^tered  trade-mark  in  thi-  I'nited  States. 
The  substance  was  tinit  produced  by  Daniel 
Spill,  of  Hackney,  Englami,  and  oanw  into 
'  ommerce  under  the  name  of  xylonite.  Spill's 
method  of  converting;  the  nitrocellulose  has  been 
followed  for  more  uum  40  yean.  €h!eat  im- 
provements in  the  manufacture,  especially  in 
mechanical  featuree,  were  made  by  John  W. 
Hyatt,  of  Newark,  N.J.,  U.S.A.,  and  the  United 
States  quickly  became  the  centre  f)f  the  new 
mdustry.  Hero  also  originated  improved 
methoik  and  apparatus  for  tlie  manufaoture 
(if  the  lari^e  quantities  of  pure  nitrocellulose 
rei^uired ;  fur  the  regeneration  of  the  acid^baths ; 
and  the  nfe  dehydmtion  of  the  wet  nitro- 
cellulose. 

The  nitrooelluloso  employed  is  preferably 
mde  from  tissue  pai)er,  in  the  form  of  8hre<ls  or 
strips,  hy  pnhjeetin^  it  for  20  minutes  to  the 
action  of  a  bath  of  mixed  sulphuric  and  nitric 
aeids  containing  l<J-20  pi.e.  of  water,  at  a  tem- 
peratue  of  30°  and  upwards.  The  resulting 
iiitrocolhdoBe  i.s  thoroughly  washcil  with  Mrater 
to  free  it  from  acid,  and  Ueached  with  hypo- 
chlorite solution  if  necessary.  After  treatment 
in  a  centrifugal  machine,  it  is  pressed  between 
absorbent  pads  to  remove  nearly  all  of  the 
remaining  water;  or  better,  the  water  is  re* 
placed  by  alcohol,  ordinary  drying  having  been 
abandoned  on  account  of  the  danger  of  explo- 
sion. If  the  alcohol  lepUoemeni  iwoooss  is 
employed,  care  is  taken  to  leave  exactly  the 
quantity  of  alcohol  in  the  matCTial  necoiaaiy  for 
ita  subsequent  conversion. 

To  ICO  pftfta  of  p3rTox>lin  (contaiiung  40  of 
aloohol),  35  of  camj)hor,  and  the  necessary 
p^ments  and  fillers,  are  added  and  thoroughly 
mcorpOTated  in  s  kneading  machine.  Trana- 

pexent  material  receives  a  small  piT(  ( nt  im-  of 
uxea,  dissolved  in  methyl  or  ethyl  alcohol,  as  a 
staMIicer.  The  dongh-uke  mass,  is  worked  and 

formed  into  shect^s  between  hili<:htly  heated  rolls. 
These  sheets  are  consohdated  in  hydraulic 
presses,  heated  to  aboot  76*  into  a  solid  cake, 

125  or  90  em.  long  and  50  cm.  wide,  from  which, 
after  cooling,  sheets  of  the  desired  thickness  are 
cut.  Or  the  mass  taken  from  the  rolls  is  placed 
in  a  heated  cylindrical  hydraulic  press,  provided 
with  suitable  nozzles  and  dies,  from  which  it 
emeiges  in  the  shape  of  tubes,  rods,  or  the  like, 
of  any  desired  cros8-.'<«'Cf  ion.  Rods  may  also 
be  made  out  of  the  cakes  previouhly  mentioned 
by  forcing  a  cutting  tool  through  them.  All 
this  material  has  to  be  fn  rd  from  its  excess  of 
solvent,  and  is  seasoned  in  tire-proof  rooms 
bsated  to  30**,  where  it  is  kept  for  •  period  of 
one  to  six  weeks,  or  even  longer,  according  to 
thicknesus.  The  camphor  solvent  u.sually  em- 
ployed is  denatured  alcohol,  owing  to  the  fiscal 
policy  of  the  countries  concerned  ;  but  wood 
alcohol,  pure  grain  alcohol,  and  a  mixture  of  one 
or  both  of  these  with  fusel  oil,  <  r  its  v  irluus 
constituents  have  also  been  widely  utsed.  Owing 
to  the  groat  fluctuations  in  the  price  of  camphor 
Vol.  ]  T, 


in  recent  years,  the  attempto  to  make  this 
substance  sjmtheticaUy,  and  to  find  a  substitute 

for  it,  have  bet n  ]mrsiied  with  vigour.  Syn- 
thetic camphor  in  commercial  quantities  is  an 
accomplished  faet,  and  is  the  equivalent  of  tho 

natural  product.  The  search  for  substitutes 
was  begun  in  the  United  States  in  the  early 
eighties ;  the  most  suitable  found  so  far  being 
acid  derivatives  of  aromatic  aminos.  This  work 
started  a  flood  of  patents  in  European  countries, 
especially  Germany,  most  of  tiiem  unimportant. 

Celluloid  is  coloured  by  means  of  mineral 
colours,  lakes,  and  coal-tar  dyes,  tho  latter 
being  chiefly  used  tm  transparent  material. 
Owing  to  its  plasticity,  especially  when  still 
containing  part  of  its  volatile  solvcnt.s,  and  the 
case  with  which  it  is  welded  in  this  condition, 
it  lends  itself  readily  to  the  imitation  of  a  great 
variety  of  natural  products,  and  by  various 
mechanical  processes  posfeot  imitations  of  ivory, 
tortoise-sheU,  amber,  marble,  agate,  lapis-lazuli, 
malachite,  Ac,  are  made  from  masses  of  different 
colour  and  composition. 

Celluloid,  while  rather  inflammable,  is  non- 
explosive  under  any  conditions  to  which  it  may 
be  subjected  in  the  work  of  cutting,  turning,  or 
moulding.  Its  specific  gravity  varies  with  its 
composition :  it  is  1  *35  for  the  pure 
material,  a  value  lower  than  that  possessed  by  a 
simple  mixture.  Careful  determinations  of  tho 
heats  of  combustion  of  seasoned  celluloid,  and  the 
nitrocellulose  and  camphor  entering  into  its  com- 
position, do  not  warrant  the  assumption  of  a 
mechanical  mixture ;  nor  does  the  study  of  the 
behaviour  of  fine  shavings  heated  in  an  evacuated 
container  for  a  long  period.  Though  boiling  with 
solvents,  such  as  onloroform,  petroleum  ether, 
and  carbon  disulphido,  which  have  no  gelatinat- 
mg  action  on  celluloid,  eztcaots  the  camphor 
from  the  compound,  snob  behaviour  cannot  be 
regarded  as  establishing  a  simple  mixture  in 
view  of  the  foregoing  observations.  Celluloid 
turns  plastie  at  a  temperature  of  76*,  and  in 
practice  it  is  usually  softened  in  boiling  water  or 
on  a  steam  table  jpreparatory  to  moulding.  This 
property  of  tnmmg  fdastic  at  a  oomparatively 
low  temperature',  and  it.s  hardn<\ss  and  elasticity 
at  ordinary  temperatures,  as  well  as  its  resistance 
to  the  action  cff  water,  dilute  acids,  and  many 
other  agents,  constitute  its  great  t'-chiiical  value. 
It  is  used  extensively  in  the  manufacture  of 
combs,  brush  and  nmror-baoks,  knife-handles, 
piano-keys,  toys,  tbm  of  eye-glassas,  and  a 
great  variety  of  other  articles.  R.  8. 

CELLULiDSE,  conddered  physiologically,  is 
the  mnin  product  of  vegetable  life.  It  is  the 
prejxtnderating  constituent  of  all  vegetable 
tissues,  and  css<Mitial  tothg  cell  as  the  stxnotural 
unit.  For  while  the  synthesising  activity  of  the 
cell  is  identitied  with  its  protoplasmic  contents, 
its  main  function  is  the  building  up  of  non- 
nitrogenous  substances,  of  which  cellulose  is 
the  chief  ;  elaboration  of  cellulose,  in  fact,  is 
synonymous  with  growth.  As  an  organic 
prfxluct  it  is  known  to  us  in  the  spet-ialiseti  and 
diversilied  forms  of  plant  structures,  which  are 
employed  in  industries  either  in  their  original 
form  or  after  treatment  for  separation  of  their 
tibrous  components. 

CbUnloM  is  the  basis  of  our  staple  textile  and 
paper- making  industries,  and  when  modiHe<i  Uy 
various  chemical  treatments,  it  is  the,  bajUs.pK^oogle 
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modem  high  explonivee* '  oeiluioid'  products  and 
'  aiiifioiBl  nik.' 

Q'lhiIo«c,  of  roursc,  is  an  incidental  cornpo- 
Dont  of  vegetable  foodstuiOfs,  and  its  signiticance 
in  eonneinioit  with  agriotiltiiTe  and  all  that 
HI  p-r*  liii-  t'  tlu'  cyclo  of  prooosscs  orgfinlcnlly 
iiiterdt'pcndent  of  the  auimal  and  vegetable 
worida,  is  jparamount. 

By  cellulose,  as  a  oluniical  individual,  we 
understand  usually  the  residue  from  the  exhaus- 
tive alternate  treatment  of  vegetable  tissues 
with  alkaline  solvents  and  weak  oxidants. 
UeneraUy,  no  cellulose  in  isolated  on  the  large 
scale  ezc^  as  the  result  of  a  chemical  treatment, 
morr  or  lr?;.s  dra.slit.-,  of  fibrous  raw  materials  ; 
and  ail  tliat  wu  know  of  cdiuio8u  as  a  chemioal 
individual  results  from  the  study  of  products  so 
olitainfd.  The  t}»i>ical  cellulose  is  the  gtibstanro 
ot  bleached  cotton,  the  bleaching  process  buch 
as  above  described  removing  the  sohstanccs 
other  t\inn  rf'llulosc  A\ith  which  it  is  n?«ociat6d 
in  the  piiuit.  iyo  obtained,  it  is  a  white  substance, 
tiansluomt  when  viawsd  under  the  mkrosoope, 
but  more  or  less  opaque  in  the  mass.  Tnis 
appearance  is  a  consequence  of  the  peculiar 
form  of  the  cotton  fibre,  a  flat  thin-walled  tube, 
the  flhrill;p  of  \vhicli  are  niombranously  dis|xised. 

The  fullo\>ine  brief  outline  uf  the  .sjxcial 
chemistry  of  cellulose  neoeesarily  precedes  an 
account  of  its  industrial  applications,  so  far  as 
they  involve  chemical  principles  or  processes  of 
treatment. 

CtUuloet. — Generally  the  non-nitrogenous 
skeleton  of  plant  structures.  Typo :  the  fibre 
substance  of  cotton,  fni'd  from  associated 
'impurities'  bjr processes  of  (I)  alkaline  hydroly- 
us  and  oxidation  (bleaching);  (2)  digestion  with 
hydrofluoric  and  hydrochloric  aeid^,  to  leoiOTe 
mineral  impurity  or  ash  constituents. 

CtmpotvliUm  Elementary:  C,44-4;  H,  6-2; 

0,49-4;  whence  the  empirical  formula,  <  ,,11  jgOj. 

Con^Uviim. — By  solution  in  sulphuric  acid 
as  diaulphnrio  ester  n-[C\HH0,(S04H),]  and 
ultimate  hydrolysi,^,  the  colloidal  au'^n-^ate  is 
resolved  mainlv  to  dextrose  (Flcchsig.  Zcitsoh. 
pbysioL  Chem.'  7,  523 ).   The  identity 

[n  C.-ftr.OJ+n  HjO^n-C-.Hj.O,] 
which  ba;^  l><  t  n  a«»?iimed,  has  not  licon  verified 
experimtiutally  ;  a  uiaiimuni  yield  uf  iK)-100  p.C. 
dextn^  [theory,  11  I'll],  accompanied  by  acid 
pnxlucts,  leaves  the  problem  undetermined 
(Ost  and  Wilkening;  Chum.  Zeit.  34,  461). 
Gellulose  is  thus  variously  r^anled  : 

1.  As  a  polyhexoso  anhydride;  (a)  al<los(«; 
(\.  G.  Green,  Zeitsch.  Farli.  Chem.  3,  UT),  (h) 
keto.Ho  (Foiitoii,  Cru^  and  Bevan,  CSiem.  Soe. 
Trans.  82,  361,  30(3). 

2.  As  a  polycyclohcxane  derivative ;  thi.'^ 
view  is  bastnl  on  consideratioius  of  d«-nsity  and 
molecular  volume  (Uroes  and  Bevan,  Ber.'l909, 
42,  2198. 

3.  As  an  essentially  labile  aggregate,  that  is 
of  variable  constitution  09  couhguration,  vary- 
ing aooording  to  the  aetion  of  n  agenls  (Ctoks 
and  Bevan,  ("hem.  Soc.  Trans.  8ff ;  OeUulose 

Researches,  iL  1905). 

CeUvlow  and  unter. — Hydratim.  CSonstitn- 

tiMtiid  waf-  r  is  r<4iiinod  by  c«  lliil(»<»  in  the  air- 
dry  condition.  Cotton  holds  0-8  p.c.,  varying 
with  temperature  and  moisture  of  atmosphere, 
rnftnn  uhieh  has  been  hyiirati  i!  by  tivaiment 
«iih  alkalis  (mcrcerisation)  or  solvents  (i'n/ra) 


or  by  prolonged  attrition  iu  presence  ot  water, 
shows  an  increased  capacity  for  moisture  when 

air-dry,  and  retains  9-11  ]'.e.    O^nver^c-ly.  the 
action  of  condensing  acids  (UCl^llBr)  produoes 
modified  egtmnates  (' hydroodlnhMe  *)  with  a 
lower  (  fiTfnr  itv  '3-5  j>.e.).    rdhdo-e  si  p.ir-it^-d 
from  its  i»ulutions,  or  regenerated  from  its 
deriTativss  by  the  action  «  reMmts,  shows  a 
maximum  hydration  capacity  ;  t  n>-  c  uUoidal  or 
gelatinous  hydrates  having  the  corapositicm  (iu 
contact  with  water  at  ordinary  temperature*  ) : 
Cellulose     .       .       .      20-10  p.c 
Water         .        .        .       80-!K>  „ 
Cellulose    and    j»o/tvH<«.— Insoluble    in  all 
neutral  solvi-nt  liquid.^  cellulo>e  is  di-.-< '1\  >si  by  • 

1.  Concentrated  solutions  of  zinc  chlondc 
(40-60  P.C.  ZnO,).  on  heating  at  80*-100*;  when 
previonslv  hydrate<l,  nt  lower  teniptTaturc;*  ; 

2.  i5oiul)oii  ol  y  iiie  ehlonde  in  twice  its  U'eight 
of  HCl'Aq.  (31)  p.c.  HCl):  this  les^ent  tm|iid]y 
attacks  and  rt-solves  the  ftjjjrrejjnte  ; 

3.  Solutions  of  cuprauimoniuin  b\dr.)r<:  con- 
taining S 

Cu,  as  OiO  ?Jr  ,n  .  .  .  2  -.~3-5p.c 
NH,  (as  NH^UH)  .  .  .  15  p.c 

Fkom  solutions  I  and  3.  the  eeUnlose  may  be 

recovcrcfl  quantitatively ,  but  as  a  hydrate  and 
otherwise  modified  in  coustitutiou- 

Beadimu. — ^Tfae  above  rsaotions  reeultiiif  in 

solution  of  thi'  cellulose  are  chararterislic ; 
otherwise  it  is  exceptionally  non- reactive.  By 
dilute  solutions  ct  iodine,  in  presence  of  eertain 

dehydratinji;  agents,  it  13  colourc<l  '  It 

A.  Cellulose  compounds,  i.e.  &>Dlhetical 
derivatives.  Esters. 

(a)  Nitrates.  By  direct  reaction  with 
nitric  acid,  usually  in  presence  of  sulphuric 
add,  in  idkieh  ease  unstable  mixed  esters 
are  fornu  d  as  a  stage  in  the  reaction,  th<-  NO, 
displacing  the  15O4H  residues.  The  estcia  urv 
formed  without  sensible  structural  mollifica- 
tion. They  are  purified  from  re-idnal  S<?»jT! 
by  prolonged  boiling  with  water,  and  arte  then 
'  stable.'  A  series  of  these  esters  is  known, 
the  highest  api>roxi mating  to  the  trinitrate 
(C,)  (gun-cotton);  the  intermediate  terms — 
dinitrat* — beui^  .-obdik-  in  ether-alcohol  (oo)b>> 
dioii  eottoii).  the  lowest  having  physical  pro- 
perties but  little  different  from  the  original 
Cellulo--.o, 

These  estrrs  are  ynrl  nisly  formulated  as 
nilratea  of  a  rejictive  unit  of  C,  — C,j— Cu 
dimensions. 

Solvents. — The   special   solvents   of  those 
esters  are  acetone,  cther-alcohol,  nitrol>enrcnc. 

Saponification, — By  certain  alkaline  and 
reducing  agents  (alkahne  sulphydmtes^  the  nitric 
groups  are  e1imlnat<>d  and  coUuiom  ngunorated. 

(6)  Acetates.  By  reaction  with  aceti^^  anhy- 
dride under  various  conditions:  (1)  at  iiU": 
direct  formation  of  monoacctato  (C,)  iruK>luble 
in  all  neutral  solvents  and  in  the  solvcntts  of 
ooUuloae.  (2)  At  140^-1 60<* :  formatioa  of  higher 
acetates,  attended  by  soltition  in  the  reaction 
mixture.  {?>)  Tn  presciirr  of  catalytic  agents 
(Znaa-H^so,- ]{,FOj:  at  intermediate  tem- 
peratnres;  U  so  ^determines  rraetion  at  2f^-S0^. 
The  extri  iiK-  ]»ri"iui'i,^  ure  luivtiirc.s  of  tri-  and 
hi^er  acetates.  (4)  W  hen  the  reaction  mixtures 
are  dilated  with  hydrocarbon,  the  fibrous  oella* 
lose  may  be  acotylated  without  solution  or. 
sensible  structural  change.     -  j       '  y  CjOogle 
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Solvents  of  the  highor  acetates,  are  chluro- 
Ibnn*  aoefeone,  phenol. 

Sapanificalion. — Thn  arrtyl  groupa  may  bo 
removed  by  boiling  with  alkaline  soluttoos,  tho 
oeUnloM  being  xegendMted.   In  quantitative 

i!' t'-ririnatinna  the  aajwnification  may  be 
titocted  by  boiling  with  normal  sodium  hydroxide 
diluted  with  an  equal  volume  of  alcohol. 

(<*)  Acid-salphurie  esters.  By  t}i>  action  of 
siilplniric  acid  an  extended  scnos  of  esters  ia 
forntedf  which  havo  bi  on  deeoribed  aa  cellulose 
sulphuric  acids.  But  they  are  certainly  deriva- 
tives of  products  of  resolution.  The  Hrst  stage 
r«'>vilt.s  in  tho  formation  of  a  diflulphurio  est^r 
C,H,O3(tS0jH)j,  but  its  relationship  to  th<-  )>!irt  nt 
complex  is  doubtful.  The  ester  is  solublf  in 
water  ;  the  Ca,  Ba»  and  Pb  salts  are  insohdile  in 
alr  oho].  V>y  prnrrrpsfn^  o  hydrolysis  the  celliiloie 
is  ultimately  rcssulved  tu  dextrose. 

(<f)  Ac0lo«sii]phates  and  mbnd  esters,  con 

ca.inin{»  t4ie  SO^TT  rosldnw  as-sorintod  witli 
acetyl  and  other  iiegulive  groapc*  iu  cujii Luna- 
tion, are  obtained  when  sulphuric  acid  is  allowetl 
to  act  under  regidated  conditions  simultjineously 
with  other  esterifying  agentK.  Thus  a  mixture 
of  acetic  anhydride  (50  parts),  glacial  acetic  acid 
parts),  and  sulphuric  acid  (4-6  psrts),  acts 
rapidly  ftt  30^-40*.  The  first  product  appears 
to  beanetitral  Ixxiv  of  the  empirical fomnuA 

(4C;.H,p)S0.(C.rf,0,),. 
and  onoer  tbe  action  of  water  to  undrrgo  an 
inlt  rnal  hydrolysis,  tho  SOj  trrouj)  Ix  i  onimg 
which  forms  a  stable  combination  with 
Imms.  The  Mg,  Ca,  SEn  salts  are  hwolnble  in 
water,  but  soIuIjIc  in  acetonf 

(e)  B«DXWtes  reaultfrom  tho  actiou  of  benzoyl 
chloride  in  {mwnee  of  alkaline  hydroxidflt.  A 
riionobonzoato  (Cg)  i-^  ohtaint<I  by  treating 
cellulose  ^ith  a  solution  of  sodium  hydroxide 
of  10  p.c.  (NaOH)  strength,  and  shaking  with 
benzoyl  ohlorido.  This  bcnzoate  i>  fnrmwl  with 
only  slight  structural  change.  Tho  dibenzoate 
((L)  is  obtained  hy  the  interaction  of  benzoyl 
cluoride  and  alkali  cellulose  (mcrrnri'-frl  rotton) 
in  presence  of  sodium  hydroxide  solution  (15  p.c. 
NaOHV   Tts  formation  is  attended  by  structural 

(  h  ini'r>  ;  the  fibrous  (  I'lluli  >s<' is  <iisintf>cratrfl,  thr 

tiibonzoatc  being  an  amorphous  substance.  The 
dibenzoate  is  solnblein  acetit:  acid,  and  chloroform. 

Mixed  esters,  containing  the  benzoyl  and 
nitric  residues,  result  from  the  action  of  nitric 
acid  upon  the  benzoates.  Snnultaneously  a 
nitm-  crronp  cnterH  th'*  bonzoyl  residue. 

Alludf  cellulose.  The  librmn  ocllulo^^e  uuder- 
j^OCa  consideralde  structural  nKMiitication  under 
the  action  of  yulutions  of  sodium  hy<lroxide  of 
12-15  p.c.  XfiOH.  These  reactions  aud  phe- 
nomena were  first  stndied  by  MeroM-.  They  are 
tlie  liasi-*  of  tho  proces.5  of  mcrr^ri-nilion  (Q.v.) 
under  whieli  cutton-yani  uud  cloth  asjisuuiu  a 
special  lustre  and  silky  finish.  There  is  a 
definite  synthetical  reaction  in  tlie  ratio 
t',ll|e0| :  2NaOH,  which  a  i»tago  iu  the  for- 
mation of  the  dibenzoate  (supra). 

Tho  compound  is  complet^jly  dissociated  by 
water  ;  by  tewatment  with  alcohol  an  equilibrium 
is  reached  when  the  reagents  are  assooiated  in 
the  ratio  Ci.UmOi.  :  NaOH. 

The  alksJi-oelluiose  hydrate,  of  composition  : 

Cellulose   .        30j  cellulose:  sodium  hydrate 
Sodmm  hy^lrnt.  1      y  h„0,  2NaOfi 
Water  .    a6J     •  »•  • 


is  the  first  stage  in  the  synthesis  of  ci-lhtlnMC 
xanthogenic  acid,  which  results  from  the  inter- 
action of  the  alkali  cellulose  and  carbon  disul' 
phi<le  at  ordinary  temi>eratures.  Tho  sodium 
salt  is  .soluble  in  water.  It  is  an  unstable 
compound,  the  solution  undergoing  siMntaneous 
propre*«uve  change.  The  solution,  which  is 
highlv  ooUoidalt  hnally  solidifies.  By  moans  of 
the  chanotetistio  reaotioii  of  the  aauith»tes  with 
iodine 


<»<sn.hS>s+i. 


the  progress  of  tho  change  may  bw  followed,  tlio 
essenti^  feature  being  tho  elimination  of  the 
CSj  residues  with  reaggrogation  of  the  oelluloso 
unit.^  Will-marko«l  stages  in  the  series  occur 
at  tiie  poUits  dfnote<l  by  tho  empirical  formulae 
( , H ,  ,0/'S8Na,  C„H,,Oi,  C«SNa.  The  former 
repre.sonts  an  equilibrium  attained  after  the 
solution  lias  remained  for  some  liuurs  at  tlio 
ordinaiy  temperature  ;  the  latter  is  reached  in 
from  three  to  tour  days.  The  cellulose  under  the 
reaction  acquire.-*  a  more  acid  eharaoter,  an 
additional  OH  group  combining  with  alkaW. 
The  lower  terms  of  the  series,  e.g.  C 4 5,11.5,03, • 
CSSNa,  though  insoluble  in  \\i\Ut  or  dilute 
saline  solutions,  are  dissolved  by  the  additioa  of 
sodium  hydroxide.  The  sodium  atom  in  oombina« 
tion  uilli  tlie  ('8.S  residue  is  not  attacked  by 
weak  acids  such  as  acetic  acid.  By  double 
decomposition  with  soluble  salts  of  Cu,  2n»  Ac* 

the  ('orre.-pondiiiu  xanthntos  are  pnodUQOd  aS 
insoluble  colloidal  precipitates. 

In  the  above  reactions  the  oelluloae  aggregate 
is  maintained  ;  tlit-  -ohitions  of  tho  derivatives 
are  viscous  and  colloidal ;  but  in  the  following 

B.  RaMthnis  of  deeompoittton,  whieh  are 

determined  by  hydrolytic  and  oxidising  agents, 
tho  directions  of  resolution  are  extremely  various, 
and  the  relationships  of  tho  products  to  (he 

original  aL'L'Pv  »t'   'T  mi(ieierminod, 

(u)  Sulphuric  acid  <li;^»lves  the  cellulose  as 
a  disulphurio  ester ;  but  decomposition  attends 
the  reaction,  nnd  on  diluting  and  !K)iling,  the 
hydrolysis  is  carrioii  to  tho  extreme  molecular 
limit,  the  final  product  being  dextrose  (supra). 

(b)  Hydrobromlc  acid  in  ethoroal  solution 
attacks  the  cellulose  profoundly  with  pro<luction 
of  farom-methvl  furfwaL  The  formation  of  this 
compound  indicates  a  previous  or  intermediate 
stage  in  which  tho  products  of  resolution  are 
molecular  ketonic  bodicH  of  carbohydrate  con- 
stitu'ioT  fI'V.it  11,  rhem.  Snc.  Trans."  191)1,  361). 

[t  j  Hydrochloric  acid,  ui  presence  of  water, 
dilute  sulphuric  acid,  and  acidn  generally,  attacks 
tho  cellulose  aggregate  with  production  of  a 
variety  of  derivativc«.  (I)  Insoluble:  these 
are  generally  termed  *  hydrocelluloses.'  They  are 
disinte^iatod  residues  of  tho  original  fibres ; 
they  dider  chemically  from  the  parent  aggregate 
in  the  presence  of  fro«  aldehydic  groups,  and  in 
rcadilv  yielding  to  the  action  of  alkalis.  (2) 
Holubh  molecular  products,  chiefly  dextrines  and 
dextro:!*'. 

(d)  Alkaline  hydroxidfit  and  alkalis  goneraUy 
have  little  action  on  odlulose  in  the  form  of 

dilute  solutions — oven  when  trea(e<l  at  elevated 
temperatures.  Sodium  hydroxide  in  solutions  of 
concentrations  of  12  p,0.  NaOH  »n^J^pwafd8^^^ 


708 


OELLULOSK 


oombines  with  Uie  cellulose,  producing  profound 
tCntoinnl  nodiflostiOM  (woiwifiMlioii),  tyat 

trithoiit  resolving  tho  ftpgrogato. 

At  hifther  concentration  and  temptTatmc 
the  cdtamub  li  |Nutia]ly  dinolved ;  oat  even 
under  the  conditions  of  a  *  fxiaion  '  at  I'^o*  tho 
resolution  is  limited  to  the  convcriuuu  into  aUkali 
soluble  modifications,  which  are  precipitated  in 
thecolloi  lal  f  irm  on  diluting  an<l  acidifving.  At 
higher  temperatures  (200°)  and  with  larger  nru- 
portioms  of  the  alkaline  hydroxides,  the  ceUuloee 
IS  resolved  into  acid  products  of  low  molecular 
weight,  chiefly  acetic  acid  and  oxalic  acid. 

Oxidailtf.  The  directions  of  oxidation  of 
cellulose  are  likc\viso  extremely  diversified. 
Tho  agffregato  manifests  considerablo  resistance 
to  alkaline  oxidants  in  dilute  fonn,  e.y.  solutiouA 
of  the  ht/pochUiritftt.  pfnnangaruUes ;  but  when 
the  limit  is  pa^uMxl  the  uxidations  which  result 
an  dtttStio  in  the  sense  that  the  goluhle  products 
are  of  low  molecular  weight,  chiefly  carbonic  and 
oxaLio  acidi!.  The  insoluble  fibrous  residues, 
mote  or  less  disintegrated,  are  known  as  osyeel* 
IuImoi.  They  contain  free  aldehydic  Rroupj<. 
are  easily  attacked  by  hydrolysing  agents,  and 
on  boiling  with  hydrochloric  acid  (1<M}  sp.gr.) 
are  decomposed  with  pcoduotkm  of  some 
furfural. 

Resolved  by  tht;  action  of  concentrated  solu- 
tions of  the  hf/pochiorUes,  celiuloee  yields  chloro- 
form and  osrbon  tetraoUorMes.  The  hypo- 
bromit^'s  give  the  corresponding  bromine 
derivatives.  Mitric  acid  (1-26  sp.^.)  at  180° 
oonveits  eeHoloie  into  a  series  of  *  oi^eennloscs, ' 
which  are  resolved  on  boiling  with  cakiuni 
hydroxide  into  acid  products,  among  which 
wesao^tannio  and  dioxybut^Tio  aoidB  have  been 
identified.  In  lb(  original  oxidation  uniall 
qualities  of  the  higher  dibaaio  acids — saccharic 
and  taitario  aeids-Hue  prodneed,  but  the  main 
products  are  oxalic  and  earhonic  acids. 

With  chrtmic  acid  an  endless  series  of  oxida- 
tions may  be  effeeted,  the  degree  of  aotion 
depending  upon  th'^  yir')])ortion  of  the  active 
oxidant  and  the  as8ociat<;d  hydrolytio  action  of 
mineral  adds.  The  oxy celluloses  produced  are 
distinguished  by  relatively  large  yieldn  of  furfural 
when  decomposed  by  boiling  UClAq.  ( I  -Ot)  sp.gr. ). 
In  presence  of  snlfAnrio  aoid  there  ensues 
complete  cnmbuption.  and  the  reaction  is  the 
basis  of  quantitative  analytical  nieth<Hls. 

RMotution  bf  tanmni  aetlons.   i  nder  the 

actions  of  spccifie  organisms  the  cellulose  com- 
plex is  t<jtally  rt^lved,  the  main  products 
oeing  methane,  hydrogen,  and  carbonic  and 
fatty  acids.  The  (lecoinjwfsition  may  be  associ- 
ated with  the  action  of  an  enzyme ;  Imt  a 
remarkable  feature  of  the  process  is  the  absence 
of  intermediate  pnxluctw,  at  least  in  the  cases 
hitherto  investigated.  In  the  digestive  tract  of 
the  hcrbivora,  cellulose  is  resolvea,  and  from  the 
investigation  of  the  process,  necessarily  by 
indin  ct  observations,  it  appears  that,  in  addition 
to  a  destructive  resolution  to  idtimat«  gaseous 
products,  there  ocoois  a  resolution  to  proximate 
groups  of  high  nutritive  value,  which  are  assimi- 
lated bv  Jiliici  ii  '  [.:.ili:-Mi. 

Rsfblution  by  heat :  deitnictive  distillation. 
The  decompositions  of  oellnloio  at  temperatures 
ezoeoding  250°are  ne<  <  ssarily  extremely  complex. 

The  groups  of  products  show  an  average 
proportion : 


Solid  SO  p.e. 

liquid  IOp.«. 

Charcoal  or 
pseiKio>car- 

Ck)ntaining  acetic 
aciu  p.c. ),  mctnyi 
aloohol  (7  p.c.'), 
acetone,  fuifoial 
(12  p.c.) 

Chiefly 

rV*»  Bnri  I'irt 

ana 

the  actual  proportions  and  oompositioa  of  these 
mixtures  varying  with  the  temperattire  and 

durat  11  HI  <>]  I  iirlr  hi-a(  iiij. 

General  view  of  the  deeompositions  of  eeliukwe. 
It  is  clear  that  tiie  eelhdoee  complex  brealES 

down  under  destrnetive  influencr-*.  in  directions 
depending  upon  the  nature  of  tho  attaoktng 
agent,  its  ooncentmtion,  and  all  the  eummudin|f 
physical  conditions.    The  :<tii>Iv  of  these  (Icooni 
positions  has  thrown  but  little  light  on  the  actual 
natuio  and  constitution  of  the  ceUuloae  acgr^ 
gate;   for  the  r^.i -  r,,  |»erhap8,  that  v\c  navt^ 
endeavoured  to  maintain  a  bads  of  interpreta- 
tion such  as  is  applioabie  to  ordinary  molecular 
conij"  uti  l-    r  I  omplexcs.    If  we  regard  cellu- 
lose at>  the  analogue  of  a  complex  salt  m  presence 
of  water,  and  endeavour  to  follow  the  reactions 
of  decomposition  as  we  shoxild  the  changing 
equilibrium  of  a  caUmdal  tadt  milulion  under  the 
action  of  regents,  we  have  a  basis  of  worido^ 
hypotheses  which  will  bo  found  to  stand  th-^ 
general  te^t  ot  credibility — that  is,  they  UmkI 
to  ]jrogre,Hd  in  invsst^tion.   We  make  this 
observation  in  reference  to  the  matter  which  we 
have  just  endeavoured  to  reduce  to  short,  sys- 
tematic expression,  but  whiefa  obviously  cannot 
effectually  be  so  treated  h»»caH««e  it  tnvolvi'rJ  the 
entut}  theoretical  basis  of  our  »ubjt^cl.  that  i*, 
the  actual  state  of  matter  and  the  distribution 
of  the  react iv^i  tinit-groups  in  the  cellulose 
complex;   and  thiit  basis  is,  as  yet,  entirely 
undetermined  («ee  OoM  and  BeTaa»  Owihitoee 
Rc8ear<-he", 

The  cellulose  group.  From  the  topical 
cellulose  we  pass  to  the  diversified  group  ol 
cellidoses.  Their  general  characteristics  are 
thoiw  of  tho  prototype :  the  variations  they 
pr^ent  are  especially  such  as  involve  the  unde>. 
termined  factors  of  constitution.  With  these 
the*e  are  certain  correlative  variations  which 
afford  an  empirical  basis  of  classification.  These 
are  (a)  the  degree  of  resistance  to  hydrolvtio 
and  to  oxidising  l^!;ents :  (h)  the  percentage 
yield  of  furfural  when  decomjMised  by  boiling 
ItlCLAq. ;  (e)  elementary  composition,  in  respect 
of  the  ratio  C :  O. 

The  flfaroosoellnloMe  are  grouped  as  fo|]o«i:-i> 


Type 

Cotton 
A 

Bleached 
eoMoa 

Wood 
celluloce 
•ub-^oup 

HyRmscople 
moisture 
Elementarj' 
composition 

Furfural 
Other  clia> 
laetMlstta 

6-Sp.e. 

j  44  0-44  4 
i      50  0 

01-0-4 

No  active 
OOfroupe 

^11  p.e. 

4:l(V-43'd 

ai  u 

3  O-S'O 

Boom  tree 
COftoope 

t'.T.  lil 
ccllUli^'' 

(  . 

Straw 


120-150 
ICouUmUe 
I  resettvlty  of 

COi 
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Of  th^  graupB  the  foUowing  poinU  may  be 

noted  :~ 

A.  CoroprifK»,  in  sddition  to  cotton,  other 
industrially  important  cellulosOH,  e.g.  flax,  homp, 
and  rhea.  They  occur  in  the  plant-world  in 
association  with  compounds  cattily  removed  by 
the  «oti<m  of  alkaliSi  They  pass  throai^  the 
oyele  of  naotions  uiTolved  in  their  solntun  as 
xanthateit  withoot  Iqrdndyns  to  loiuble  deriva- 

tiVM. 

R  Theie  odhilcMefl  am  obtained  as  products 

of  decom|M;Hition  of  a  comjK)und  cellulose.  Thoy 
may  be  le^purded  aa  partially  ihydrated  or 
hyavolywd.  They  are  more  nadfly  attacked 
by  hydruIysinL'  iits  and,  in  tin*  xanthato 
reacUoDSt  aie  partially  resolved  to  alkali-aokible 
derivatiTea. 

C.  These  cellulosoH  nro  in  niout  cases  a 
complex  of  structural  elements,  and  not  homo- 
goMMis  ehemioaflj.  Tliey  an  stOl  leas  renBtaat 
wan  the  preceding  group,  and  more  c-jm  r  i:ill\ 
the  fnrfttial-yielding  components,  which  arc 
MleotiTely  attacked  under  oettain  oonditioiifl. 

The  celluli).st'  groups,  a-s  aVxjve,  pass  by 
imperceptible  gradations  into  a  heterogeneous 
daw  of  aatural  produete,  wkidifWluIo  possessing 
<->mr-  nf  the  caaractt*risitics  of  the  celluloses 
proper,  are  so  readily  resolved  by  hydrolytic 
treatment  that  they  must  repreeent  a  very 
diffi-n-nt  constitutional  tj'po  or  types.  To  thw 
group  uf  Complex  carbohydrates  the  class-name 
htmietUulogt  has  been  assigned.  Thoy  are 
structtiraUy  different  from  the  fibrous  celluloses, 
occurring  mostly  in  the  cellular  form  (paren- 
chyma, ko.).  They  differ  in  physiological 
function,  and  in  beinjj  readily  resolved  by 
hydrolysis  into  the  cryslalline  monoses. 

The  foregoing  expom<  will  enable  US  to  groap 
thn  industrial  and  manufacturing  appltcatirm-^  of 
ctUidose  in  reference  to  first  prinuiploii,  as 
follows  s — 

Gekfrai,. — The  usps  of  iht>  filirous  collulows. 
more  particularly  of  cottun  and  the  cotton  group, 
in  which  we  may  include  flax,  hemp^  and  ramie, 
depend,  apart  from  the  primary  condition  of 
length  uf  ultimate;  fibre  upuu  the  extreme  eht»mic«l 
resistance  of  the  fibre  substance,  which  is  a 
function  both  of  the  constitution  of  the  ultimate 
noups  and  of  their  mode  of  union  to  constitute 
ttie  aggregate  itself. 

IntMsnsitiveness  to  oxidation  is  an  obvious 
condition  of  such  stability  as  is  required  for 
textile  fabrics  and  paper,  and,  as  evidence  of 
lesistanoe  to  atmospherio  oxygen,  we  have  the 
fact  that  Has  and  cotton  fatnrics  and  papers 
composed  of  tlie.se  fibres  have  lK?en  handed  dow  n 
to  us  from  antiquity,  with  little  change.  Next 
in  order  of  importance  is  tmistanoe  to  water 
and  alkaline  hydrolysis.  ThU  resistance  enables 
teaEtilo  fabrics  to  withstand  periodical  cleansing 
or  laondrying,  in  which  aUuBs  are  the  principal 
atient'S.  In  the  purifyintr  of  textile  fabrics  by 
the  bleaching  processes  and  the  preparation  of 
paper  pulps,  the  same  negative  quahties  are  of 
ant  importanee. 

Textiles  are  subjected  to  severe  processes  of 
alkaH  treatment^  ami  to  the  action  of  Ueaohing 
agents,  -ueh  as  hypochlorite-'^,  without  showing 
any  chemical  or  structural  moditicatiou. 

On  the  other  hand,  there  is  a  limit  of  the 
resistance  to  oxidation,  and  any  nnduo  action  of 
(he  ordinary  bleaching  aolutions  Usads  to  the 


formation     of    oxycellulose,     and  stiUOtnial 
vveiakuuing  as  an  attendant  ru^ult. 

While  extremely  resistant  to  alkalis,  the 
celluloses  an?  !«'n«<itive  to  acids,  and  lirre  again 
in  bleaching,  finishing,  and  dyeing  processes, 
the  incidental  acid  treatments  require  careful 
adaptation  to  the  limit  of  seositiTenMs  of  the 
cellulose. 

Spkcial. — Constitulional  moisture  and  h^. 
dration  effects  involve  a  range  of  phenomena 
of  obvious  industrial  importance.  The  normal 
moisture  of  eelluloso  has  to  be  taken  into 
account  in  the  finishing  of  textiles,  and  their 
package  for  shipment.  The  condition  of  the 
fibres  as  n-^anls  hydration,  of  which  it■i^  ea])aoity 
for  combining  with  atmospherio  moisture  is  an 
mdmc,  direotiy  affects  the  fimsfaing  proosms 
whieh  are  chiefly  llf  niochanical  operatioOS  of 
mangling,  calendering,  and  beetling. 

'nie  nuther  hvdrraion  of  the  oulnlose  which 
tiiki  s  placo  in  the  beating  op<'rations  of  the 
paporniaker  are  of  considerable  practical  im> 
portance,  and  aflbet  the  quality  and  eharseter 
of  the  i)a|H'rs  in  a  very      nt  degree. 

Cellulose  and  ash  coostltuents.  The  normal 
ash  of  the  celluloee  of  the  cotton  group  is  small 

in  jTr)]irirtirin .  and  we  are  not  aV/lc  nfTirm  that 
thoMi  luurganio  constituents  have  any  determin* 
ing  relationship  to  the  oonstitution  df  oellidoses, 
though  this  is  an  accepted  pr  bi!  i)itj-. 

It  h  a  problem  for  colluidai  chemistry  to 
establish  this  relationship  in  specific  terms. 
Industrially,  the  question  arises  ouy  witii  regard 
to  the  aggregate 

Thus  m  the  purest  form  of  cellulose  in  use, 
the  filter  paper  used  in  quanti*  itive  separa- 
tions by  chemists,  it  is  of  im^x>rtance  that 
the  ash  oomponents  should  be  reduced  to  a 
minimum. 

This  muutnum  of  0-05  ]).c.  by  weight,  is 
attained  by  digesting  the  cellulose  with  nydro- 
iluoric  acid  atid  hydrochloric  acid,  and  thoroughly 
washing  tho  pap(>r  in  pure  water. 

Pure  unsized  cellulose  paper  thus  treated 
constitutes  the  well-knoAm  *  S\\  (\lish '  paper, 
su  called  from  its  country  uf  origin,  but  now 
produced  in  Gennaay  and  other  centres. 

Cellulose  as  a  typical  oolloid  enters  into 
characteristic  combinations  with  inorganic  oxides, 
and  this  property  is  an  important  hasis  of  the 
processes  of  the  dyer  and  fwinler. 

Oxides  of  the  polyvalent  metaU,  notably  of 
aluminium,  chroniium,  iron,  tin,  and  lead,  arc 
taken  up  by  the  celluloses  from  solutions  of 
their  salts,  and  tho  oeUulose  thus  tnordmdei 
has  incn^ased  speoial  afflnitieB  for  oolouring 
matters. 

A  more  special  industrial  a]>(>lie.ation  of  this 

property  is  tno  method  for  inakini;  the  mantle, 
now  in  common  use,  for  intensifying  coal-uas 
illumination  (Auer.Welsbaoh).  The  oolloidal 
oxidrs  i)f  thorium  and  it  rium  in  suitable  pro- 
portions are  fixed  upon  cellulose  fabrica, 
which  are  then  dntA  and  ignited.  The  result 
i-t  an  iii(iru:anin  skeletoti  of  the  orininal  fabric, 
prepared  in  any  desired  form,  and  composed  of 
the  oxides  in  question. 

'I'ho  particular  form  fulfils  the  condition^  of 
maximum  illuminating  surface,  together  with 
the.  Weired  degree  of  mechanical  leiistanee  to 
Htand  wear  and  tear  under  the  particular  con- 
ditions of  employment*  kj  i^  .^  i.y  Google 
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CeUulose  and  solvents.    It  m  hi  the  .soiutiou»   tlireadB  to  be  produced,  into  soluiiotu)  whicli 
of  oelliilose  or  its  dHivativen  that  th»  particular  precipitate  or  coatfulate  ttie  oelluloMt. 

pru]KTti(>s  uf  the  ccUulo^o  .i!:<_-r<  uTHtr  iii<  i  \  i<lent.       'Hu'  belting  wMiitions  MO  ui  twD  tjpei^  aoad 

III  thu  oatM)  of  tho  u(|u<-i»u.s  M)lventM  obMTva-   and  alkaline, 
lion  shows  that  the  coUulotte,  «mpk»vofl  an  fibre.        The  oeUuIoso  is  precipitated  as  a  hydrmted 
pa}4M^^•  tiinniirh  ]i}i;(sf«  of  pTYitrn^^-iv  <■  IiyHration    a<»Iid,  in  contitnKm-!  length,  and  is  drawn  forward 
with  cuiiHidtimble  distension  until  liiu  hnal  iitage  I  at  ci|)ecdH  varying  from  20  to  jiO  metres  per 
of  homogeneous  .structureless  solution  is  reached,  i  minute,  according  to  the  diameter  of  tlw  thread 

TIio  LTWiernl  <  hnr.nct«T  of  the  Sfthitinns  is    and  flu»  conflitions  of  the  precipitation, 
their  high  viscomty,  M'hieh  imposes  a  limit  of        in  tUf  caiMj  of  lino  filaments,  cotistitutiug 
from  7  to  0  p.a  cellulose  for  soliatioiis  which  {  artifioial  silk,  several  of  the  threads  so  pnHtucM 
require  filterin;r.  arc  tw  isird  toijt  tluT  to  form  .i  compotmcf  tilamcnt 

The  techiiic^  applications  of  these  solutions  |  or  yam  suitable  for  weaving  purpose.s.  The 
depend  upon  the  fact  that  the  cdlulose  is  *  produets  are  dried  under  special  conditkms,  to 
brought  into  the  plastic  homojjenentis  structure-  secure  maximum  liifstre  and  ela.-^ticity. 
1<>8S  condition,  in  which  it  may  be  formed  or  '  Cellulose  ^ten.  The  applicatiou  of  the 
shaped  at  will,  and  in  finally  reverting  to  the  nitrates  to  high  explosives  is  an  application  of 
solid  htatf  prr«erv(«i  it.s  structural  continuity  ccllnloao  that  stands  apart  ami  (lr}x  ii(I>-.  of 
through  the  aucctiisivc  pliaM'S  of  dehj'dration.      coart^e,  upon  the  fundamental  cheuiiatry  of  tiie 

The  solution  in  zinc  chloride  has  been  u.sed  product, 
for  making  tlu^ds  to  be  carbonised  for  electfio       The  ratio  of  oxycren  is  mvh  that  th^  producta 
incandescent  lamps.  contain  tlie  eleuieuLs  for  their  comploie  cunvcr- 

Tho  solution  is  forced  through  narrow  oiifioes  sion  into  gaseous  products  when  rsissd  to  tbe 
into  alcohol,  which  precipitates  the  cellulose  as  a  reactive  temperature- 
transparent  hydrated  solid,  retaiiiinfl  zinc  oxide  The  nitrates  in  the  fibrous  form  in  which 
(hydrate)  in  combination.  The  aoliS  hjrdrate  is  they  are  pro<iueed,  are  explosives  of  the  di^ 
formed  and  manipulated  in  continuous  length,  ruptive  or  blasting  type,  and  wsce  OXOlnsiwlj 
and,  when  freed  from  zinc  oxide  and  dried,  is  a  so  used  for  many  years. 

structunUsH  cylinder  of  cellulose.  Heated  out  The  type  of  explosion  required  for  the  pro- 
of contact  with  air,  it  is  converted  into  a  '  pscudo-  pulsion  of  projectiles,  is  a  restrained  or  graduated 
carbon,'  which  constitutes  the  filamctii  ia  combustion,  which  is  determined  by  a  change  of 
question.  form  of  the  nitrato-.    Thtse  are  convertible 

The  solution  of  xinc  chloride  in  hydrochloric  i  into  plastic  modifications  under  the  actkm  of 
acid  has  been  employed  for  converting  cellulose  ^  their  specific  solvents,  and  in  tliis  state  they  may 
|»a))ors  into  a  special  agglomerat^ed  product  or  be  fornio<l  dr  fashioiunl  into  tlnx^ads,  cylinders, 
board,  which  is  used  as  an  insulating  material  >  or  solids  of  any  dusired  form  or  dim^iaion.  The 
and  for  stntotnnd  purposes.  The  sheets  or  webs  combustion  of  these  straotatohas  solids,  in  its 
of  pajXT  are  treated  with  tht;  sulvtnt  by  immer-  apL^ry^nto  explosive  efTeot,  may  be  made  to  fulfil 
sion,  and  the  material  thus  attacked  is  then   any  desired  conditions. 

welded  into  the  eomposito  fabric  by  means  of  !     The  most  interesting  case  is  that  of  the 

the  adhesion  of  the  viscous  Oellaloae  #olBtion  employment  of  nitroi;lyrorini-,  itself  a  Jiich 
vesttltiog  from  the  attack.  ,  explosive,  and  the  basis  of  dynamite,  to  reduce 

The  composite  i^eets  or  webs  so  prodnoed  I  the  odlulose  nitn^  acting  as  a  solvent,  to  the 

are  finally  conipactefl  by  pressure,  and  then   struct \ireles,s  eonditiun. 

exhaustively  washed  to  remove  the  solvents.  Mixtures  of  nitrooelluiosc  and  nitn^yccriiic, 

CupciliiniMiliiiil.    There  are  Tarious  Indus- 1  in  suitable  proportions,  are  drawn  to  thraads  and 

trial  appliratioiKs  of  this  characteristic  solvent,  constitute  with  certain  admixtnrcs  th-  n-  ■lern 
Textile  materials  are  treated  by  passing  through  :  explo8ive«cordite,ballistite,&c.(JceExrLuj»iVKS). 
the  solution.  The  cellulose  is  attacked  8ttper>  <  The  cellulose  nitrates,  treated  wiih  neutral 
ticially,  and  nnder  the  pressure  of  rolls  the  solvent?*  and  sulfject  to  a  process  of  milling,  are 
gelatinisexl  product  in  distributed  uniformly :  the  reduced  to  a  structureless  plastic  lua^  This 
nilnic  is  then  dried.  The  fabric  is  thus  coated  with  '  may  be  reformed  into  solid  substances  which 
n  v.inn'sh  eomixjsed  of  celluln-p  and  the  li\  (lrate(l  niny  be  produce*!  in  any  desired  form  nr  dinien- 
cup{Hr  oxide,  of  greenish  colour  which  renders  sion.  In  sheets  or  film  they  constitute  the 
the  fabric  im|H>rviou8  to  water  and  rot-proof.       basis  or  transparent  carrier  of  photographio 

Papers  are  similarly  treated  ;  the  sheets  or  emulsion?*, 
webs  being  mi  Med  together  under  pressure.        1"  solid  form  they  are  known  as  celluloid. 
These  fabrics  hu\  e  i>een  known  for  a  number  of  '  xylonite,  &;a,  and  find  endless  appUeatkms  both 
years  im  the  '  Willesden  '  waterproof  fahrics.         n<<rfii1  and  ornamental  {t\  CKTxrxofD). 

The  modt  important  industrial  a{)]ilicalion  of  The  aoluliouu  oi  nitralcii  m  neutral  solvents, 
the  solution  is  in  the  manufacture  of  artificial  SO^  as  ether-alcohol  (collodion) or  MBjlaofltate, 
celluloi^f  threads,  arr>  prodiued  in  variou.s  are  used  as  varnishes  and  laoquen  for  various 

grades  ot  linenc.s.-;.  and  known  a.**  *  Artiticial  Silk,'  .  puri)ose8. 

'Monofil'  (LuKtra  OeUulose,  8oie  Artificielle,       The  cdlulose   nitrates    in  ether-aloohol 

CdanzstofT,  (  Yin).  f^olution  sre  employert  indtlttrially  n  the  fBSIlU* 

The  process  in  its  simplest  terms  consists  of    latture  of  artiticiaJ  ailk. 
the  production  of  the  s<^>lution  by  treating        This,  in  fact,  was  the  pioneer  invention  *ot 
bieacned    cotton    with    the    cuprnmmoninni   CTiardonnet,'  and  dates  from  1883.    The  proce*9 
solvent,  and  filtering  through  fine  mtul-wire  '  of  spinning  consista  in  forcing  the  solution 
cloth  to  remove  inciflentnl  impurities.  through   capillar^'  glass  jots,  either  into  air 

The  solution  is  projec1<Hl  thronyh  orififf^  of   (Chardnnnet)  or  into  water  (Ix'hner). 
varying  diameter,  according  to  the  size  of  the  ;      The  thread  is  thus  formed  apd  obtfiiied  jgle 
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a  nitnte,  in  wUoh  form  it  is  twiated  into  oom* 
ix>uiid  textile  filameiiti,  yduoh  an  leeled  into 
skeios  of  yam. 

PlfOOoaB  of  saponilicaiion  for  removing  the 
nitric  trroupa  folIow>i.  This  cotisidta  in  digesting 
tho  nitrate  yarn  in  solutiona  of  aouaoaium* 
magnesiam  mdphydiatet  at  ordinary  tempera- 
tores. 

As  a  resxUt  of  the  ovcle  of  operations,  the 
denitratcd  cellulose  as  obtained  constitotes  tiie 
artificial  silk  of  commproe. 

Cellulose  acetatea  are  the  analog  uus  uf  thu 
nitrates  with  the  radical  distinction  of  being 
non-pTp!o9ive,  and,  in  faot»  eminently  stable 

oomixTunds. 

By  t  D-atment  with  thevspeoial  BolTeats,  they 

arc  dissolved  to  homogeneous  vi'^ooug  soltitions, 
and  thov  may  be  fashioned  into  lihus  and  solids 
as  are  the  nitrates. 

So  far  tho  industrial  applications  of  the 
aoetatcit  Lavo  been  limited  chiefly  by  the 
prombitiTo  costs  of  production. 

A  new  technical  departure,  however,  to 
overcome  this  difficulty  is  orabodietl  in  patents 
of  Knoll  and  Knoovenagcl  (190&-1910),  which 
describe  prooosses  for  preparing  a  normal  tri- 
cetate.  in  stable  form,  and  tho  properties  of  ^riuoh 
are  such  that  the  solution  may  he  used  directly 
as  obtaine<I,  and  without  any  processes  of 
separation,  purifioation,  and  resoliitHm  of  the 
acetate. 

This  solution,  which  is  a  solution  in  aoetic 
acid,  is  coaffulated  1^  water,  and  oontinnotia 

yolids  aro  tnere'ore  produced  by  forcing  the 
solution  (Umnwh  orifioes  of  suitable  dimensions) 
into  water.  aeetie  aoid  may  be  reooyeied 
from  the  precipitating  bath  by  simple  mean?:. 

Cellulose  aoetate  iias  already  been  spun  to 
artifioial  silk  and  the  ooaner  textQe  threads,  but 
then)  has  b(Kn  bo  &r  no  industrial  develxqpment 
ol  the  processes. 

The  teebnieal  jntetesi  of  sneh  a  prodnet  is 
that  it  is  employable  as  an  est^r.  wlioroas,  of 
ooiir9e,tho  nitrate  is  entirely  unsuitable,  as  such, 
for  textOe  applications. 

Cellulose  and  alkalis  (Mercerisatlon).  The 
action  of  alkaline  hydroxide  in  strong  solution 
(15-20  p.e.  NaOH)  upon  cotton  teztues,  is  the 
basis  of  a  speciMl  itiflu-^tty.  By  convortincj  the 
cotton  fibre  into  tho  moditiud  form,  cotton  yams 
and  fabrics  arc  ohangod  in  appearance  and 
acquire  a  silky  lu'^tro  and  touch. 

Tho  goods  to  be  '  mercerised '  ar*^  pas^otl 
through  <%  sulution  of  caustic  soda  in  the  cold. 
This  produces  the  effect  of  considerable  shrink- 
age accompanying  tho  change  of  form  anil 
dimensions  of  the  ultimate  fibre,  from  a  flat 
mom  branous,  to  a  thick-walled  cylindrical 
homogeneous  tube. 

Tma  shrinkage  is  resisted  by  placing  the 
gooils  under  the  condition  of  mechanical  strain, 
either  during  tho  process  of  alkaline  treatmeut, 
or,  aftw  allowing  shrinkage  to  take  pla<%, 
the  goods  mny  M  afterwards  stretched  to  their 
original  length. 

The  fundamental  obrorvatioas  which  con- 
ditioti  this  process  wore  made  by  tJ.  Mercer 
(18.50-1860),  but  they  remained  untlovclopcd 
until  kte  in  the  century  (I88O-I890). 

The  industry  is  now  a  considerable  one,  and 
is  to  ft  certain  extent  independent  of  faahimi 
(ses  MBHcmtmiMo). 


OeUnloM  and  stdphnrie  add.  Whereas  oellu- 

loee  reacts  with  the  morr?  oonortit rated  acids 
(H.JSO4— H|S04,H50)  ^  form  suiphurio  esters, 
tho  acids  of  67-0  to  78-0  p.c.  H^SOi  (approzi- 
matoly  K  ,S0^,2  H,0  -HsSO,.3HjO)  h  v.  Ira  te.  and 
dissolve  tho  oellulose  to  a  colloidal  sulutiun,  from 
whieh,  if  immediately  diluted,  the  cellulose  is 
precipitntod  as  a  j^platincus  hyilrate  ('Amyloid'). 
These  reactions  are  industrially  applieti  in  tho 
ptepamtton  of  *  parehment  paper,*  or '  vegetable 
parehmont.'  A  pnro  cMIuloso  paper  is  passed 
thruugh  a  baili  uf  acitl,  and  immediately,  lu 
continuing  iongth.  into  water,  which  arrests  the 
action  of  the  acid  and  r»"'prr>cipitates  the  cellu* 
lose  supi-rfiotally  dissolved  as  a  structureless 
colloid.  Aft^  r  wailing  from  the  last  traoea  of 
acid,  the  web  of  now  parchracnitis-d  paper  is 
dried  under  special  conditions  of  «>traiu  to  control 
the  shrinkage  of  iridth  (10-13  p.o.),  so  as  to 
maintain  an  even  surface  and  prevent  deforma« 
tion.  To  overcome  tho  brittlenosa  of  the 
product,  which  would  residfc  from  total  drying, 
it  is  treated  with  solutions  of  neutral  hygrosoopio 
substances,  such  as  glycerol  or  glucose,  before 
passing  on  to  the  drying  cylinders.  A  sufficient 
proportion  is  retained  in  the  finished  product  to 
ensure  a  normal  •  humidity.' 

The  total  hydroly.sis  of  cellulose  to  dextrose 
is  effected  by  dissolving  in  the  more  concentrated 
acid,  and,  after  allowing  the  acid  to  act  until  the 
sohition  becomes  limpid,  dilntinii  and  heating 
the  dilute  solution.  The  aoid  is  neutralised  with 
chalk,  filtered  from  tho  insoluble  caloinm  mil- 
phate,  and  concentrated.  The  indnstrial  value 
of  this  process  is  obviously  limited  by  the 
relatively  low  values  of  starohea  and  tho  more 

economic  conversion  of  theso  by  Simpler 
and  to  superior  products* 

Physiology  of   fbe  eompmrad 

(Vegetable  fibres).  WhWo  the  aimplc?.t  form  of 
vegetable  Ufo  is  the  coll,  and  tho  coll  is,  more' 
over,  the  universal  originating  unit,  we  observe, 
as  we  ascend  the  scale  of  plant  organisation,  an 
increasing  variety  of  differentiations  of  this  sim- 
plest stmotnral  unit  gradnatinie  into  the  fibres 
and  vessels  of  tho  stems  of  the  hicrher  flowerintr 
plants.  It  is  to  the  presence  of  such  elongated 
cells  as  warrant  the  designation  *  fibre '  that 
these  stems  maitily  owe  their  powers  of  bearing 
strains  and  resisting  fracture.  The  uses  to  which 
these  fibres  aro  put  in  the  arts  obviously  depend 
upon  the  ;?anie  characteristias  of  form,  as  well, 
of  course,  m  thu  nature  of  tho  fibre  substance. 
So  too  the  anatomy  of  fibrous  stems  is  neceesarily 
a  main  factor  of  the  processes  bv  which  they  are 
treated  for  the  isolation  uf  the  fibres.  We  most 
here  except  from  the  general  anatomical  view  we 
are  abotit  to  take  the  most  important  of  the 
vegetable  fibres,  viz.  cotton,  which  as  a  seed  hair 
is  distinct  physiologically,  and  differs  structu- 
rally  from  all  Other  fibrstf  employed  for  textile 
purposes. 

The  '  ultimate '  fibre  is  a  hoUow  tube,  the 
walls  iM'ing  thin  atul  inombranous  ;  it  Is  attached 
at  one  end  to  tho  testa  of  the  seed,  the  other 
being  free,  and  there  is  no  adhosion  of  the  fibrt^s 
to  one  another.    Tho  preparation  of  the  textile 
fibre  involves,  therefore,  only  a  mechanical  treat* 
ment,  and  that  of  the  simplest  kind,  for  separa- 
1  ting  it  from  the  seods.    Tho  other  vegetable 
,  fibres  employed  in  the  arts  are  without  exception 
I  constituents  of  complex  stmotures  (stoma  and 
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loaves)  which  require  a  more  elahomte  meohatii- 

cal  0|KTation  for  their  He|>aration,  in  nddition 
in  many  caues  to  a  preparatory  chemical  treat* 
loeiit. 

The  fif>rc's  of  st«ms  arc  arranged  according 
to  the  two  main  structural  types  of  growth, 
the  vxogeotmB  and  endogenous.  In  the  exogen- 
ous stf'tn  of  anniuila  (dicotyledonous )  they  con- 
stitute a  local  tissue,  the  baat,  which  is  an 
anntthur  ring  external  to  the  wood  and  beneath 
the  cnrtPx.  In  the  endogenous  stem  the  fi^rrs 
proper  (ba«t  tibrt.s)  are  generally  aggregated  lo- 
gether  with  ve88el8  into  bundles  known  as  fibre- 
vascular  butulhH,  wliidi  an*  scatterecl  more 
or  less  irregularly  throughout  the  cellular 
matrix. 

In  repftrd  to  the  Icftf,  the  two  great  divisions 
of  the  phanerogams  are  also  cuiitrasted ;  the 
fifalo* vascular  bundles  of  the  former  are  not  only 
irrefrularly  dis))Os«l,  but  uiterlaced  (reticulate 
venation),  wlureas  the  leaves  of  the  tj^pical 
nonocot^'ledon  are  characterised  by  a  parallel 
arrangemf  nt  of  tho  bundles,  and  fulfil,  therefore, 
a  necessujy  cuntUtion  of  sejMiration  for  tex- 
tile purposes.  Fibres  of  this  class  are  amongst 
the  most  useful  that  we  have.  UTiero  is  a  (Ss- 
tinction  to  be  noticed,  though  rather  of  a  techni- 
cal than  anatomical  nature-,  Ik  twoen  the  vepe- 
tuble  fibres  and  '  fibrous  substanoea'  By  the 
former  we  understand  isolated  bast  fibres  or 
fibro-vascular  bundles,  such  as  can  be  /tpun  into 
aoomtinnonslengthor  yam.  A  fibrous  substance 
is,  of  conrse,  any  vegetable  stmoture  containing 
fi!»n's.  Muiiv  of  these  do  not  admit  of  being 
economically  treated  for  the  isolation  of  a  textile 
fibre.  Tint,  on  th«  otJier  hand,  are  resolved  by 
suitaMc  rhfniirni  treatment  into  a  fihnnis  nia^s 
or  ptdp,  available  for  paper  making.  Many  of 
our  most  valuable  ra^r  materials  for  this  tndns* 
try  are  of  this  nature.  We  may  further  dis- 
tinguish, according  to  the  above  dasaifioation, 
(I )  exogenous  bast  tissues,  sueh  as  these  of  the 
Aihmsonia  and  Broussonetia  f paper  mulberry) 
and  entire  htems  (woods);  and  (2)  endogenous 
stems  (straws  and  bamboo),  and  leaves  (esparto). 
In  thi>  more  mi.«erllarn  nus  •:rnup  al-o  we  shoidd 
include  the  refuse  from  the  preparation  of  textile 
fibres,  snoh  as  tiie  root  <nds  of  ^uto  (biitlah 
the  waste  from  the  flaz.4(nitdung  piooess 
{infra),  Ac. 

We  have  already  excepted  the  cotton  fibre 
from  the  aliove  rla^^.-iTu  atimi,  indieatinp  n  ^tnic- 
tural  as  well  as  a  phyi»iologtcal  distinction  from 
other  textile  fibres.  These  are,  in  fact,  always 
obtainefl  and  spun  in  (he  form  not  of  ultimafr 
fibres,  but  of  binulies  of  these.  Tho  ultimali'  i 
bn«t  fibre  is  also  a  hollow  tube,  but  more  or  less 
thick  Mailed  and  with  tapering  extremities  ;  in 
sectitm  it  is  seen  to  be  cylindrical  or  polygonal. 
The  dimensions  are  remarkably  uniform  for  tho 
bast  of  an\'  piven  plant  or  species,  but  exhibit 
wide  variations  from  species  to  species.  Thus 
the  average  length  of  tho  ba.st  cell  of  jute  is 
3  nun.,  and  of  tlax  28  mm.  The  textile  '  fibres  ' 
are  appregates  of  these  ultimate  fibres,  and  it  is 
convenient  to  employ  for  them  the  special  desig- 
nation of  filamini.  Tliis  complex  spinning  unit 
varies  in  the  number  and  depree  of  cohesion  of 
tho  constituent  fibres.  Thi\4e  variations  even 
in  the  same  plant  or  species  are  very  consider* 
able,  but  more  so  as  ve  pass  from  speoioi  to 
species.   Expressed  in  another  way,  the  textile 


fibres  VBiy  very  muoh  in  regaid  to  fineness 

and  di\i.sibility  of  the  filaments.  These,  it 
scarcely  necoasaiy  to  say,  fletermine  in  a  vei^* 
important  seme  their  spimiing  qualities.  Tliie 
nature  of  the  fibre  snbviance  is  a  Mlf-evidriit 
factor  of  the  mechanical  properties  of  tho 
filaments;  and  lastily,  though  leas  obvioodv, 
the  length  of  the  ultimait  ^Sbre,  ^^  hieh  prmtiy 
influences  the  strength  and  durability  of  the 
yam. 

To  the  spinner  the  r  },r  iTijc-il  composition 
and  projK  rtioii  of  the  litre  ;>ubiilanoe  may  appear 
of  alto^i-thor  secondary  importaaoe;  out  they 
are  obviout^ly  of  first  importance  in  regard  to 
the  application  of  the  ^am,  as  of  the  goodn 
woven  from  it.  Buppoamg  them  pot  into  usa 
without  further  preparation,  the  dxirability  of 
tho  fabrics  vviU  depend  u{>ou  their  resisting  the 
disintegrating  action  of  air  (oxygen)  and  water, 
reinforcetl  by  heat  and  liiihu  But  a  large  pro- 
portion of  the  textile  fabrics  of  commerce  sie 
supplied  to  the  consumer  in  the  bleached  state, 
the  proeefs  of  Meaehinp  consisting  in  the  re- 
moval, by  a  more  or  lef»s  drastic  treatment  u  rth 
reagents  of  those  fibre  constituents  to  whiek  the 
colour  of  the  raw  material  is  due.  These  pro- 
cesses being  the  subject  of  a  special  article,  we 
shall  not  require  to  deal  with  them  at  all  in 
detail.  The  principles  underl3ring  them,  how- 
ever, have  a  close  and  obvious  connection  uitb 
the  properties  of  cellulose,  and  the  relatiomthips 
sttbsiiBting  between  the  cellulose  of  the  vegetable 
fibres  and  the  non-cellulote  eonstitoeota  widi 
which  each  is  associated  in  the  plant;  and  from 
this  point  of  view  we  prooeed  to  give  a  short 
aoooont  of  the 

ChBHISTEY  of  THB  COMFODSD  CEU.ULOSE& 

There  are  many  reasons  for  regarding  oelhdose 

and  the  non-cellulose  constituents  of  vi-eetaJiIe 
tissues  and  fibre  substances  as  united  chemi- 
cally.  Tslrinff  oeUulose  as  the  eonstant.  the 

basis  of  our  cla'^sification  of  th-  C'  lopound  eel- 
luloses  will  be  the  nature  of  the  uon-celluloee, 
the  oharacteristics  of  which  are  as  distinct  as 
they  are  jreneral.  Physioloj>i.sts  reoo5^ni>e  three 
'  modilications  '  of  cellulose  in  the  plant,  and 
these  we  term  *  compound  oelluIosesL*  We  shall 
find  the  distiuirnishing  chemical  feature*  of  the 
three  Knniixs  of  eomix>und  cellulo««es  as  well 
marked  as  their  functional  correlations,  and  the 
eorrefiponiling  claasifieatiou  has  n  *  natural  '  in 
addition  to  its  ' chemical  si^iificance.'  We  ahail 
consider  tirst  the  group  which  is  of  least,  beoause 
of  only  inmdenta^  importance  in  rdation  to  out 

i  subject. 

Catocelluloses  (Adipocelluloses).    Hie  pn< 

teetive  ti^ues  of  plants,  which  if  more«:»ver, 
cellular  rather  than  fibrous,  viz.  eori;  ami  cuticle, 
are  composed  of  a  substance  of  marked  water* 
resisting  characteristics.  In  this  pn>p**rtv, 
M^ell  ajs  in  empirical  composition,  the  cuticuiar 
substance  designated  cutost  by  Fremy  resembles 
many  of  the  waxes.  The  following  p**rcentare 
numbers  are  the  results  of  the  aual\?is  of  \ho 
cuticle  of  the  apple  purified  from  wax  end 
adventitious  mattcn:  C;  73*66;  H,  11-37: 
O,  14-97. 

Cork  is  not  a  simple  substance,  but  contains 
a  number  of  products,  wax,  fatty  estt^rs  and 
anhydrides,  jproteid  residues,  and  tannins,  &c., 
associated  with  the  matrix  or  skeleton  subetano^  , 
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«rluc]i  is  of  the  nattnre  of  outoM.   Both  ontoae 

and  cork  \  icM  a  residue  of  cellulot«e  when  treated 
with  apecial  reagents  (sulpkitoa)  for  the  resolution 
of  itaunioit'vriththewaz^ilDoiicm-Miliiloae.  The 

latter'  is  resolved  by  boiling  with  strong  ■solutions 
of  the  alkalis  into  two  fatty  acids,  a  solid  acid 
dengnated  tkenewHe  Mid  a  liquid  caUed  eleo- 
cntic  neid.  The  investigation  of  these  cut  icular 
substances  haa  not  been  sufficiently  extended  to 
wanant  our  entering  into  fvuiher  detail  in 
IMaid  to  their  compjsiti<iT-.    ii-.  !  properties. 

may  regard  them  aa  coiu^und  celluloses 
resolved  by  alkaline  saponification  into  odlnlose 
and  a  mixture  of  fatty  acids  of  peculiar  proper- 
ties, but  altofjether  unknoun  constitution. 
They  may  hv  eonveniently  grouped  under  the 
term  adipocellulosea,  which  broadly  expresses 
their  chemical  relationship.  As  regards  their 
distribution,  they  occur  chiefly  in  the  epidermal 
and  cortical  ti.'t.sues  of  leaves  and  stems,  but  the 
obserTatioDii  of  Ireiuy  lead  to  the  conclusion 
that  they  are  by  no  means  confined  to  theae, 
aiv!  tliere  is  evidence  of  their  presence,  if  only 
ui  uiiiiute  proportions,  in  the  fibres  themselves  ; 
bat  their  oceurrence,  chemically  speaking,  may 
be  regarded  aa  adventitious,  the  fibre  substances 
belonging  to  essentially  different  classes  of  com- 
pounds. These  adipocelluloses,  moreover,  in 
most  of  the  teehnieal  application.s  of  vegetable 
materialti  which  como  within  the  province  of 
this  article,  have  to  be  got  rid  of.  An  instance 
of  an  epidermal  ti.^suo  (cutocellulose)  used  as 
such  is  the  Raffia,  which  consists  of  the  cuticular 
ti^tsues  of  Raphia  ruffia.  This  '  fibre,'  in 
horticultural  work,  replaces  the  '  bast '  or  '  bass ' 
of  a  former  age.  When  the  fibres  themselves 
are  isolated,  this  is  accomplished  for  the  most 
fuX  by  the  mechanical  processes  of  prepara- 
tion, sontching,  hackliug,  &.c.  When,  however, 
the  tissue  intervening  between  the  tihrea  and 
the  cortex  or  epidermis  is  of  small  extent, 
the  separation  is  never  complete.  In  flax,  for 
uistnnee,  residues  of  the  epidernuil  tissue  remain 
associated  with  the  fibre,  and  the  relative  diffi- 
colty  of  attacking  these  substances  by  ohemioal 
mean.s  h  n  factor  of  the  laborious  prf)eess  of 
bleaching  linen  goods.  In  isolating  the  so* 
sailed  New  Zealand '  flax  *  much  greater  difficulty 
is  experienced.  Thi^  fibre  li  ists  of  the  fibro- 
vascular  and  other  fibre  bundles  of  the  s word- 
shaped  leaf  of  the  Phormivm  tenax,  and  these 
are  in  such  close  and  intimate  contaet  with  the 
epidermal  tissues  that  their  isolation  is  always 
very  incomfdete.  In  those  law  materials  of  the 
paper  maker  which  consist  of  the  stems  and 
leaves  of  monocotyledons  (straw  and  esparto), 
the  epidermal  adipooellaloses  constitute  a  sen- 
sible proportion.  They  are  resolved  in  this  ease 
by  chemical  means,  which  require  to  be  much 
more  diastio  in  consequence.  The  fibrous  por- 
tions of  the^'C  materials,  on  the  other  hand,  are 
matlu  up  of  a  compound  cellulose  bolougmg  to 
the  next  group  which  we  shall  have  to  consider, 
an  important  characteristic  of  which  is  the  com- 
parative CUM)  with  which  they  are  atl^cke^l  itml 
nsolved  by  alkalis.  Although,  therefore,  the 
connections  of  these  cuticuhir  c(lhilo.«.'s  with 
the  fibres  are  for  the  most  part  only  indu-ect  or 
ineidentai,  we  see  in  the  typical  instances  above 

'  According  to  Fremy,  It  is  the  cutose  itself  which  i» 
to  rssolved,  bat  ttie  aatbor's  experlmeats  have  alwairs 
yMdsd  a  leiMae  of  osDdIom. 


cited  that  they  have  to  be  taken  into  account 

in  relation  t<>  a  lI'  at  number  of  the  treatments 
of  oelluloBio  raw  materials,  both  mechanical  and 
chemical. 

Pectocelluloses.  'J'his,  the  second  division 
of  the  compound  celluloses,  is  characterised  by 
the  non«eeDidose  consUtoents  bdongbag  to  the 

group  J '-'•tic  substances  or  pectins.  The 
pectuis  are  carbohydrate-colloidal  aggregates  or 
complexes  of  hexoses  and  pentoses,  with  a 
small  proportion  of  acid  ^oups  c(nnl  inc<l  as 
lactone  or  ester.  Sensitive  to  acid  liydrolysi.s 
and  ferment  actions,  they  occur  naturally  in 
the  most  varied  forms.  Tluis  in  fruit  juices 
they  exist  aa  colloidal  roj)y  solutions.  In  the 
non>permanent  fibroid  tissues  they  are  insoluble 
in  water  (ToUons,  Annalen,  286»  278^92; 
CYoss.  Bcr.  1895,  2609). 

In  composition  they  are  more  complicated 
than  the  celluloses,  and  they  contain  less  car- 
bon  anil  more  oxygon.  In  this  and  hi  many  of 
their  prop  rties  they  resemble  the  oxyoelluloses 
above  described.  Generally,  they  yield  gela- 
tinous hydrates,  and  under  the  action  of  hytlro- 
lytic  agents  they  undergo  a  succession  of  changes 
resultiufi  in  the  eonverpion  of  the  comparatively 
inert  menibers  of  tho  series  poctoso  and  pectin 
into  highly  acid  derivatives,  such  as  pectic  and 
metajKctic  acids,  bodies  which,  in  addition  to 
beinv;  acids,  have  properties  indicating  the  prc- 
t-ence  of  aldehydic  groups. 

The  t  \  pical  pectocellulose  is  tho  flax  fibre. 
The  puniied  bast  of  a  Russian  flax  was  found 
by  Kolb  to  contain  Q,  43*7;  H,  tf^;  O, 
60-4. 

On  boiling  with  dilute  alkaline  solution  about 

20  p.c.  of  its  substance  is  readily  converted  into 
soluble  denvatives,  of  which  a  considerable  pro- 
portion is  a  body  identioal  with  ?^my*s  pMtio 
acid  (C==42  0  p.c.  ;  11  =  4  8;  {.e.C,^U,,0,,).  Tho 
fibrous  residue  an  exhaustive  treatment 
with  alkaline  sohitions,  amounting  in  most 
flaxes  to  about  75  p.c.  of  the  orit;inal  wei|;ht8, 
is  a  practically  pure  oelluioee.  In  this  experi- 
mental account  of  its  constituticii  we  disr^erd 
s\ich  adventitious  a<Imixtures  as  cuticular  tissue 
(adipocollulose)  and  wood  or  'sprit*  (lignocel- 
Inloeey,  the  mfluence  of  which  may  be  calonUted 
and  eliminated  from  the  result  ;  but  the  pre.senee 
of  these  in  commercial  flax  introduces  complica- 
tions very  great  moment  in  re^Dfard  to  the 
spinning  of  the  fibre  and  the  bleachincj;  processes 
to  whi^  flax  goodd  are  subjected.  In  regard  to 
the  latter,  an  important  technical  difficulty  is 
experienced  in  washing  flax  yams  after  a 
•  chlorine '  (hypochlorite )  bitsaching  treatment. 
'Active  chlorine*  remains  persistently  in  the 
goods.  This  is  now  elucidated,  as  due  to  the 
formation  of  r/riorawtn  derivatives,  from  residues 
of  chkHTophyll  and  other  nitrogeneoua  products 
containing  amijio-  groups  always  present  in 
cuticular  tissues  (CSoss,  Bcvan,  aud  Briggs, 
J.  Soc.  Chem.  Ind.  27,  1908). 

Lignocelluloses.  As  the  name  indicates,  this 
group  comprises  the  .subatauco  of  the  ground 
tissue  of  the  woods.  The  simplest  type  of 
ligncKf'lltilose,  chenncally  as  it  is  structurally, 
is  the  jute  tibro,  the  lignitied  bast  of  an  annual 
{Corchoru.s  iibiaceoe)  cultivated  on  an  enormou.s 
scale  in  India,  and  the  sta|)le  of  an  important 
textile  industry  centred  in  iJundee. 

The  elementary  compositioii  of  the  puri^e^ 
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fibre  w  expiMwd  by  the  foUowing  percentage 
numbeiB : — 

Calc  lor  <  ijHtJ), 
('  ^47^HiO.        .        ,        .  47-0 

H=  6-9-6-7  .  .  .  .  ft-O 
0«47-l-48;3.  .  47-0 

U"he  constitution  of  a  lignocelluJoHc  is  rcvcaliHl 
by  the  aotioa  of  chlorine,  which  combines  with 
the  non-cdlaloae  or  liprnone  oomponent  to  form 
a  qtunono-chloriilt-  of  constant  composition, 
Cimh^Jd^Ofr  This  body  reaets  with  sodium 
sulphite  (solution)  to  form  a  sulphonated  deriva- 
tive of  charact<  risf  ic  niapenta-nnl  colour,  freely 
soluble  as  sodium  salt ;  consequently,  th<^ 
chlorinated  fibre  is  rMolved  by  treatment  with 
solution  of  sodium  tiul])hite  (2  p.c.  NajSO^}.  the 
liffnone-chloridc  dissolving  from  the  cellulose, 
iraieh  ia  thus  isolated  The  quaatitativo 
constsntsof  iliis  rtatior..  which  is  of  fundamental  ' 
importance,  arc  as  follo>^'s : — 

P.c.  of 
Ugnooelluloce 
Chlorine  combining  with  Iknone   .  S-O 
asHCf  .       .    8  0 
And  the  liguooellulose  may   be  statistically 
lepveieiited  as  oompoeed  of : 

P.c.  of 
llgnooellalose  CKtbm 
Lignone  C„Hj,0,fC=57-8  p.c.]     20  0  11-66 
CeUuloee  C;«UjaO,|,C»44-4  p.c.1      80-0     36  C2 

100-0  47-08 

The  cellulose  is  separated  actually  as  a 
hydrate  of  the  composition  SCeH^O^HiO.  It 

flirt lier  differs  from  the  nnrnial  cotton  cellulose 
in  being  non-homogeneous.  It  U  a  mixture  of 
two  ceUulofles,  the  o-celluloso  approximating  to 
the  normal  (65  p.c.)  and  ^-cillulose  (15  l>  t-.); 
the  lat  ter  l>eing  relatively  stmaitivo  to  hydrolysis 
fliid  yielding  a  large  proportion  (40-60  jp.c.  of 
it  H  weight)  of  furfural  on  boiling  with  oonoenaing 
acids. 

Ooostttatfon  ol  Ugnoiit.  The  eharaoteristic 

groups  of  thp  liirnono  complex  are  those  which 
combine  with  eliiurino  and  which  appear  to  be 
of  keto  r*  hexene  conut  itution: 

do  ;CH, 

./         •  \ 

united  by  0-liiiking  to  a  3C,  complex.  The 
entire  li^one  complex  i.s  further  characterised 
by  contaming  O.CH.  groups,  and  a  residue  which 
is  ea.sily  hydrolysed  l»y  both  acids  and  alkalis  to 
acetic  acid  (5-7  p.c.  of  the  lignocellvi1<»si').  Thi.s 
indicates  hexene  groups  and  their  proportion  of 
the  lignone  to  bo  large. 

The  wood  substance  of  ptrcntiial  Mood-^ 
(dicotyledons)  with  the  same  general  character- 
isticfl  differs  in  the  relation  or  lignone  to  cellu- 
lose, boih  in  ino)>ortion  iind  in  mode  of  union. 
Whereas  the  jut«  flbre  is  attacked  by  solvent 
reagents  similarly  to  the  coUuloees,  the  woods 
are  extremely  re-.i.slant.  'I'lie  followinn;  com- 
parison of  typical  constants  for  bcechwood  is 
noteworthy  i— 

QoMtltatlve  Msettooi 

Prosiinat«  ofttgnone 

compos  it  icm  ineth-  for*  chlorine 
celfu-  llg-    oxyl  forsl  com- 
loBP   none  blnlng 
80     20     4-6     8  0  8-0 
55     46     6-2   12*8  12-0 


Elementary 
composition 
C  H 
Jute     47  0  6-9 
Beeoh  49-1  6*6 


The  wootX  sulMitaiioe  of  the  CfoniferiB,  fint 

invest igated  by  Erdmann  (Ann.  SripjJ.  5,  22*t), 
id  a  homogeneous  complex — lignoccUulose — of 
empirical  composition,  Vta^uOm  dilinriiig  in 
minor  resprct.s  fmm  the  woods  <rf  angio!?jM'rm - 
chietlviii  the  lower  proportion  of  *furfuroid '  and 
acetyl  groups.  A  reaction  of  funcbmental 
import  and  general  for  tlio  entire  group  of 
lignocellulose,  is  the  ba.si.>^  of  the  '  bisulphite ' 
process  of  preparing  cellulose  from  wood.n, 
appli'd  rhiffiy  t*)  tne  coniferous  woods,  the 
insoluble  residue  of  disintegration  of  celluloii*; 
constituting  the  moat  important  ■taplo  of 
modem  i)ai)er  making.  The  lignone  compb^x 
reacts  quantitatively  uilh  the  disulphitcs  to 
form  derivatives  of  the  empirical  compositton 
C,4H,3(0('H,),0,-S03H  :  the  mechanism  of 
tliu  rciititiou  being:  {1}  n  liydrolyjsis  ol  'acetai* 
groupings  duo  to  combination  of  H'CO  and 
bisulphite  residues;  (2)  the  SOjH  residues 
then  migrating  to  un^viturated  —  CH=C^  — 
positions ;  the  lignone  complex  being  thus  ob- 
tained as  lignone  sulphonates  (Ca  or  Mg  aalta), 
which  are  gummy  deliquescent  solids. 

These  reactions  take  place  progressively 
in  the  range  of  temperatures  80**-150^,  and 
indostrialiy  are  eairied  out  in  dkeeton  of 
special  constntctioa  (ailioat6-]in6d)«iidenocmoii« 
capacity. 

A  third  reaction  characteristic  of  the  lignone 

couiplfx  as  such  and  taking  place  in  definite 
quantitative  proportions  is  its  condensation  with 
pblorogluomol  in  nresenee  of  HCIAq.  There 
are  two  phases  of  tno  reaction  :  (1)  with  forma- 
tion of  a  crimson  colouring  matter.  This  takes 
place  with  a  proportion  of  the  phenol  lees  than 
1  p.c.  of  its  weight.  The  depth  of  colour  i.* 
quantitatively  related  to  the  lignone,  and  is, 
tnerefore,  an  approziniate  measure  of  its  pn>> 
portion  in  a  lignocellulose,  as  of  lignocellu- 
(e,g.  *  mechanical '  wood  pulp)  in  admixturo 
with  ceUoIoae.  (2)  A  fnrttMT  eomlnnatkm  with 
the  |»h('nol  (C-7  p.c.  of  its  weiffht)  t<j  ii  product 
which  is  extremely  resistant  to  h3-drolyids  (Cross, 
Sevan,  and  Briggs,  Ber.  40,  3110).' 

GbaracteriM ic  colour  n-actions  are  tho.^i-  with 
aromatio  bases ;  the  anilines  giving  yellow  t^^i 
oranse-oolonring  matters.  DunethyUp-phcny- 
lenetliamine  give  a  dwp-re<l  colouration,  whieh 
is  the  basis  of  the  well-known  quantitative 
method  of  estimating  lignocdkJoBea  in  mixtures 
(C.  Wurstcr). 

Ferric  ferricyanide  in  solution  i^  rcduoed  by 
the  lignooelluloscs,  and  tlu*  int«rnHi«iliate  ferroso- 
ferric  blue  cyanides  in  ^'n*  hi^liJy  hydrat.  l 
colloidal  form,  are  precipit.it(H|  upon  the  libre 
substance  in  intimate  '  adsorption  '  combination. 
Juto  fibre  will  take  up  from  30  to  50  p.c.  of  its 
weight  of  the  bluo  pigments  thus  formed,  with- 
out any  change  of  essential  characteristioa 
These  pnenomenahavo  csp^^-"it!  interest  in  relation 
to  theories  of  dyeing  not  I  the  colloida.1  state 
(Cross  and  Sevan,  J.  Soc.  Cbera.  Ind.  1893.  12, 
104),  and  are  of  use  in  laboratory  invostigatiouj 
of  ]ilant  products  (Sherman,  J.  Amer.  Chem.  Soc. 
1807.  291). 

The  lifrnocelluloses  have  many-'ndr  il  affinities 
for  colouring  matters,  due  to  specific  reactivities 
:  of  the  constituent  groups  of  the  lignone  complex. 
;  They  are  dyed  directly  by  dyestufTs  of  the  mof t 
j  varied  constitutional  types  ;  and  in  this  respect 
stand  in  marked  contrast  with  the 
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which  preeettt  «  narrow  and  selecti7«  range  of 

diro«  t  tinctorial  cajMicIty. 

Other  leas  characteristic  roaotions  of  the 
lignooeDidosei)  may  hv  brietly  deecribed. 

IlaUtfjois.  JkoniiiR)  r<  acU  to  form  bromiii- 
atod  liguoae  derivatives ;  but  the  attack  is  much 
feebler  tfaftti  wHh  oUoriiw,  and  ia  oompUeated 
by  oxulations.  (V'IluI<).s(«  h  isolated  by  repeated 
treatments  with  bromine  watei^  followed  by 
dilute  aUaJis.  This  is  a  nsdFuI  qoantitstife 
raetho<l  of  cellulosf  estimation  (Hugo  r, 
Pflaozenfaser).  Iodine  ia  absorbed  from  its 
aqueous  solutions  (in  KI)  in  de^ite  propor- 
tions.  Jute  fibre  digested  at  18"  with  20  times 
ita  weight  of  N/10  solution  as  ordinarily  pre. 
pared,  absorbs  12-9-13*3  p.o.  iod&M  {Onm  and 
B«vpn,  (Vlhil  i-o,  13S,  139). 

liydrdyttc  agcrUs  generally  attack  the  hgno- 
celluloses  as  a  whole,  that  is,  withoat  resolving 
the  lignonccilliUoso  conibinatinn.  At  elovatcu 
temperatures  (100*— 160*)  dilute  alkalis  (NaOH, 
Najb)  selectively  attack  the  lignone  groups, 
breaking  them  down  to  acid  pro<luctH — j.cr-tir- 
acid,  and  the  so-called  lignio  acid^which  duisoi  vu 
aa  sodimn  salts,  and  ceUnlose  is  obtained  as  a 
residue. 

Dilute  acidii  at  higher  temperatures  yield 
noetic  acid  as  a  product  of  h\  tlroh  .sis  (Cross  and 
li.  van.  rwiulose,  160,  101;"  \\.  E.  Cross,  Ber. 
l!)l(>.  43,  1526),  and  a  tomplex  of  products  of 
condensation,  includii)^  furfural. 

Oxy-hydrolytic  agents  attack  tho  lit^^ione 
complex  owing  to  ita  unsaturated  and  oxidisable 
characteristics.  By  the  action  of  nitric  acid  even 
in  dilute  form  (5-10  p.r.  HNO^)  and  at  low 
temperatures  (70**-80**)  tho  lignone  is  re.s4ilved 
into  gaseous  and  sol ii  I jIo  products ;  the  /S-oellulose 
components  are  also  attacked,  and  a  residue  of 
a-ceUulose  is  obtained,  but  more  or  loss  oxidised 
to  oxycellulose. 

It  is  noteworthy  that  in  presence  of  urea  the 
action  of  nitric  acid  loses  its  specific  character 
and  resembles  that  of  the  simple  hydro- 
lysios  acids  (Cross  and  Sevan,  Cellulose,  141, 

Chrmnic  aad  in  presence  of  hydrolysing  acids 
oxidises  the  lignone  to  oxalic  and  carbonic 
floids.  Aoetie  aeid  appesTS  as  a  produot  of 
hydrolysis.  Tlio  in.-toluMe  residue  i-i  an  oxycel- 
iulose  soluble  in  larco  proportion  iu  dilute 
solution  of  sodium  hytboxide. 

Permanganates  in  sufficient  i»idiioition  oxi- 
dise the  lignone  complex  to  products  of  low 
Tnolecnlwr  weight,  bnt  the  aotiob  mav  be  regu- 
hited  and  gracuiated  to  pKOdnoa  ▼alnaUo  bleach- 
mg  effects. 

i?3f7iodUbr*ls«  are  used  in  indostrial  bleaching 

openifionw  (juto  yarn.s  and  fabrias),  bnt  retjuire 
most  careful  control  to  prevent  chiorination  of 
the  fibre  sabstanee.  the  fixation  of  oUorine, 
even  in  minute  proportion,  kndinj^  to  ultimate 
disintegration  of  tho  lignocelluloic  (Cross,  Bull. 
Mulhoose,  1883). 

Ultimate  oxidations.  By  '  fu.sion  '  with  tho 
alkaline  hydroxides  at  260*-3rj0**  the  liffnoceliu- 
loees  are  oxidised  to  oxalic  acid,  tho  yields  from 
the  wood  ('?awdu«t)  lu  ing  larize  (SO  p.c).  The 

erocess  is  of  considerable  industrial  imi)ortanee, 
sing  the  main  source  of  the  oxalie  acid  of 
commerce. 

By  chromic  aci<l  in  presence  of  sulphuric  acid 
the  IjgnooellulosBs  an  oaadiied  to  gaseous  pro* 


ducts  (CO J  and  some  CO)  and  water.  The 
reaction  is  the  ba.sis  of  a  quatititatiTe  Tolunietrio 
method  of  estimation. 

dfynlAefjSool  natUtma,  S«ltef»,  The  ligno* 
ccllulo.scs  react,  as  do  the  celluloses,  to  form 
nitrates,  acetates,  and  benzoates;  these,  how* 
ever,  are  mainly  reaotions  witii  the  oellulaae  of 
the  complex,  the  lipnone  groups  contaiiung  no 
reactive  OH  ^oups:  these  remain  in  con- 
densed   oombmatton  in  the  resulting  eater 

com]ilex. 

The  xanthogenio  ester  which  results  from 
the  sueoesslve  action  of  sodium  hydroxide  (17*S 

p.o.  NaOir  solution)  and  carbon  disulphide  is  a 
mixture  or  series  of  products,  pact&  soluble, 
partly  a  highly  hydrated  and  distended  fibrous 
colloid  which  may  bo  separated  by  filtration. 
There  is  no  resolution  or  separation  of  the 
lignone  groups  horn  the  eeihdoee. 

Deslrudivt  distillation.  The  highly  complex 
changes  which  the  lignocelluloses  undergo  when 
heatra  out  of  oootaot  with  the  air,  are  only 
approximately  accounted  for  in  terms  of  tho 
original  substance.  T'ypical  of  an  enormously 
divenified  seriea  of  volatile  produota  are : 

Methyl  aloohol  Methyl  furfural 

Acetone  Methyl-  and  methoxy- 

Aoetic  acid  derivatives  of  Pyro* 

Puzforal  gallol 

whieh  may  be  regarded  as  direct  prodncta  of 

resolution  of  the  lignone  complpx. 

Of  great  industiial  importauw  are  the  pro- 
ducts of  the  first  group.  The  solid  residue 
(about  50  p.c.)  Ls  wood  charcoal,  a  highly  con- 
densed '  pseudo-carbon  '  of  the  approximate 
dementary  composition,  CaoH,,04. 

Autoxidation  of  lignocelluloses.  Lignocellu- 
loses in  the  form  of  ground  wood  or  '  mecnantoal* 
wood  pidp  are  largely  used  in  modem  printing 
papers.    Such  papers  are  not  only  inferior  iu 

Ehysical  quality — ^tensile  strength  and  elasticity— . 
ut  iu  ix-rmanency  ;  they  change  in  colour  (to 
yellow  and  bro^u)  and  iu  structure,  becoming 
orittle.  These  are  primarily  effects  of  oxida- 
tion ;  they  are  influenced  by  light,  and  by 
catalysts  suoh  as  iron  compounds  usually  present 
in  papers  as  an  incidental  impurity,  and  resin 
acids  added  as  sizinp  agents.  The.se  efTects 
and  defects  are  generally  recognised  and  lead 
to  the  specifio  exolunon  of  *  meohanical '  pulps 
from  papers  iidx  ntled  for  documents  of  perma- 
nent value  (Report  of  iSocictv  of  Arts  Committee 
on  Deterioration  of  Bapers,  J.  8.  A.  1898). 

An  irn|>ortant  elucinali(»n  of  these  phenomena 
is  suggested  bv  the  researches  of  the  late  W.  J. 
Rnss«D,  described  in  the  Royal  Society  papers  on 
The  .Action  of  Wood  on  Photojiraphic  Plates 
in  the  Dark  (PhU.  Trans.  (B),  ltH)4,  197,  281; 
Proc.  Roy.  8oo.  78,  385  ;  80,  346).  The  action  in 
question  h  a  *  photographic '  imape  reproducing 
tho  structural  details  of  the  wood  soctioos, 
placed  at  some  distance  from  onlinaiy  smsitive 
plates,  but  with  exclusion  of  light. 

On  the  evidence,  the  efifeots  are  due  to  an 
'  active  emanation  *  from  the  wood  substance, 
which  appears  to  bo  a  product  having  the 
characteristics  of  hydrogon  peroxide.  'J'he 
general  evidence  also  connects  the  phenomena 
with  those  of  autoxidation,  and  tnese  again 
with  the  constitution  of  the  lignone  group<<  of 
the  wood  subeUnoe.  ^     ^  ^^^^i^. 
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Assay  of  FiuRors  Matfrtat.s. 

For  the  iavowtkation  of  fibrous  raw  materialfi 
in  the  bboratofy  following  scheme,  dovueil 
by  the  author  (Itul.  and  Col.  Kxh!]>Itioa  Be|N»toy 
1887)^  has  been  generally  adopted 
8e|«i«to  portion  talratk  for  deternunftUom. 
Bef^uItH  calc  uUtadinp«io«ntag9of  dty 
subBtanco. 

1.  Ubistnre: 

Hy<lroscoj)ic  \\at-<T.  r>r  wftter  o£  OOQidi- 
tion,  loss  on  drvuic  at  lUU** . 

8.  Ash: 

Total  rosidne  left  on  ignitioii. 

3.  Hydrolysis: 

(a)  Loss  of  weight  on  boiling  6  minates 

in  1  p.c.  s^olution  of  caustic  soda ; 

(b)  Loss  of  weight  on  ooutinuing  to 

bo3  one  hmir. 

4.  Cellulose : 

Isolation  and  estimation  as  previously 
described  (ohlorination  method), 
ft.  Mercerising  : 

Loss  of  weight  on  treating  one  hour 
with  strong  solution  of  caustic  soda, 
16-20  p.0.  mOH,  in  the  oold. 

6.  Nitration: 

Weight  of  nitrated  product,  obtained 
by  treatment  with  mixture  of  equal 
volumes  of  nitric  and  sulphuric  acids 
one  hour  in  the  oold. 

7.  Acid  purification: 

Loss  of  wciglvl  after  boiling  with  20  p.c. 
acetic  acid  and  VMhuig  with  Wftter 
and  alcohol.  . 

8.  Carbon  percentage: 

Determined  by  oombottioii. 
la.  Mfn.finre.  The  moro  operation  of  drying 
at  100*  detoruiiued  molecular  cliai^ges  in  such 
compounds  as  the  lignocelluloses,  changes  which 
sfTccl  the  subsequent  action  of  roaponta.  It  is 
neccaaary,  therefore,  to  weigh  separate  portions 
for  the  particular  experiments  in  the  air-dry 
condition,  and  calculate  the  dry  contents  from 
the  data  of  the  specimen  weighed  after  drying 
at  100".  The  dried  specimen  is  treated  for 
16  Fa$,  u-ox,  and  reMn.  These  oonstitumts  are 
estimated  as  an  aggrc^gate  extract  obtained  by 
boiling  out  ^ith  hydrMMtfboii  solveiitSp  or  witii 
ethor-alooboL 

2.  Aih.  The  specimen  weighed  after  extract- 
ing may  then  bo  burned  for  the  determina- 
tion of  ash.  The  ash  in  iijolated  fibres  is  low, 
VUE.  1-2  p.c. ;  in  fibre  aggregates  it  is  often  high, 
thu.s  in  isparto  and  straw  from  3-*)  p.c,  and 
Hhouid  bo  taken  into  account  in  calculations  of 
yields  or  loss  of  weight.  In  such  oases,  after 
Aveighinir  the  prnduet  of  any  given  re-u  tion  the 
speoimou  or  a  portion  of  it  should  be  burnt  and 
the  ash  determined.  The  M^-^ree  product  is 
oalculnte<l  in  termH  of  the  original  sabsfeance, 
also  taken  ash-free. 

The  ash  constitnents  are ;  (1)  those  of  the 
norni'Tl  fibre  ;  and  (2)  in  certain  cases  adventi- 
tious mineral  matter.  These  are  easily  di»- 
tingnished  and  separately  estimated. 

3.  All-nJiiir  hif(irohisi.n.  This  is  the  first  stage 
towards  the  iiolation  of  the  cellulose.  When  the 
numbers  obtained  for  the  short  period  (a)  Mid 
for  the  lon^  di;.'(  ,.tic)ii  {h)  show  a  marked 
differeuce,  it  w  an  obvious  general  indication  of 
low  peper*iiinking  quality. 


4.  CtUulo,'*e.  Having  iiiolated  a  white  residue 
from  a  raw  fibrous  material,  it  may  be  weighed 
and  then  further  investigated.  An  estitnat t(>n 
of  furfural  will  establish  its  position  m  the 
olMsifioation  of  the  celluloses.  For  praotaoal 
purpoj?es  it  is  sufficient  to  fvitablish  the  degree 
of  resiiitance  uf  the  cellulose  to  furtiier  alkaline 
hydrolysis,  and  to  oxidation  by  alkaline  cuprie 
oxide  (Fehling*s  solution). 

6.  MerctrUing.  The  eiftxt  of  the  action  of 
caustic  soda  as  measufed  by  loss  of  \\  eight,  and 
bLso  clianjics  in  apjx'aranee  and  structure,  may 
be  usefully  obiierved  ou  the  isolated  ceUnloees, 
and  in  certain  cases  upon  the  raw  fibrous 
material*!.  The  iicctocelluioses  are  considoraUy 
gelatiniiiod  by  the  treatment,  the  fibras  often 
undergoing  agglomeration  and  drying  to  a  harsh 
wiry  condition.  The  lignooelluloses  are  afiected 
in  the  contrary*  direction.  The  ontoedhiloses 
are  not  attacked. 

From  all  the  above  treatments  the  prodocts 
should  be  treated  with  dilute  acids  by  immernon 
in  the  cold,  and  copiously  wai*h<-d  before  dryin>:. 
The  drying  is  aooelerated  by  treatment  with 
alcohol. 

6.  Kiirntion,  or  conversion  into  nitric  e.sten«, 
affords  useful  information  ;  but  judgment  must 
be  exenrised  as  to  the  applicability  off  the 
treatmert  1*  the  raw  nuiterial,  to  the  partially 
piiiified  products  (alkaline  hydrolysis),  or  the 
isolated  cellulose.  It  is  a  general  msMnre  of 
the  i>roport.ion  of  reactive  alcoholic  OH  gronpe» 
and  also  of  resistance  to  oxidation. 

7.  AeU  purificaHom  removes  basie  Mtneral 

matter,  often  present  in  i^omo  qiinntity  in  raw 
materials,  of  the  pectoocUuloso  class.  It  may 
aometiiiiee  be  required  to  sttaek  end  remove 

more  resistant  mineral  constituents,  such  a? 
silica  or  silicates.  In  this  case  the  material  may 
be  digested  ^th  a  mixture  of  hydrofluoric  sad 

hydrochi -rir  acids  in  vessels  suitably  resistant 
to  the  action  of  these  acids,  llie  treatment  is 
followed  by  oopioas  washing. 

8.  Carbon  percentage.  Thi<<  is  only  npce»!»ary 
in  certain  investigations.  The  value  of  the 
constant  uill  be  recognised  from  the  fact  that 
it  varies  considerably  for  the  different  grriups 
of  couipouud  cellulosje.  The  most  convenient 
method  is  that  of  combustion,  with  duomio 
acid,  after  f»<)lutiou  in  !>ulphuric  seid. 

For  special  purposes  the  above  ^scheme  is 
extended  by  operations  on  a  larger  scale,  and 
under  conditions  which  approTimate  to  tho*** 
industrially  employed,  as,  for  instance,  in 
est  imating  the  Talue  of  »raw  material  for  pafwr- 
making  ]nirpo«cfl :  complementary  investigation 
of  structural  eliaractoriatics,  including  the 
measurements  of  length  and  diameter,  of  ulti- 
mate  tilires  (cellulose)  is  also  required.  For 
processes  and  methods  the  special  text-book* 
must  be  consulted. 

The  followinfi  is  a  tfenernl  view  of  the 

CELLfLosE  Industries. 

Celluloses,  tibrous  material,  used  as  such : 
(1)  Mtehameal  with  incidenial  ehemkiU  Ireof- 
ments  (bleaching,  dyeing,  meroerisii^ 
finishing): 
Textiles,  fine  fabrics: 

Cotton,  flax,  hemp^  rsmiei. 
Coarse  textiles: 
Jute  (flax  and  hemp).  ^  Google 
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Bopes,  twines: 
H«mp  fiui»  manflU,  aloe,  and  AtwM 

of  roonocotvlcdrinv. 

H*t- making  materials : 

fittnw,  wood. 
Paper,  boftnls,  and  fibrous  agglomerates: 
Cotton  and   linen  rags  and  textile 
wulet    (wood,    straw,  esparto 
pulps). 

(2)  Ch€mic<d  indueiries.   Celluloae  deriv»< 

tives,  or  oeUnlossi^  or  ptodnots 
of  rcsolatioa  of  oompound  oella* 
loses. 
Ezplodves: 

Nitro  erllTiloseS. 
Artificial  fibres: 
Nitio  odliiloMS  (acetates). 
Aqueous  solntiooa  of  osUvIoie  deriv*' 

lives. 

IKno     chloride,  ouprammonhiin, 

xnntho^ciiio  estOT  (tUOOSS). 
Films  or  sheets : 
llitvoee]lii]ose(aoetates)»  xanthogenio 
ester. 
Massive  solids; 
Kitvooelhdose  (aoetatea),  xanthogenic 
esters. 

Preparation  of    wood  esparto* 
straw,  and  other  eeUtdoses  for 

paper  mnklnp: 
Treatment    of    coniferous  woods, 
esparto,  straw,  and  textile  waste 

niHterials. 

(3)  Produci^  of  decompoHtiom 

Oxalioaeid: 
IViabti  of  wood  wastes  with  alkaline 
hydnnddes. 
Aeetio  acid,   wood   spirit,  acetone, 
creosote,  chari-oal  : 
Frodttota  of  d^tructive  distillation  of 
woods. 
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CBLTITE  V.  ExPLosivss. 
CEMENT.    In  this  article  the  word '  cement ' 
is  used  to  mean  a  calcareous  compound  employed 
in  building,  and  does  not  refer  to  minor  ad- 
hesives  of  the  class  typified  by  glue. 

Portland  eement.  This  material  is  so 
greatly  more  important  tlum  any  otiier  cement 

of  its  class,  that  it  may  aj)j)ropriately  be  dealt 
with  first.  The  name  is  trivial,  referring  merely 
to  the  odlour  erf  the  set  nroduet  which  somewhat 

resembles  that  of  Portland  stone.  The  inven- 
tion of  Portland  cement  is  attributed  to  Aspdiu 
of  Leeds,  who  ealoined  »  mixture  of  chalk  and 
clay,  and  found  that  the  product,  when  fjr nii  i 
and  mixed  with  water,  would  set;  but  develop- 
ment from  this  elementary  stage  to  the  status  of 
a  valuable  industry  was  the  work  of  many 
minds,  which,  operating  mostly  empirically, 
arrived  at  a  procedure  competent  to  ensure  a 
roramereially  u-^t  ful  pro<luct,  although  by 
methods  of  which  the  raiionalc  was  ordy  diudy 
understood.  At  the  present  time,  a  better 
atatf  of  knnwloflge  exists,  and  except  in  a  ft  w 
minor  points,  such  as  the  adjustment  of  the 
netting  time,  which  still  cannot  always  be  com- 
jiletely  controlled,  the  manufaettiro  is  per- 
furaiod  with  precision  and  the  product  is  of 
uniform  and  excellent  quality.  Nevertheless, 
the  chemistry.  b(»(h  of  the  formation  of  Portland 
cement  from  its  raw  materuil.s  and  uf  the  changes 
wlUch  it  undergoes  on  setting,  is  incom]^^, 
many  of  the  r«»aetir»ns  supposed  to  OOOUr  re- 
nmining  obi>euro  and  hypothetical. 

C'om^MMi/iofi.-— 'Fortuad  cement  cc»nsist«  of 
a  mixture  of  compounds  of  lime  and  silica  and  of 
I  lime  and  alumina.    These  are  the  essential  con- 
stituente,  but  it  commonly  contains  in  addition 
loose  compounds  of  lime  with  ferric  oxide, 
magnesia,  and  small  quantities  of  inert  insoluble 
silica  or  8ilicat<\s.  alkajis  and  sulphates.  Except 
when  perfectly  calcined  and  absolutely  fresh,  it 
also  contains  a  little  water  and  carbonic  anhy- 
dride absorlxKl  from   ilif  air.    The  ultimate 
composition  of  Portland  cement  varies  with 
the  nature  of  the  raw  materials  from  which  it 
has  been  made.    The  f(jIIouin^   is  a  typical 
,  analysis  of  cement  made  from  chalk  and  clay  in 
1  the  Thames  and  Medway  dbtrietr^-^    ,  _  ,  y  Google 
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Per  cent. 

Silifca  (SiO,)  22-0 

Insoluble  siliciuua  matter      .       .  .IK) 

Alumina  (A1,0,)  7-5 

Ferric  oxi(lo'{F©,0,)     ....  3-5 

Limo  (CaO)  62-0 

Magnesia  (MrO)  .....  1*0 
Sulphuric  anhydride  (SO^)  ...  1-5 
C'-arbonic  anhydride  (00^}     .       .  .0-5 

Water  (H,0)  0-5 

ASkaXw  0-5 


100-0 


All  the  oonBtituente  may  depart  a  good  deal 
from  thotte  prfjjxirtioii^.  Vhc  .-^ilira  may  vary 
from  18  to  27  P.O.*  the  alumina  from  6  to  10jpi.o.» 
the  ferrio  oxide  from  nil  to  7  p.c,  the  lime  nom 
08  to  67  p.c  .  fla  inagncBia  up  to  ^  p.c,  the  sul- 
phuric anhydride  up  to  2*76  p.c.,  the  aikslis  to 
2  p.c.,  ana  tlie  water  and  carbonic  anhydride 
accordinir  to  tlu'  lenrrth  of  time  the  cement  has 
been  made  and  the  extent  to  which  it  haa  been 
expospd. 

The  limits  laM  down  by  the  British  Standard 
specification  are  as  follows :  The  proportion  of 
bme  to  sSica  and  alumina  ahaU  be  not  greater 
than  the  inaxinium  nor  leas  than  (he  minimum 
ratio  (calculated  in  chemiral  equivalents)  re- 
presented by  tjto  ^AltO  ~  -"^  respec- 
tively. Thu  percentt^e  of  insoluble  residue 
shall  not  exceed  1*5  pi.0. ;  that  of  magnesia 
shall  not  exceed  3  p.c.  :  and  the  total  sidphur 
conttnt  calculated  as  sulphuric  anhydride  (SO,) 
shall  not  exceed  2*75  p.c.  The  total  loss  on 
ignition  shall  not  exceed  2  p.c,  unless  it  can  be 
imoxi'n  that  the  cement  has  been  ground  for  more 
than  four  weeka. 

Although  the  ultimate  coDijKjsition  of  Port- 
lanti  cement  is  easily  and  accurately  ascertained 
by  the  ordinary  methods  of  chemical  analysis, 
its  proximate  composition,  that  is*  the  nature 
and  quantity  of  the  chemical  compounds  or 
physical  mixtures  whi<  h  constitute  it,  are  not 
knonii  with  exactness  and  cannot  be  deter- 
mined mth  precision  by  existing  methods  of 
inquiry.    Until  recently,   the   view  most  in 
favour  and  best  soppbited  by  experimental 
evidence,  was  that  the  essential  oonstitnent  is 
trieak  ium  silicate  3CaO*SiO.,  and  that  the  hody 
next  in  imnortanoe  is  a  calcium  aluminate,  to 
which  the  formula  2CaO*Al20„  or  alternatively 
3CaO  AliO,,  is   assigned.    Dioalriuni  silicate 
2CaO*SiO|  is  also  present.    The  oxido  of  iron 
ooeun  as  a  oaleium  ferrite,  the  magnesia  possibly 
as  such,  the  sulphuric  anhydride  and  carbonic 
anhydride  probably  as  oaloium  sulphate  and 
carbonate,  and  the  alkalis  peihapt  as  dooUc 
compounds  with  lime  and  silica  or  alumina.  As 
far  as  is  known,  the  substances  of  primary  im- 
portance axe  the  trioaldum  silicate  and  alvrai* 
nato  onI>',  the  minor  Ixidira  licim^  little  more  , 
than  makeweights  with  the  exception  of  calcium 
BuliA«te,  which  is  of  moment,  because  of  its 
influence  on  the  setting  time  of  the  cemnititinns 
constituents  jtroju  r.    The  best  proof  ihiiL  these 
smaller  conetitm  nt^  are  not  essential  is  afTordcil  i 
I'V  the  fact  tint  Portland  cement  of  the  highest  | 
quality  can  bti       pared  containing  only  silica,  j 
alumina,  and  lime  in  proper  proportions.  ! 

The  tricalcium  sflicale,  the  dic  ilciurn  silicate,  ' 
and  the  tricalcium  aluminate  (ur  dicaloium  I 


alummat«),  exist  not  separately  bat  as  solid 
solutiona  wbidk  am  iwognisaUe  aa  diatniet 

minerals  in  Portlaiid  cement  clinker,  llie 
mineral  termed  alite  ia  a  soUd  solution  oi  th- 
(or  di.)calcium  aluminate  in  trioalcittm  ailieate, 

whilst  the  solid  solution  of  dieah  ium  aluminate 
in  dicalcium  silicate  ia  called  cdUt.  As  both  are 
solid  solutions  and  not  definite  oompo«md«, 
their  composition  is  not  constant,  hr.t  varif? 
^^^thin  the  limits  of  solubility  of  the  solute  in 
each  case.  Celite  appears  to  be  almo(*t  in«Tt, 
and  to  take  little  part  in  the  scttiii-^'  of  the 
cement,  but  aht«  is  decomposeti  by  uater,  and 
both  the  calcium  silicate  and  calcium  ahuumate 
are  hydratcd  according  to  the  followiriij  equa- 
tions, in  which,  for  simplicity,  the  two  substances 
•le  dealt  with  sepaiately: — 

(1)  2(3CftO  SIO,)+9H,0=2(Caf»Sinj  •.Fr/)+tC.4iOHsi 
Tricalcium  silicate.    Hyidratcd  motiocjilcium  »iUciit«>- 

(2)  3CaO  Al,0,+12H.O..aC»0*AlaOal2HiO. 
XcicaidaB  aranlnate. 


It  will  be  seen  that  in  the  process  of  hydra- 
tion of  the  tricalcium  silicate,  two-third>  <  thr 
lime  are  liberated  and  appear  as  calcium  hy- 
droxide^ and  inconsequence  this  substance  forms 
a  Ifirtre  prnportion  of  Portland  cemrnt  when  5w*t : 
although — accepting  ihv  tricalcium  mhcate 
view — uncombined  lime  is  absent  from  Portland 
cement  n^?  it  comes  from  the  kiln. 

The  belief  that  tricalcium  ailicatc  id  the 
cs.^enti  d  constituent  of  Portland  cement  has 
been  disputed  on  the  ground  that  there  is  no 
conclusive  proof  of  the  existence  of  this  body  as 
a  definite  chemical  individoaL    The  alternative 
theory  is  that  the  ossential  constituent  is  di- 
calcium  silicate  2CaO'SiO.,  associated  as  a  eolui 
solution  with  lime,  which  may  be  present  in 
amount  equal  to  that  occurruig  in  the  tricalcium 
compouiuL    On  this  assumption,  the  equations 
written  above  would  still  stand  with  the  roodih- 
cation  that  this  part  of  the  lime  is  hydratcd 
directly  on  setting,  instead  of  being  both  liberated 
and  hydratcd  by  the  action  of  \vater.  Which- 
ever riew  mav  be  nearer  the  truth,  it  is  certain 
that  set  Fortunid  cement  oontainB  Iaz|^  qnan« 
titiei*  of  caK  ium  lu  droxide,  a  fat  t  which  hks  an 
important  practical  bearing  in  the  use  of  the 
materia),  as  will  be  shown  when  dbalmg  with 
puzzuolana. 

Manu/adun. — Aa  would  be  expected  (xom 
wliat  has  been  said  oonoenung  the  composition 
of  Portland  ct-nu-nt,  the  raw  nuiterials  from 
which  it  can  bo  prepared  are  of  the  most  varied 
description.  Ohalk,  limestone,  or  any  odier 
approximately  pure  form  of  f  aloium  carhonat'? 
on  the  one  side,  and  clay,  shale,  or  any  typical 
argillaceous  material  on  the  othmr,  can  be  mixed 
ami  hurned  together  to  produce  Portland  comcnt, 
provided  that  the  product  has  a  oompo&ition 
tailing  within  the  limits  already  laid  down.  It 
follows  naturally  that  substances  which  contain 
both  calcium  carbonate  and  clayey  matter,  such 
as  oalcareouB  shales  and  argillaceooa  limeatooM, 
can  l>e  similarly  n.sed.  On  this  acroTint  and 
beeatisc  of  the  low  price  of  the  manuiactnTed 
article  and  the  consequent  high  proportion 
which  freight  bears  to  the  total  cost  at  the  point 
of  consumption,  the  manufacture  of  Portland 
Lament  is  not  conf]ne<l  to  a  ]>arlioalar  apot^  but 
is  sticrc5!?fully  undertaken  wherever  depa^its  of 
suitable  raw  materials  occur,  provided  tbeco^lc 
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of  fuel  is  not  extra vagMiUy  I^gb.  But  although 
it  is  perfectly  praoticabl«  to  numnfaotun  Port- 
land coroeDt  from  a  wiilo  raiij^e  of  r;\\v  niaU-rials, 
yet  oertoin  of  these  poasesa  ^uaiitioB  which  give 
them  *  rabstantiu  advantage.  The  large 
deposits  of  chalk  in  the  Thames  aiid  Mtxiway 
dirtriot,  together  with  the  oUy  ia  the  form  of 
tiver  mud  adjaoent  thereto,  make  tlua  regkm 
one  of  the  i  t  J  n  of  the  industry  in  this  country. 
In  like  manner,  the  existeooe  of  huge  quantitiee 
of  argiUaaeoiis  limestone  in  Pennsylvania  has 
h-d  to  the  c.stabli?»hment  of  many  large  work.s  in 
that  8uto.  In  the  former  case,  the  chalk  and 
clay »  being  soft  materials,  can  be  leadfly  handled 
and  intimately  mixed,  and  in  tho  latter  the 
mingling  of  the  oalcareous  and  argillaceous 
ingredients  has  already  been  aooompli»hed,  and 
a  correct  conl])0^•■tion  can  bo  ntt-alncd  Ity  tho 
addition  of  a  small  amount  of  pure  limestone. 

^e  following  are  analyses  of  some  of  the 
nv  materials  oommonly  emfiloyed: — 


Mark 

Silica  (SiO.)  .... 
Ferric  oxide -r^luimna  It'ejOi+AijU,) 
Lime  (CaOj         .       *       .  . 
Magnesia  (MgO)  .... 
Carbo  nic  anhydride  (UU,) 
Water,  alkalis,  and  loas 


l9t  orat* 

.  1510 

.  7-30 

,  4210 

.  0-34 

.  33  51 

.  1*69 


Moisture  ..... 
Sand  and  clay  .... 
C'ombinotl  silica  (SiO ,  ) 
Ferric  oxide  f- alumina  (Fe.,O3-t-Al30,) 
liime(CaO)'       .       .  *  . 
Magnesia  (MgO)  .... 
Carbonic  anbydrido  (COg) 
Alkalis,  oiKanio  matter,  amd  loss  . 


Olsy. 


Sand  . 

Combined  silica  (SiU^) 
Alumina  (AltO^) 

Fr  rric  oxido  (Fe,Os) 
Lime  (CaO) 
llagnesia  (MgO)  . 

h'ldphtiric  anny'liidt'  (SO,) 
Combined  water  and  loss 


iU03 
0-93 

42-90 
0-42 

341« 
1*65 

100  00 


crat. 

28-42 
30-32  , 
15-49  ' 

7-74 

2-04  . 

1-96  ! 

1-96 
1207 

100-90  ' 


LinueUme, 

Percent. 

InM»luble  siliflioiis  matter     .             •  0*20 

.Uumina+ferri0OJdde(Al,O,+Fe,O,)    .  008 

Lime  (CaO)   54i-02 

Magno«ia  (MgO)   0*24 

Carbonic  anhydridf  (CO,)  »    .        .        .  43*38 

Combined  water  and  losit      .       .       .  0*18 


10010 


Shate, 

Per  rent. 

Silica  (SiOj)   tiO-22 

Ferric  oxido  4-elomina  (Fe,0«+AlsOt)   .  27*20 

Lime  (CaO)   traoo 

Magnesia  (MgO)   1'62 

Carbonic  anhydride+mter  (00|-f  H|0)  t  ~>  t 

Alkalis  and  loss          ....  ti-42 


100*00 


•  CorreRpaodiBg  with  caietmn  mtiOQate  (CsDO^) 

7e  «0  p.r. 

Corre«poodbig  with  odcinm  CMboaate  (CaCOs) 
M-ae  p.e. 


100-00 

Whatever  may  be  the  raw  materials,  the  first 

.-itep  in  tho  manufnrtitro  of  Portland  ( -  tnont  is 
to  secure  their  comminntimi  and  intimate  ad- 
miactnre.  It  most  be  nnderstood  that  as  the 

Erocoss  of  burning  cemont  involves  the  sintering 
ut  not  the  fusion  of  tho  materials,  these  two 
conditions  are  of  primary  importanee.  The 
raw  niat^rial'^  are  cointnonl)-  f^round  .«*o  that  (hry 
leave  a  residue  of  less  than  10  p.o.  on  a  180  X 160- 
mesh  sieve,  and  inlimacy  of  eontaet  is  seemed 
by  mixing  the  niatrrial.-^  together  at  a.s  early  a 
stage  of  tho  prooiM  ui  comwinutiun  as  is  prac- 
tkable,  and  m  addition  grinding  them  together. 

The  procedure  is  follows  :  In  the  c&s-o  of 
soft,  wet  luw  materials,  such  as  chalk  and  clay, 
the  two  Bubstanoes  in  proportions  deter mine<l 
from  their  analy.sis  arewcitjhed  into  awash  mill, 
which  in  a  largo  tank  in  which  a  vortical  spindle 
having  radial  arms  from  which  depend  harrows 
is  caused  to  revolve.  Enough  water  is  added  to 
allow  the  materials,  when  well  beaten  up,  to 
foirm  a  tludc  mnam  or  sloxry,  which  is  mobile 
enough  to  flow  and  to  be  pumped.  The  .slurry 
passes  through  screens  to  retain  stones  and  ^rit, 
and  is  groond  either  between  millstones  or  in 
more  modem  practice  in  fl  tvhv  7iiil|,  which  is  a 
cylmder  made  of  steel  lined  wn  ii  a  iiurd  material 
such  as  qusrtzit«  blocks  and  partly  fillod  with 
flint  jiebbles.  The  t;ylinder  in  t;et  horizontally 
and  rovolvod,  the  slurry  l>eing  fed  in  through  a 
trunnion  and  passing  out  at  the  other  end. 
During  it'?  passap'e  through  tho  cylinder,  it  is 
groimd  by  tho  ptbblcs  wliich  are  continually 
raised  up  the  periphery  of  the  eylinder  and  con- 
tinually drop  back  through  the  liquid  mass, 
pounding  its  particles  on  tho  lining  of  the  cylinder 
and  between  tho  pebbles  themselves.  After  being 
thus  ground,  the  slurry  flow?  into  large  reservoirs, 
called  dosage  tanks,  where  it  is  sampled  and 
analysed  and,  if  necessary,  its  composition  is 
corrected  by  the  a<ldition  of  more  chalk  or  day. 
In  the  early  days  of  the  industry,  the  slurry  was 
prepared  with  so  large  a  ]>roportion  of  water  as 
to  be  a  t^in  oream  from  which  the  water  was 
alloired  to  settle  in  large  tanks,  the  supernatant 
water  being  drawn  off  and  the  de[H)sited  -olids 
dug  out  wiien  they  had  arrived  at  tho  con* 
sist<>ncy  of  mud,  and  this  method  is  sttU  oeea< 
sionally  praeti>ed.  Usually,  however,  tlie 
quantity  uf  water  used  is  the  least  that  will 
ulow  the  slurry  to  flow  (35  to  50  p.c.  of  the  weight 
of  tho  g!urr\ ,  ai  rordin^  to  thf  nature  of  the  raw 
materials),  iidequate  mixture  being  thus  obtained 
and  the  delay  and  oost  of  double  handling 
a\oided.  The  next  st^-p  is  to  dry  and  Inirn  fh'- 
slurry  to  clinker.  The  modem  method  com  bines 
these  operationB,  the  slnrry  being  pumped  into 
the  Tipy)er  end  (/f  a  rot;itory  kiln  (see  below), 
where  it  is  drietl  and  burned  as  it  travels  down 
the  kiln.  Before  the  invention  of  the  rotatory 
kiln,  dryinJ:"^^  a^  t  fT<  <  tr<l  either  by  the  lu  if  i  f 
coke  wens  ubud  for  manufacturing  jtho  cuke 
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needed  in  the  bubsequent  burning  or  by  the 
wwte  heftt  of  chamber  tdfaui  («ee  below),  the  maas 

thus  dried  crficking  into  rough  cakes  8uitablo 
for  loading  into  the  icihi.  Where  the  kiln  was 
of  »  type  which  provided  no  aurplua  heat,  the 
slurry  was  dried  independently,  crushed,  and 
moistened  with  a  little  fresh  slurry,  moulded  : 
into  bricks,  xedried  and  bunt.  The  choice 
among  these  various  procedures  depends  on 
the  kind  of  kiln  for  uhich  the  slurry  is 
destiiuHl. 

When  dry  raw  materinls  such  a«  limestone 
and  shale  are  used,  they  are  crushed  in  a  stone 
breaker  or  between  roiler»,  aocording  to  their 
hanluoRs,  any  moisture  such  as  quarry  water  or 
tlamp  from  exposure  to  weather  being  removed 
by  paaeiiig  through  rotating  cylinders,  heated  by 
flu<>  frases,  or  by  an  independent  fire  or  in  towers 
through  which  hot  air  is  blowii,  and  are  ground 
together  in  the  calculated  proportions.  The 
grinding  is  pcrformetl  by  ball  mills,  consisting  of 
a  drum  lined  with  perforated  steel  plates  and 
partly  filled  with  steel  balk,  followed  by  a  tube 
mill,  each  aa  has  been  described  above,  or  in 
mills  of  the  Huntingdon  class,  in  which  rollers 
depending  from  spindles  attached  to  a  vertical 
axle  are  driven  outwards  by  centrifugal  force  as 
the  spindle  is  rotated  and  bear  against  a  steel 
grinding  ring  between  which  and  tlio  rollers  the 
material  ia  ground.  It  wiU  be  understood  that 
many  different  forms  of  eommmuting  apparatus 
can  he  and  are  U8e<l  in  cement  works,  accortling 
to  the  nature  of  the  materiaL  Disouaaion  of 
their  rdatlre  merits  wotdd  be  out  of  pUoe  in  ua 
art  id"  of  this  kind.  The  drj'  raw  materials  arc 
fed  as  Dowder  (often  slightly  damped  to  prevent 
dust)  aireot  hito  »  rotatory  kiln  or  are  moistened  I 

sufficiently  to  allow  them  to  bo  moulderl  into 
bricks,  dried  and  burnt  in  one  of  the  kinds  of 
fixed  kib. 

Although  wet  raw  materials  are  naturally 
around  wet,  and  dry  raw  materials  are  around 
dry,  yel  oooasionaOy  dry  raw  materids  mn 

ground  wet,  it  being  maintained  by  some  that 
any  extra  expenditure  of  heat  to  drive  ofi  the 
water  added  is  oompensated  for  by  the  more 

intimate  admixture  of  the  raw  materials  and  the 
case  with  which  the  slurry  may  be  conveyed  by 
being  pumped  or  allowed  to  flow  in  contiMt  to 

dry  raw  materials  which  recjuire  elevatOfS, 
worm  conveyors  and  Kimiiar  mechanism. 

The  raw  materials  finely  ground,  intimately 
mixe<l  and  in  correct  proportion  fcotitaitiing  in 
most  capes  aUmt  75  p.c  of  calcium  carbonate 
calculate*!  on  the  dry  substance,  the  balance 
being  the  clayey  constituents)  art?  buznt  to 
cement  clinker  m  various  tvfx^  of  kiln. 

The  earliest  was  the  bottle  kiln,  a  dome- 
shajMHl  brick  structure  lined  with  fin'  bricks, 
having  a  short  chimney  and  a  grate.  The 
lumps  of  dried  slurry  were  loaded  into  this, 
mixed  with  coke,  anrl  the  charge  fired  and  allowed 
to  bum  out,  the  prrwlucts  of  combustion  escaping 
at  the  top  of  tht  kiln.  An  improvenient  on  this 
is  the  chamber  kiln  shown  in  Fig.  1.  It  is 
a  cup-8hax>ed  structure,  lined  with  tire  brick,  in 
whicli  the  (lrie<i  shirry  and  coke  are  placinl  in 
layers,  oommunicatin|^  with  a  wide  flue,  which 
forms  a  floor  on  to  which  wat  slurry  can  be  run. 
the  far  ei)d  <.f  the  Hue  being  coruiected  with  a 
chimney  stack.  The  hot  gaaes  from  the  kiln 
proper  pass  OT«r  the  slurry  and  dry  it,  so  that  a 


ohaige  is  ready  when  the  previous  one  ia  bumu 
An  Ofdinaiy  chamber  Idfai  will  piochiee  aboot 
."iO  ton.s  of  clinker  per  run,  whieh,  including 
loading  and  discharging,  uaualiy  telM  a  week, 
and  it  will  bum  40-60  p.a  <rf  odke,  reokmMd  on 
the  \M-ight  of  clinker  produce<l.  The  coke  is 
generally  bought  from  gas  works,  though 
formerly  coke  ovens  were  in  use  at  tbe  oemeot 
works  them.solves,  the  products  other  than  ooke 
being  wasted.  As  the  coke  and  raw  materials 
are  mixed  in  the  Idhi,  the  ash  of  the  ooke  appears 
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in  the  finished  cement,  raising  the  proportion  of 
silica  appreciably  ;  on  this  account  it  i.s  cu^i- 
tomary  to  use  raw  materials  containioff  a  higher 
peroentage  of  oaloinm  carbonate  in  a  loun  of  this 
kind  than  in  one  in  which  th«'  whole  of  the  a-^h 
is  not  retained,  so  as  to  compensate  for  the  added 
siliekras  matter,  hat  even  with  this  preeautioii 
the  product  is  irregular,  the  ash  attaching  itself 
chiefly  to  the  outaide  of  the  clinker  and  not 
penetratinff  to  the  centre  of  the  lumps.  It  ii 
impracticanlo  to  hum  tlie  material  uniformly. 
Parts  will  be  almost  fused,  parts  merely  Iwhtly 
calcined  and  decarbonated,  barely  sintoredand 
not  truly  clinkere<l,  while  yet  other  parts  wiD 
have  attacked  thQ  ailioious  lining  of  the  kiln, 
forming  witii  it  a  sort  of  slas.  Henee  It  is 

necessary  to  pick  the  charge  when  it  is  drawn, 
rejecting  the  underbumt  and  the  slagged 
materia^  and  on  the  perfection  of  this  pic^ig 
the  quidity  of  the  finished  oenient  laige^y 

depends. 

I'he  shaft  kiln  is  another  type  of  fixed  kiln 

in  which  the  fuel  is  mixed  w  if  h  the  raw  materiaL 
There  are  various  forms  of  shaft  kUn,  but  the 
princi]>]e  is  the  same  in  all  cases,  the  raw  material 
and  fuel  proce<Hling  vertically  down  a  shaft  tn  « 
point  where  combustion  oeeiuT*,  and  passing  from 
this  down  a  continuation  of  the  shaft  to  a 
drawing  hole  from  which  the  clinker  can  be  ex- 
tracl<'tl.  leading  and  drawing  procwl  regu- 
larly,  the  kiln  working  continuously  in.«»t<»d  of 
intermittently,  as  does  the  chamber  kiln.  The 
working  is  regenerative  in  the  sense  that  the 
products  of  combustion  from  the  burning  tone 
I>ass  up  through  the  unbumt  raw  material,  w  hich 
is  t  hereby  heatetl  and  the  air  for  combu8tit>n  flow  s 
through  the  hot  clinker  in  the  lower  part  of  the 
kiln,  and  thus  is  heated  before  talcing  part  in  the 
combustion.  The  Schneider  and  the  Aalbore 
kiln  are  examples  of  this  type,  the  latter  is 
shown  in  Fig.  2.  Another  weli-known  shaft 
kiln  with  the  modification  that  the  upper  and 
lower  parts  of  the  shaft  are  not  in  the  same 
vertical  line,  is  the  Dietsch  kiln  (Fig.  3).  In  thim, 
the  heated  raw  material  is  reg^iiyfidjcWSi'  CJlld^le 
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iiftweon  tbo  upper  and  lower  part  uf  the  uhaft, 
at  1(1  passes  thenoe  into  the  burning  zone.  In 
tlio  illuiftration,  two  such  kUns  arc  shomi,  liuilt 
back  to  buck.  TlK-re  are  variuu^i  nuKliticHli()u.s 
of  the  abaft  kiln  differing  in  details  of  design, 
some  working  with  forced  draught.  From  their 
rescnerative  mode  of  working,  thoy  are  economi- 
m]  of  fuel,  bot  nquin  a  good  deal  of  moderately 

skille<l  labour  and  give 
a  product  mixed  with 
the  ash  of  the  f  ud  Mid 
requirinc  picking. 

Tiio  Huflnianu  or 
ring  kiln  (Fig.  4 ) ,  1  a  oly 
usetl  for  orick  making, 
IS  also  u.sed  in  the  man- 
ufacture of  oement. 
The  materials  are 
moulded  into  rough 
I  ricks,  and  those  are 
stacked  in  chambers 
arranged  round  a 
chimney  which  serves 
them  aiL  Foal  ia  dis- 
trilnitod  between  the 
bl  'cks,  and  the  work- 
ing of  the  kiln  ia  syate- 
matio,  oontfaraoiMy  and 
regenerative.  Passage 
from  one  chamber  to 
another  and  to  the 
chimney  can  be  con- 
t  roiled,  and  thus  burn- 
ing oan  be  eaitied  on 
in  one  chamber  while 
the  air  for  combustion 
flows  fai  through  hot 
cliaker  in  chambers 
iu  which  burning  haa 
>»een  finished  and  the 
hot  gases  from  the 
burning  chamber  heat 
tho  raw  material  in 
ciiambers  ahead  of  it 
on  their  way  to  the 
chimney,  the 
chamber  repre- 
senting the  locus 
of  combination 
continually  shift- 
ing forward  step  by  stop  all  round  the  ring.  As 
might  be  expect^,  this  kiln  is  economical  of  fuel, 
but  costly  in  labour  for  loading  and  unloading 
the  chambers,  and  yields  a  product  lacking 
mifofiiiity* 

Tn  mcKlem  practice,  these  various  kinds  of 
lixed  kiln  have  been  displaced  by  the  rotatory 
kOli*  whioh,  though  origmating  in  this  country 
some  30  years  ago,  was  brought  to  a  working 
success  in  the  United  States,  and  began  to  be 
adoptetl  here  and  on  the  Continent  about  1898. 
Thia  kiln  ia  a  steel  cylinder  lined  with  fire  brick, 
set  at  a  small  angle  with  the  horizontal,  and 
capable  of  being  slo\\ly  rotated  round  its  axis. 
At  the  upper  end  the  raw  material  is  fed  in,  and 
at  the  lower  ia  a  burner  aolBoiently  powerful  to 
reach  a  clinkering  tempe-rature  (about  1100"  C). 
Aa  the  cylinder  rotates,  the  raw  material  travels 
down  the  cylinder  on  aoooont  of  the  hiclhiation, 
und  on  its  jounn  y  i  -  gradually  raised  in  tempt>ra- 
ture  until  it  reaches  the  lower  end,  where  it  ia 
clinlnrad  and  dfopa  oat  The  prooBia  ia  oon* 


tinuous,  systematic,  and  to  a  considerable 
extent  rcgenerativa    The  labour  required  ia 

small  and  tho  oiitpiit  largo  per  unit  of  plant. 
A  lanju  proportion  uf  tho  fuel  ash  pawee  through 
the  luln  without  attaching  itaeU  to  the  raw 

material,  ancl  such  jxirtion  im  remains  is  in- 
corporated with  tho  raw  tn  iii  rials  and  forms 


Fio.  2. — ^Aalboro  Kiln. 
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Fm.  aw— DnnoiR  nur. 

{)art  of  the  finiAed  product  instead  of  being 
largely  confined  to  the  surface  of  the  clinker. 
When  burning  is  carried  out  properly,  the  whole 
of  the  product  ia  unifdnn^  oiokerad  and  needa 
no  picking. 

The  earlier  rotatory  kilns  were  some  60  feet 


long  and  6  feet  external  diameter.  At  tho 
fweaent  time,  an  ordinary  aise  is  160  x  8  feet 
and  larger  have  been  made  and  used.  The 
output  of  a  single  kiln  is  200  to  800  tons  a  week, 
according  to  its  size,  as  compa^  with  30  to 
70  tons  a  wedc  for  a  fixed  kfln.  A  rotatory  kiln 
i-i  run  AS  nearly  as  possible  day  and  night,  in- 
cluding Sundays,  throughout  the  year,  stoppages 
befaig  made  only  for  repalia  or  to  P»tp^  Al^o^^  Google 
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coating  of  clinker  which  forms  on  the  tire- brick  i  by  the  kiln  gases  It  ia  powderal  very  fiady 
lining  of  the  kiln  (Fig.  6).  The  kiln  is  |  so  as  to  leave  not  more  than  5  p.c.  residoe  on  & 
commonly  c^lindrioftl,  but  some  designs  are  of  *  sieve  having  180  X 180  mesbea  per  square  incb. 
larger  diameter  at  iSM  burning  end,  so  as  to  |  This  povdeced  fnel  is  fed  from  a  hopper  into  s 
provide  a  wider  portion  at  the  )>lace  where  pipe  through  wliicli  air  is  luing  ilriv<  ri  }>y  an  air 
combustion  is  at  its  height.  The  earliest  form  i  oomprossor  or  a  fan,  and  issues  from  the  moutit 
of  rotatory  kiln  ithioh  approached  suooess,  was  )  <rf  wis  pipe,  which  passes  through  a  shieMI  or 
fired  with  jjroducrr  j^a.'^,  hut  many  (lifTietiUies  screen  covering  the  lower  end  of  the  kiln,  m  ?. 
arose  in  the  use  of  this  fuel,  and  although  the  1  jet  of  dry  finely  powdered  combustible  matter 
idea  has  merits  and  has  boen  revived,  it  htm  not  carried  by  a  blast  of  air,  insufficient  for  its  coin- 
n  ac  hed  fruition.  Oil  buniers  like  a  large  blast  j  bustion  and  serving  chiefly  as  a  means  for  its  pro- 
lamp,  having  the  oil  sprayed  in  by  steam  or  i  pulsioa  in  the  form  of  a  jet.  This  jet  is  set  into 
compressed  air,  are  used  with  complete  saceess  '  the  Baonth  of  the  kiln  and  pointing  towards  the 
wherever  oil  is  cheap  enoujih,  but  as  the  cost  i  I'arend.  Air  for  the  combustion  Ls  drawn  in  by 
too  high  in  most  countries,  powdered  coal  is  thu  the  draught  of  the  chimney  stack,  \iith  which  tiie 
standard  fuel  Goal,  preferably  bitominoaa,  and  upper  eM  of  the  Iciln  eommtmicatcs,  and  cq  its 
containing  a  nioderntv  anio\int  (10  p.c.)  of  ash  way  ]n  ■  ^  •  through  a  rotatinp  cylind<  r  down 
when  weU  dried  and  very  linely  powdered,  can  i  which  proceeding  the  red-hot  clinker  usuiog 
be  nsed  to  form  a  sort  of  bIo\i7>ipe  flame  mack  as  |  from  the  kiln,  absorbing  a  portion  of  tliat  IwaC 
if  it  were  a  fluid,  the  powder  b<'ing  driven  into  the  and  carrying  it  to  the  placo  of  oorahustion.  B 
kiln  by  a  blast  of  air  and  issuing  from  a  jet  those  means  a  powerful  jet  of  flame  is  uroduccd, 
mudi  as  gas  miffht  do,  and  burning  there  in  a  the  temperature  of  which  is  ample  for  dinksring. 
supply  of  secnndary  air  Fupplicd  to  the  space  Either  dry  or  wet  raw  materials  can  br 
around  the  jet  and  preferably  pre-beated.  In  burned  in  a  rotatory  kiln.  Bry  materials  arr 
actual  working,  these  conditions  are  realised  in  fed  in  by  a  screw,  the  mass  being  visually  slighUr 
the  followinET  way:  Small  coal  is  dried  in  a  dami>ed  by  a  small  proportion  of  water  in  the 
rotatory  drier  heated  by  an  independent  fire  or  |  trough  in  which  the  screw  works,  so  that  the 
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ffaie  dusty  parddes  are  not  canted  away  hy  the 

draiight  of  the  kiln.  Wet  raw  materials  arc  sinuily 
allowed  to  flow  in  from  a  trough  in  which  tko 
height  of  the  dnrry  is  maintained  oonsfeaat  by  a 
de^  i  f  tich  as  a  pump  more  than  capable  of  the 
maximum  flow,  the  surplus  being  returned  by 
a  by-pans.  The  water,  about  w  p»e.  of  the 
weight  of  the  slurry,  is  evaporntod  ny  th-  h  t 
msos  coming  from  the  lower  end  of  the  kiln,  and 
the  dried  bIqitt  forms  itself  into  small  nut-like 
masses  as  it  rolls  round  the  inside  of  the  cylinder. 
These  travel  slowly  downwards  in  a  ^>})iral  path, 
and  their  terapemtnre  rises  until  the  calciam 
carbonate  is  decomposed,  the  clay  is  dehydrated, 
and  union  beginti  between  the  acid  and  basic 
oxides,  the  silica,  alumina,  and  ferric  oxide  acting 
in  the  first  and  the  lime,  magnesia  and  alkalu 
in  the  second  sonse,  until  finally  the  material 
becomes  slightly  plastic,  and  full  combination  is 
effected  at  a  point  near  the  lower  end  of  the 
kiln,  where  the  temperature  is  hipheat.  The 
white-hot  clinker  passes  into  a  cooler,  such  as 
the  rotating  inclined  cylinder  already  mentioned 
in  cormection  with  thu  heating  of  the  air  necessary 
for  combustion,  where  it  is  often  sprinkled  with 
water  for  the  double  purpose  of  completing  its 
cooling  and  of  hydrating  any  lime  which  may 
not  have  been  peneotiy  oombined  in  the  kibi. 


I      With  dry  rew  materials  the  fonne  of  opna- 

tions  is  the  name,  save  that  only  the  small 
^  quantity  of  water  used  to  prevent  dust  has  to 
be  evaporated. 

On  account  of  the  fact  that  cement  clinker 
is  a  basio  material  and  that  fire  brick  is  an  ackl 
substance,  using  those  words  in  the  ordtnarr 
metallurgical  sense,  interaction  may  o.ru- 
between  ihejie  at  a  clinkering  temperature,  aoi 
a  slag  nmy  be  prodnoed.  Any  ovcfbeetinsr  «iD 
cause  the  rajiicl  formation  of  this  slag,  witn  tht 
result  that  tixe  clinker  will  be  spoilMi  mid  the 
lining  destroyed.  But  if  1^  bnnung  is  properiy 
oonducteil,  fhn  nrtinn  is  not  uncontrolla>>le,  and 
further  can  be  prevente<l  by  the  device  of  beatioj 
I  down  tliB  dightly  plastic  olinher  on  to  the  fiie- 
brick  lining;,  t-o  that  it  adheres  and  itself  form= 
the  true  lining,  to  which,  of  course,  the  mst  of  the 
clinker  is  chemically  indififerent.  Hi-  coatir^ 
breaks  away  from  time  to  time,  and  n^^s  to  b*. 
patched  by  beating  down  fre^h  clinker  on  th* 
tire  brick  thus  left  bare.  Luiings  of  less  ad: 
suhstances  such  as  batixite,  and  basic  lining 
yuch  as  magnesia  bricks,  have  been  triod«  but 
present  some  practical  defect  which  makes  thts 
lees  suitable  tiuui  fire  brick  used  ia  the  wax 
described. 

Good  wcU-burat  oUnker,  whether  i^ffj^^>* 
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lixedoc  »  rotatory  kiln,  is  a  hard  rook-like  mass 
of  daric  ooknir.  Tarr  ing  from  Intnni  to  almost 

hln  -V:  The  jM'Cf^a  of  clinker  from  fixi-rl  kilns 
are  chioily  rou|(h  lumps  of  aimilar  size  to  that  of 
the  UooKB  of  »w  raateriaU  and  need  a  pro- 
liminary  crushing  in  a  stone  breaker  before  inoy 
can  bo  ground.  The  product  from  a  rotatory 
kiln  ia  m  the  form  of  tmtill  roanded  masses, 
varying  in  sizo  from  a  poa  to  a  walnut.  Some- 
times  a  number  of  these  wiil  stick  together, 
makinf  a  mass  a  foot  or  more  in  diameter,  but 
the  biilk  of  the  product  is  small  enOQgb  to  be 
ground  without  previous  crushiaff* 

Orindinff  is  effected  in  machmes  aimUar  to 
thofle  used  Tor  preparing  thn  vnvr  nintrriala.  Ball 
and  tube  mills  and  mills  uf  the  GriiJiu  and  Hunt> 
fngdon  elafls  ate  in  most  general  uso,  millstones, 
such  as  were  used  for  grinding  corn,  haviti^  been 
superseded  on  account  of  their  smuil  output  tmd 
heavy  upkeep.  The  elinker  is  ground  to  oement 
having  a  residue  of  not  more  tnan  IS  p.o.  on  a 
ijieve,  and  is  couveyod  mochani- 
eally  to  warehouses  where  it  is  stored  and  bagged 
or  filled  into  casks.  In  a  modem  works,  the 
whole  operation  from  the  reception  of  the  raw 
materials  to  tho  tilling  of  the  bags  is  conducted 
almost  wholly  mechanically,  manual  labour 
being  eliminated  as  completely  as  ponsiWe,  an 
object  easily  attained  wit  ii  ^('^^tMry  kilns,  wliit'h 
do  not  reqoize  to  be  loaded  aod  unlwdAd  by 
hand. 

Testtng  Portland  eement.  The  quility  of 
Portland  oement  and  its  suitability  for  building; 
purposes  is  ascertained  by  various  mechanical 
tests  and  by  its  chemical  analyst.  The  analysis 
shows  whether  the  constituents  fall  within  the 
recognised  limits  stated  above,  and  detects  the 
presence  of  such  adulterants  as  blast  fumaoc 
aUff  or  Kentish  rag  (a  silicious  limestone),  which 
dimr  widely  from  cement  in  composition  or 
contain  some  characteristic  constituent  such  as 
calcium  sulphid^  which  is  almos  or  wholly 
absent  from  PbrHand  cement.  Bu  as  it  is  im- 
practicable to  make  a  proximate  analysis  of 
Fortland  cement,  the  ordinary  analytical  figures 
win  not  indicate  whettter  the  raw  materials  Buave 
h'Hm  sufTlciontly  intimately  mixed  mid  suffi- 
ciently thoroughly  burnt  to  form  those  oementi- 
tloitt  snbslanees  oonstitntiniif  somid  and  serrioe- 
able  Portland  cement.  This  question  can, 
however,  be  satisfactorily  settled  by  physical 
and  meobamoal  tests.  The  specific  gravity  of 
tlw  cement  is  a  useful  critorion,  as,  if  below  tho 
nonnal  value  (say  3*15),  it  may  genially  be 
infemd  that  the  oement  has  been  undCTbonit. 
Tlio  mechanical  atrenprth  of  the  cement  hy  itself 
aud  when  made  into  a  mortar  with  sand  can  be 
determined.  The  fineness  to  vAoA  the  eement 
has  been  ground  is  a  useful  indication  of  (lualitv, 
soasmuoh  as  the  coarser  parts  lurdrate  so  slowly 
aa  to  be  of  little  or  no  oementitions  value.  Tlbe 
time  of  setting  ia  useful  in  aiding  choice  of  a 
cement  for  a  given  class  of  work.  Finally,  the 
eonndnees  of  cement,  that  is*  its  constancy  of 
volume  when  Ret  ;ird  consequent  freedom  from 
tendency  to  expand  in  the  work  of  which  it 
fonns  piurt,  and  tikos  to  subject  the  work  to 
internal  str'-^^f^'^  sometimes  so  great  as  to  cause 
its  destruction,  can  be  determined  by  observing 
tho  alteration  of  volume  and  condition  at  test 
pirco=;  made  of  the  cement  and  kept  under  con- 
tiitioos  designe<i  to  develop  and  accelerate  any 


latent  tendency  of  the  kind.    Codes  of  testing, 
covering  this  point,  arc  in  common  use  in  tul 
coimtriea,  and  as  an  example  the  clauses  relating  . 
to  testing  may  be  quoted  from  tho  British 
Standard  spedfioatkm  for  Portland  cement: — 

*  Tea  for  SouniMU,' 

'  Tl:.  cement  shall  be  tested  by  the  Le 

Chateiier  method. 

'The  apparatus  for  condncting  the  Le 
Chatolier  t<?st  i.s  to  con.sist  of  a  small  split 
cylinder  of  spring  brass  or  other  suitable  metal 
of  0*6  mm.  (0-0197  inch)  m  thickness,  forming  a 
mould  30  mm.  (1^5;  inches)  internal  diameter  and 
30  mm.  high.  On  either  side  of  the  split  are 
attached  two  indioatois  with  pointed  ends,  the 
distance  from  these  ends  t  >  fli^  centio  of  the 
cylinder  being  165  mm.  (01  inches). 

'  In  oonduetnig  the  tern,  the  monld  is  to  be 
placet!  \ip<^n  a  small  piece  of  glass  and  filled  wth 
cement  gauged  in  the  mode  and  under  the  con* 
ditions  referred  to  in  sc<.'.tion  (d)  of  olavse  7»  eare 
being  taken  to  kr^p  the  edges  of  the  mould 
gently  together  whilst  this  operation  is  bems 
performed.  Tho  mould  is  then  to  be  coveied 
with  another  glass  plate,  a  small  weight  is  to  bo 
placed  on  this,  and  the  mould  is  then  to  be 
immediately  placed  in  water  at  a  tempemtore  of 
58*  to  64"^  .'umI  I<  ft  th'-re  for  24  hour? 

'  Tho  difitanco  aoparatmg  the  indicaUjr  points 
is  then  to  be  measured,  and  the  mould  again 
placed  in  wat«r  at  58®  to  04® F.,  which  ia  to  be 
brought  to  boiling-point  in  25  to  30  minutes  aud 
kept  boiling  for  8  honrs.  After  removing  the 
mould  from  the  water  and  allowing  it  to  cool, 
the  diiitancc  between  the  points  is  again  to  bo 
measured;  the  difference  between  the  two 
measurements  represents  the  expansion  of  tho 
oement,  and  munt  not  exceed  tho  following 
limits,  viz.  :  10  mm.  when  tlw  sample  haa  l^en 
aSrated  for  24  hours  in  the  manner  nertnnbefore 
described ;  or,  if  the  above  test  liaa  failed,  5  mm. 
after  the  sample  has  been  aSiated  for  7  days  in 
the  same  manner.' 

The  specifications  in  use  on  the  Continent 
and  in  America  are  similar  to  the  British  StaU" 
dard  specificatioa  as  regards  their  aim,  which  is 
to  ensure  that  the  cement  shall  be  mechanically 
strong  and  chomically  stable.  Tho  tests  them- 
selves are  also  generally  similar,  the  chidf  differ- 
ences eonoecning  the  use  of  compressive  as  wcU 
as  tensile  tests  atul  variations  in  tho  mode  of 
detwmining  the  soundness  of  the  oement. 

OatroMBsnfiottliePOfffliiidelass.  Roughly 
it  may  be  said  that  all  cements  mafle  by  burnintj 
a  mixture  of  calcareous  and  aisiUaGCOUiS  materials 
are  of  the  Portland  eement  class,  althoa^  they 
may  not  hr\  tnio  Port  In  nd  cement.  Roman 
cement  is  an  example,  it  was  manufactured 
before  the  invention  of  PortlMid  cement  by 

calcining  tho  rorlnlr-:;  of  in'luratod  chalk  and 
clay  called  atptaria,  and  dredged  upon  the  Kmt 
and  Btaez  coasts.  On  borning,  witirant  any 
preparation,  these  nodules  give  a  cement  having 
a  composition  of  which  tho  following  analysis  is 
an  eonunple: — 

fSf  osnt* 

Silica  (SiO,)  19-62 

Insoluble  residue  .        .        ,       .       ,  6*86 

Alumina  (A1,0.)  10-30 

Fenie  oxide  (R,0|)    ....  744 
Manganese  oxide  (fihO)       .       •       .     1  '57   , , 
Lime  (CaO)        ....     -  ^  44*54 > 
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Magnoaia  (M^O)  . 
Sulphuric  anhydrido  (SO,) 
CariKinic  anhydride  (CO,) 
Water  (HjO) 
Alkalis  ftnd  Um  . 


Per  cent. 
.  2-92 
.  2-61 
.  S-43 
.  0-25 
.  1^6 


100-00 

Roman  cement  has  l)<.i'H  ultnust  wholly  re- 
placed by  Portland  cement.  It  in  reildi^jU  in 
colour  and  very  quick-setting,  tlm  property 

inakinc  it  useful  for  work  which  haa  to  ho 
exposed  to  water  immediately  after  it  is 
laM. 

Various  marls  contain  chalk  and  clay  in 
about  the  proportion  necessary  to  constitute 
Portland  cement    Thono  arc  burnt  iiithout 

pn  pfirat  ion  and  form  what  is  known  aa  *  natural 
cement.'  Cement  of  this  8ort  hi,  of  course, 
mregular  in  composition  and  is  apt  to  be  un- 
sound. If  Wi  ll  slaked  before  u-^c,  it  is  a  service- 
able materiul  of  its  cl^s^J.  Ma^ne.'-ian  limestones 
containing  argillaceous  matter,  are  largely  used 
in  the  United  States  for  making  natural 
cement.  The  following  is  au  example  of  their 
oomporitkm 

Per  cent. 

Silica  (SiOO  22-77 

Alumina-fFcnioozid0(AI,Oa+FeaO«)  .  VHZ 

Lime(CaO)  34-64 

Magnesia  (MgO)  21 -86 

Sulphuric  anhydride  (SOj)  .  ,  ,1-44 
Carbonio  anhydride  (COt)    .       .  .2-84 

Alkalis  8-63 

Water  and  km  2-fiO 

100^ 

Hydraulio  limes  are  oeroente  of  the  Portland 

clas.^,  and  are  made  by  burning  limestones  con- 
taining sufficient  clayev  matter  to  yield  the 
calcium  silioates  and  alnminates  necessary  in 

hydraulic  eement.  There  are  two  t%'pes,  •with 
many  gradations  between  theuj.  The  tirst  i« 
Chaiix  do  Teil,  made  by  bumiiig  a  limeslooe 
containing  silica  so  finely  dividiMl  and  so  evenly 
di8tribute<l  that  it  unites  almost  completely 
with  the  lime  w  ithout  the  aid  of  any  considerable 
quantity  of  fluxing  constituents,  such  as  aluniina 
and  oxide  of  iron.  Its  com^xwitiou  is  shown 
below: 

Vtt  cent. 

Insoluble  residue  .....  0*62 

SUica(SiO,)  2210 

Alumina  (Ai,Oj|)  .       .       .       .       *  |  i  -82 

!       '.  (M-12 

.  i-17 

.  0-4U 

.  0-64 

.  6-36 

.  1*08 


Ferric  oxide  (Fe,0,)  . 
Lime  (CaO) 
Magnesia  (MffO)  . 
Suluhuric  anhydride  (SOg) 
Carbonic  anhydndn 
Water  (H,0) 
Alkalis  and  toss 


100  00 

The  second  instance  is  afforded  by  the 
hydraulic  lime  prepared  from  bine  lias  Umestone 

occurrinu  in  the  Iluy'>\-  district,  near  Lyme  P^ej:!^ 
and  b^  Aberthaw,  In  this  material,  the  pro- 
portion of  alumina  is  much  higher  relatively 
to  the  silica  than  in  the  case  of  the  Cliaux 
de  Teil.  An  example  of  its  composition  is 
appended : 


Insoluble  residue  . 
Combined  silica  ^StOg)  . 
Alnmina  (ALO,)  . 
Ferric  oxide  (Fe^Os) 
Lime  (UO) 
Magnesia  (MgO)  . 
Rulj)huric  anhydrirle  (SO,) 
Carbonic  anhydride  (CU,) 
Water  (H.O) 
Alkalis  and  bsB  . 


pN  Mat. 

.  2-39 

.  1417 

.  9-79 

.  234 

.  e3'43 

.  I'M 

.  I-e-:? 

.  iiA 

.  2-69 

.  1  3^ 


lOIHW 

As  it  is  not  designed  in  the  case  of  hydravlic 
limes  to  cause  complete  union  of  the  acid  and 
baaie  oxides,  they  invanablv  contain  free  lime 
which  neeiJs  \  u  1«-  ^lak<•'l.  This  is  done  systein.-i- 
tioally  bv  the  manufacturer  of  lime  of  the  Chaux 
de  Teu  elass,  bat  is  not  generally  practised  in  thi* 
country,  the  operation  being  jM  rformo<l  by  th»* 
user.  In  either  ca.se,  perfect  slaking  is  necessary 
because  any  negligence  in  tiiis  resfwet  will  had 
to  expansion  in  the  work  of  which  the  lime 
forms  part,  and  the  slaking  must  be  accom- 
plished in  sooh  a  way  tiiat»  iriiilst  the  ficee  lime 
is  slaked,  the  oementitions  oompooDda  iMnain 
untouched. 

OanMBtiBUilefroinblast-fiiiiiaMdif.  Bbsu 

furnace  slap  trraiuilated  by  beint;  run  into  watfT 
is  feebly  hydraulic  if  its  liuie  cout«nt  is  suffi- 
ciently high.  It  is  used  aa  a  puzznolan*  {m 
below),  fi  the  slag  is  mixed  with  limestone  so 
as  to  bring  its  composition  within  the 
indicated  for  Portland  cement,  and  the 
is  burnt,  a  pro<lnct  is  obtained  which  is  as  much 
Portland  cement  aa  if  it  had  been  made  from 
ohalk  and  clay.  There  is,  however,  a  material 
made  in  Germany  and  known  as  Ei.sen- Port- 
land cement,  which  consists  of  Portland  c*rnjent 
(often  made  from  blast  furnace  slag)  to  which 
some  2/)  p.c.  of  slft<T  has  been  adde<l  after  thf 
manufacture  ol  the  Portland  cement  it«elL  The 
slag  a<lded  has  a  puzzuolanio  function  "imilar  to 
that  of  other  silicious  materials  which  are  some- 
times added  to  Portland  cement.  But  apart 
from  these  uses  of  slag,  various  paten t-eil  j>n» 
ducts,  of  which  Passow  cement  and  ColK- 
cement  are  examples,  prepared  by  treating  liquid 
blast  furnace  slag  in  such  a  way  that  it  become* 
detinitely  hydraulio  and  vtill  set  and  resist  the 
action  of  water  as  does  Portland  cement,  are 
manufactured.  Processes  for  making  these 
cements  generally  oonsast  in  suddenly  cooling  the 
liquid  Blag  and  m  adding  to  it,  at  the  moro«at 
of  cooling,  small  quantities  of  some  extraneouf 
material  such  as  salts  of  magnesium  or  the 
alkalis.  The  cause  of  the  aotmi  of  the  mode 
of  cooling  and  of  the  addition  i-^  ob-furt-.  bat  the 
fact  remains  that  in  this  manner  blast-fuinaoe 
slag,  which  untreated  is  relatively  inert,  is  con* 
verted  into  a  true  hydraulic  cement. 

Pusnolaole  oemento.  Exceptfor  limes  which 
being  made  from  a  dlieioas  Hmeslone,  happened 

to  poiisess  hydraulic  prop<^rtie,«.  the  earliest  kin  i 
of  hydraulio  cement  was  made  from  ordinal; 
lime  mixed  witti  a  in»nM)laaa»  that  is,  a  siHeiMM 

material  sufTicientfy  active  to  combine  with  th<» 
lime  and  form  a  comentitious  silicate.  Natural 
pusanolanas  are  vvdcanic  in  origin,  the  doposit* 
known  as  Roman  and  Neapolitan  potSDolans, 
santorin  earth,  and  trass  being  examples. 
AnalyMS  are  given  belo^'  of^n»§ofll^ 
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Neapolitan  puaiuoUnaa  ud  of  a  nmiUr  matciial 
from  Java  : 


Insoluble  siticious  matter 
.Soluble  silica  (SIO,) 
Alumina  +  Ferric  oxide  (ALO* 
+  FetOa)    .  .  . 

I.ime  (CftO)  .... 
Magnesia  (MrO) 
sulphuric  anhydride  (SO 3 J 
\Vat«'r  +  carbonic  autiyilride 

(irjO+co,) 

Moisture,  aikaliSf  Io«t 


HMiDO* 

ttUui 

Roman 

INUBnt- 

olaDa 

Java 
tfaai 

-  - 

p.c. 

—  — 

P  6. 

 — 

p.c. 

86-38 

26-94 

60-40 

27'80 

82-04 

10-32 

19-80 

22-74 

16-06 

6-96 

40G 

nil 

0-36 

1-37 

0-13 

trace 

trace 

4-27 

8»2 

7-67 

6  72 

4-33 

5  62 

100  00 

U.HJ-00 

100  00 

Granulated  Ma.st-funmco  hiag,  Ijrukcn  l)rick 
and  burnt  clay  aru  artiticiul  puzzuoianas  hoiiie- 
times  used  to  ptodnM  kydraulic  cements  when 
addtnl  to  ordinary  lime.  The  quantity  to  be 
added  can  be  calcuIat<Hl  on  the  assumption  that 
the  liberated  lirao  combines  in  about  the  same 
proportion  with  the  active  silica  in  these  as  it 
does  with  the  silica  in  Portland  cement,  it  being 
undorHtood  that  the  siliciotts  material  is  sufli- 
cientl^  finely  ground  to  nnite  with  the  lime.  In 
practice,  puzzuolanio  materials  are  usually 
coarsely  ground,  and  only  a  fraction  of  the  active 
silio*  eaters  into  combination,  the  balance  of  the 
passQolana  seting  merely  as  an  aggregate. 

From  what  hai?  Ik-vw  aiiid  c-oiucniiug  the 
constitution  of  Portland  ooment  and  the  forma- 
tion of  slaked  lime  by  its  hydration  in  setting,  it 
will  Ix'  SI  (11  that  thi  ro  is  a  considerable  quantity 
of  calcium  hydroxide  unprovided  for  b;^  any 
M»d  oxide,  ft  foUows  that  this  will  act  m  ^e 
same  way  a.s  orrlinary  slakcfl  lirao  in  combining 
with  any  active  silicious  substance,  and  hence 
thai  pusDolaiias  ean  be  employed  as  adcUtiofns 

to  Portland  ccnif'nt  which  arc  useful  ill  infirwslug 
its  content  of  cemeutitious  matter. 

Un  of  FOfthUld  OtntOt  The  original  object 
I  if  manufacturing  Portland  cement  ami  similar 
tiubstauces  was  to  obtain  a  material  which  would 
both  ast  and  would  resist  the  aotion  of  water. 
But  it  was  soon  found  that  the  great  mechanical 
strength  of  Portland  cement  made  its  use 
advantagecnis,  erso  when  it  had  not  to  be 
exposed  to  water,  and  at  the  present  day  it  is 
the  structural  ooment  par  ezcelletice,  and  un 
account  of  the  great  decrease  in  coat  due  to 
niotlem  metho<l  of  manufacture,  it  tends  to 
displace  all  other  building  cements,  including 
common  lime.  Its  laii^est  appUoation  is  to 
form  concrete  by  cemcntmg  together  any  cheap 
inert  ^Umy  material  which  may  be  locally 
svailuble,  and  by  the  oseof  this  substance,  huge 
works  of  all  kinds  are  eonRtructo<l  at  a  cost 
much  iuterior  to  that  of  tho  same  work  in 
muoaey.  It  has  been  found  that  Fortland 
oraient,  when  made  into  mortar  or  concrete, 
will  adhere  strongly  to  iron  ami  aU'vl  if  the  latter 
is  olesA  and  not  too  smooth,  and  on  this  observa- 
tion the  preparation  of  the  material  kno^iTi  as 
reinforced  concrete  is  based.  It  isi  made  by 
constructing  a  skeleton  of  mild  steel  rcMl^,  often 
tied  together  by  steel  wire  and  tilled  in  with 
Portland  cement  toncn'te,  the  steel  being  so 
disposed  as  to  take  the  ten.silo  Ktre-sscs  in  tho 
oomposite  stnietnre.    It  fortunately  happens 


that  the  cocfEcionts  of  expansion  by  heat  of 
ordinary  mild  steel  and  of  concrete  an  nearly 
identiosJ,  and  thus  internal  stresses,  saoh  as 

might  occur  where  two  diverse  materials  are 
bonded  together  and  exposed  to  Uuctuationa  of 
temperature,  are  of  very  moderate  magnitude 
and  (1(1  not  apprecial>Iy  influence  the  miHjhani- 
cal  .stability  of  the  prmiuct.  Although  on  the 
whole  a  permanent  material,  Portland  cement 
may  l>e  injured  or  destroye<l  undej  various  con- 
ditions incidental  to  its  use.  Set  cement  is 
the  product  of  the  action  of  water,  but  it  is 
not  indifTerf'tit  to  tho  further  action  of  water. 
The  produetji  of  tho  hydration  of  I'urtlaud 
cement  and  its  congeners  are  calcium  hydroxide, 
which  is  soluble  in,  and  hydrattnl  calcium 
silicates  and  aluminates  which  are  decomposable 
by,  water.  Therefore  when  water  has  free  aoooss 
to  sot  cement  and  can  flow  throujjh  the  concrete 
or  mortar  of  which  it  forms  uart,  the  cement 
is  dissolved  and  destroyed,  in  practice  good 
concrete  is  made  so  nearly  impermeable  that, 
except  under  heavy  pressure,  no  such  flow  occurs, 
but  if  the  concrete  is  loose  in  texture  and  the 
flow  of  water  oorrespondinolv  easy,  destruction 
is  only  a  matter  of  time.  When  the  water  con« 
tains  salts  of  magnesium  or  calcium  sulphate, 
which  act  on  the  lune  in  tho  one  case  and  on  the 
calcium  aluminate  in  the  other,  forming  part-  of 
the  set  cement,  tho  rate  of  destruction  is  much 
increased.  Thus  it  comes  about  that  in  all 
under-water  work,  and  more  putienlarly  in  sea 
water,  the  concrete  tu  he  i>ermaiient  nmst  l>e 
impervious.  There  are  mmor  and  local  causes 
of  deetraetion  such  as  oontaot  with  waters  con- 
taining dissolved  [rases,  i-.t/,  and  SOj,  com- 
petent to  act  on  tho  calcareous  constituents  of 
cement,  bat  in  general  the  failure  of  a  concrete 
structure,  when  due  to  chemical  action  and  not 
to  mochanioai  weakness,  can  be  traced  to  the 
flow  of  water,  and  nsnally  saline  water,  throQ(^ 
the  fabric.  B.  B. 

CEMENTATION  v.  laos. 

OBHDIT  COPPER  v.  Ooffb. 

CEMENT  STEEL  v.  Iron. 

CEMENTITE,  an  iron  carbide,  Fe,C,  con- 
taining 6*0  p.a  carbon,  is  an  important  consti* 
tuent  of  ca.st  iron  and  steel  (AM  and  Deering, 
Proc.  Inst.  Meob.  Engineers,  1885,  30 ;  Moisaan, 
Gompt.  lend.  122,  421).  In  steds  containing 
I'S  p.c.  or  more  of  carbon,  free  cemontite  is 
found  crystallised  in  large  pseudo-hexagonal 
platos  (Groth,  Chom.  Krysta'logr  ipbie,  1U06,  L), 
and  in  practically  all  3te<^ls  it  oxi.Ht^s  with  pure 
iron  (ftrrite),  in  tho  eut-ectic  mixture  called 
pearUte  (Ledebur,  .St  ihl  u.  Eison,  ISHS,  742). 

It  is  very  brittle  and  harder  than  hardened 
steel  or  glass  (H.  =  6)  (Muiler,  iStahl  u.  Eisen, 
1898,  292),  and  its  presence  is  the  cause  of  the 
hardiiesH  of  *  w^hito '  or  'chilled*  cast  iron. 
(Howe,  Metallographist,  1901,  177).  It  in 
recognised  under  the  miorosoope  by  Its  hardness 
and  resistance  to  etching. 

As  coheniU,  it  is  present  in  meteorites 
(Weinsobenok,  Ann.  Moseiun,  Wien,  1880,  €, 
94). 

CERADIA  V.  OiiBO-Bssnrs. 
CERARGYRITE    or    HornsUyer.  Native 
silver  haloids,  Ag((Jl,Br,l),  occurring  as  small 
holohedral-cubio  crj'stals  and  as  compact  masi^es 
with  a  homy  appi'aranco  and  texture.  The 
'  is  soft  (U.b2^),  tough,  and^Sotile,and 
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CERAIiGYlilTE  OR  HOBNSILVER. 


outs  iUu*  horu.  On  oxposiure  to  lisht.  it  quickly 
dArkens.  Tho  name  *  homsilber  was  mod  by 
C.  Gcsner  in  1565,  and  the  Greek  form  cerar- 
UTite  was  first  oaed  bv  F.  8.  fieudant  in  1832. 
After  tbe  reoognition  of  the  bromide  and  chloro- 
l)ruinido  in  IStl  and  1842,  the  name  cerargjTite 
came  to  be  apjplied  more  especiaUy  to  the 
ohldcidB.  But  M  the  diffarent  nenben  d  the 
group  so  closely  resemble  ono  another  that  they 
can  often  only  be  diatingui«hed  by  analysis,  it 
is  more  expedieiit  to  melnde  them  under  the 
name  cerarg}Tito  as  sub-species,  viz.  : 
Qilorargyxit^  Grey  or  colourless, 

Hp.gr.  5-556. 
Greenish-grey. 
Grconish-grev* 
Grocnish-yelfow  to 
orange-yellow. 
Isomorphous  mixtures  are  Iho  rule,  and  uf 
these  sub-species  embolite  (^y.f.),  with  chloriut- 
and  hromine  in  indefinite  proportions,  is  the 
most  abundant.    Large   ouantities  of  these 
minerals  have  been  mined  as  silver  ores  in 
Mexico,  Chafiarcillo  in  Chile,  and  Broken  Hill  in 
Neir  South  Wales.   They  occur  in  the  upper 
oxidised  mnes  of  Tsins  of  silver  ore,  and  have 
no  douf»t  heen  fornie<I  by  the  action  of  salt 
waters  percolating  from  above  (see  Prior  and 
Spenoer,  MineuUog.  Mag.  1902,  xiiL  174). 

L.  J.  8. 

CfiRASUi  V.  GuMB. 

OBRASDIB,  -ORANGE,  -RBD,    p.    Azo- i 

OOL(irniya  iiATTi:R.s. 


Bromargyrite,  AgBr. 
Embolite,  Ag(a,Br). 
IkNiembolite,  Ag(a,Br,I}. 


varies  very  greatly  according  to  whether  the 
grain  of  commerce  consists  of  the  naked  fnut 
alone,  as  in  wheat,  rye,  and  roaizo,  or  w  hether,  u 
in  barley  and  oat«,  the  flowering  glumes  remain 
adherent  and  can  only  be  removed  by  subw- 
quent  manufacturing  processes.  The  ash  of  the 
oerealgrains  shows  certain  marked  characteristics: 
it  is  always  very  rich  in  phosphoric  acid,  up 
lo  nearly  ono-half  of  the  a,-*h  when  the  grain  is 
naked;  potash  and  magnesia  predonunate 
among  the  bases,  lime  and  soda  being  prescpt  in 
hut  small  uiiiouiitH,  while  still  le.'vs  chloritio  <  r 
sulphuric  acid  (derived  from  orsanic  sulphur 
oompounds)  are  to  be  found ;  ta&ok,  ia  alaiost 
absent  from  the  naked  grains,  but  may  con- 
stitute 5-20  p.c.  of  the  ash  of  these  grains 
possessing  an  adherent  husk. 

The  stnicture  of  all  cereal  jrrains  sliow^  the 
following  features  iu  common:  in  addition  to 
the  ehany  membranes  of  the  flower,  which  may 
or  may  not  be  adherent,  the  grain  proyH  r  fH.'-<<_  ^^ 
several  fibrous  ooats  or  skins.  \Vithin  these 
skins  at  the  end  of  the  grain  formerly  Attaefaed 
to  the  })lant,  lies  the  eiut-rvo  or  -.  rm.  ron-irtu- 
ting  about  3  p.c.  of  the  whole,  but  the  greatoi 
part  of  the  seed  is  oceapied  by  the  starchy 
en<losperm,  the  outr-r  membrane  of  the  embr}"o 
which  abuts  against  the  endosperm  being 
known  as  the  scutellum.  The  endo^pem 
consists  of  a  series  of  thin  walle<l  eell-;  tightly 
ptt<;k(xi  with  titaroh  grains  eudoMxi  within  a 
thin  network  of  protem,  but  immediately  belov 
the  hkin  there  exists  a  row  of  difTen  ntly  .■ihafK:^' 


C£R£AU.  ITie  cereals  are  the  fruits  or  i  *^  known  as  the  aleurone  layer,  eepeciaiiy 
ieeds  of  Tanous  speoies  of  Orsmfaiett.    In  all  I  rich  in  protehi.   It  will  now  be  oooToiMnt  to 


parts  of  tfir  \\  -  rid  they  con.stitule  the  most  im- 
portant food  of  mankind,  and  are  utilised  not 


consider  the  cereals  separately. 

Wheat    The  average  composition  of  wht«t 


only  for  bread  com  and  fbe  feeding  of  stock,  |         various  souroet  it  given  in  Table  1.,  ex 


but  also  f  r  the  fabrication  of  a  number  of  fer- 
mented driuks  and  industrial  ^pmxiuete  like  starch. 

The  most  widely  distribnted  cereals  are 
whcfit  :ind  barley,  v  hirli  err'  in  almost  all 
climates  j  oat^  aro  ukjic  coulmed  to  northern 
latitadefl ;  maize,  and  still  moiv  so  rtoe,  do  not 
ripen,  as  a  rule,  north  of  40*;  while  the  millets, 
sorghum,  and  durra  arc  truly  tropic^  or  sub- 
tropical in  their  habits. 

In  virv  rf  their  importance  as  food,  a  v»  ry 
largo  uumbcr  of  analyses  have  been  made  of  the 
various  cereals  grown  under  all  conditions,  and 
of  the  productM  manufactured  from  them  ;  the 
most  complete  souret^  of  information  on  this 
point  are  Kilnig.  Cbeniie  der  menseUiohen 
Nahr-  und  Genussni.  100.1.  anrl  tho  various 
publications  of  the  U.  «.  Jicu.  of  Agnc,  Div.  of 
Chemistcy,  pattioularly  Bull.  13  (1899),  9,  40, 
and  50. 

While  eAch  cereal  gram  poaaosses  its  own 
oharacteristio  composition,  subjeot  to  variations 
determined  by  climate,  season,  variftv,  Sec, 
they  have  still  a  general  simihrity  and  'pri.s-.(  b> 
many  featurcB  in  common.  I  he  jm-dominant 
oODStituent  is  always  starch,  winch,  together 


tracted  from  tho  sonrcps  al»ovo  qtiofixL  A 
number  of  other  analyseii  ma^  also  be  found  in 
Tilmorin.  BuJL  800.  N*i.  Age.  IVniioe,  1901. 61, 
73. 

Tho  composition  of  wheat  is  subject  to  con- 
siderable variation,  and  as  the  vafawm  the  niieat 
for  bread-making  in  intimately  connect^tl  with 
the  amount  of  nitrogen  it  coutaiits,  the  eflet  t  of 
external  conditions  u)xin  this  constituetit  has 
boon  pxtcn.'^ively  titudied.  A.'<  factors  hringinz 
abuut  variation,  wc  may  enumerate  (1)  variety, 
(2)  climate.  {'A)  season.  (4)  soil,  (6)  nuumnng, 
(6)  dat*>  of  cutting,  &C. 

(1)  High  nitrogen  content  iu  whe«t  is  usuailv 
MBOciated  withal  ^omy  tianstuoent  grain,  hmti- 
ncps,  and  strength  (f.f.  capacity  to  make  a  larpo 
weU-pdcd  loafjL  These  qualities  are  most 
markedly  seen  in  the  wheats  from  Manitoba, 
Kansas,  Hunfrary,  and  South  liu-.sia,  where  the 
high  nitrogen  content  is  mainly  due  to  enviruu- 
ment  but  partly  to  tho  vanetiee  grown,  ia 
England,  where  tlio  climate  tend?  to  jiroduoe  a 
soft,  starchy  wheat,  it  is  foimd  that^  variety  k 
tho  dhief  factor  in  determining  the  proportion  of 
nitrogen.    Tn  the  typical  En;.']i>h  \^h<-at-,  the 


with  certain  closely  alUt^d  carbohydrates — the  ,  varialioiis  in  the  perccuUgo  of  n\tn)geu  arc 
amylans— and  a  lit  tJo  sugar,  forms  from  60  to  80  I  small,  1  -6  to  2-6  p.c.,  according  to  tho  season,  hot 


p.c.  of  the  whole  grain.  ^  Various  proteins  are  also 
present  in  inverse  ratio  to  the  carlx>h3*ilTates ; 
1h<  \  f  ill  a>  L  was  G  p.c.  in  rice,  and  rise  to  20  p.c. 
in  borne  varieties  of  wheat.  A  small  quantity 
of  fat  or  oil  is  also  found,  most  abtindantly  in 

niai/  IT- !  oats,  where  tho  average  percentage  is  wa.'>'>n.  Mon-ovcr,  a  few  varieties  havr 
about  The  proportion  oi  hbro  and  of  ash  ,  found,  noUb^j-  Fife,  a  wheat  of 


certain  wheat.s,  like  Hough  Ch 
and  Golden  Drop,  alwaj  s  show  luj^ht  r  pei- 
cenfaj.'es  of  nitrogen  than  (»tbcrs  like  Rivet  I. 
Square  ifead's  Master,  and  Stan-1   Up.  wh»-n 
grown  alontr>»ide  on  tho  same  soil  and  m  ihv  .same 


Tablb  L— Axaltsbs  ow  Whbat. 
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ft 

M 

t» 


English  .... 
United  SUtee  . 

^     New  York 
„  Oratoa 

Sonlli  Dakot* 
Canadian  Nart]i-Weit(Flle). 
l^'rance  .... 
Gflniuuiy,S.  «od8.-W. 

wint«r  wlieat 

RwuMit  spring  wheat 
Argentine  .... 
American — durum 


tt 
»» 


Mo.  of 
I  samples 

22 
168 

8 
11 

8 
18 
70 

62 

ao 

39 

5 
2 
4 

25 


Water 

13-37 
10*62 
10*38 
11*53 
9-02 

12-  05 
16-20 

13-  37 
1337 
13-37 

9-66 
10-40 
8-34 
8*68 


Protoin 

10-99 
18*28 

12-  31 
919 

U'9» 

13-  84 
12-64 

12-2f) 

14-  95 
17-65 
12-78 
lu(>8 
14-67 
13*24 


1*86 
1-77 

1-92 
1-72 
2'04 
1-79 
1-41 

1-71 
1-66 
1-68 

1-  84 

2-  49 
219 
1*88 


Carbo- 
hydrates 

69-21 
7M8 
71-63 
73-61 
69-89 
68-53 
68-92 


67-96 

67-93 
65-74  I 
7M5 
7(i-74 
65-67 
60*86 


Crude 
fibre 

2-90 
?-36 
2-07 
2-25 
2*40 
2*21 
2-00 

2-82 


I 


2-69 
2-61 
13-56 
11*27 


1-67 
1*82 

I  07 
1-69 
1-70 
1-58 
1-66 

1-  85 

2-  19 
1-66 
1-99 
1-90 
6-67 
4*07 


mt  widely  disseminated  in  Canada  and  the  | 
United  States,  which  retains  in  Enj^^lnnd  some 
thing  of  the  high  nitrogen  content  and  hixL-iigth  . 
eharcic  t^  ristio  of  North* Weatom  America,  and 
nearly  always  shows  a  nitrrp<»n  content  of  well 
over  2  p.c.  {see  Hall,  J.  ik>ard  Agric.  1904, 
1 1,  321 ;  Humphries  and  Biffen,  J.  Agric.  Sci. 
11MJ7,   2,  1  ;    napers  read  at  the  WinnijK!:; 
nuet  ing  of  the  British  Association,  Jour.  Uuard 
Auric.  17,  15>I0).    Moreover,  Biffen  (J.  Agrio. 
Sci.  3,  19U9.  86)  has  shown  that  high  and  low 
nitrogen   content  aie   Mendoli&n  characters 
which  Begx«|^to  and  are  inliarited  without 
blending. 

(2)  Climate  is  more  potent  than  any  other 
factor  in  causing  variatiuns  in  tho  composition 
of  wheat.  Leolero  and  Leavett  (U.S.  Dep.  of 
Agrio.  Diy.  of  Cheiti.  BalL  128,  1910)  grew  the 
.same  varii-ties  of  wheat  in  thri-o  It'caiities  with 
widely  difiering  climates,  and  in  the  next  year 
grow  on  seed  from  each  loealitr  «t  all  time 
places,  with  the  foUowiDg  nsntta  as  i«g«nls 
protein  oomtrat: — 


Origin  of 


Protein 

Protein  la  prodoot 
crown  In 

In  teed 

(."jiii- 
fomia 

Texas 

16-22 
19-13 
10-38 
12*18 

19-13 
22-23 
22-23 
22-81 

10-  38 

11-  00 
11-33 
11-37 

12-18 
16-97) 
18-22} 
18-21 

\90G  Kansas 
i  1907  I  Kansas 
hoOT  California! 
1 1907  ^    Texas  | 

Thus  tlie  seed  of  Kansas  origin  and  contain- 
ing lO-l^t  p.c.  of  ])r()UMn  when  grown  in  <,'ali-  | 
fomia  in  HK)7  yielded  grain  onlv  containing 
1 1  (X»  p.< .  of  protein;  whereas  in  the  Hame  year  | 
seed  from  the  Hame  orifjinal  Hf"'  k  tuit  LTown  in  j 
California  in  1906  and  "uly  (  onianung  10  38p.c.  i 
protein,  when  moved  back  to  Kansas,  yielded  grain  i 
containing  22-23  p.c.  of  nitrogen.  In  these  cases,  | 
the  tnlitienoe  of  environment  is  enormous,  and  in  I 
the  main  thestrong  high  nitrogenous  homy  wheats  . 
of  the  American  North-West,  Hungary  and 
RQ88ia,ow«  these  qtuJitiee  to  their  environment.  , 
Tliey  are  .spring  f;own  when  the  severe  winter 
i»  over;  thoy  receive  considerable  rainfall  during 
their  early  grow  ing  montlis,  followctl  by  great 
heat    with   progres-^ivo   tlrynes.-(  of   the  atmo- 
sphere, the  oyole  of  growth  being  completod  in  j 
font  months  or  lets.   The  soft  low^nitrpgenous 


wheats  are  genera  II  \  winter  sown  with  an  equably 
distributed  rainfall, as  in  Western  Europe,  though, 
an  the  experience  of  Calitc  >rnia,  Oregon,  Australia* 
and  India  show,  u'reat  iieat  and  dryness  at  the 
ripening  stajje  will  not  en«nrc  a  hi^rh  nitrnt^rrn 
content.  While  ciim<ite»  liko  Kaunaa  impart  a 
high  nitrt^on  content  to  all  varieties,  some 
varieties  commonly  grown  there,  like  Fife, 
posseiv)  a  high  nitrogen  content  congenilally  and 
retain  it  in  climates  like  the  English,  where  other 
wheats  with  a  liigh  nitnigen  content  in  Kansas 
at  once  deteriorate. 

(3)  Season  has  a  much  greater  effect  than 
manunng  in  altering  the  composition  of  wheat, 
change  of  season  being,  in  tnis  respi-ct,  com* 
paraido  t«)  change  of  efiniate  and  environment. 
The  variatioDs  of  Knglish  seasons,  however,  aro 
never  sufftamt  to  indnoe  *  strength '  oom* 
])arable  to  that  found  in  the  wlieatS  of  tha 
American  North- West,  &o* 

Tho  table  on  p.  728  diows  the  ▼ariatton  in 
t!ir  composition  (»f  wheat  grown  on  tho  exiKri- 
uieutai  plots  at  Kothamsted  in  1852,  a  wot  cool 
year,  and  1863,  a  dry  and  hot  year. 

(4)  Taken  by  itself,  .soil  has  not  a  very  largo 
efiect  upon  the  character  of  tho  wheat  grown ; 
in  faot,m  praotioeit  is  diffionlt  to  disengage  tJia 
variations  duo  to  soil  from  those  depmdiiif;  on 
the  changed  environment  generally,  soil  being, 
as  it  were,  a  botor  in  climate. 

(5)  The  composition  of  wheat  show.s  some 
va.'iation  with  the  chanu;ter  of  the  manuring, 
but  the  variation-^  are  not  large.  The  following 
results  wi-rr  ohtaimd  wiih  tho  wheat  grown  on 
the  Rotliaiiibtcd  Experimental  plots  in  1893, 
the  fortieth  season  in  which  the  plots  had  boi'n 
growi»i«4  wheat  with  th<^  ?ianie  ninnun^s  on  the 
same  land,  thus  Matting  up  much  mure  extreme 
differences  tl^  would  occur  in  practice: — 


Plot 


Xiniiriiig 


llM.  *^*  "* 


6 

m 
4 

8 
JO 
2 


Unnianurf  <1 
'    Mineral,  no  N 
MinenlB+43!b8.N 
„      -I  86  lbs.  N 
,  4- 120  U  W.N 

I   86  lbs.  N  only 
IWm  vaid  manure 


62-7 
62-3 
63*1 
62  5 
62-4 
flO-1 
63*4 


1-  997 

2-  016 
2187 
2401 
2-352 
2-084 
2*264 


1-  84 

2-  04 
1*96 

1-02 
1-89 
1*70 

1-96 

i^y  vj 


788 


CEREALS. 


2 

S  1 

7 

10  11 

]>uug 

Un- 

N 

H      1  X 
only  P,Oj 

Wel^t  per  bndidt  lb. 
Weight  of  100  ^ins,  gmn 
Graia  to  100  straw . 
Nitxog^  i&  diy  grftin»  p^c 
Nitrogen  in  dry  straw,  p.c. 
Adi  in  dzy  grain,  p.o. 
Ash  in  diy  •tniw,  p.o. 


;1852 
\1863 

}1852 
\1863 
1852 

1863 
1862 

186S 
1 1  sr,i^ 

am 

\1863 
11852 
\1883 


68-20 
68*10 

3-46 
5-35 
40-60 
67-60 
2-02 
1-68 
0-46 

0-  26 
I'OS 

1-  85 
7-04 
6^ 


66-60 
62-70 

288 

6-  02 

eS'OO 

70-40 
2-08 
1-6S 
0-57 
0-33 
208 
105 

7-  04 
7-12 


56-00 

62-eo 

3-  08 

4-  79 
41O0 
5040 

2-29 
1-6S 
0-87 

0-  36 

1-  95 
1-73 
6-66 
»S2 


66-00 
624W 

3-  20 

4-  51 
47-90 
74-30 

2*48 
1-70 
0-89 

0-  35 

1-  8S 
ir.Q 

600 
640 


55-60 
6N0 

2-94 
4-76 

47«m 

7040 
I'M 
1-79 
046 
044 
1-96 
1-72 
610 
€48 


Tlio  wheata  from  fh»se  plot«  havo  also  been 

gronTKl  nrfl  tht*  flours  resulting  baked  eeparately, 
MherLujKiii  they  show  extreme  differences  m 
quality  and  in  the  ofauMter  of  the  loaf  they 
yield  (*ec  Hnll,  \.c.). 

It  will  be  iMH  u  from  the  table  of  composi- 
tion inat  spring  wheat  possesses  a  higher  nitrogen 
content  than  winter  wheat,  and  it  has  been 
supposed  that  the  difJcrenco  can  bo  correlated 
^vith  the  shorter  period  of  growth  of  the  former. 
Direct  crjXTiincnt,  ho\<fver,  with  the  same 
variety  of  whi^t  bowu  at  monthly  iut^rvalii,  did 
not  support  this  view  (Humphreys,  Xx,\  In 
the  cliniateH  pnxlucing  hiY'h  nitrogen  content 
and  strength,  the  wheats  must  bo  necfctsarily 
spring  somi,  i.e.  spring  sowing  and  hig|l  nitfOgcn 
content  are  both  reBuIt.s  due  to  the  sameenT^on* 
ment  and  are  not  caui>al]y  relaU-<i. 


Similarly,  the  farmer's  idea  that  eariy  ooAting 

gives  rise  to  strength  is  not  c«nfiriiie<l  by  eip^^n 
ment,  though  wheat  cut  green  may  sppeftr 
somewhat  homy.  Agafak,  premature  npenmg  k 
associated  with  oil  mates  producing  stnogUi, 
though  it  is  not  the  cau»e  of  strength. 

(7)  Various  investigation.s  have  been  madr 
iiit(»  ihe  ehange  of  composition  of  the  crrain  of 
wheat  during  its  dcvelopmout  (Pitm;,  ilem. 
Soc.  Linneene  de  Norroandie,  xv.  1869,  1,  22(1 ; 
De-herain,  Ann.  Agron.  8,  1SS2.  23;  20,  1894. 
561  ;  Adorjan,  J.  ftir  I^idw.  1902,  50, 
193;  Tdler,  ilrkansas  Espt.  8bu  BnlL  62, 
1899). 

Hall  and  Breuehiey  (J.  A«ric  Sci.  1909, 3, 195) 
obtained  the  foUowiiig  resnlts  on 
at  Bothainstedsf 


BaoADBALK,  Plot  3. — 1907. 


Date. 

Green 
weight  of 
lOOOgnlns 

Dry  weiglit 
ofigoo 
gntaii 

Specific 
Gwavity 

Percent.  Percent, 
nitrogen  In  a»h  in  dry 
diynsMer.  nstler  ; 

Vft  rent. 

Ttoent. 
deslMselo 
dr7  natter 

prodncrd 
by  IMof 
dx7  Matter 

Onuns 

Qr&ms 

July  16 

18-76 

3-61 

1-116 

2-679 

3-70 

33-66 

„  19 

21-05 

5-43 

1-116 

2-406 

3-03  1 

36-91 

14-99 

3394 

22 

32-47 

814 

1-113 

2-458 

3-14  ' 

36-88 

11-08 

324-7 

25 

39-70 

1116 

1116 

2-167 

2-80  i 

38-73 

7-36 

5414 

28 

45-96 

14-05 

1-099 

2-119 

2-66  1 

88-86 

6-71 

660^ 

>»  31 

51-30 

17-99 

1116 

2-065 

2-39 

38-68 

6-23 

.TO7  1 

Aug.  3 

66-60 

2115 

1128 

1-856 

2-38  1 

40-36 

3-70 

510-6 

.    6  . 

67-91 

24-97 

1-113 

1-828 

2-16  ' 

42-64 

242 

442-9 

M  9 

62-48 

28-98 

llOG 

1-801 

21  fi 

4417 

2-17 

412-0 

«  12 

63-68 

32-20 

1-215 

1-720 

2-09 

44-30 

1-86 

3781 

M  16 

63-19 

36-00 

1-818 

1-8S6 

1>69  . 

44-06 

146 

277-9 

„  18 

70-89 

37-93 

1-231 

1-787 

1-96 

4C-50 

1<99 

441  « 

21 

66-30 

38-69 

1-204 

1-846 

1*94  . 

46-13 

1  1<91 

343  7 

«  24 

61-01 

37-96 

,  1-271 

i-ns 

1-93  ' 

46-30 

3tt-l 

It  will  be  seen  that  the  immature  grain  is 

richer  in  nitrogen  and  ash;  it  also  contains  more 
rea<l3*-formed  bu^ar,  and  jiosHessos  a  slightly 
lii^her  diaistAtio  i)owcr.  Other  determinations 
show  that  in  tno  early  stapes  rdxiut  thr-e 
quarters,  but  at  ripeneH,s  practically  tlu;  wliuh  , 
of  the  nitrogen  is  in  the  protein "  form.  The 
figures,  however,  do  not  8U}>port  the  irJea  that 
in  the  later  stages  of  iilliug  the  grain,  only  starch  , 


enters,  the  material  entsnng  the  grain  is  of 

almost  uniform  composition  throughout.  Ir. 
the  liiial  rijKiiiiig  prucww,  desiccation  i:*  tho 
most  prunounoed  change  .tettin;;  in. 

Carbohi/<hai(  1  of  Whfat.—Th.c  carbohjtlratrs 
}>rcsent  in  wheat  tirain  have  been  examined  hy 
Stone  d'..^.  Dt  p.  of  Agric,  Office  of  Ezpi 
Stations,  Bull.  34,  ISOII).  who  found  sucrose  and 
rvUuciu^  sugars,  amyUns  and  peut|0$&n4»^iQ 


CEREAI^. 


720 


addition  to  staroh,  which  is  the  principal  con-  .  *  The  gliadin  aud  glutonin  axu  present  as 
stitiiantfrftlieendcwptnii.  It  hMauobeMi  shown  |  mdi  in  the  ieed»  and  are  not,  as  was  formeriy 

by  Whympcr  (Int.  <  V  ng.  App.  Oirm  London,  i  siij)posffl,  dcrivod  from  other  protein  substances 
1909)  that  the  laiger  granules  of  tho  starch  con-  through  the  action  of  an  enzvme.  This  is  shown 
tained  in  the  endoaperm  are  more  readily  attacked  |  by  the  fact  that  thoy  may  oe  obtained  directly 
by  tho  diastAse  fiecret<'d  dnrint:;  gorniination.       '  from  tho  flour  by  the  same  treatment  as  that 

The  sugars  are  chiefly  present  in  the  fform,  [  which  yields  them  from  the  gluten,  and  under 
«nd  among  them  Sehtdse  and  IVanknirter  oonditions  which  preclude  ttie  action  of  an 
identified  raffinosc  (Ber.  27.  1893.  64).  enzyme. 

Proteins. — The  proteins  contained  in  wheat,  :  '  The  characteristics  of  the  different  wheat 
and  particularly  m  floor,  have  been  the  tabjeot  <  cunstituents,  the  products  whidi  they  yield  on 
of  considerable  investii-'nl  ion  ;  references  to  hydrolysis,  and  rohited  questions  are  also  con- 
Ritthausen  and  the  other  earlier  workera  will  be  sidered,  and  the  nutritiTe  value  of  wheat  gluten 
found  in  Osborne's  papers  (Amer.  Chcra.  J.  and  other  proteins  u  discussed  on  thie  bMia  of 
1893,  15.  392:  1894,  16,  624;  Amer.  J.  Phys.  the  kind  and  nmnnnt  the  oleavage  products 
1906,  13,  36;  1906,  17,  223;  Carnegie  Inst,  which  they  yield  on  h  siiiolytus, 
Washington,  1007,  Pub.  84),  from  which  the  '  *  The  amount  of  ghitarainio  acid  which  tho 
fcUowinp  Rummarv  has  iRen  extrar  ted: —  gluten  proteins  jield  is  far  preat^^r  than  that 

*  Tho  protoiii.H  of  tho  vv  lieat  kernel  are  yielded  by  any  of  the  other  food  proteins,  with 
gliadin,  irisoluble  in  neutral  aqueous  solutions,  i  the  excention  of  gliadin  from  rvo  and  hordein 
but  distinguished  from  all  tho  others  by  it?  from  barley.  The  proteins  of  tRe  k-sjumcs  nnd 
ready  soiubihty  in  neutral  70  p.o.  aloohol ;  nuts  \vhich  are  used  as  food  jielU  from  15  lo 
^inlrasM,  a  pffotem  having  a  similar  elementary  20  p.c.  of  glutaminic  acid,  so  that  the  mean 
pprcentape  composition  to  gliadin,  soluble  in  amount  of  this  amino-  acid  from  the  whi-at 
very  dilute  acid  aixd  alkaline  solutions,  but  prot<*iu  is  nearly  twice  large.  The  same  also 
innolable  in  dilute  alcohol  or  neutral  aqueous  I  is  true  of  ammonia. 

solutions,  and  yielding  a  wholly  diflerent  pro-  '  The  proportion  of  arginine  from  wheat 
portion  of  decomposition  productsi  when  boiled  sluten  is  relatively  small  compared  with  that 
with  strong  acids ;  levamn,  an  albumin-like  from  most  other  seed  proteins,  many  of  which 
protein,  freely  soluble  in  pure  water,  and  ooagu-  yield  from  10  to  16  p.c.  of  this  base. 
Mted  by  heating  its  solution  to  60*'-60° ;  A  '  *  The  proportion  of  lysine  is  likewise  small, 
globtdin  similar  in  composition  and  properties  especially  compared  with  that  obtained  from 
to  many  globulins  found  in  other  seeds,  and  one  I  the  leguminous  seeds.  The  amount  of  histidine, 
or  more  proteoses  wluoh  are  present  in  very  |  however,  does  not  differ  very  greatly  from  that 
Bmall  quantity.  It  has  also  been  shown  that  of  the  other  seed  {)roteins.  \\'hat  signitieanco 
the  proteins  obtained  from  tho  embryo  of  the  i  these  difierenooe  have  in  respect  to  the  nutritive 
wheat  are  the  globulin,  albumm,  and  proteose  |  value  of  these  diflferent  proteins  must  be  deter* 
above  mentioned,  and  that  thesi'  form  nearly  mined  by  future  investigation,  for  it  has  only 
all  of  the  ncotoin  substance  of  this  part  of  the  very  recently  been  discovered  that  such  differ- 
seed.   Tt  tnus  appears  that  these  three  proteins  t  enees  exist.* 

are  ci iiit;ii:n?<l  chiefly  in  the  embryo,  and  that  Fal. — Wluuxt  contains  about  1-5  p.c.  of  fat, 
gliadiu  and  glutenin  form  nearly  the  whole  of  the  highest  proportions  being  found  in  the 
the  proteins  of  the  endosperm,  or  OTer  80  p.c.  wheats  from  the  Oanadian  North-West.  It  is 
of  tho  total  protein  matter  of  th'  r  1.  It  is  mostly  j^resent  in  the  germ,  in  which  it  may 
possible  that  a  part  of  the  albumin,  globulin,  amount  to  16  p.c.  This  oil  easily  turns  ranoid^ 
and  perha])8  minnte  qnantities  of  the  nroteose,  ;  and  is  oharaoterised  hy  a  high  iodine  number 
nr<  f  f  utainod  also  in  tlir  i  ndi  jiend,  for  these  '  (116). 

protems  are  always  found  in  flour  from  which,  Ash. — Analyses  of  the  ash  of  wheat  may  be 
in  the  milling  process,  (lie  embryo  is  very  nearly  j  found  in  WoU^  Aflchemanslysen,  Beriin,  1871 

oomplrtrlv  separattxi.  .  .  .  and  1880;  Lawes  Mid  Gilbert,  Ghcm.8oOiTnna. 

'  Gluten  contains  the  greater  part  of  the   1884,  46,  305. 
protein  matter  of  the  seed,  together  with  a  little       The  table  on  p.  730,  from  nnpnUiihed 

starch,  fnt,  Ifrithin,  and  ])hytocholo8torin,  and  Rothamstcd  records,  shows  tho  variations  in- 
poesibiy  aomo  carbohydrate  subitanoe  or  sub-  ^  duced  by  manuring  in  1896,  the  forty-fourth 
stances  of  as  yet  unknown  character.  These  season  in  iiUoh  tho  wheat  had  been  grown  mi 

non-protein  substances  are  probably  not  united   the  same  plots  with  the  same  manures, 
with  one  another  in  tho  gluten,  but  are  niecba-  products  of  Wheat.-— Aii  account  of  tho 

nioally  mixed.  The  quantity  of  starch  that  various  products  obtained  during  tho  conversion 
remains  in  the  gluten  <le|x>nds  on  tho  thorough-  of  wheat  into  floiir^  v  ith  analyses,  is  contained  in 
ness  of  the  wa.shing,  while  the  other  substances  Part  9,  Bull.  I A  1,1  M>8)  U.S.  Dep.  of  .^ric. 
owe  their  presence  largely  to  their  insolubility  Div.  of  C'lu  in.  See  also  Haoriiio,  Qetieide  Uehl 
in  water.    Tho  chief  constituents  of  th<'  ghif'^n    u.  Brot.  J^crliii,  1903. 

are  the  two  jvrot-cids,  gliadin  and  glutunui,  the  linking quuLtUta  uj  Wheat  Flour. — The earlie.'it 
relative  proportions  of  which  vary  with  the  attempt  to  determine  the  quality  of  flour  in  a 
varietv  of  wneat  from  which  the  flour  is  made,  baker  sen.'ie,  i.r.  the  power  of  the  flour  to  pro- 
The  character  of  the  gluten  and  the  commercial  .  duce  a  largo  linn  loaf,  consisted  in  estimating 
value  of  the  flour  do}X'nd,  to  a  largo  extent*  on  '  the  wei^i  ol  gluten  that  could  be  kneaded  out 
the  proportion  of  gliadin  to  glutenin.  of  a  given  weight  of  flour.    Whil*-  this  test 

*  In  tho  moist  glut<>n,  these  proteins  are  ,  prOYtKl  to  be  of  value  in  comparing  lloura  from 
present  combined  with  about  twice  their  we^t  |  similar  wheats  or  fiom  wlieats  grown  in  the 
of  water,  which  is  gradually  lost  on  exposure  to  same  locality,  so  many  exceptions  t>ceiirrefl  that 
dry  air  or  at  an  elevated  tempc*rature.  no  absolute  value  couid  be  attache«l  tu  the  Umi.j 
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Bboadbalx  Whbat  Gft&nr— Sbasov  1896^ 


Dint 

Sb 
8b 

a  Mia  % 

0 

o 
o 

luaD 

Is 

IS 

t  A 

Ash  in  drv  matter  . 
Nitrogen  m   „  . 

1-90 
8-115 

1-84 
1-835 

1-88 
1-840 

1-74 
8-101 

1-67 
1-04 

1-72 
1-9S1 

1-78 
1-049 

1-76 
1-676 

1-76 
1-954 

Kerric  oxide 
Lime  ... 
MapTiPsia 
Potaah  . 
-  Soda 

0'67 
2-40 
10-87 
3] -76 
0-036 

0-84 
3-30 
10-28 
33-62 
0*101 

0-81 
2-70 
10-31 
33-08 
0-007 

0-76 
3-00 
10-50 
33-23 

0-98 
4-91 
10-10 
34-79 

4-63 
9-86 
32-33 
O'lOB 

4-00 
9-96 
32-62 

0-744 

3-21 
9-93 
33-97 

\J    V  V  V 

423 
10-36 
32  21 

0-114 

Phosphoric  acid 
Sulphnrio  aoid  . 
CAlotuie  . 

• 

51-70 
0-89 

48-34 
1-52 
0-306 

49-61 
1-26 
0*064 

48-97 
1-28 
0-806 

4307 
3-38 
0-973 

48-09 
1-49 
0-199 

48-30 
1-31) 
0-138 

4S-79 
1-22 
0-088 

47-83 
1-49 
0-279 

Silica 

1  Sand  and  ohaxooai  . 

0-46 
129 

0-  55 

1-  38 

0-  53 

1-  86 

0-  43 

1-  61 

0-64 
140 

0-46 

2-ao 

0-48 
2-18 

0-  45 

1-  45 

0-45 
2-39 

Eetimates  baaed  on  the  total  nitrogen  in  the 
floor  piroyed  to  be  subject  to  the  mme  errors. 

Measurements  were  then  made  of  tho  ^liadiii, 
the  wheat  protein  soluble  in  70  p.c.  alcohol; 
Vleoient  further  suggested  that  the  ratio  of  the 

^liadin  to  the  glut«'nin  in  the  gluten  determined 
it^s  quality;  but  these  methods  in  turn  broke 
down  under  oritioism  (aoe  Hall,  Le.).  T.  B. 
Wf>od  (Jciur.  Agrio.  Sci.  1908,  2.  139,  267) 
regards  btikin^  qualitv  as  dependent  on  two 
faetora :  the  ane  of  um  loaf  is  determined  by 
the  amount  of  suprar  contained  in  the  flour, 
together  with  that  produced  in  the  doimh  by 
diastatic  aotion.  Thin  (letermines  ^e  evcSution 
of  carl)on  dioxidf,  l)oth  as  to  rato  and  total 
amount.    Then  the  quality  of  the  gluten,  whicii 


determines  how  the  dough  will  stretch  under  the 
evolution  of  the  carbon  dioxide,  depwids  on  ila 

physical  character,  which  v  u\  .  i,  rmou&Iy 
acoordin^  to  the  state  of  equilibrium  Ijetween 
the  ooUoid  j^uten  and  the  salts  m  the  water  with 
which  it  h  in  contact.  Under  certain  con- 
ditions the  gluten  loses  all  consistency,  it« 
physical  chuaoter  beins  entirely  oonditioilMl  by 
tluji  surroundine  liquicL  (For  other  views  on 
this  intricate  subject,  see  the  British  Association 
papers  on  wheat  (^c.).) 

NutrUivf  Value  of  Wheat. — llw  nutritive  valuft 
of  varioiis  samples  of  wheat  has  been  calculated 
by  ChamberUin  (U.S.  Dep.  of  Agrio.  DtT.  ot 
dhem.  BttU.  120,  1909)  as  IoUowb:^ 


Ditestibte  coBstUuiSDis 


Variety 


North-Weat 
iSoft  winter 
Durum 


Water 


lOII 
10-65 
9-77 


I 


Protein 

Fat 

Carbo- 
bydrates 

Crude 
fibre 

Ash 

11-78 

1-41 

73-04 

1-17 

1-85 

9-96 

1-20 

76-24 

J  17 

2-00 

18-08 

1-72 

70-77 

1-33 

2-08 

ProdocttoD 
value 


All.u- 
KlOOIlM.i 


94,717 
94.760 
94,487 


6-  6 

7-  9 
5-8 


The  analyses  give  the  digestible  as  distinct 
from  the  total  constituents  of  the  whwit.  and 
in  the  last  culunui  but  one  the  value  of  the  wheat 
for  tho  prodnotion  of  energy  or  increascii 
weight  is  eTf)reflsfHl  as  ralurics  dcv  ciopiiMe  from 
100  lbs.  ot  tho  gram,  atu^r  allowaucu  hiu^  been 
made  for  the  non-d^ofrtible  portions  and  the 
work  consumed  in  the  procens  of  dipestion.  The 
last  column  pives  the  ratio  of  the  non-nit ru- 
genous  cotihtituentij  [digestible  corboli ydnitt« 
and  tibrc+digestible  fatx2*26J  to  the  digestible 
proteins. 

Wheat  Straw. — Tho  comjwsitiou  of  wheat 
straw  ia  more  vanahle  than  that  of  tho  grain : 


the  more  complete  the  ripening  process  tho  more 
thoroughly'  ^^^^  the  carbohydratcH,  protein."^,  and 
valuable  a^h  uon^itilueatji  of  the  etravv  In.-  traxi^- 
ferrod  to  tho  grain.  The  variations  in  the  com- 
position  of  the  straw  in  rep|>onf>e  to  difTcrent 
conditions  of  soil  ami  manuring,  ai-o  uiiiiiimaed 
in  tho  gnin,  which  the  plant  endeavours  to 
mnl<c  of  as  con«it-ant  a  romposition  as  possible. 
I  la  following  table  (Ktiuig)  gives  a  few  typical 
analyset  of  aUaw,  which  are  luUowed  by  a  tabic 
of  tno  mean  composition  of  the  ash  of  straw 
from  wheat  grown  on  the  Rothamstcd  plot^  to 
iUustrate  the  Tanation  witk  taBxam^t-^ 


Origin 


>   No.  of 
sampler 


Enelish  winter  son-n 

(•erinan 

American  spring  „ 


Water 


13-  0 

14 -  :i 

9-t> 


Protein 


1-3 

12 
1-3 


3-3 
3-0 
3-4 


N.frre 
extract. 


39-4 » 
43-5 


Cnide 
flbfe 


37-1 

380 


6-3 
4  S,-» 
4-2 


■  Carboliy  Urates. 
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Bboadbaus.  VVa£AT  brBAW — Mixxs  Samples,  lU  Yjub»,  1^2-91. 


1  t 

1 

1  8 

r 

'  '  1  ' 

L 

ill 

11 
i  1 

'  12 

XjSl 

Is 

Ash  in  dry  matter 

1 

!  Tifift 

7-95 

 _  . 

6-02 

fifi4 

5:fift 

5-93 

5:52 

Ferric  oxide 

0-31 

0-94 

0-60 

0-50 

0-54 

0-43 

0-33 

0-34 

0-41 

Lime  .... 

3:M 

3«4fl 

8:36 

9-14 

7-71 

5-38 

7-70 

Magnesift    .        .  . 

l:fii 

i-fii 

l»41 

1-7R 

2:2ft 

225 

L92 

1 

9.-4ri 

Potash 

18-41 

13:51 

16-30 

2fi:M 

13-67 

i4-nr> 

2343 

14-88 

Soda  .... 

0-09 

0-10 

0-21 

0-41 

0-68 

0-67 

0-03 

0-33 

Phosphoric  acid  .  . 

3-87 

2:97 

4:24 

3:81 

2:26 

4:26 

.t-64 

3:38 

3-87 

Sulphuric  acid 

■^'44 

2:81 

4-76 

fi-40 

6-72 

5:M 

5:32 

fi-06 

6-31 

ChJoriuo 

2:22 

1:81  1 

1 

1 

6M 

2-72 

1-06 

2:88 

5-60  ! 

2:81 

Carbonic  acid      .       .  ' 

1 

»  1 

1 

1 

145 

trace 

none 

none 

trace 

Silica 

64-64 

67-70 

6614  ! 

60-44 

66-20 

61-79 

64-16 

61-08 

Sand  and  charcoal 

L41  , 

1 

1 

j 

l:fl3 

1 

243 

1:52 

1:62 

1 

2:36 

1:81 

Methods  of  Analyn^. — Tn  thoanalyjnsof  wheat, 
the  or»iii\ary  methods  employed  for  feeding  stuffs 
are  followed,  the  only  special  determinations  re- 
quirwl  Ix'ing  those  of  gluten  and  glitidin. 

For  the  determination  of  gluten,  21J  grams  of 
dry  flour,  or  of  the  ground  wheat  from  which  the 
husk  hast  bwn  siftcfl,  are  weighed  out  on  to  a  piece 
of  bolting  silk,  about  ji  iuchea  square,  moistened 
with  water  and  kneaded  up  into  a  paste.  The 
silk  is  then  gathere<l  together  over  the  doutfh 
and  kncatlod  iu  several  changes  of  water  or  imder 
a  tap  imtil  no  more  starchy  liquid  flows  away, 
being  finally  kneaded  in  the  air  until  it  ceases  to 
loso  water.  The  gluten  wiU  then  generally  form 
an  elastic  coherent  mass  which  can  bo  removed 
from  the  silk  without  loss,  weighed  in  its  wet 
condition,  sprciad  ou  a  t^irwl  bheet  of  glass  or 
porcelain  basin,  dried  at  100*^  to  a  constant 
•weight,  and  weighed  a^ain.  The  ratio  between 
wet  and  dry  gluten  ui  regarded  as  of  some 
importance. 


For  gliadin.  5  prramfs  of  flour  are  put  in  a  flask 
with  250  C.C  of  p.c  alcohol,  and  shaken  in  a 
machine  for  6  hours.  The  mixture  is  then 
rapidly  filtered,  and  IDQ  c.c.  of  the  solution  are 
placed  in  a  Kieldabl  flask.  The  alcohol  is  dis- 
tilled off  and  tno  nitrogen  in  the  residue  is  deter- 
mined in  the  usual  way.  Nitrogen  X  5:68= 
gliadin. 

Barley.    Barley  generally  shows  a  smaller 

protein  content  than  wheat ;  t"his  difference  is  not 
only  characteristic  of  the  two  species,  but  barleys 
are  likely  to  have  been  unconsciously  selected  for 
lf)w  protein  content,  this  being  the  quality  most 
desired  by  tho  brewer,  who  has  always  been  the 
chief  purchaser  of  bailey.  The  adherent  glume 
and  pale  further  cause  an  mcrease  in  the  crude 
fibre  and  ash,  as  compareil  with  ^^heat. 

The  following  analyses  of  barley  are  derived, 
l=fi  from  the  author.  2  from  Kooig  (/.c),  and 
a  and  2  from  Wiley  {l.c.) . — 


Number  I 
of  I 
analyses  | 


Water 


I 

Fat    ■  Prot«ln« 


English  Chevalier — 

1899 — grown  after  roots  . 

1899—  „      „     wheat  . 

1900 —  prize  winners  . 
1900 — iX)or  quality  , 

Cliili  riievalier,  1900— prisM*  . 
Asia  Mmor,  four-rowed — prize 
Germany,  Middle  and  North 
United  States 

Canada  .... 


21 
2 
7 
4 
1 
2 
120 
32 
20 


1643 

16  44 

!>'> 

1()HU 

16-3 

14-05 

108 


L65 

1:31 

' 

2ii6 
l-8rt 

1-  80 

2-  in 
2-00 


HifiU 

ad2 

781 
1()-7H 
9-44 
8-76 
2:88 
1009 
111:51 


Carbo- 
hydrates 


66  0G« 

66  05' 

68-36^ 

64-24« 

«7-04* 

«7-47'' 

«r»-7.^. 

H«t-89 


Crude  , 
fibre 


4-l() 
4-B4 
3-80 

3:82 
3-(U 
4:38 
liU 
ldi5 
4im 


Ash 


241 
'2-44 

243  ,' 
'2  OS  i 
*>.')%  I 


241 
2iZ5 
244 
2:11 


The  composition  of  barley  ia  affected  by 
climate,  environment,  manxiring,  &c.,  in  the 
same  way  as  tho  composition  of  wheat,  barley 
being  somewhat  more  susueptiblo  to  change. 
The  commercial  value  of  barley  varies  also  to  a 
much  greater  detrreo ;  not  only  are  there  two 
distinct  grades  liaxley  for  malting  and  barley 
for  feefling  puriwses,  tho  price  of  the  former  ' 
being  nearly  50  p.c.  higher  than  t  hat  of  the  ' 
latter,  though  the  two  kinds  gra<le  off  into  one 

'  Not  detcrmiiiPii. 


another — but  special  prices  are  paid  for  barley  of 
exceptional  quality. 

(1)  Variety.  Tho  number  of  barley  varieties 
is  small  compared  with  that  of  wheat.  The  two- 
rowed  varieties  fall  into  two  typos,  wide  and 
narrow  earetl,  and  are  nio.'^t  prized  for  brewing 

'  CuntainhtK  Htiurh,  r»7  9  \\.c. 
-  Starch  =  54"2  p  c 
^  8tArch  =  fllifi  P.O. 
*  Starch  =  aaJi  p.c. 

Starch  =  filJipt- 
"  Starch  -  QlLl  p.c. 
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purposes.  Th©  four-rowed  and  dx-roivwl  t^'pes 
art-  not  pn  much  used  for  brc-wnnp.  StiMrtly 
comparative  analytical  data  are  lacking. 

(8)  The  foUoving  data,  drnwn  mm  tin 


Rotha  mated  records,  show  the  effect  of  seasoa 
and  manuring  upon  thr  cliaractor  of  thebariey — 
iu  1803,  a  Bummcr  of  extreme  heat  and  < ' 
and  18(Mi,  a  wet  and  cool  season : — - 


Plot 


10 
40 
lA 
2A 
3A 
4A 


Maauriog 


Unmantirod 
Minerals,  no  N 

N  only 
N,  P.Oj,  no  KJO 
N.  K,0,  no  P,0, 

N,       P  A 


Held  of  gnin 

WUflhl  pw  bmlMl 

Owbitoioostnnr 

grain 

IMS  1  im 

18M    <  1M4 

18W 

1804 

IMt  XMt 

Bash.  Bush. 
84  lOH) 
0-0  131 
11*6  10*4 
18*1   1  34*0 
16-8    ,  17-8 
30-8  41-4 

lb.    :  lb. 
S6'6  1  6M 
66  1  521 
56-1    ,  £0-4 

64-  0  Sl-O 

65-  8  51-5 
56-3   ,  Ml 

7H» 

74-3 
85*3 
1010 

102-2 

70-3 

79-2 
67-6 
77-0 

73-8 
77-7  j 

1 

1- m  1-400 

2011  1-467 
2  188   :  1-646 

M89  '  1-eoo 

2171  1014 

2-  081    J  1-440 

I 


'J'liR  folio uing  teaolts,  also  obtained  At 
Kothamsted,  ahow  the  effect  of  nitrogenoitt 

manuring : — ■ 


Ko  nitro«n'n 
86U)9.rRTacn  <  r.,'  y 
80 lbs. per  m^te  urgjmlc 
Klnthe  imvlaiiisyear 


k'rain. 
\Vfii:lit 

P<-r 
bushel , 
Ibi.  I 

58-0 
673 


Offal  ! 
to  100 :    100  t^Jin 


110-4 
72-8 


grain 


12-& 
84-0 


p.«. 


1-61 
t-4S 


These  resulU  ooatirm  thu  gotiural  opinion 
that  bailey  for  malting  purposes  should  not  be 
grow-n  on  land  that  is  in  hiph  condition,  cither 
as  a  result  of  its  previous  treatment  or  through 
the  recent  application  of  nitrogenous  fertilisers. 

Compoaition  of  Barley. — (a)  Carbohydrates. 
Barley  contains  soluble  sugars,  which  may 
amount  to  4  p.c.  of  the  dry  grain ;  snarose  is  the  i 
chief  constituent,  but  dextrose  is  also  found,  j 
and  O'Sullivan  has  shown  the  presence  of  rafii-  i 
nose.    'I1ie  main  carbohydrate  present  is  starch,  ! 
of  which  H.  T.  Brown  and  his  oolkaffuee  found  ; 
65'5  p.e.  in  the  dry  material  of  10  barleys  i 
examined  (Trans.  Guinness  Research  Lab.  190*3. 
1, 91).  llie  same  inresMgaton      1900, 2, 312) 


piroeeedtMl  to  the  determination  of  certain  water 

sohihlo  |X)lys/if*charides,  callfd  liy  O'Sidlivan 
aiiiylauB,  \\hich  yield  on  acid  iiydroiysis  a 
racemic  acid,  glucose,  arabinose  and  jqrloae. 
They  furthor  sho\sf<l  that  the  sum  of  the  imean, 
starch,  aud  ainylniih,  with  a  little  ash  and  soluble 
protein,  made  up  the  whole  of  the  barley  gram 
that  goes  into  solution  when  the  barley  is 
extracted  with  boiling  water  an<l  hydroiysed 
with  malt  extract.  Tm  y  <>l>tained  from  9*6  to 
10  p.e.  of  aniylans  on  the  dry  WOigJlt  <rf  yanODB 
i>aiuples  uf  bar  lev  examined. 

In  the  *  ffoiaa*  not  rendered  soluble  by 
disatase,  there  are  considerable  quantities  of 
'  furfuroids  *  to  be  found,  besides  cellulose  and 
fibre. 

{b)  Osbomo  and  Ritthausen  have  examined 
the  proteins  of  barley,  and  Osbomo  (J.  Amer. 
Chcm.  Soc.  1895,  17,  639)  obtained  4-5  p.c  of 
an  insoluble  protein,  4  p.c.  of  hordein  soluble  in 
dilate  alcohol,  0-3  p.c.  of  Icucosin,  Mid  1-95  p.c 
of  edostin  and  proteose  soluble  in  water.  It 
has  also  been  shown  that  a  small  proportkn  of 
the  nitr^en  of  barley  is  not  combined  as  ixotein. 

(c)  The  ether  extract  of  barley  is  found  to 
contain  neutral  fats,  free  fatty  acidaip  aadk>oithin. 

{d)  'llie  following  analyaes  ahow  the  eon»> 
l)OHition  of  the  ash  m  bailey  from  the  BoChain<> 
ated  plots  in  1871;— 


Baaunr— fisABox  1871. 


I  o 


Ocala  Stnnr 


40 


Grain 


Btiaw 


1  A 

Nltro^jen 

(as  aiuinoiiia) 

drain  Steaw 


4  A 

NitrogcD 

and 
mlaetaU 


Grain 


!  Ash  in  dry  matter 

Ferric  oxide 

!  Lime  . 

,  Mugniviia  . 

Potash 

Soda  . 

Phosphoric  acid  . 
Sulphuric  acid 
'  Chlorine 

.  Silica  * 

I  Sand  and  charcoal 


2-04   6  17    2-771  6-96 


0-  49 
2-91 
7-70 

291 6 

1-  30 1 

'  34  -05 

2-  24 
1-71 

19-62 
1-67 


0-  78  i 
10-04 

1-  96 
1907 

6*85 1 

318 
rj-53 1 
6-961 


I 

0-41' 
2-67 
7-65 
29-87 
0'fiO| 

36-9r. 
2-15 
0-71 


0-  46 
7-21 

1-  44 
27-30 

1*83 

4-30 
7-2H 


2*381  5*611  2*64 


Straw 


1 


7*> 


I 

44  18-99 
3-52 1  1-40 


I 


42-63 
2-18 


0-  36 

3-29 

1-  'Jo 
28-80 

2*16 1 

I 

30-74 

2-  19 

3-  67 

18-57 
2-84 


0-  35 
9-91 

1-  97 
17-11 
13*24 1 

1-87 
4-51 
IC-10 


0-31 
2-61 
807 


Farmyard 


1  c 

only 
(as  rapecake) 


Qiain  Straw  Offain  Bkmm 


6-  70 

0-  44 

7-  56 

1-  891 
30-67  33-90 

0*68!  216 


2-841  6-64 


35-64 
1-66 
0-86 


I 


37-98  20-38 
1-61  0-93 


3-17 
564 
1458 

32-71 
213 


0-  36 
2-31 
7-91 

28-89 
0*66 

36-39 

1-  60 

0-  68 

19-86 

1-  80 


0-  42 
9-52 
2-18 

26-84 
2*93 

6-44 

6-02 
465 

42-04 

1-  87 


2-87  7-6B 


0-  31 
222 
7-75 

29-23 
0*40 

36-72 

1-  65 
0  31 


I 

0-  31 
6-56 

1-  30 
29-39 

2-  63. 

37«i 

3  27 
11-99 


21-02  42-71 
0-86  1-M 
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Bofkjf  Produds. — The  chief  material  pre-  fe^iUng  are  also  the  'grains'  obtained  in  the 
pared  from  barley  is  *  pearl  barley,*  in  which  the  i  brewing  proocss  after  the  diastatie  extraction  of 
husk  and  germ  have  been  removed  meohanioally.  '  the  starch  contained  in  niaJi,  sxnd  the  lualt  culm^ 
This  material  is  also  sometimoa  ground  into  or  sprouts  knockcil  oti  the  puthr  garmioAted 
b«riey  flour.   Importaat  by-piodaou  for  osttle  1  barley  after  mAhing.  AnalyaeBarogiTen  below:— 


Pearl  barley 
Malt  ouims 
Btwmc^B  graina  (wet) 
M  {dry) 


M 


Wat«r 

Fat     1  Proteins 

Ottbo* 
IqpdtMta 

■  • 

140 

1<0 

7-6 

75- 1 

•  m 

11-8 

21 

28-3 

42-S 

76-0 

20 

6*5 

M-O 

10-0 

7-0 

2(H> 

42-0 

I  Crude  fibre 


I 


Aih 

0-8 
7-6 

5<0 


Maize.  Maizo  or  Indian  com  is  a  cereal 
grain  oharaoteriaed  bv  a  high  proportion  of 

carbohydntr  -  and  oil  but  comparatively  low 
protein  and  ash.   Its  composition  does  not  vary 


to  the  same  dt^ee  as  that  of  wheat  or  barley. 
The  following  average  analyses  ave  detived  from 
Wiley  (U.  8.  I>. y  of  Agrio.  IHv.  d  Ghein.  BtllL 
dO,  1898)  and  Kuaig  (Ic.) 


Some. 

No.  o( 
•amplet 

MoUtore 

Cradsfat 

Proteliii 

- 

10-00 
10-64 
10-89 

814 
10-26 

H()2 

9-00  1 

Carbo- 
liydrato 

fibre 

United  8tat<\s  Mean  . 

^              Northern  . 
„     Middle  West  . 
„     Pacific  slope  . 
lUly        .  ... 
Oennaiiy  (1880)  . 
Hungary  (1880)  . 

14 
38 

10-75 
9-98 

12-  33 
9-78 

13-  13 
13-00 
13-00  J 

4-  25 

5-  11 

4-  97 

6-  40 
3-84 

5-  11 
3-86 

71-75 
71-:}2 
08-16 
7213 
67-72 
70-54 
7110 

1-75 

1-  41 

2-  22 

2  07 
2-88 
1-38 
1-60 

Ash 

1-50 
1-54 
1  43 
1-48 
1  95 
I  34 
ISO 


Hie  only  Tsriation  fai  composition  wortihy  of 

note  is  that  in  '  ;  weot  coni,'  variotios  of  which 
are  grown  in  America  to  yield  immature  oot» 
for  boilhig  as  a  vegetable,  the  grains  oontain  a 
higher  proportion  of  sugar  than  is  normal, 
especially  in  the  immature  state,  and  aLtu  a 
greater  amoont  of  dL 

Maize  oU  is  expressed  in  coiisidoralilo 
quantities  from  the  germ,  which  removed  in 
preparing  meal  from  the  grain.  It  i^  a  light 
am  her- coloured  tastolews  oil  used  for  salad  oil, 
as  a  lubricant,  and  for  soap  making. 

Cttrbdhydratef. — Leas  tlum  1  p.c  of  sugar  is 
prison t  in  rnaize,  the  greater  part  bring  sucrose 
with  a  small  amount  of  reducing  sugar.  Starch 


 I 

[  is  the  principal  oarboliydrate,  bat  a  little 

dextriTi  '■('  iiIIk  r  crnTn  like  body  has  been  found, 
I  also  furfuroidd  and  pentosans  up  to  about  5  p.0. 
Proleina. — Osborne  has  iaolated  from  matce, 
inycmn,  vitellin  and  another  unnamed  globulin, 
small  quantities  of  two  albumins*  and  zein,  the 
characteristic  protein  wbkdk  eztets  in  both  a 
solublf^  nrif]  insolublr  form.  It  is  noteworthy 
that  zein,  on  hydrolysis,  yields  no  lystn  and  no 
tryptophan,  and  certain  clefects  in  the  nntritkm 
of  animals  fed  on  maizo  alone  have  been  set  down 
to  the  lack  of  thase  groups  in  the  zein  molecule. 

Aah. — ^The  following  table  from  WolflPa 
Aschenanaly.son  gives  the  aTeiage  OOmposition 
of  the  ash  of  maize  : — 


Hed  German 
Ametieao  .  ' 
German     .  | 


P.c.  ash 
In  dry 

1-30 
1-28 
1-72 


I 

K«0    <  NasO  I    CsO   |    MgO    ,  W^O^ 


P.0, 


24-  33 
26-7S 

25-  73 


.  1-60 
i  3-86 


3-16 
2-66 
2-03 


16-00 

16-  24 

17-  36 


1-  88 

2-  00 
1-51 


49-36 

47-  47 

48-  80 


80, 

1-UO 
1*20 


i  810, 


2*77 
1*98 
4-99 


Maize  Products. — Maize  in  ground  into  a 
*com  flour,'  the  germ  and  the  mon'  flinty 
portions  of  the  grain  bring  removed,  and  the 
composition  of  tlie  meal  in  sot  out  in  the  table 
below,  in  which  is  also  given  the  composition  of 
maize '  stover,'  •'.e.  the  stalk,  leaves*  Ac,  without 
the  cob. 


A  large  number  of  oommeroial  products  are 
derived  from  maiae^  especially  ataioh  and 

glucose ;  and  the  manufacturing  proees?es  give 
rise  to  various  by-pro<.luct3 — maize  germ  meal, 
gluten  feed,  &c.,  used  for  feeding  oattta,  bat 
their  composition  deiK-tida  entirely  npoiL  the 
method  by  which  thoy  are  prepared. 


,  Moittore  ^ 

OU 

FtoMas 

i  Carbo- 
1  hydrates 

Cmde 
fibre 

.  ,    12-57  1 
.     19-81  I 

1  33 
2-M 

7-13 
4-19 

,  78-36 
'  42-87 

0-87 
26-02 

Com  dour:  three  samples       .       .      12-57    i    133    ,    7-13       78-36   i     0-87  0-81 
stover  .      .1   19-81   |   2-M  ]  4-W    '  42-87  I   26-02  4-«6 

Oats*  from  the  food  point  of  view,  oats  f  from  being  the  most  concentrated  of  all  the  food 
form  one  of  the  most  ▼aluable  of  the  cereals,  ,  grains.  Oats  show  considerable  variations  of 
Ixing  exceptionally  rich  in  oil  and  protein;  it  I  oompositioQ, aatheloUowhigaiialyaaaindieate: — 
is  only  the  adherent  husk  wliioh  prevents  them  . 
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.  No.  at  [ 


W«teff 


Origin 

Mtrfrfto  ami  North 

<    riiian  »  , 
Kreuch  . 

..  (W'orld'aFWr) 
bcotch  . 

Oatmeal  . 

Oatstniw  (Sooteh) 


As  might  bo  expected,  the  oompoaition  of 
data  >ariea  with  vukifcy,  oUmate,  naBon.  mA 

manuring,  in  much  the  fmrao  way  as  whfat  does. 
Of  these  variations,  those  due  to  the  variety  of 
oat  are  of  most  importancx),  partioularly  in  the 
man nf:i (tare  of  oatmeal.  The  proportion  of 
hu8k  to  iceroei  is  of  most  signifioanco^  and  the 
individiial  8ootoh  aoalyaes,  of  wfaieh  tlia  meaa 


carbo- 
hydrates 


Crude 
flbca 


103 

12  11 

5-30 

10S2 

58-23 

10-25 

329 

Konig 

iUfi 

V  Vm 

»  A.O 

t» 

22 

12-11 

4-96 

11-26 

60-35 

9-33 

2'«0 

72 

0-9G 

4-42 

12-07 

58-28 

11-92 

3-35 

Wiley 

10 

16-90 

H-67 

67-64 

tt-26 

2-60 

Aitkaa  ' 

16 

7-80 

7-20 

1640 

67-60 

0<00 

1-90 

At«»t«r« 

10 

16-32 

846 

3-04 

8S-60 

SS'OS 

0-06 

Aitken* 

is  given  in  the  table  above,  show  variations  in 
the  fibre  of  ftom  6to  14  {>.«.,  and  In  oil,  the  other 

variable  constituent,  of  from  ?  t  i  over  8  p.c. 
Wilson  (Traaii.  U.  of  Ag.  Soc.  1903,  v.  15,  183) 
givce  figures  relathig  to  the  amount  and  eom- 
position  of  tho  oatmeal  obtained  from  =  vt>r«l 
varieties  of  oats  grown  on  the  same  experi- 
mental iMa  ia  Aberdeen,  as  followa:^ 


Yarietr 

Teat 

Ihin 

1901 

1902 

Potato    !  ! 

1901 

»      •       •  • 

1902 

Newmarket 

1901 

1902 

raiik,|M».    I  Oet«eel,p.e;  i OU to P^^? in «>t- 


21-98 

66-21 

7-68 

14-37 

21-36 

! 

M13 

7-74 

15-50 

22-24 

1 

66-32 

9-59 

16-44 

82-47 

64-02 

10<01 

12-81 

21-79 

1 

fifi-65 

4-60 

14-87 

20-46 

1 

64-84 

6-63 

18-60 

Other  Cereal  Grains  and  Products  therefrom. 
Of  the  very  laig^  number  of  other  cereal  grains 


consinnod  as  food,  the  fbUowiof  are 
moet  important: — 


the 


I 


No.  of  I  xTniMt  ■  Chrude 
•amplei  |  UA 


Hyt 


AmeiiMn  (Worid*«  Vlair} 
Bice 

onbulled 

bulled  • 

poliahed 
M\M  (Paniettfii  mdHweimi) 

unhulled 

»»  »  • 

hulled  . 

„  vuigare 
AndropogoH  aorgAwm  . 


Grade  C*rbo-  I  Crude 
protein  hydraten  fibre 


Anihatltr 


68 
18 


18-87 
10-62 


I 


1 

\  10-60 

I  12-00 

12-40 

1 

6 

12-50 

34 

9-00 

9 

11-79 

38 

1  15-17 

12 

11-46 

10 

1<64 
1-66 

1-  60 

2-  00 
0-40 

3-  89 

3-  25 

4-  26 
3-30 
3-79 
8-26 


11- 62 

12-  48 

7- 60 

8-  00 

7-  50 

1001 
12-83 
10*51 
0  26 

8-  96 
11-71 


71-37 

67*40 

7600 
78-80 

6M1 
71-60 
68-16 
67-99 
70-26 
81-68 


8-66  I  1-94 
2-09  '  1-98 


9-00 

I  00 

0-  40 

8  07 
8-84 

2-  48 
251 

3-  59 

1- 80 


4-00 

1 -  00 

0-  50 

3-82 
3-58 

2-  80 

1-  71 
1-95 


Wiley 


Wiley* 


Kiinii; 

Cixambcriaui 
Kooig 


Chamberlain  (Lc)  has  calctdatod  the  feeding 
value  of  the  cereal  giaanB  of  Amerioan  oi%in  as 
{ollow»— 


Prodoc* 

tlon  Starch 

value,  eauiva- 

oals.  per  |  lent 


Wheat  . 
Barley  . 
Oats 
Majr.e 
Emmcr  . 
Einkom 
Rye 

■- 


Albumi* 

DOid 

ratio 


The  production  valup  rpprf"«»nt«  the  number  of 
calories  of  energy  ava)!al)l«:  from  the  gram  of 
food,  after  deduction  has  )n-cn  made  for  the 
energy  in  the  excreta  and  the  enortty  eon^imr^l 
in  (hgestion  processes.  The  starch  equivaJent 
gives  the  effect  of  100  lbs.  of  these  foods  in  the 
production  of  fat  or  external  work  in  terms  of 
iba.  of  pure  starch  required  to  produce  the  same 
effect.  A.  IX  H. 

CEREBRIN  V.  Esnuas. 

CERBBROSB  (Galaetose)  v.  Gabbohtdbatxs. 

CERESIN.  CV  rpsin  occurs  in  commerce  in 
the  form  of  thin  round  maneoa  several  inches  in 
diameter,  harder  than  wax,  of  a  dazzling  white  ap. 
pcarance;  inodoroufi. and  transparent  at  th'-  odgee, 

•  Traas.H.*Aa.Soo.lMl,T.  l^maadtM. 

*  VA.  Dep.  efliple.  06lee  «t  bpt.  Ma.  MB.  It, 

'  TypeaiMtywifRMa  wlonidati^  ^       by  Google 


OBRIUM. 


73S 


The  fracture  is  somewliat  similar  to  that  of  wax, 
but  oeresin  docs  not  become  plastic  in  warm 
wat  r  'Hie  melting-point  is  between  75*  and 
80®.  it  IS  not  attacKod  by  acids,  either  in  the 
Ookl  or  when  ln-ated  ;  nor  by  alkalis,  w  liich  do 
not  saponify  a  (race  of  it.  It  is  entirely  volati- 
liatjd  at  a  high  tf  iiiperaturo  without  alteration. 
Gemm  is  apparently'  a  paraffin  ;  it  does  not 
appear  to  bo  obtained  from  coal  tar,  but  from 
Galician  '  earth- wax,'  i.^.  ozokerito.  It  ia  used 
as  a  substitiite  for  becswu  (J.  800.  Clhein.  Ind. 
11.  372). 

CERIN  and  CERYL  CBROTATE  v.  Cobk  ; 
Waxes. 

CERISE.  A  trade  name  for  a  variety  of 
aniline  red  ftnd  acid  magenta. 

CERIUM.  Symbol  Ce.  At.  wt.  140-26  (IT. 
Bobioson,  Piocl  Boy.  Soc  1884,  37,  150; 
^ranner  and  Bat^k.  ZeHxicti.  anorg.  Chem.  1903, 
34,  103.  207).  The  metal  has  been  prepared  by 
(1)  the  oleotoolvsis  of  the  fused  chloride  with  or 
wrthont  an  admixfciuro  of  tNurhim  or  oaloiam 
chloride  or  alkali  chloride ;  (2)  the  electrolysis 
of  a  mixture  of  cerium  dioxide  and  oerium 
flooiide  (Borden  and  Stookem,  D.  R  P.  172629 ; 
Muthnmnn  and  Wcifw,  Annalen,  1002.  320,  231 ; 
1904,  331,  li  1907,  356,  116).  By  the  latter 
prooeaa,  the  yield  oorrenponds  with  67  p.a  of  a 
current  of  750  amperes  and  7-5  voh^  ^vith. 
current  densities  of  (^-10  ampere  and  li  amperes 
per  aq.  em.  at  oatliode  and  anode  respectively. 

Metallic  cerium  has  the  colour  and  lustre  of 
iron ;  its  hardness  is  comparable  with  that  of 
mlver  or  tin  ;  m.p.  623* ;  sp.gr.  of  fused  prodoot 
of  electrolysis  6-728  ;  sp.heat  0-04479  (at.  heat 
6*28) ;  heat  of  combustion  of  1  gram,  160315  oals. 
Cerium  is  paramagnetic ;  magnetic  stiscepti- 
biUtv,  (K)+182-2.10  •  (Monatsh.  1899.  20,  369). 
In  diy  air  the  metal  is  moderately  stable,  but 
becomes  sunerfieially  tarnished  with  yellow 
dioxide  .-  it  dccorrpo'^p-j  wat^r  slowly  in  the  cold, 
more  rapidly  on  v  arming.  The  temperature  of 
ignition  in  oxv^'en  is  about  150*-180*  (Annalen, 
1903.  325.  261).  The  metal  i^  maUeable  and 
ductile  ;  the  wire  bums  oven  more  brightly  than 
magnesiui!!.  and  combines  readily  with  the 
halogens.  Cerium  is  readily  dis.solved  by  dilute 
acids,  but  concentrated  nitric  acid  product^}  a 
brown  deposit  eonabtfaog  mainly  of  dioxide. 
Alloys  have  been  prepared  by  melting  cerium 
with  other  metals  under  molten  sodmm  and 
potaaainm  chlorides;  the  combination  uith 
alumittiom,  magnesium,  or  zinc  is  attended  by  a 

{generation  of  heat  (Annalen,  1904,  331,  46) ; 
iquid  and  bcIM  oerium  amajgama  hare  alao  been 
obtained. 

When  scratched  or  rubbed  with  a  steel  edp;o, 
oerium  emits  brilliant  s|>ark.'<,  and  thin,  property 
baa  been  utilised  in  the  preparation  of  gas 
lighters. 

Sffxiration  and  pnrijication  of  cfria.— Of  all 
the  rare  earth  oxides,  oeria  ia  most  readily 
faolated  in  a  pore  state,  and  thefoUowing  mothooa 

have  l)een  emjiloycdin  f^eijarating  thia  oxidofrom 
lanthana,  praaeodymia  and  neodymia  : — 

(1)  Treatment  of  the  hydrondea  suapended 
in  aqneoM^  (  luatic  alkalis  with  ehloriiie  ;  eerie 
hydroxide  remains  undissolved,  while  the  other 
bydrozidee  are  oonverted  into  eolnble  ebloridea 
and  hvpoohlorites  (Mosander,  J.  pr.  Chom.  1S42, 
30,  276 ;  Mengcl,  Zcitwb.  anorg.  Chem.  1899, 
19,  67). 


(2)  The  uuxu<l  oxides  dissolved  in  hot  nitrio 
add  and  the  solution  evapotated  down  with 

ammonium  nitrate  until  eerie  ammoninm  nitrate 
separates.  The  double  Halt  is  cry8t«Ui.Hcd  from 
nitric  acid  until  the  ozida  left  on  ignition  has  a 
light-yellow  colour  ( Auer  von  WeLibach,  Munatsh. 
1884,  5,  508 ;  .Schottliinder,  Ber.  1S92,  25,  378). 

(3)  The  solution  of  mixed  nitrates  neatnliwd 
with  ammonia  and  boiled  with  mni^nesiinn 
acetate  and  hydrogen  peroxide  whereby  curium 
is  completely  precipitated  as  a  basio  aoetats 
(Meyer  and  Koss.  Ber.  1902,  35,  672). 

(4)  The  mixed  ammonium  double  nitrates 
boiled  with  aqueous  ammonium  persulphate, 
calcium  carbonate  being  gradually  added  to 
kee]>  the  flolntion  neutral.  The  precipitate  con- 
tains  all  the  cerium  as  eerie  nitrate  and  sulphate 
mixed  with  calcium  sulphate  (Witt  and  Thecl, 
Ber.  1900,  33,  1316 ;  r/.  Mever  and  Marckwald, 
ibid.  3003). 

(5)  The  joint  action  of  jpotasaium  per- 
manganate and  a  basto  anhetanee  (merourio 

oxide,  zinc  oxide,  magnesia,  soiliunj  carbonate. 
&0.)  in  neutral  solution.  The  precipitate  con> 
tains  all  the  oerium  as  eerie  hydroxide  (Stolba, 
Ber.  bohm.  Hch.  Wis.s.  187S  ;  Drossbach.  Ber. 
1896, 29, 2452 ;  1>.  a  P.  143106 ;  Meyer,  Zeitsch. 
ano^.  CkvoL  190S,  37.  S78). 

"^Tne  last  of  the  fort'^oin^  methods  is  l'<  in  rallv 
applicable  to  the  mixed  oxides  of  the  rare  earths, 
and  permits  of  the  eompleto  separation  of 
cerium  in  one  opera t inn  These  proceeds  re- 
quire to  be  repeated  before  the  cerium  is  com- 
pletdy  freed  from  tbo  last  traces  of  lantfaamim ; 
thorium  also  Is  removed  completely,  only  with 
some  difficulty.  The  solution  of  nitrate,  mixed 
with  an  exoesB  of  ammoninm  oarbonate,  is 
treated  with  ammonia  when  the  gn  ntrr  rti  n 
of  the  thorium  is  precipitated.  To  remove  the 
remainder,  anhvdrous  cerium  sulphate  is  pre* 
pared  and  addeti  to  ice-cold  water,  when  the  pure 
nydrated  salt  scparateti  ( \V  vr<juboflF  and  Verneuil, 
Compt.  rend.  1897,  124,  1300;  Urbain,  Ann. 
Chim.  Phys.  1900,  [7]  19,  181;  Brauner, 
Zeitsch.  anorg.  Chum.  1903,  34,  103 ;  Meyer, 
ibid.  37,  378 ;  Orloff,  Chem.  Zeit.  1906,  .30,  733; 
1907,  31. 662  i  Meiah.  J.  Amer.  (Jhem.  Soo.  1909, 
31,  517). 

Cerium  forms  several  series  of  compounds 
derivcil  from  the  oxides  Ce,0,»  C!e«0,(t),  CeO«, 
and  CeO,. 

Cekuus  Compounds. 

Cerium  hydride  CeH,(?).  Cerium  combines 
readily  with  hydrogen  at  260**-270*,  yielding  a 
brov^iush-blaok  amorphous  hydride  wldch  not 
improbably  consists  to  some  extent  of  CeH,. 
This  pnnluet  h  stable  in  dry  air  at  the  ordinary 
temperature,  but  on  heating  it  is  converted 
explosively  into  cerinm  oxide  and  nitride 
'  (Mati  I,  M,  (  ompt.  rend.  ]90<>.  131,  891  ;  Muth- 
mann  and  Kraft,  Annalen.  1903,  325,  281). 

C«nin  flnorMe  20eF„H  ,0  (Jolin,  BuU.  Soc. 
chim.  1874,  [2]  21,  633),  known  al.^vo  in  the 
anhydrous  condition,  and  employed  in  the 
deotrolytio  pioduotion  of  tbo  metal  (1;.  supra  • 
and  cf.  Braoner,  Ber.  1881, 1944;  188j^  109, 110  • 
Monatah.  im,  3,  1). 

Ctms  dllorite  Oea„7H,0  or  2Cea„16H,0 
(J.  Amer.  Cliem.  800.  1894, 16,  649;  Ber.  1992. 
36,  2622). 

The  anhydrous  diloridc,  a  fusible  dc]iqi||Qp^M(Blbogle 
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ttystalliae  imu0»  ia  obt«ined  by  the  following 

methods : — 

(1)  Huating  tho  dry  oxoiato  or  oociiun 
diozklo  in  hydrogen  ehforide  (Robbuon,  AxKW 

Boy.  Soc.  188-1,  37,  150). 

(2)  I)ecomjposui£  cerium  carbide  witiiohloriiM 
or  hydrogen  dbloffide. 

(3)  I^ucing  anhydrous  ccrous  Bu]|)hato  to 
sulphide  by  heating  in  hydrogen  sulphide  and 
deoomposing  the  latter  with  hydrogen  chloride 
(Bcr.  1899,  32.  3413).  Cerous  .-Tilphide  and 
hydrogen  bruinide  yit  ld  cerous  bromide. 

(4)  The  aiihydrou.s  suli)haifl,  when  heated 
in  a  current  of  chlorine  im  I  Hulphur  chloride 
vapuur,  is  converted  directly  into  cerous  chloride. 

The  dry  chloride  is  readily  solublo  in  alcohol 
and  obiUlioscopic  JeUTininationn  nf  the  mole- 
cular  weight  in  this  solvent  gave  numbers  corre- 
sponding with  OeCI,  (Mnthnum*  Ber.  1896,  SI, 
1829). 

Cerous  hydroxide  O  iOH),,  a  white  pre- 
cipitate obtehied  from  soluble  cerous  salts  with 
ammonia  or  caustic  soda,  is  f  t  al^lf^  only  in  absence 
of  oj^gen.  Exposed  to  an  it.  hccomea  tilowly 
ftridiaf^  to  yellow  oeric  hydroxide,  passing 
through  an  intermediate  reddish-violet  stage 
aK;e(OH)a.ya"(OH  (J.  Ainex.  Chem.  Soc.  1891, 
18,  640). 

CoTOua  oxide  baa  not  been  isolated  with 
ct  riainty,  since  the  ignition  of  decomposable 
ccro\i8  salta  (nitrate,  sulphate,  oxalate,  &&)  leads 
to  the  production  of  cerium  dioxide.  The  re- 
duction of  the  latter  oxide  with  hydrogen  at 
high  temperatures  gives  rise  to  an  unstable  dark- 
blue  oxide  ApprozimAting  in  compoaition  to 

Cerous  sulphide  Ce^^i  (v.  supra),  a  redditli 
or  black  substance  (Ann.  Chim.  Phya.  1904,  [8] 
2,  193),  is  moderately  stable  in  air  and  slowly 
decompos<  1  1  y  boiling  water. 

Cenum  nitride  CeN.  obtained  by  heating 
cerium  in  nitrogen  (Annalen,  1903,  325,  261),  or 
by  pastiing  anirnotua  o\  or  heated  cerium  carbide 
(Compt.  rend.  1900, 131, 865^  is  deoompcoed  by 
water,  yielding  oerinin  ditoirae,  nrnmonia  ana 
hydrogen.  An  ex])loaive  cerium  azide  is  pre 
cipitatod  by  adding  sodium  aside  to  aqueous 
oerotts  nitrate  (Gortiut  and  X)ara]>sky,  J.  pr. 
CJhem.  1900,  [21  01,  408). 

Cerous  nitrate  Ce(^U^),,6U,0,  prujiared  by 
(I )  dissolving  oerium  oiozide  in  nitrb  aoid  in  the 
prcseuco  of  a  reducing  agent;  (2)  decom|x»siiiL; 
cerous  oxalate  with  atroog  nitric  acid.  When 
heated  stvongly,  pure  eerous  nitrate  leaves  a 
lo.siduL-  of  pale-yellow  cerium  dioxide,  but  when 
praseodymium  nitrate  is  mesent,  the  residual 
oadde  is  brown  (J.  Amer.  CSiem.  See.  1008,  31, 

Cerous  sulphate  Cei(SOJ,.  Tho  anhydrous 
sulphate  is  |noduoed  by  dehydratmg  the  hy> 

»lmt<  (l  .salt  at  400".  Above  500°  it  decomposes, 
loavmg  a  residue  of  dioxide.  A  saturated  solu- 
tion of  the  sulphate  at  0**  dep^jsits  the  dodecahy- 
drate  (;es(S0,),.12H,0  (asbestos-like  luedles). 
Above  3*  this  hydrate  is  labile,  and  at  higher 
temperatures  the  solution  of  the  sulphate 
depn  it-i  h>  >lrati>9  containing  9, 8, 5, and  4  mole- 
eidar  prupi<rlions  of  water.  With  the  sulphates 
of  ammonium,  BO<lium,  and  potassium,  cerous 
Kulphat'e  forms  dou^il<--  sulphatcHi  ismnorphous- 
with  the  correKpondine  salts  uf  lAuthanum, 
needy minm,  and  praeeod^rmiain.  In  moderately 


strong  tiulphorio  aoid,  oerons  salpliate  gives 

to  the  acid  .sulphat^^*  CV-fHSOj,  (Bruuner  and 
Pioek,  Zeiteob.  aaora.  Chem.  1904,  38,  322). 
This  acid  sidt  has  been  reoeniBieiided  as  an 
oxidising  eataly-t  in  tho  production  of  aniline 
Uaolc,  0-3  gram  of  cerous  oxide  in  this  ionn 
taffidns  to  develop  the  blaek  from  6  kilos,  of 
aniline  ny rim rh  1  .-i ride. 

Cerous  carbonate  Ce|(C0«)s,5H,0,  priamatio 
crystals,  precipitated  mm  solntiona  of  eeroos 
salts  by  ammonium  carbonate,  forms  sellable 
erystaUisable  double  oarlx>natee  wiUi  the  alkali 
and  ammoninm  earbonates. 

Cerous  oxalate  Ce2(C.O,),.10TT,0,  crystalline 
white  precipitate  (Power  and  Sfaedden,  J.  2>oc 
C'hem.  Ind.  1000,  10,  036),  has  been  need 
inetiicinnllv  as  a  Bcdativo  in  .Hickncri-*,  particu- 
larly that  of  pregnancy,  also  in  chronic  diarrfacea, 
hysteria,  epilepsy,  and  migraine. 

For  other  cerous  salts  of  ormnio  acids,  v.  Biltz, 
Annalen,  1904,  331,  334 ;  WoIfF,  Zeitsck  anorg. 
Chem.  1905,  45,  89 ;  Morgan  and  Cahen,  Ghem. 
Soc.  Trans.  1907, 91, 477 ;  Pharm.  J.  1907. 78, 428; 
Rimbach  and  Kilian,  Annalen,  um.  3f3S,  110. 

Cerous  phenoxide  has  been  reconunended  as 
a  non-irritant  disinfectant  (J.  Soo.  Ind. 
1909,  1221  ;  T).  R.  P.  214782). 

Cerous  acetylacetonate 
rvfr'H,  C0  CH  C0  UH,)„3H^0,  obtaine  d  by 
liio  uit<:raction  of  eerous  ammonium  nitrate, 
acetylacetor:) .  ini  l  lunmonia  (Urbain,  Ann.  Uhiiu, 
Phys.  1900,  [7]  ii^  184;  £ilts»  Annalen,  1804, 
I  331,  334). 

I      For  complex  cerium  salts,  v.  W'vroubofif  and 
Verneuil,  Ann.  Chim.  Ph\'8.  1906.'  [8]  9,  289 
Barbieri,  Atti  R.  Acca<l.  1908.  [5]  17,  I,  WO. 

CSBIC  (jOMFOUaitS. 

Cerium  earbide  GeCf ;  mieioecopic  crystals, 

sp.gr.  5-23,  prepared  by  melting  together  in  the 
electho  furnace  oerium  dioxide  (192  parte)  and 
sugar  oarbon  (48  parts),  using  a  ennemt  of  800 
anipere.'i  and  60  voltsH  (Moiasan,  Compt.  rend. 
1896,  122,  357 ;  1897,  124,  1233).  When  de- 
compoeed  with  water,  tiie  carbide  yields  76*6  pue. 
aoetylcn  ■.  20-'',  i>.<.\  in«  thane,  and  4  p.c.  ethylene. 

Cerium  silicide  (JeiSi, ;  small  oc^staU  with 
a  steely  lustre,  prodnoed  1^  beatmi^  eerium 

dioxide  with  crystalline  silicon,  stable  m  air  and 
decomposed  by  acids  (Sterba,  Compt.  rend.  190^ 
136,  170). 

Cerie  oxide  '  v  Cerium  dioxide)  CeO.  ; 
i  light-yellow  powder,  sp.gr.  6-405  ;  ako  in  iso- 
j  tropio  orystjus,  sp.gr.  6-76-7-905.  The  amor- 
phous oxide  is  prepared  by  (1)  the  oxiflut  i>  n  of  the 
metal  in  oxygen ;  (2)  the  ignition  of  cerouii  mlta 
(nitrate,  siiiphate,  carbonate,  oxalate)  or  oeric 
compounds  ( hydro xi  l'  ,  nitrate,  sulphate).  The 
iguitcMi  oxide  is  m><oiuhle  in  hyuroclUorie  Or 
nitric  acid  or  in  dilute  sulphuric  aoid.  The 
cry-t  illine  form,  obtained  by  neatiug  the  amor- 
phous variety  with  sodium  chloride,  borax  or 
potassium  hydrogen  sulphate,  is  quite  unafiecte<i 
by  acids  or  alkalis.  The  dio.Tide  is  reduced 
with  difficulty  by  aluminium  and  magnesium, 
when  the  corresponding  oerium  alloys  are  pro. 
diioed.  For  fiuther  rfft-rences  to  cerium  iltoxide, 
r.  Compt.  rend.  1895,  120,  663  ;  1897.  124,  618, 
12:i3.  V.m;  125,  950;  1901,  1.^3.  221;  Ber. 
1900,  33,  3003.  350G  ;  Ann.  Clum.  Phvs.  1904, 
[81  2,  193 ;  Zoitmti.  anorg.  Chem.  1903,  34,  103, 
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Cerie  hydroxide  cViUH),.  a  yciluwwh 
preeifntote  obtained  from  soluble  cerio  b&H^  by 
meaiis  of  ammonia  or  the  caustic  alkalis.  Qtoiir 
hydroxiflo  is  slowly  oxidised  to  cerio  hydroxide 
by  atiiio-^pherie  oxygwk  and  moro  npidly  by 

mild  oxidising  agt-nt-^ 

Although  cerio  hydroxide 'm  more  stable  than 
the  lower  faydioside,  the  eerie  stilts  are  Icm  stable 
than  the  ccrous  compound*",  ('crip  chloride 
itself  haa  not  beea  isolated,  but  its  uiiditive 
0Omp0linds»  R^CeCl,,  with  the  sn!t.<  of  orgHiiic 
bases  (pyridine,  quinuline,  triethylamiud,  4o.) 
are  stable  in  alcoholic  solution. 

C«ric  sulphate  Cof.SO^),.  The  anhydrous  salt 
h  produced  by  heating  the  dioxide  with  strong 
sulphuric  acid.  With  the  diluted  aoid  oxygen  ii^ 
evolred,  and  the  resulting  solution  deposits,  on 
concentration,  oeri-cerous  hydrogen  sulphate 
2Ce(S0«)„Ce,(S0J,.H  ,S0  ,.24  H,0  ( Brauner. 
Zoitfich.  anorg.  Clu  in.  I'.Kd,  .'{!'.  2<il),  and  then 
yellow  hydnted  oerio  mUpbate,  Ce(SOt)tt4UfO. 
The  f onnflr  of  thcee  oomponnda  corrasponds  with 
the  intermediaU-  oxide  Ce407(=2CeO„Ce20j). 

Ceric  sulphate  forni.s  a  series  of  double 
sulphates  (e.^.  Ce(S04)^,2K,SO„2H^O)  with  the 
ftlkali  siilphutf's. 

Cerio  mtnUa  ae(N0,).  QU,3U.U.  Xhi;»  basic 
flaH  Mputttes  from  a  solution  or 
ide  in  nitric  acid.  The  nortnal  eerie  nitrate 
has  not  been  isolated,  but  the  double  Qitrates 
R,>Ce(N03)«,  whei«  W  is  anamonittin  or  an 
nlkali  metal,  arc  \vr!I-(l.  lim  <1  crystallitie  >u1i- 
titances,  iiaving  a  bright-red  colour ;  they  arc 
▼ery  hygroscopic  and  readily  soluble  in  aloohol  or 
water.  The  double  nitrates  K"Ce(NO,)s.SFI,0, 
where  RaMg,Zn,Ni,Co»Mn,  form  a  well-detined 
aeiiea.  These  cerium  double  nitrates  are  quite 
analc^ous  to  the  oonespondtng  double  nitrates 
of  thorium. 

For  other  ceric  salts,  v.  Barbieri,  Atti  R. 
Accad.  Lincfi.  1007.  f.'l  1(5,  (511;  Ber.  IttlO,  43, 
2214.  For  duublu  ceric  iluuridos,  v.  Brauner, 
Ber.  1881,  1944;  Monatsh.  1882,  3,  I  ;  Chcm. 
Soc.  Trans.  1882,  41.  m  ;  Bimbaoh  and  Kilian, 
Annalen;  liK)y,  3t>8,  lOl. 

Cerium  peroxide  and  Its  derlvittves.  The 

H'Mitinn  of  amnioni.i  :md  hydrogen  peroxide  to 
a  aolutioa  uf  a  c^ruus  salt  determines  the 
precipitation  of  reddish- brown  hffdmted  cerium 
ptroxiik  f'<  (O.H)(OH),.  When  cerous  nitrate 
ur  chiuridu  is  added  to  concentrated  aqueous 
potassium  earbonate,  the  solution  takes  up 
atmospheric  oxygen  and  assumes  a  dcop-rca 
colour.  The  liquid  slowly  de{>o»its  crvstal 
line  <lark-rotl  jn)i/i<<tium  pn-aric  tononalc 
4K,C0„Ce{C'0,)30,.12H,O.  In  the  pn-scnce  of 
glucose,  this  alkaline  solution  acts  catalytically. 
When  shaken  in  the  air,  oxygen  is  taken  up  and 
the  per*eerio  oompoond  produced.  On  stand- 
ing, this  tnbstanoe  is  reduee<l  by  the  glucose  to 
cerouH  salt,  and  the  colour  disajijioars.  Ke- 
peated  shaking  leads  to  renewed  production  of 
per-oeric  compound,  so  that  oxidation  and  re- 
duction proceed  alternately  to  an  indoiiiiite 
extent  (Pissarjewski,  J.  Kuss.  Phys.  Uhem.  Soc. 
1900,  32,  609;  Zeitseh.  anorg.  Cfaom.  1902.  31, 
369;  Wvrouboff  and  Vcrneuii,  Compt.  rend. 
1898,  127,  863  ;  Job,  Compt.  rend.  18U8,  12(i, 
246;  1899,  128,  178.  1008;  1902,  134,  1052; 
1903,  136,  45;  En-l  r,  '/.'W.ch.  anori:.  ('hem. 
1902,  20,  1 :  Ber.  1903,  3U,  2042  ;  1904,  37,  49, 
3268). 


Applicaiions  oj  Ctrtum.  -  .Metnllic  ct'iium  ^in 
the  form  of  '  mischmetal,' r  (  'kku'  m  Mstals), 
has  yypcn  U8e<l  in  the  reduction  of  the  refractory 
oxides  of  columbium,  taiitaluui,  molybdenum, 

i  fto. 

The  oTi<lif;inE;  action  of  cerium  compounds 
has  led  to  their  use  in  phot^^graphy  (Lumi^re, 
Compt.  rend.  1898,  116^  674),  and  as  oxidising 
catalysts  in  organic  prepamtion<'  (Atti  R.  Accad. 
Liiicei.  l!)07  [5]  16,  i.  395),  The  oxidcis  have 
l)ee!i  siiL'i.'ested  for  uso  lu  oolouridi,'  glass  (CShem. 
Ind.  1904,  27).    Cerium  salts  have  been  em- 

]  ployetl  as  mordants  in  dyeing.    In  the  proparn- 

'  tion  of  leather,  hide  pow<ler  decomposes  cerium 
salts,  fixing  the  element  in  the  form  of  hydrated 
oxide.    The  hide  partially  reduces  ceric  sulphate 

\  or  ceric  ammonium  nitrate,  absorbing  oxygen 
and  yielding  a  good  quali^  of  leather  which  nas 
a  yellow  tmt  and  resists  tihe  aotion  of  water 
(GaroUi.  Atti  IL  Aooad  Linod,  1907,  [6]  16^  L 

I  632). 

In  addition  to  oerons  oxalate,  other  salts 

{r.(j.  hypophosphate.  and  (Ioul)]o  atninonium 
citrate,  tartrate  and  lactate)  have  been  utiiiaed 
medicinally  in  the  treatment  of  esa-siekness  and 
jH'rvuu^  disorders.  Tncandeseent  gas  mantles 
contain  about  1  p.o.  of  ceria  and  99  p.o.  o| 
^oria  (Meyer  and  AnsohfttB,  Ber.  1907,  40, 
26.3(1). 

(For  the  detection  and  estimation  of  cerium, 
V.  AWALTBU.)  O.  T.  H. 

CERIUM  METALS  AND  EARTHS.  (The 
Rare  Earths.)  The  so-called  rare  earths  include 
a  series  bask}  oxides,  very  similar  in  physical 
and  chernieal  propr-rties,  which  arc  j;eiicrally 
found  associated  in  certain  rare  minerals  of 
oomfdex  composition  (ailksates,  phosphates, 
titanatc:,  columbates,  tantalates,  &c.). 

The  metals  contained  in  these  oxides  may  be 
divided  roughly  into  two  groups,  named  after 
the  minenilx  cerite  and  t/ft'rhUe,  in  whioh  the 
rare  earths  Mere  first  iiiscovered. 

The  oerite  meUils  {ceritm  group)  are  cerium^ 
lanlhanvm,  netidffmium,  jmMeodytni«m  and  Mma- 
riM»«. 

The  ytterbito  metals  {fUrium  group)  include 
dysprosium,  erbium,  e^irnpium,  O'i'ifUinium,  lute- 
ciutn,  scandium,  lerbiunt,  thuUum,  yikrbium 
(nem/Uerbium),  and  yttrium.  Of  tl:u&  latter 
.««y  tion,  europium,  gadolinium,  and  terbium  form 
an  intermediate  series  (the  terbium  group)  con- 
necting the  cerium  metals  with  the  remaining 
rare  earths  of  the  yttrium  group  proper.  Closely 
associated  with  the.se  elements  is  the  metal 
Ihoriumf  and  tireonium  is  generally  included  in 
the  cat'*"_'ory  of  thr>  mrtnls  of  the  rare  earths. 

Historical  Summary.  In  1794  ytterbite, 
obtained  from  Ytterby  near  Stockholm,  wa.s 
shown  bv  Cadolin.  its  discoverer,  to  contain  a 
new  oxide,  to  which  EkelHjrg  subsequently  gave 
the  name  yilria.  From  the  Swedish  mineral 
cente,  Ktaprotb,  in  1803,  isolated  another  new 
oxide  whioh  he  called  ceria,  Tkoria  was 
isolated  by  Borzelius  in  1828  from  the  silicate 
ihorilt,  found  at  Urevig  in  l^orway. 

Oadolin*s  yttria  was  subsequently  shown  by 
Berzelius  to  eimtain  cerii,  an«l  from  cerite 
Mosaodor  uticrwards  isolated  the  oxides  latUJtanu 
and  didymia  (Annalen,  1839.  32,  235 ;  1842.  44, 
125),  and  also  ciTcctrd  a  fin  tlier  sjcparati^ ai  from 
ytterbite  of  the  earths  crbia  and  terbia  (Thil. 
Mag.  1843,  23,  251 ;  J.  pr.  Chem.  1843^  30,  2^8)<^^ 
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In  1878  Marignuc  sepsnted  frum  orade  erbia  n 
less  basic  colourless  component  which  he  calkd 
vUerbia  (Compt.  rend.  1»78,  87,  678),  and  ibis 
fractionation  was  speedily  followed  by  NOaon's 
discovery  of  scandia,  the  least  Im.sic  tif  the 
^irterbito  earths,  and  its  identification  as  tho 
oxide  of  tho  hy|x)thetical  eiba&oron,  predicted  by 
.Mcrnlt  lt-i  fr.  In  the  same  year  n»  ve  cffectr*!  a 
{urthur  separation  of  the  old  '  crKin  '  into  three 
components, of  which  one,  nnmi-ly  thulia,  is  still 
rv'jzariUd  as  the  oxide  of  an  element  ihnlium 
iCompt.  rend.  1879,  89,  478,  708).  The  doubt 
expressed  by  Alurignao  as  to  the  homogeneity  of 
didymia  was  shared  by  Dcliifontaine,  on  tlie 
ffround  of  spectroscopic  evidence  (Compt.  rend. 
^78,  87.  034),  «m1  substantiated  by  Leooq  de 
Boisbaudran  (C'nnipt.  ronrl.  J879,  88,  323),  who 
isolated  from  this  earth  the  less  basic  oxide 
mmaria.  The  didymia  left  after  the  removal  of 
(hr  last-mentioned  oxidf  wns  still  rofr«nlod  as  a 
mixture  by  Brauner  (Monal^b.  1882,  3,  480 ; 
Chem.  Soa  Trans.  1882,  43,  278),  and  in  1885 
Auer  von  Welsbach,  by  fractional  crystallisation 
of  the  double  didymium  nitrates  ul  ammonium 
•nd  potMsiun),  eqooocded  in  separating  Uiift 
earth  into  two  components,  which  ho  named 
neodymia  and  praacodymia  (Monatah.  1885,  6, 
477).  Lecoq  de  Boisbaudran  now  showed  that 
Cleve's  holm  in  mtis  a  mixture  containinf»  a  new 
constituent  dyapro^tu  (Compt.  rvwi.  I88ti,  102, 
1003),  the  simple  nature  of  which  was  after- 
wards cKnfiiimd  l)v  Urbain  (Compt.  rend*  1904, 
13U,  73li,  ami  iyoi>,  141,  521). 

(.ladolima,  which  had  been  recognised  by 
Marignac  in  samarskite  ((Vmipt.  rend.  1880,  90, 
899).  was  isolated  in  a  moro  <lefinite  form  by 
Let(ji{  tie  l{()isi)aiidran  (Compt.  rend.  1889,  108, 
166;  1890,  111,  409,  472),  and  by  Bi^tcndorf 
(Annalen,  1890.  25«,  159;  1891,263,104;  1892, 
270,  876),  and  further  jiuriliod  by  Donwr^ay  an<i 
bv  Urbain  and  Lacombe  (v.  Gadouxium). 
further  researches  bv  Domar^ay  on  Cleve's 
saniaria  led  to  tho  isolation  (pf  >  uropia  (Compt. 
rend.  1890,  122,  728),  an  earth  uroviaionaUy 
symbolised  as  z,  and  afterwards  snown  to  be 
'  identical  with  oxides  indicated  by  the  symbols 
Z«  and  Zf  (Leooq^  de  Boisbaudran,  Compt.  rend. 
1892,  114.  575:  1893,  116,  611,  674)  and  S« 
((Vookes,  Com])t  rrnti.  1885,  100,  1380,  1495; 
Troc.  Koy.  boo.  1885,  38,  414). 

Ter^M,  which  occurs  only  in  small  amount 
in  ytterl)it«',  Im.s  Ij*  en  isolated  in  a  purified  state 
by  Urbain  (u  Tsudium),  and  Marignac's  y tterbia 
{he)  has  been  fractionated  by  Auer  von  Wels- 
hacli  (Monatsh.  1000.  27,  nX'")),  and  sejmratetl 
into  two  cumpuneuts,  moytttrbia  and  /ittocta,  bv 
Urbain  (Compt.  rend.  1907.  146,  769). 

Oseurrence  {v.  l>af  \'<  irkomnion  des  seltenen 
Erden,  bchilliug,  1904 ;  Phipson,  Chom.  NeM  m, 
1806,  73,  145).   Tho  fottowing  is  a  short  descrip- 
(if  tho  most  impoftant  aouroea  of  the  rare 
oartlus : — 

1.  MiiuraU  conUiinhuj  chiefly  Cerium  Earths. 

Cerite  (ochroite,  oererite,  oerinst-eiu),  a 
hydrated  silicate  oontainino;  60-70  p.c.  of  cerium 

imd  its  allies,  to^M-thor  witli  >rtiallfr  amount.''  of 
iron,  calcium,  and  the  yttrium  earths,  found  in 
ihf  RastntU  mine  at  Ryddarhyttan  in  Sweden. 

Orthif-  I'aliaiiit'-.  !h  .di  nit.  .  (  i  i  niuromoiit- 

itv,  pyrortbite,  tautulito,  uralorthite,  wasite), 
a  double  silicato  of  aluminium  and  the  cerium 


metals  (16-25  p.c),  together  with  smaller 
quantities  of  thorium,  iron,  calcium,  and  the 
yttrium  metals ;  found  in  Greenland,  Scandi* 
navia  (Arendal,  Hitteriie,  Stockholm),  United 
States  (Now  York,  North  Carolina,  Ponnsyl .  ania. 
Virginia),  Ural  Mountains  (Miaak),andin  several 
lo<^thw  In  Oermany. 

Monazitc.  (eryptolite.  ed\\ar>ite.  eremite, 
mongite,  tumcrit^),  an  orthophosphato  ol  the 
cerium  medals  (Ce,  La,  Nd.  Pk>yi»  PO4,  con- 
taining 40-70  p.c.  of  these  <  lenient-^  lo^.'ther 
with  varying  amounts  of  thorium  (0-18  p.c) ; 
it  occurs  in  the  pintonic  and  oli^  voleaaie 
rockf^,  and  in  thi;  aHuvia!  saiulsof  the  iivi  r>  anil 
coasts  of  Brazil,  North  and  South  Carolina,  and 
Travanoore. 

Xtchynite.  A  complex  oolttmbate>tit4inatc, 
eontaininfr  approximately  equal  proportions* 
(13-23  p.c.)  of  thorium  and  the  cerium  metabi. 
together  witli  a  small  proportion  of  the  N-ttrium 
group,  found  at  Hitteiroe  (Norway)  and  Miask 
(Ural  Mountains). 

2.  AMuterab  containing  chiefly  Yttrium  Eatikt. 

TttethiU  (gadolinite),  a  basic  silicate  con- 
taining yttrium  earths  (40—18  p.c.)  and  .  .  ritim 
earths  (5-10  p.0.),  together  with  glucmum  au<l 
hon;  found  hi  Ooloiado,  Oennaaj  (Han 
Mountains  and  Silesia),  8c.irulinavia  (FahluD, 
Hitterde,  Ytterby),  and  Texas. 

YttnaUte^  a  Bilioate  of  the  yttrhin  metala 
{4^1  p.c),  ihorium  (10-12  p.c),  and  oeriam 
metals  (5-^  p.c),  found  in  Texas. 

XenaUmet  a  phosphate  of  the  yttrium  metals 
(54-^^4  p.c).  corrcsyMitiding  with  nionaritt'  :  it 
contauis  also  smaller  amounts  ot  tho  cenum 
metals  and  thorium;  found  in  BrasO,  North 
Carol  inn,  and  Norway. 

The  following  minerals  contain  tho  yttnum 
earths  and  smaller  quantities  of  thoria  and  the 
cerium  enrths  iiiiitt-d  witli  varying  prn]^Kirtions 
of  the  more  acidic  oxides  of  columbmm,  tanta- 
lum, titanium,  tungsten,  tin,  tiramum,  eiliooo, 
aiul  zirconium. 

i'tryusonitc  (bragite,    kochelito),  found  in 
Ceylon,  (^reenland,  Arendal.  Ytterby,  Mausi 
chuset  ts.  North  Carolina,  and  Trxns. 

YitrafnnktUtf,  found  in  Nor\\  a>  .  Swe<lei>,  and 
tho  I  rnl  .Mountains. 

SiiuMrfiL-itc  (nohlito,  vietinghotit*'.  ytteroil- 
menite),  found  in  Canatla,  Connecticut,  North 
Carolina,  and  Ural  Mountains  (Miask). 

Polycrase,  found  in  CanatU,  Scandinavia,  and 
North  and  South  Carolina. 

Evxenile  (loranskitfi.  found  in  North 
Carolina,  Norway  (Hitteriie,  Brevig),  and 
Swaziland. 

Many  other  rare  complex  minerals  (Uuorideti, 
zircono-silicatee,  titanatcs,  ooiumbates,  tanta- 
Intes,    uranates,    ftc)    contain  oonridersble 

amounts  of  the  rare  tMrtlis.  which  an-  also  not 
infrequently  found  in  small  quantities  in 
oommonw  minerals  (e.47.  limeetionfis,  ap«tit««. 
scheelites,  Ac).  Traces  of  tlu  rare  earth  metals 
have  been  tietooted  in  mineral  waters,  in  the 
ashes  of  plants,  in  urine,  and  in  bone  ash. 

Krlnii  fio),  of  the  Hare  A'ariA/i.— The  finely 
powdered  mineral,  made  into  a  paste  with 
concentrated  sulphuric  acid,  is  heated  till  thr 
mass  beconii  ^  drv  aiid  hanl.  The  ]tr<'<!u(t  i-, 
extnicte*!  with  water,  the  soiutioii  inatwl  with 
hydroijen  sulphide  to  remove  copper,  U^g^^^^ 
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molybdeaum,  &o.,  and  tho  mctab  of  the  raro 
earths  precipitated  as  oxalates  by  the  addition  of 
oxalic  acid.  The  oxalates  are  decomposed  at 
400^,  tho  residual  oxides  dissolved  in  dilute 
8\ilphuric  acid,  and  the  solution  saturated  with 
sociiiim  or  p<jta.ssiuin  sulphate,  when  the  double  ' 
sulphates  of  tho  ocrium  metals  are  precipitatedt 
wlmst  those  of  tiie  yttrium  metals  remain 
dissolvotl. 

The  complex  minerals  containing  oolumbium, 
tantalum,  titanium,  ftc,  may  be  deoomposed  by 
hydrofluoric  acid,  when  tho  fon'^oiiij,'  i-lcmrntd 
form  soluble  fluorides,  whilst  the  fluorides  of  the 
mre  eutli  netak  are  precipitated.  Or  these 
minerals  may  be  brokoii  up  by  heating  with 
strong  sulphuric  acid  or  potassium  hydrogen 
solplkate  and  the  nutt  eftrUiB  precipitated  by 
amniotua  from  the  solution  of  their  Fulphatcij. 
These  hydratod  oxides  are  freed  from  tho  co- 
precipitated  colmnbinni,  tftntalum,Mid  titanium 
ny<lroxidr-s  hy  [iroloiiged  l>oiling  with  nitric  acid, 
when  tho  latter  hydroxides  separate  in  an  in- 
soluble  form.  The  rare  earths  m«  precipitated 
f\s  nxalate-s  from  their  solution  in  nitric  acid,  the 
uxalateb  i^ted,  and  ibu  resulting  oxidos  sub* 
jected  again  to  the  nitric  acid  treatment  until  a 
OOmphte  separation  is  fffectod. 

Till-  methods  ot  separating  and  purifying  tho 
rar*-  L-artha*  whidi  will  be  further  described 
under  the  appropriate  headings  {v.  Cbbium, 
Yttrium;  Tbbbium:  Thorium,  &c.)  may  be 
diviiied  into  the  folio        two  classes : — 

1.  .Separations  based  on  differences  of 
baijicity. 

a.  The  fractional  precipitation  of  the  earthi^ 
with  bases  of  varying  strcnu'ths  :  nmmoni.i, 
caustic  alkalis,  inugneiiium  hydruxi'lu,  organic 
bases. 

6.  Thv  fractional  decom]>^^ilioQ  by  heat  of  ' 
tho  solid  luiratos  and  other  salts. 

2.  Separations  based  <m  differenees  of  solu- 
bility. 

Considerable  ingiuuity  has  l)een  shown  in 
separating  tho  metals  of  the  raro  earths  by 
taking  advantage  of  tho  slight  differcnd^s  uf 
solubility  exhibited  by  their  salts  with  acids  of 
widely  different  typos.  The  following  series 
does  not  exhaust  the  list  of  oompouncLs  which 
have  been  utilised  in  these  inmeate  separa- 
tions :  Sulphates,  doublu  sulphates,  nitrates, 
double  nitrates,  ohromates,  bromates,  formates, 
oxalates,  suooinates,  ethyl-sulphates,  acetyl- 
acotonates,  and  sulphanilat*vi. 

The  ^vqgrees  of  these  separations  is  followed 
by  chemieal  and  speetroseoptc  methods. 

1.  Tho  eheniical  eonfrol  enri-iists  iu  (h-lci- 
mining  tho  o(^uivalent  of  any  fraction  cither  by 
»  gm¥im^rio  analysis  of  its  sulphate  (KriisH, 
Zcitsch.  anorg.  Cheni.  18»3.  :i,  f  l;  Wild.  ibid. 
1904,  38, 191 ;  Brill,  ibid,  1UU8,  ^7,  464 ;  Jones, 
•fttef.  1903, 36, 92 ;  Brauner  and  PavliSek,  Chem. 
Sw.  IVans.  IW2,  81,  1243).  or  hy  a  volumetric 
anal^'sia  of  its  oxalate  (Feit  and  Przibyfla, 
Ztftsoh.  anori?.  C%em.  1906,  43,  202). 

2.  Tho  Jiir  t  r  M;r.  t'liient  PfK'CtrOHCopic  con- 
trols are  (i.)  the  absorptioti  spectra^  exhibitod  by 
solvtioos  of  the  salts  of  many  rare  earths  {t,g. 
neodyniiuni,  praseodymiutii.  sarnnrium,  terbium,  : 
erbium,  thulium,  dysprt^iium  atul  europium) ; 
(ii.)  the  arc  spectra,  in  which  all  the  rare  earths 
give  characteri-t ie  lin<  s  both  ui  tho  visible  ami 
ultra-violet  regions  ot  the  spectrum.    Carbon  : 


electrodes  are  employed,  tho  lower  one  con- 
taining a  hollow  in  which  is  placed  the  salt  under 
examination.  The  arc  spectra  are  photographed 
and  the  lines  identities!  by  comparison  with  tho 
phutugraph  of  an  iron  !3[jectrum  taken  under 
siniilar  conditions.  Tho  method  is  extremely 
sensitive^  although  not  equally  so  for  different 
elements  (e/.  Sfbctbum  analysis,  and  v.  Exner 
and  Hasclieck,  Die  ^Vellenlangon  der  Bogen- 
spektra,  1904 ;  andHageobach  Mid  Konen,  Atlas 
der  Emitsionjipektren  der  mefaten  Elcmente, 
1005).  Other  emission  s})«'Ct  ra  (thi^  flame,  spark, 
and  cathodo  luminescouce  spectra)  have  iieen 
found  to  give  useful  indioations  in  oertain  cases 
(Crooked  Pliil.  Trans.  1883»  174,  [3J  891  ;  Proe. 
Roy.  Soc  1885,  38,  414 ;  1886, 40.  77,  236.  502  ; 
Chem.  News.  1886,  64,  39,  54,  63,  76, 155;  55, 
83.  95;  56.  50,  62,  72,  81  ;  Chem.  Soc.  Trans. 

1889.  55,  256;  Proo.  Boy.  Soo.  1899,  66,  237  ; 
Liecoq  de  Boisbaudran,  Cmnpt.  rand.  1885,  100, 
1437;  101,  .'552,  588;  1886,  102,  168,899.  1536; 
103.  113,  627 ;  1887,  106,  268,  301,  343,  784; 

1890,  110,  24,  67;  Bettendorf,  Annalen,  1802, 
270,  376 ;  fiaur  and  Ifarc,  Ber.  1001,  34^  2460). 

Physical  ani>  Chsmical  Propbktibs  of  the 
Kark  Earths  and  toxsa  mobb  Iupob* 

TANT  Compounds. 

Oxides  and  hydroxides.  The  me  tals  of  the 

rare  earths  wcrr-  formerly  supix>se<l  to  be  diads 
(c/.  Wvrouboff,  Bull.  Soc.  ohim.  1889,  [31  2, 
745;  r899,  [3]  21, 118;  Oompt.  rend.  1899,  128, 
1573),  but  thoy  Mre  now  regartled  as  tcrvalent 
elements  forming  oxides  of  the  ty[jc  li,0,, 
although  cerium,  neodymium,  praseoil^'raium, 
and  terbium  are  capable  of  yielding  higher 
oxides.  Tho  more  stable  oxides  of  thorium  and 
zireonium  are  of  the  form  RO,.  The  present 
view  of  the  valency  of  the  metals  of  the  rare 
cart  h-H  JM  supported  by  the  following  faot«  : — 

(i.)  Tho  isomorphism  of  bismuth  nitrate  and 
certain  nitratx^s  of  the  rare  earUl  series  (Bodman, 
Ber.  1898.  31,  1237). 

(iL)  The  cryo.soopio  and  ebulliosoopio  deter- 
mination of  the  molecular  weights  of  the  chlorides 
and  acetvlaoetonates  (Ber.  1898,  31,  1829; 
Compt,  rend.  1901.  133.  L>80  ;  ^Vnnalcn,  1904, 
331, 334) ;  these  salts  arc  thus  found  to  have  the 
general  formnla  RX,. 

(iii.)  The  electrical  conductivity  of  the  chlor- 
ides and  sulphates  in  aqueous  solution  (Zeitsoh. 
plw-sikaL  GhenL  1899,  30,  193  ;  Amer.  Chem.  J. 
18i>8,  20,  606). 

(iv.)  The  specifio  heats  of  cerium,  lanthanum 
and  didymium  (Annalen,  1873,  168,  45;  Ber. 
I8?^T.  2S21  ;  Bull.  So. .  chim.  IS82,  [21  3S,  139). 

I'ho  rare  earth  oxides  varv  oousidorabl}'  in 
basic  power,  lanthana,  praseoaymia,  neodymia, 

and  Ceria,  f  'e.f  )^,  bcitp^  thr  ;  t roii;^'  --t ;  uhilst 
uooyttcrbia,  lutecia,  soaudia,  and  cerium  dioxide 
are  amonir  the  weakest  bases  of  the  series.  In 

gem  ral.  tlK-  nxidcs  (RjOj)  of  tho  cerium  mrtrU.^ 
aro  Htron^er  ba^iM  than  those  of  tho  ytlrium 
gr(fup. 

The  hydroxides  are  thronti  out  nf  sitlutiun  ni 
gelatinous  precipitates  by  ammuuia,  ammonium 
sulphide,  and  the  oaustio  alkalis,  even  in  the 
pre.scnceof  ammonium  salt»s;  but  this  jir(  cii>itri 
tion  is  prevented  by  citric  or  tartuiio  acid 
(except  in  the  case  uf  scandium).  Unlike 
thorium  and  iiri-onium,  the  u!<  t  ils  of  iho 
cerium,  terbium,  and  yttrium  grou|>s  are  iiot^O^le 
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preoijuitalt'tl  as  liyflratcd  peroxides  from  neutral 
solutiuuii  by  hydruguii  peroxide,  but  their  per- 
oxi<  k;H  separate  from  alkaline  solutions  (Brauncr, 
Bcr.  1881,  11.  1944;  Clove,  Bull.  Soc.  chim. 
1885,  [2]  43,  o3/.  These  peroxides  are  very  uu- 
•tohle,  evolving  oxygen  even  at  the  ordinary 
temperature  ;  th.  y  are  completely  de.-troyrd  by 
acids  {v.  Cerium  ;  cf.  MclikofF  and  PLssarjowski, 
Zeiti»ch.  anorg.  Chem.  1899,  21,  70). 

Chlorides.  The  chlorides  of  the  rare  earth 
mctalts  are  deliquescent  salts  readily  soluble  in 
water  or  alcohol,  and  crystallising  from  the 
former  solvent  with  6  or  7  molecular  pn^rtiohs 
of  water.  The  anhydrous  chlorides,  woioh  arc 
fusible  at  red  heat,  but  very  slightly  volatile,  are 
obtained  either  by  evaporating  their  solutions 
to  dryness  ^ith  ammonium  chloride,  by  heating 
the  corresponding  oxides  with  carbon  in  a  stream 


of  chlorine,  or  preferably  by  heating  the  oxide  or 
dry  bulphate  in  a  current  of  chlorine  and  anli^ur 

cliioridi.'  (Mati^non  and  Bourion,  Compt.  rend. 


1901,  133,  289;  1902,  134,  057,  1308;  1904, 
138,  031 :  1005,  140,  1181 ;  Muthnwim  and 

Siutzel,  Ber.  1809,32,3413;  PetAenKm,  Zeitsoh. 
anojg.  Chenj.  1893.  4,  1). 

Toe  chlorides  of  -Uie  rare  earth  metals  coin« 

bine  additively  with  anrn  r  i  i  i  ]  r^nnic  bases 
(e.g.  pyridine;  f/.  Compt.  rend,  ilK)i>,  140,  141 ; 
J.  Amer.  Chem.  Soo.  1902,  24,  540 ;  1903,  25, 
1128;  Ber.  1902.  tJ.I.  2fi22),  and  exhibit  a  ^^nat 
teudeucy  to  form  double  .salts  with  the  less 
electropoflitiTe  metals.  The  platiniohlorides  of 
the  cenum  metals  are  isomorphous  and  crystal- 
lise in  regular  octahcdra  (Ber.  1876,  1722; 
Annalen,  1878,  191,  381). 

Fluorides.  The  rare  earth  metals,  iiiclucling 
tliornini,  are  precipitated  completely  .is  sela- 
tinou8  fluorides  by  soluble  fluori<li  s  and  by 
hydruHunric  und  niiosilicic  aeids,  in  this  rr=pcct 
ditferirii;  from  zirconium,  which  forms  a  solubli: 
donlilc  Hnoridc. 

Nitrates.  Jiic  nitraios  (if  the  rare  earth- 
tlissolvu  readily  ju  waUi  or  alcohol,  those  of  the 
tserium  group  crystallising  with  6  molecular 
proportions  of  \satrr,  \\hil5*t  the  corresiwuding 
tiidt«  of  the  J  tirium  group  contain  3-(i  jnolecule^ 
oi  water.  The  cerium  metals  readily  furnish 
stable  crystallisable  double  nitrnti  -  with  the 
univalent  and  bivalent  metals  (ammonium, 
sodium,  juagnesium,  &c.). 

Sulphates.  The  rare  earths  tUssolve  in  dilute 
sulphuric  acid,  and  t  he  solutions  deposit  hydrated 
HuJphatcij  containing  frequently  4,  8,  or  12  mole- 
cules of  water.  Tlu;  octahydrated  sulphat4^8  of 
prasoodymitim,  neu<lymium,  yttrium,  gatlolin- 
lum,  and  vttdbium  are  isomorphous  (mono- 
olinioh  but  thu  cerous  salt  Ce2(SO.),,8U,0  is 
rhommc  With  ezoess  of  acid,  the  normal 
Mulphates  of  the  rare  earths  are  cru (Tt»  d  into 
aoid  sulphates  of  considerable  stability  (Bull. 
Soo.  chim.  1880,  [3]  2,  745 ;  Compt  rend.  1902, 
1"4.  r.nT  ;  Z.  it^eh.  anorg.  Chem.  1904,  38,  322; 
Chem.  8oc.  Trans.  1902,  81,  1243). 

The  sulphates  of  the  rare  earths  have^the 
ehaiiicf '--ristic  pro|)tMiy  i-f  rrinibiniii j  %\it]i 
alkali  sulphates ;  the  double  sulphates  of  the 
ceritun  group  are  only  sparingly  soluble  in 
(onccntr?!i<  d  nlutions  of  fhr  alkali  salts,  whilst 
those  of  the  yttrium  group  are  readily  soluble. 
The  double  solphatett  of  the  terbium  group 
occupy  an  internirdiatc  jxj.^ition,  bring  mode- 
rately soluble  in  solutions  of  alkali  suIphaLoa*. 


Carbonates.  Ammonium,  sodium,  and  potas- 
sium oarlKinates  precipitate  the  neutral  or  Iwtsie 
carbonates  from  aohitionsof  the  rare  earths ;  but 

these  precipitates  are  soluble  in  excess  of  the 
reagents,  and  from  the  solutions  thus  obtained, 
crystalline  double  carbonates  are  de{x>site<l  on 
evnporation.    Tin-  c  irbonates  of  \  ttrium 

nit  tals  are  geocrally  more  soluble  than  tbuise  of 
th*-  (t  rium  grcmp  in  solutions  of  the  alkaJK 
carbonates. 

Oxalates.  The  rare  earth  oxables  are 
precipitated  by  oxalic  acid  or  soluble  oxalates 
m  neutral  or  acid  solutions,  an<l  the  sparing 
solubility  of  these  compounds  in  acids  is  a 
characteristic  ])ntjK  rty  wiiich  serves  to  ho {la rate 
the  rare  earths  from  other  mctallio  baaoa  (Ber. 
1898,  31,  1718  ;  1899,  32,  409). 

The  oxalate's  of  the  rare  earth-,  proper  dis- 
solve only  slightly  in  ammonium  oxalate, 
differing  in  this  respect  from  the  oxalate*  of 
thorium  <md  zIiTniiiiiiii,  the  latter  Ix'ing  also 
soluble  in  free  oxalic  acid  (Chom.  i>oc  Trans. 
189H,  73,  951).  Aqueous  ammonium  aoetate 
dis  •  1  t  [  '  oxalate!^  of  the  vttriam  group  (BulL 
Hoc.  chim.  1896,  £3]  lo,  338). 

AMtelM.  The  aoetotes  of  the  cerium  group 
are  very  soluble  and  <  ry>(aI!Lso  with  diffii  nlty; 
those  of  the  yttrium  group  are  let^s  soluble. 
Boilir^  with  sodium  acetate  precipitates  air- 
coniiim  and  thorium  from  sohiti'in>  of  their 
.soluble  salts,  but  not  the  rare  earths  proper, 
excepting  cerium  from  eerie  salts  (Ber.  1902;  35, 
67?). 

Formates.  The  formates  o£  the  ctrium 
group  an-  less  soluble  than  those  of  the  yttrium 
group.  These  .salt.s  have  proved  ui?eful  in 
separating  tho  t'lenieaUi  of  the  terbium  group. 

Aeetylacetonates.  Acetylaoelone  fomifllwa 
wi  ll-t  ry.-'talUsod  salts  w  ith  the  rare  earthx,  and 
tiu;  fractionation  of  t^ieso  compoundj<  from 
alcohol  has  served  in  the  separation  <  i  - 
\ttriMfi  L'liuip  (Url»ain,  Compt.  rend.  1897,  12-*, 
IjIn;  iiuil.  Soc.  chim.  1897,  [3J  17,  98;  Ann. 
Chim.  Ph\-.  I'.MXi.  |7j  19,  184;  Biltr,  -Vnnalen, 
1904,  .'i.'il,  bU:  Zeitsch.  anorg.  t'hom.  19(»4.  40. 
218  ;  lianlzsch  and  LK^se^h,  Annalen,  1902, 
323,  26). 

The  Mclah  of  the  Bare  Earths.— 'Dw  oxides 
of  the  rare  earths  are  very  refractory  substances, 
which  have  not  bet-n  reduced  directly ;  the 
metals  are  generally  set  free  from  the  anhydrous 
chlorides.  This  reduction  may  be  effected  with 
sodium  or  }K)tassium,  but  is  preferably  carne<i 
out  electroh'tically.  The  drj*  chlorides,  mixe>l 
vriih  a  small  proportion  of  alkali  chloride,  or 
barium  chloride,  ar<-  electrolysed  in  a  copper 
crucible,  fitted  with  carbon  electrodes,  the 
electrolysis  being  carried  out  -with  a  current  of 
30-K>  amperes  and  12-15  volts.  The  mixed 
metal  collects  in  a  molten  state  rooud  the 
cathode,  which  pa«see  tbtough  the  bottom  of  the 
crucible.  Tin-  anode  is  movable,  so  that  the 
resistance  and  therefore  the  tempwature  can  be 
increased  until  all  the  separated  metal  msite 
together.  A  yield  of  760  gram>  of  luetnl  can  1  © 
obtained  with  a  current  of  120  amperes  in 
6  hours. 

With  the  mixcfl  ilJorides,  prepared  from  the 
>>aste  oxides  of  the  Uioria  manufacture,  tlie 
product  is  the  soHsalled  'misehmetal '  (0, 45  p.c. ; 

U,  Nd,  Pr,      p.e. ;  8ni.  Er,  fM.  Y,  20  p.c).  which 
has  been  used,  like  aluminium  iu  the  (JoldscbmH^^^ 
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process  ('  thermite '),  to  effect  the  rodun- 
tkm  of  the  f  fniotory  oxides  of  molylj<lenum. 
vaniifliTim.  tiilumliintn,  and  tantalum  (Muth- 
maiuu  iiofor,  an<l  WfinM,  Aniialun,  11X12,  320, 
3:)!  ;  11)04,  331,  I  ;  I1M)5,  .'WT.  370). 

Ilihlioijraphy  of  the  Hare  EaHft^^.  Bohni, 
]>arstfllung  der  si'lteiien  Erdea ;  Hrwwuing, 
Intnxluction  to  tUo  Rart*r  Ellcnientfl ;  Al)cj{>», 
Handhuch  <lor  Anor^Mtii-ichen  C'lioniif,  vol.  iii, 
l>;irt  i.  ;  HerzfelU  antl  Koru,  Chemie  der  »el- 
tcnen  Enlen;  WyitmboffandVomeuU,  I^i  (  Jhimie 
deaTen.    !;  iivs.  G.  X.  M. 

CEROSILINE  V.  Waxes. 

CBROTIG  ACID  Cj^H^i-COOH  is  found  free 
in  beeswax,  ot  which  it  i»  the  chief  con.stituunt 
(Brodic);  aa  a  eery  I  ether  in  Chinese  wax  and  in 
opium  wax  (Hesse);  and  han  been  obtained  from 
jtarafKn  by  oxidation  with  chron;ic  acid  (]^larie, 
Ann.  Chera.  Ph>  [7]  7,  UK) ;  Henriques.  Ber. 
1M>7.  IMS);  in.p.  77-5°  (M.).  S2-0''  (H.). 

CEROTINE  ORANGE,  -POMGEAU*  -jSCAR- 
LETS.  -YELLOW  v.  Azo-  ooLouBoro  HAVffna. 

CEROXYLIN      WaXSS;  aIm  BMOXB. 
CEBULEIN  V.  AmCABOr  ASD  ALtno  COLOUR- 

mo  MATTE  Ra. 

CERUSSITE.  Native  lead  earbonat" 
(PbCOj),  of  some  iniiKntance  as  an  ore  of  lead 
{Pb,  77-5  p.c),  being  known  a«  whit*-  I<  ud  ore. 
It  crystalluea  in  the  Oftllorhoiiilii<-  sy.-tfin  aii<l 
i«  i-omorphoufl  with  aragonite  (CaCOj)  and 
witlurit©  (BaCOj).  Six-rayetl  stellate  groups 
of  twinned  or3nitids  are  extremely  characteristic. 
The  crystals  ixisscss  an  adamantine  lustre,  are 
very  heavy  (sp.gr.  6-r)),  and  e(Terv<*sce  with 
diluto  acid  ;  they  are  very  brittle,  breaking  with 
a  bright  oonchoidal  fracture ;  hardneas,  3^|. 
The  mineral  oocars  in  the  upper  ozidised  cones 
i)(  veins  of  lead  ore,  having  been  formed  by  the 
aotioa  of  carbonated  surface  waters  on  mdena. 
Enormous  depomts  of  oemssite  mtntnfx^  with 
ombolito  (silver  chloro-bniniidr)  aiul  iod^Tite 
(silver  iodide)  have  been  exteusivo^y  mined  at 
Broken  Hill  in  New  South  Wales,  where  little  or 
none  *>f  the  oxitliscd  ore  now  ri-nialn-.  Iiifl- 
matdy  mixed  with  hemimorphite  (hydratod  ziuc 
tdlioato),  it  is  abondant  at  Broken  Hill  in  North- 
Western  Rhodesia.  At  botli  of  thf-^c  KHalitiL:>, 
many  finely  crystallised  specimens  have  luxu 
found.  Lb  J*  S> 

CERTL  ALCOHOL  v.  Waxk. 

CETINE  p.  Wajus. 

OBTOSAN.  Trade  name  for  a  mixture  of 

*hi-  hi^hrr  alcohols  of  sprrrnac « li,  mainly  eetyl 
and  octodccyl  alcohols,  with  vaaeline.  When 
shaken  with  water,  it  forma  a  permanent 
cream V  otnulsion  (BlatB»  J.  Soo.  Cnem.  Ind. 

1908,  HGrt). 

CETYL  ALCOHOL,  CETYUO  ACID  and 

CETYL-ACETIC  ACID  (r.  SpxBMACBTt). 

CETYLMALONIC  ACID, 
CH,(CH,)|  .GH(00,H)«.  Pre  parwl  fro  tn  a  <  >  /i  u  - 
stearic  acid  and  pota-sh  (H>  ll  and  Sadomsky, 
Bcr.  1891, 2781),  or  diothylmalonio  ester,  methyl 
iodide,  and  cetvl  iodide  (Gothxeit,  Annalen,  206, 
357):   Ti>  y>   l-il  -5°-122*. 

CEVADINE  r.  N  eieTO- alkaloids. 

CEYLON  MOSS  r.  Ahax, 

CHAGRAL  GUM  ('^^r< 

CHAILLETIA  TOXICARIA  i  J>an.).  A  plant 
found  in  Upper  Guinea,  Sierra  Lcono,  and 
^eiifi^ambia,  the  fieed?  of  which  contain  a 
poiijonouji  resiu  used  ior  kUllug  raU  und  other 


animnlK  fPnwcr  nnd  Tutin,  J.  Amer.  ('hem.  Soc. 
llMMi.  Js,  1  1  7(1  J. 

CHALCANTHITE.  Native  copi)er  sulphate, 
CuSi  )j,7  H  ,(),  found  as  a  bricht-bhie  efflorescence, 
or  ran  l\  a<  distinct  i  i  v  '  il-.  in  many  copper 
mines,  being  ci^pecially  ahuiulant  in  ?nmn  of  th'i 
Chilian  mhies.  In  solution  it  is  always  present 
in  the  waters  issuing  from  copper- mines  *  these 
are  allowed  to  flow  over  scrap  iron,  the  cojiper 
being  precipitated  as  cement-copper.  About  100 
tons  of  copp(T  have  been  so  saved  annually  from 
the  waters  of  the  RioTinto  mine  in  Spain,  nnd  con- 
siderable nmotmts  ^vere  formerly  obtainetl  from 
the  niin.'  wati  r-  in  Co.  Wicklow.     L.  J.  8. 

CHALCEDONY  v.  Agate  and  Quartz. 

CHALCOCITE.  Cuprous  sulphide  {v.  Coffer). 

CHALCOTRIOHRBi  Nativ«  eaprooa  oxide 

(l*.  CUPRTIE). 

CHALK.  A  whit«  or  greyish,  loosely  co- 
herent kuid  of  limestone  rock,  composed  almost 
entirely  of  the  calcareous  remains  of  minute 
marine  organisms  (foraminifera,  c«)ccoliths,  &c.) 
and  frai^'uu'tits  of  shells.  The  ))un'^t  kinds  con- 
tain up  to  09  p>c.  of  oabium  carbonate  in  the 
form  of  the  muieral  oaloite.  SQiea  is  always 
present  in  small  amounts  as  Ihc  iiiiiural  ()|>a1, 
representing  the  remains  of  other  minute  marine 
organisms  fiadiolaria,  &c.)  and  sponge  spicules. 
Miiiuf<'  Liraiiis  of  quartz,  felspar,  /in  in),  rii(ilt\ 
and  other  minerals  are  also  often  present. 
With  the  admixture  of  clayey  material  there 
may  be  an  in>i  n^iM<-  ^'radrttion  from  pure  chalk 
to  ehalk-inarl  {v.  Marl),  in  phosphatir  chalk, 
there  is  mueh  ealeinm  phosphate  (up  to  4.')  p.c.) ; 
in  j^rtvn  glauconitl''  chalk  there  is  an  admixture 
of  jgrains  of  gUucouite  (a  hydratcd  iron  potassium 
silicate):  and  in  rtd  chaUe  there  is  some  iron 
hydroxi'l'".  Not  oidy  may  there  ha  c.m- 
siderablo  variations  in  the  composition  of  chalk, 
but  there  may  also  be  wide  variations  m  the 
colour  (snow-whitf.  Krcy,  and  texture  of  tho 
material.  It  may  be  sott,  incoherent,  and 
porous,  or  quite  hard  and  orystalline  (aa  the  ohaUc 
of  tho  Yorkshire  con-'t). 

Tho  uses  of  chalk  are  numerous.  For 
ex  iMiple,  as  a  writing  material  in  form  of  white 
unci  coloured  crayons;  for  tho  manufacttirn  of 
quicklime,  mortar,  Portland  cement,  plaster, 
&c..  and  as  a  fertilisor.  Whiting  is  prepared  by 
crriiiiliii^^  chalk  and  collectin;:  the  finer  sediments 
Irom  water  ;  this  is  useil  for  polishing,  making 
putty,  and  many  other  puri>ose.s.  Cnder  the 
name  of '  Paris  white,'  chalk  is  us.  d  in  tho  manu- 
facture of  india-rubber  goods,  oilcloth,  wall- 
paper, &c.  The  harder  kinda  are  ezteosively 
u.«ed  as  a  building'  stone. 

Largo  quuniiues  of  chalk  aro  quarried  in 
the  counties  of  Kent,  Surrey,  Sussex,  Cambrid^ic, 
Lincoln,  and  Han>i>8hir») ;  Kent  l>eing  by  far  the 
most  important.  Tho  production  of  English 
chalk  is  not  far  short  of  five  million  tons  per 
annum.  A  certain  amotitit  of  ttua  is  exported 
to  tho  United  States,  though  there  are  extensire 
betb  of  chiUk  in  Kansas  and  Texas.  (On  tho 
English  clmLk,  ^ee  A.  J.  Jukos-Browue,  The 
Cretaceous  Rocks  of  Britain,  Mem.  Geolt^neal 
Survev.  I'.Hi;!.!  L.  J.  S. 

CHALK.  FRENCH.    Steatite  or  soapstone. 

CHALYBITE.  Native  iron  carbonate, 
FeCOj,  forming  rhoinbohedral  crystals  iso- 
moq>hous  with  calcitc  (raCO,1.  and  of  im- 
portance (Ui  an  ore  of  iron,    it  w  otten  knon>;i.aMUOgle 
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Biderite,  but  thia  name  had  earlier  fami  apptio^l 
to  twoothtT  mineral  species,  and  it  Is  hIhh  umsl 
as  a  group  uume  for  meteoric  irons,  iip.gr.  3-0  ; 
hardnniP,  ^.  SmaXL,  brflliant  crMabi  of  varving 
haliit  arc  roinnion  in  inaiiy  iniii«ml  vfins,  for 
example,  those  of  ComualL  V'uiiui  of  maaaive 
nparry  material  ahowin^  oleayage  aurfaoes 
(Spathic  iron-ore)  arr-  mined  in  the  Brendon 
Uilla  in  boiuerac^ahiiv,  and  in  Weardale,  Co. 
Durham.  The  fresh,  unaltered  material  in 
«  n  amy  whifo  in  colour  V  white  ore  '),  but  wht^n 
fiJighUv  woatborcd  it  in  brown  ('  brown  or«> 
The  CTerdand  or©  ia  a  tnaolitie  form  of  chalybite 
ticciirrine!  as  bods  in  the  IJas  strata ;  and  the 
important  clay-iron-ntone  and  black-band  iron- 
stone cf  the  Goal'Dieaatiree  consist  of  compact 
chalybite,  int('rmixe<l  Avith  rlay  and  carbonace- 
oiu>  matter.  A  nodular  form  with  an  internal 
radiated  atmoture  ia  known  aa  aphofrogiderite, 

h.  J.  S. 

CHAMOMILE  OIL  v.  On^,  Essentul. 
CHAHOnV*     A  mixture  of  fire  clay  and 

bnmt  pottcr\-  uihiI  for  making  fire  bricka« 

cnicibk*-*^.  p!|K'H,  kc. 

CHARCOAL  r.  (    jv     N  and  FuBL. 

CHARICIC  ACID,  CHAVICIM  v.Fepp€r  renn, 

art.  iiKSJNS. 

CHARTREUSE.  A  famuuts  liqueur  formerly 
prepared  at  ilic  head-quarters  of  the  Carthusian 
monkH  ne*r  (Jn-noble,  but  now,  since  the  retreat 
of  the  monks  from  France  in  1906^  made  at 
Tarracrona  in  Spain. 

The  it>cipe  for  the  original  liqueur  or  *  elixir 
vitie '  as  it  wa8  called,  was  given  by  the  Marquess 
d'Estroes  to  the  Carthusian  monies  of  Paris  in 
1({02,  but,  owing  to  the  difficidty  of  procuring 
the  necessary  alpine  plants,  they  prtwntcd  it  to 
their  brethren  of  the  Grands  Cbartreuae  in 
1 735. 

1'he  elizir  t-ttcp  was  value<l  as  a  stimulant  for 
the  less  robust  members  of  the  fraternity, 
weakened  by  age  or  by  t  hu  privationa  and  barii- 
ahipe  entailed  by  the  seventy  ol  their  reUgiooa 


lugredieoM 


China  cinnauiou 
Mace 

T.rmfiti  halm,  drie<l 
lly.-.-.op  (lluwer  tops)  . 
P(-p]>crmint  (drioa)  . 
Thynu' 

Balsime  {Hal.  tnfijor)  . 
Genepi 

Arnica  (Howorx)  . 
Balaam  poplar  (buds) . 
Anjielica  (seeds) 
Angelica  (roots) 
Coriaixlor  . 

<  'l(i\  r-S         .  .  , 

Aloes  (Socotrine) 
Cardamom  (amall) 
Nutmegs   ,        ,  . 
CaiamuB  .  . 
Tonka  beans 

Atrrihol  at  8.')*  . 
White  sugar 


and  wiff  aim  dispraaed  to  the  fimtle 

poor  of  tin-  dinitrict. 

After  nuuieroua  disasters  by  tire,  pillage,  and 
OOnfiBoation  of  their  property  through  religiooa 
and  |x>lili(  al  ]kt>c(  iituin-.  ( iilminat  ing  in  tho 
loi»  of  cvcr^  thing  during  the  French  Revolu- 
tion, the  monasteiy  of  GKanda  ChArtrvnaft 
was  restored  in  I81G,  although  in  a  wry  im- 
poverished cottditioo. 

The  aeeret  of  the  manuf  aeture  of  the  *  elizir  * 
had,  howevfT.  Incn  carefully  jireservod,  and  this 
waa  made  the  basin  of  other  varieties  of  liqueur, 
by  the  sale  of  whkh  the  monks  hoped  to  im- 
prove  their  finanrr«.  The  rc.~nlt  «a*4  the 
production  of  green,  yellow,  and  white  '  char- 
treuse,* the  virtuea  ot  wluoh  were  advertised  far 
and  v  ide  by  the  military  officers  who  had  been 
quartere<l  in  t  he  monastery  about  the  middle  of 
last  century.  Rxten-sive  Mid  modem  plant  waa 
histalled  at  Fourvoisie  in  1803,  and.  in  rourso 
of  tiint'.  the  sale  of  ohart^use  increased  the 
rcvenni-  ( >f  i  hu  monaatery  to  a  pomt  it  had  never 
reached  before. 

After  the  paasing  of  the  French  Kclicioud 
Associations  Act,  in  190G,  the  monks  oi  the 
Grantlo  Chartreuse  migrsted  ncro^s  the  border 
to  Tarragona  in  Spain,  c^rrjmg  their  secret 
formula;  with  thein. 

More  than  200  ingredients  are  .•yiid  to  l>e  uawl 
in  the  manufacture  of  genuine  cliartreuse,  and 
its  spirit  basis  is  rectitied  grajK-  spirit  liistilled 
from  found  whw.  The  usual  rtkohi.lic  strength 
of  the  three  varieties  of  chartreui>e  is  :  grttn, 
55^  of  alcohol,  or  00  p.c.  of  proof  spirit ;  ytUt^, 
42-5"  alcohol,  or  74-5  p.c.  proof  spirit ;  and 
whitf,  30*  alcohol  or  52'6  p.c.  of  proof  spirit. 

There  are  innumerable  imitations  of  char- 
treuse, mostly  pre])ared  from  plain  spirit 
flavoured  with  essential  oils  and  coloured  by 
menus  (if  the  various  ingredients  described  under 
CoRDUia  AJfD  LiquEUBS.  The  foUovring  for. 
mu]»  are  amongst  the  beet  of  thoaa  suggested 
for  the  piepaiatfon  of  imitation  ohartreuae:  — 


Urccn 


15  grams 
in 


YcUuw 


White 


500 
250 
250 

30 
125 
260 

10 

15 
125 

02-5 


»• 


15  grams 

250 
125 


*• 

•» 
*» 


»» 
*• 

n 


02-5  litres 
25  0  ktioe. 


12S 
15 

125 
30 
1500 
15 

90 

50 


42-5  litres 
25-0  kilos. 


»» 

n 
it 
»» 
f* 


125  grams 
30  „ 

135  ,, 


1S6  » 


125 
30  „ 

15  n 

800  „ 

16  ., 

52-r>  litres 
37-5  ialus. 


Digest  in  the  alcohol  fur  24  hours,  dii^til  until 
nearly  ail  the  sfririt  ia  over,  and  dilute  to  100 


litres.    Colour  green  or  yellow  as  descrilK><l  under 

GosDUia  AUn  LiQiixins,  add  the  su^ar,  f  ^  Jgg[, 
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roflt  till  dear,  and  filter.  {See  Cordials  aito 

liiQUXUBS.)  J.  C. 

CHAULMOOGRA  OIL  GROUP.  Tliin  f^roup 
is  remarkablo  on  acooiint  ot  the  consiiU^rsblu 
optical  activity  which  theeo  oils  exhibit,  owing  tu 
the  pn>Hfti(t>  of  tlic  strongly  active  chaulmoo- 
grio  aad  h^daocarpio  acids  (diacovored  by 
Pbwer  and  ms  oollaboratorit).  Hiihfvto,  three 
oils  hi'loiijiing  to  this  cla.-^H  havr  Ixv  ii  iliscritx'il, 
viz.  C/utulmoogra  oil,  obtaiiuHl  from  tho  suodB  of 
Taroklogeno9  Kunii  (Kin?)  ;  HydnoearpM  oil, 
obtHiiiffl  from  fhf  st-f^tls  of  Jl'/dnocnrpn.s  Wi'ghii- 
ana  (Biume);  and  LukrcUfOOtl,  the  fat  obtainod 
from  HydnoearpHM  anihelminlica  (Piern*).  The 
sajMitiificHtion,  vahica  of  theso  oil-  ll-  ]n-l\\'-  ri 
204  and  213,  and  their  iodine  valueu  bt.'tweeii  90 
and  86*4.  The  weds  of  Taraktoj^M  oontMn  a 
cyanotjf'nrt  !<•  ylncosiflc.  Chaulintiogra  chiefly 
uxed  in  the  treatment  of  leprosy  and  various  skm 
diseaaeo  in  Indo-China,  Siam,  and  to  some 
oxtfnt  nh'o  in  Europe.  Rt  -  ntly  r  huiilmoogra 
oil  haa  been  imported  on  the  ouutinent  as 
'Cardamom  oil*  aad  used  in  mai^arine  with 
disastrous  re.'<ults.  J.  L, 

CHAY  ROOT.  (;hay  root  or  Cluiy  &\w  (from 
ehaya^  whwh  tixi-i  colours,  aod  tier= root) ;  also 
cnllf'ii  In<iiiiit  madder,  is  tho  root  of  Oldenlandia 
umbtUata  (Linn.),  Rubiacea>.  It  l>ean4  tho 
ftdlowing  Indian  vernacular  namof :  turbuli 
{Bfn{fali)  ;  chcri-vdlo  [Tthuju);  oh<»  or  chay, 
Mayawer,  iraburel  {Tamil).  The  plant  Lh  a  ttmall 
bush  or  herb  found  on  sandy  noils,  chiefly  near 
thp  <»fa-ooa?tt.  It  occurs  in  Xf  rth  Burma  and 
C«*vltHi,  but  in  UHxst  abundant  m  certain  tracts 
of  the  Madras  Prosidenoy,  from  Orissa  south- 
ward. It  rhx-s  not  npjvcar  to  ho  ii'*<'d  in  Boti^^ftl, 
but  on  tliu  Maliibar  and  (Joromandel  coasts, 
especially  the  latter,  it  ia  atensiTely  cultivated, 
an<l  employed  in  dyeing  a  colour  analogouM  to 
Turkey-m.l'.  The  chief  market  is  Ma<lra8, 
M-here  it  is  Hold  in  small  bundJoH  at  about  4d.  a  lb. 
The  roots  are  cumaUy  about  10-12  ina.  long  and 
I  in.  thick,  somewhat  straight  and  stiff,  tough 
anfl  wiry,  and  with  few  or  no  lateral  fibnvj. 
When  freiBhly  fathered,  they  have  an  orange 
eolour ;  bnt  when  dried  and  kept,  they  assume 
a  yellow  i^ih -grey  hue.  Boiling  water  gives 
merelv  a  pale-yellow  extract,  but  if  alkali  ia 
addefi,  a  mood-TPd  dinroction  is  soon  obtained. 
Tho  coloiiriiv'  i  ri  ciplcs  srotn  to  reside  Chiefly, 
if  not  entirely,  in  tho  bark  of  the  root. 

The  titerature  oonneoted  with  chay  root  it 
(■  KtT*  in'  ly  rn«'n).'r«\  and  is  for  tin-  ino<t  jxirt  con- 
tained in  the  foUo>%ing  publications  :  Philosophy 
of  Fermaaent  Ooloors,  2,  282.  1813,  Banoroft  ; 
Bulletin  de  la  Society  indnsf  ridlc  dc  Mnlhou^c, 
6,  302.  1832,  £.  Schwartz  and  1).  Kocchlin ; 
L'Ait  de  la  Teintoie  dee  Lainee,  47S,  1849, 
( )i  nfrcvillo.  Quantitip:i  of  flic  root  were  ini- 
porte<i  into  Europe  in  1774  and  at  later  period!*, 
and  its  dyeing  propertiee  were  examined  by  the 
ahovc-mentionetl  experts.  It  met  with  liMlc 
practical  success,  however,  as  it  was  not  found  to 
pOBM»  anv  advantage  over  madder ;  indeed,  it 
was  considered  to  have  hut  one-half  or  even  a 
fourth  of  the  colouring  power  of  madder ; 
further,  it  was  fonnd  to  contain  certain  tm- 
define<l  yellow  substances  of  an  acid  character, 
which  interfered  sominvlmt  with  it-s  dyeing 
powt^r.  Still,  it  was  recognisetl  as  a  good  dye- 
stutT.  giving  the  ti-ual  madder  colourM.  and 
cqualty  fast  to  soap.    It  is  evident  that  the 


yellow  substances  referred  to  are  not  the  same 
as  those  described  in  this  article,  as  Schwartz 
states  that  they  were  pn-sent  in  larger  quantity 
in  *  ncma '  (iforiada  eitrifolia)  than  m  chay  root, 
whereas  these  yellow  substances  exist  in  much 
larger  quantity  in  chay  root  than  in  inorinda 
root.   Ver^  probably  they  refer  to  Bochleder's 
*  mbiehltino  acid,'  as  uiw  is  contained  in 
inorinda  root  in  Iar>.'(  r  aniontit  than  in  chay 
root.   iSchtttzenbergcr,  in  his  TraiUi  dea  Mati^ros 
I  coknantee,  2,  291,  1867,  states  that  he  found 
.'  chay  root  to  contain  alizarin  and  chlorogcnin 
I  (rubichloric  acid)  and  thatit  wasoasy  tocxhaout 
!  the  root  by  extraction  with  alcohol. 

In    many    rf-pcct-^    chay    root  reHcndilcs 
1  madder,  as  both  contain  ruberythrio  acid, 
I  aliiaritt,  rabichlorio  acid,  and  cane  sugar,  bnt 
there  are  very  marketl  difTerences  in  tho  nature 
I  of  the  other  constituents  of  the  two  roots. 
Madder,  as  is  well  known,  contains  purpurin, 
purpurin-  and  purpuroxanthin-oarboxylic  acids, 
&c.,  and  but  traces  of  yellow  crystalline  sub- 
stances, forming  barium  compounds  soluble  in 
water,  Avhich  have  not  l>oen  at  all  fully  investi- 
gated.   In  chay  root  the  former  substances  aro 
entirely  absent,  but,  on  tho  other  hand,  al- 
though the  root  contains  considerable  rpn?  iitie-s 
of  yellow  crystalline  substances,  they  arc  (juito 
distinct  from  those  contained  in  madder. 

The  phenolic  constituents  of  this  root  have 
btH'n  studied  by  means  of  the  sulphurous  acid  ex* 
traction  method  described  in  detail  incotmection 
witli  Madder,  and  al»ol)y  a  snhs«>quent  cxhaxi-- 
'  tion  of  the  residual  root  with  boding  lime  water,  la 
this  manner,  chlororu bine,  alizarin,  afld  a  mixture 
!  of  non-tinctorial  yellow  substances  were  isolated. 

These  latter  arr>  present  in  chay  root  (probably 
I  as  glucoside)  in  (otn])aratively  l^rgo  amount 
I  (1  p.c),  and  have  been  shown  to  consist  princi- 
I  pally,  if  not  entirely',  of  tho  following  sub- 
!  stance?. 

Alizarin  a-mtthiih  tht  r  crystallises  from  dilute 
methyl  alcohol  iu  l»>iig  orajige -yellow  needles, 
melting  at  178M79*.   It  has  tho  oomtttotiOQ 

no  OCH, 


\/\co/\/ 

intt-rest in;_'  compound 


has  mA  as  vet 


This 

been  synthuticallv  produced  from  alizarin,  all 
attempts  in  this  direction  having  resulted  in  the 

formation  o^"  tfi  '  correspon  hng  /5-mcthn\-v- 
doriirativo.  The  methoxyl  group  present  in  this 
smbstanee  i«  much  more  readily  hydndynd  than 
is  us'tiallv  the  case,  for  proloncjefl  diccMtion  with 
boiling  baryta  water  is  sutticiont  for  this  purpose, 
a  precipitate  consisUng  of  barium  alisarate  thtts 
sepiirat  ing.  This  property,  therefore,  account**  for 
the  difficulty  in  obtaining  either  this  compound 
or  alizarin  dimethylether  by  means  of  methyl 
iodide,  for  in  this  prcicc<*s  of  nu  tliv  latinn  a  pro- 
longed digestion  in  the  presence  of  trt*  alkali  is 
necessary.  On  the  other  hand,  whereas  aliza- 
rin is  oiilv  converted  with  considerable  difficulty 
into  aliianu  diiuethv  iethcr,  by  the  acticm  of 
methyl  sulphate,  alizarin  a-incthylethcr  reailily 
yields  this  substance  when  treated  with  this 
reagent  in  the  usual  manner. 

Ac'tijl  alizarin  a-rnfthtjUthfr  CTyBtalliaM  in 
yellow  needles,  meltinir  at  212®. 

AiUhragalhl  dmulhykihcr  (A)  lofras  ycjbvcjog 
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needlee,  melting  at  209'*,  ami  diiisolvcs  iu  ailca- 
Jine  solutions  with  »  led  ooloiiTftticMi.    It  is 

distiniriiishol  from  tht>  isomrric  foni|Kinnf! 
(lescrilK  d  Im  luw,  in  that  it  ^leliis  an  ammoniuni 
salt,  crystallising  in  scarUjt  prisms,  wliich  is 
sparingly  soluble  in  tuM  nlr  oh.il.  ll<  iii<  «l  uitli 
sulphuric  acid  to  IbO'',  or  with  hvilrocliiuiic  avui, 
it  is  converted  into  anttffagaliol,  and  A\'hen 
metbylat<Hl  by  means  f>f  mrtliyl  sulpliatc,  i> 
readily  converted  into  autUragalloi  triniethyl- 
ether.  By  the  actirin  of  10  p.c.  ]H>tas8ium 
hydroxide  in  .a  s<'.Tlfd  tiil.f  at  ]^0'*  f->r  5  hours, 
it  is  p&rtially  converted  into  metiioxyalizariu : 

CO 

/  ^^     \y  OH 

V     CO  /"^» 

and  A  nmilar  reaction  oooun  when  sulphuric- 
acid  at  100*  i^i  tinjiloyed.  The  constitution 
asaiffued  to  this  authragaUol  dimethylothcr  (A), 
is  therafora  as  follows: — 

CO 

AceiykaMroffaUol  dimfthyUthtr  crystallises 
in  palt  -ydlow  prisms,  rnrltln^f  at  2I3**-"2irA 

Anthragalloi  dtjuelhykiher  crystallises  in 
yellow  loafieta,  melting  at  230^-232*,  and  gives 
a  red  ammonium  salt  which  is  solnldc  in  cold 
Alcohol.  Heated  with  10  p.c.  potassium  hy- 
droxide solution  to  IW  for  5  hours,  it  is  partially 
convert*  (I  into  a  rnmpoiind  having  the  xeaotions 
of  methoxypurpuroxanthin 

.CO  o« 


OCH, 

\/  \co/ 

and  i^ith  little  doubt  possesses  the  following 
conslitation;— 

CO  ^w,o 

/\  '     \  ^  '\cH,0 

V\C0^'  ^/^" 

By  III.  fhylfttion  with  iix  fliyl  sulphate  in  the 
usual  manner,  this  compound  is  readily  oon* 
verted  into  anthragalloi  trimetliyletheir. 

AcdtjJnnthragaliol  dimdhyh  tl'  r  (B)  consists of 
long  yellow  needles,  melting  at  176**-178'. 

Ifystoairffw  fnonmuih^dher  oMained  as 
long  ornnpr  ypllnw  nirdles,  nultin;,'  at  232**, 
when  h«  atcti  with  hydrochloric  acid  at  180*,  is 
convert4><l  into  hystazarine.  iUkaline  solutions 
(ti-so!vf  it  Mitli  a  rrinison  ( ul- luraticu,  and  its 
ainnuiiiiuni  and  |xitassmiii  *<*Uta  which  crystallise 
in  garnet-re<l  needles  are  insoluble  in  OoJd  M 
butylic  ftliolid.  The  const  it  ul  ion  of  by 
rine  monomeihyletlier  is  aa  follows: — 

B\    means  of  tncthyl  sulphate,   it  yields  I 
h^btaiarino  dimethylft  her.  whi(h  consists  of 
yellow  glisten inir  needb  n.  moltint;  at  23.'i*-23f»*. 

M(!"fnffh,,>  <i  !uthraquhimip,         pale  -  \  ' 
needles,  melting  at  302*.  probably  identical  , 
with  the  welUknown  artificial  compound  which  , 


hi  preparixi  from  aQthraquinoncmonosulphonio 
acid  by  digestion  with  alkali. 

Di/ti/uf  Pmperiie^.—Wihnxmh  rhcvy  rrwnT 
contains  acid  principles  ^vlllc  h  t*  ad  to  dissolve 
the  mordants,  its  empi' 

presents  no  ilifTuulty.  I'hc  only  precautions 
neces2>ar\  to  be  ubMTvcd  are  to  add  2  p.C.  of 
chalk  to  the  dye-))ath,  and  to  raise  the  tempera* 
ture  gradually  to  the  boilintr-jx-.ittt. 

Dyeuig  experiments  uu  orduiary  stri^Je- 
printed  calico,  conf^ining  alumina  and  iioo 
nidrdants,  have  shown  that  the  dyeing  power  of 
chay  root  is  equivalent  to  the  presence  of  a 
peroentage  ol  0'33-0*35  alizarin.  Com  {tared 
with  ground  madder  root  of  ^uod  (lualitx.  it 
seems  to  have  abuut  half  its  dytiiig  ijovvi.r  uhi  u 
the  comparison  is  made  before  soa]>ing,  but  after 
soaping  it  appears  to  bo  quite  equal  to  madder. 
The  re<l8,  pinks,  and  chocolates  have  a  liiistmctiy 
bluer  shade  than  those  given  by  madder,  and 
the  lilacs  are  much  fuller  and  brighter  and  vrr> 
similar  to  those  obtained  from  alizarin,  llud 
last  feature  alone  ought  to  have  secured  a  ready 
market  foT^  ohay  root  among  the  European 
dyers,  previous  to  the  introdootion  of  artificial 
alizarin,  and  it  is  .-^umewhat  strange  that  its 
marked  suitability  for  lilacs  ahouid  have  escaped 
the  observation  of  fhoee  who  formerly  made 
dyeing  exjxrimcnts  ;\ith  thi.s  rout. 

On  oil  -  pn-pait  d  calico^  mordanted  with 
alumina,  cha}  ruL>t  gives  an  excellent  bluo  shade 
of  Tnrkcy-r'-d.  withstanding  th«'  operation  of 
clearing  with  soao  and  at«nnous  cbkiride  better 
even  tiian  a  madder  dyed  red,  and  qtiite  eqtial  to 
one  obtaiiiid  by  means  of  artificial  alizarin. 
Qood  brown,  red,  orauge,  and  purple  coknas 
axe  readily  obtaiiied  on  wool,  and  also  on 
silk,  suitably  mordanted  ^ith  chromiuiu. 
aiumiuium,  tin,  aud  iron,  according  to  the 
oidinary  method  usual  with  dven.  On  wi>ol« 
the  colours  not  hoiiit;  stilmiittt'd  to  any  soaping 
operation,  chay  root  appears  to  possess  about 
half  the  dyeing  power  of  madder. 

Boilod  with  dilute  sulphuric  acid,  chay  root 
yields  a  '  gsrancine  '  of  a  very  dark*greca  colour 
and  possessing  about  three  tames  the  dyeing 
power  cf  t  ho  original  root. 

Litciatare. — A.  0.  Pwkin  and  J.  J.  ilumniel 
Chem.  Soc.  Trans.  1893,  63,  1160;  ifjtd.  1S95» 
817  ;  A.  C.  IVrkin  (Hid.  1907,  91.  2mG]  ;  J. 
Hornmrl  and  A.  ft.  Perkin  (J.  Hoc.  Chcui.  Jnd. 
W.n.  i:t,  :Uh  .  A.  G.  P. 

CHEDDITE.  An  » xplosive  cun-^istin^  of  n 
unxturc  of  amniuniunj  perchkiratc,  dinitroto- 
lu»Ti.'  iiinl  I  Mst-or  oil  (r.  Ex]4osivi's''. 

CHEESE.  A  solid  prejiaration  uf  tbt-  lasein 
iroiii  nnik,  togvtker  with  the  fat  and  some  ot  the 
other  constituents  so  prepared  as  to  encourage 
the  action  of  certain  ferments  which  make  it 
more  digestible  and  palatable. 

Chemes  may  be  made  from  the  milk  of 
varioti5»  animals,  but  they  hiv  usually  prejtartxi 
/rum  that  of  the  cow,  wlueh  m  either  used  in  it«^ 
natural  ecodition.  or  may  be  first  divided  into 
cream  and  separate^l  milk,  from  both  ai  wfaich 
pro<lucts  chee«e8  are  aL»o  made. 

In  the  case  of  cream  cheeses,  the  lactic  aci<l 
produce<l  by  the  lactic  ferments  may  be  used  for 
thickening  the  en-am  ;  but  in  the  majority  of 
eheehes,  rennet  is  used  to  precipitate  the  ca4i«in. 
Thi"  CR-seinogen  of  tho  milk  U  converte<l  into 
casein  by  the  rennet  ferment,  an^  tbis,^>u^.llio^i 


GHEBSE. 


746 


presence  of  the  lime  salts  of  iho  milk,  ia  foUowwl 
oy  the  separation  of  insoluble  calcium  caseinatc 
or  curd,  which  carries  with  if  nearly  all  the  fat, 
Komo  of  tho  other  const ilufiit.-j  uf  tho  milk,  and 
thf  enzymes  of  the  rennet  and  milk.  This  cunl 
differs  from  that  produced  by  acids,  which  throw- 
out  casoinogcn  from  the  combinations  wiili  linio 
in  which  it  occurs  in  milk. 

The  nu-chanical  condition  of  the  rennet  cunl. 
used  for  making  difTerent  cheeses,  is  controlled 
by  the  acidity  of  the  milk  and  by  the  tcmpiTa- 
turo  of  rennet inir.  If  milk  I'a  curdled  with 
rennet  \Nithout  the  previous  <levelopment  of 
aridity,  a  soft  curd  r^ult« ;  this  curd  will  not 
shrink  so  nmeh  as  a  curd  produced  from  an  acid 
milk.  Too  much  acidity,  on  the  other  hand, 
re-sults  in  u  hard  curd,  which  will  shrink  to  a 
much  greater  extent,  giving  a  hard  '  acid  *  curd. 

Temperature  also  exert«i  an  important  in- 
fluence in  cheese  making  ;  the  action  of  the 
rennet  is  hastened  up  to  about  100*^K«  and 
ceases  at  about  ISO'F.   The  temperature  em« 

ployed,  the  degree  uf  aridity,  and  (he  quantity 
of  rennet  used,  will  vary  with  difieceut  oheeaee 
and  abo  with  the  nature  of  the  iniQr,  the  ash 
conjjtltnents  probably  exerting  n  considerable 
influence.  The  acidity  is  often  controlled  by 
the  addttkm  of  *  starters,*  t.«.  pure  onltures  of 
suitable  lactic  ferments  or  of  nu'xod  cultures  in 
milk  or  whey,  to  the  milk.  The  average  tempera- 
ture used  is  about  84*F.,  at  whieh  tbe  coagulation 
takes  some  40  to  60  minutes.  In  some  chc^e.^e-', 
e.g.  Leicester,  Dutch  cheeses,  &o.,  annatto  is 
added  as  colouring  matter  at  least  10  minutes 
before  the  rennet.  Salt  is  also  added  at  various 
stages  in  the  manufacture,  in  the  cose  of  hard 
pressed  cheese,  wh««i  the  curd  has  beoi  ground 
prior  to  being  put  in  the  mould  for  premising 
into  shape ;  in  the  case  of  soft  cheese,  about  the 
time  it  is  fit  to  take  out  of  the  mould. 

W'hh  hard-iiresstxl  cheeses  puch  as  Cheddar, 
Cheshire,  Derby,  Leicester,  Gloucester,  Emen- 
thaler,  Gray^,  and  Edam,  the  curd  is  cut  up 
by  means  of  a  curd  knife  or  apparatus  of  wire 
meshes,  it  is  then  stirred  and  heated  to  acquire 
the  correct  stage  of  dryness,  consistency,  and 
acidity,  after  T^-ni(  h  the  \vlii>y  is  drami  off  and 
tho  curd  allowed  to  luniuiii  tiU  a  certain  degree 
of  acidity  has  developed.  This  is  tested  for 
with  a  hot  iron  against  which  the  curd  is 
pressed,  the  length  of  the  thnudei  which  th-aw 
out  on  pulling  away  the  cunl  being  taken  as 
an  index  of  the  aridity  produfi-d;  the  per- 
centage uf  acidity  at  thu  variouii  stagts  of 
mimrfaoture  may  accurately  be  determined  by 
means  of  the  acidi meter.  The  curd  is  then 
ground  in  a  mill,  uml  aftcrwanb?  pressed  in  a 
mould  into  a  shap?  which  varies  with  the 
different  cheeses.  After  being  pressed  for  2 
or  3  days,  the  cheese  is  ripened  in  a  curing 
room,  the  humidity  and  temixirature  of  which 
ehoiUd  beunder  control ;  a  temperature  of  about 
50  to  05*P.  being  most  generally  desirable. 

To  another  group  of  cheeses,  in  which  the 
prooees  of  manufacture  varies  considerably  from 
the  above,  belong  the  moulded  ohee<*es,  in  making 
whieh  the  pressinrj  pnx  is  omitted,  or  in  the 
case  of  Wensle^yxlale  greatly  reduced;  the  result* 
ing  cheese  bemg  softer  and  admitting  of  the 
growih  of  liluo  veins  of  mould  [PeniciUium 
glaucum)  in  tho  cracks  left  between  the  pieces 
of  Ottfd  wliieh  extend  throughout  the  (uieesei. 


To  thiis  group  belong  Stilton,  Roquefort,  Gor- 
gonzola,  Wenslmrdale,  &c. 

In  tho  case  of  the  small  '  soft '  cheeses  of  tho 
Camembert  ty[xj,  considerable  variation.s  aro 
made  in  the  process  of  manufactun>,  the  n'sult- 
ing  cheese  being  qtiiekly  ripened  by  moulds,  or 
rather  by  the  enKyiueit  produced  by  moulds, 
which  grow  on  the  outride  of  tho  cheeses. 
PenicUHum  rnndidum  and  Oidinm  Lactis  play 
an  im|)orl4int  part  in  theiipening  of  Camembcrt. 

The  chemical  analysis  of  cheese  includes  the 
determinations  of  tho  water,  fat,  tot-id  nitropren, 
ash,  and  salt.  The  products  of  rijx^niivg  are  also 
sometimes  determined,  and  tho  fat  may  be 
examined  for  adulteration  \\ith  animal  fats. 

To  determine  tho  water,  ash,  and  salt,  2  or 
3  grams  of  well-sampled  cliM^se,  cut  into  small 
pieces,  are  weighed  into  a  f1at-t>ottomed  dish 
and  placed  in  the  water-bath  at  lOO'C,  tho  dish 
being  inclined  so  that  the  fat  runs  off  the  drying 
curd.  Weighings  are  made  every  hoiu-,  and  the 
water  is  found  to  have  all  been  driven  off  in 
!  about  5  or  fi  hours. 

The  melted  fat  is  then  poured  ofi  and  the 
residue  well  macerated  in  hot  amyl  alcohol ;  the 
residue  may  be  then  buriit  ;t;iii  the  ash  wei'^hcd, 
the  salt  being  afterwards  dissolved  out  with 
water  and  the  solution  titrated  with  N/10  silver 
nitratr. 

Ether  may  be  used  to  extract  the  fat,  and  the 
chrted  curd  and  fat  afterwards  weighed ;  but  a 

better  method  is  to  take  a  fresh  portion  of 
3  or  4  grams  .of  the  cheese  and  grind  with  twice 
its  weight  of  anhydrous  copper  sulphate  jn  s 
small  mortar,  afterwards  eztnoting  with  ether 

in  a  Soxhk't  extractor. 

ModiHoations  of  the  Wemer-Sohmid  or 
Gottlieb-Rose  methods  also  give  good  results. 

The  total  nitrogen  is  determined  by  tho 
Kjeldabl  metho<l  in  about  1  gram  of  cheese. 

According  to  Riehnumd.  the  products  of 
ripening  may  be  determined  in  the  following 
manner :  10  grams  of  the  cheese  are  placed  in 
a  f  mall  mortar  and  ground  up  with  25  CO.  of 
boiling  \vat<;r ;  the  liquid  is  then  decanted 
through  a  filter  into  a  250  c.c.  flask,  the  pfOOSM 
being  rci)eate<l  with  nine  further  similar  measures 
ot  boilinp  distilled  water.  The  total  filtrates 
an  tben  cooled,  made  up  to  the  260  c.c.  mark, 
and  \\t  11  mixed-  Tho  products  of  ripening  are 
determined  by  tho  evaporation  m  a  dish  of  an 
aliijuot  part  c.c);  this,  after  drying  till 
constant  at  1(>0°('.,  is  nftcr\™r<l;s  burnt,  the 
weight  of  the  lUih  antl  ush  being  subtracted 
from  the  weight  of  the  dish  and  dry  residue. 
The  difference  between  100  and  tho  sum  of  the 
water,  fat,  a.sh,  and  products  of  ripening,  may  bo 
taken  as  unaltered  casein. 

The  primary  products  of  ripening  may  be 
determined  in  another  50  c.c.  of  the  filtrate  by 
tho  Ritthausen  method  as  follows :  5  c.c.  of 
copper  sulphate  solution  are  added  and  the 
solution  neutralised  with  caustic  soda  solution  ; 
tho  precipitate  which  forms  is  collect i>d  in  a 
weighed  Gooch  crucible ;  it  is  then  washed  well 
sncT  dried  in  a  water-oven,  the  fat  is  then  ex- 
tracted with  ether,  and  the  residue  drietl  till 
constant.  Tho  cruciblo  and  its  contentn  aro 
then  Ignited  and  weighed,  the  difference  giving 
tho  weight  of  the  primary  products  of  ripening, 
t.e.  solubio  proteins,  &o. 

To  examine  the  fat,  about  60  gra|^  jx^  l^lfi^ogle 
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till  the  fat  niiif*  out :  the  remaining  fat  is  ih<*n 
cxtnuit«d  from  tlie  residue  with  ether,  the  ether 
evnpnratnl  and  the  fat  examinttl,  us  in  the  case 
of  butt<T  fat.  The  soluble  and  insoluble  acids 
and  the  Reioli«rt-Wollnoy  figaw  being  gonenlly 


COMFOBITtOK  OF  OhBHIS  (BbLL). 

100  p«rt«  cooteln 


tletermini*!.  (In-  addition  ot  animal  fala  c*a  be 
thus  det*^!^^!.  The  removal  of  fat  from  milk 
U8€h1  in  makirsj  fhceso  can  br  assnnu-<l  if  the  fat 
iti  lf)*»  than  45  p.c.  of  the  dried  cheese  or  lutia 
than  six  times  tne  told  nitrogen. 


D«acrlpti<m 


Water  I  m 


,  Casein 
or 
nltro- 


Free 
arid 

ilaetic 


Ash 


ProiK>r- 

..Prot^7\tMoiioffat 
tion  uf  fat  t  i_ 

in  lOU  nlitiroC 
jtarts  of  ffwtnin 
drychecM  la^fat 


Salt 
per 
cent, 
in 

ChflCM 


PcrccntAi:<  (i.fu. 
pottiUuii  of  fat. 


Solable 
add* 


Insoluble 
adds 


Stilton 

American  (red) 
American  (pale) 
Roq  ucf  ort* 
(lorgonzola  . 
Cheddar  (medium) . 
Gruyfre 
(^heshire 
Single  Qtoster 
Batch  . 


2n  r,7 

31%)", 

31  85 
3500 
33«« 
3711 
35-7r> 
41-30 


3(113 
38-24 
3.V93 
34-38 
34-34 
3l-r,7 
30-69 
30-68 
28-3.-, 
22-78 


32-56  1-24  3-51 
211-64  —  4-4» 
28-83  0-27 '3-42 
27-16  I  32  4 

27-  88  I  35  4  5b 

28-  16  0-46  4-22 
30-67  0  27  4-71 
26113  0  80  4  42 
3I1(»  t)-3l 


28-25  ii'B'i 


4  49 
710 


51  19 

r,2  r>o 

0-67 

4-42 

88-9<i 

53 '57 

52- 12 

0-72 

4-26 

89-r»«i 

52-49 

53  34 

0-82 

4-81 

88-49 

r>o-7r. 

54  24 

3  •04 

4-91 

2u-3y 

53  08 

2  11 

4-40 

49-02 

50-49 

1-43 

4-55 

88-75 

46-26 

47  07 

0  SI 

4  41 

88-97 

48-78 

50-84 

1  ti!) 

5-55 

87-76 

44-12 

45-24 

1-28 

6-68 

8*i-89 

38-80 

42-41 

4-45 

6-84  1 

87-68 

I  ^      ^   ^  

The  ripening  procees  in  cheew;,  whereby  it  |  Black  spots  in  cheese  may  be  catued  by 
uflually  acquires  a  more  agreeable  flavour,  is  iiuiuMn  nr  by  particles  of  iron  which  get  into  the 
esaentiaUy  a  fermentation  of  alow  character,  i  milk  and  are  afterwards  changed  to  sulphide  hy 
wbioh  18  broaght  about  by  mioro-oirganisms  the  sulphuretted  hydrogen  produced  in  ripening, 
which  art'  gt-ntTally  pn  scnt  in  tht;  !i>ilk  or  in  tlif  Other  nr^anisins  uhich  produce  ci, lours  i  tnould*, 
air  of  tho  dairy.  They  can  only  bo  controlled,  |  Slc),  may  g^et  into  the  milk  or  may  be  derived 
to  a  limited  extent,  by  the  prooess  of  making,  I  from  the  air  or  utensils  of  the  dairy  at  later 
tcniix-raturc.  &c.  It  is  not  posaihU-  fo  destroy  '  staj^f-'  of  thf  nmuufactun-. 
undesirable  organisms  by  sterilisaiiou,  for  heated  I  Tho  cheese  maggot  is  the  larva  ot  the  Hy 
milk  will  not  make  typical  cheese  as  far  as  is  |  PiophUa  ea*ri ;  the  cheese  mite  is  TtfroglyphuM 
lit  present  known,  though  heating  tu   130"F.    (Lafr.)  .sfro. 


is  now  sometimes  practised  for  soft  cheeses. 
Cfleanlinees,  from  the  moment  the  milk  leaves 

the  cow,  is  of  the  utmost  importance. 

The  organisms  which  cause  most  trouble  to 
the  cheese  maker  are  those  which  produce  gas, 
which,  wli'  n  develops  in  the  curd,  produces 
what  is  known  as  heaving  or  bloMH  cheeses. 
These  organisms,  to  whion  BaeiOm  eoU  com' 
mune  belonrrs-,  often  come  from  manure.  Their 

absence  can  be  demonstrated  by  what  is  known    with  the  appropriate  mould.    Gorgonzola  is  also 


It  must  be  rcmcmbenxd  that  niicro>organisms 
and  the  ensymeo  they  produce  play  a  most  im« 
|x>rtant  part  in  ritK  nint;  ;  how  far  this  prc>oes8 
is  also  dependent  on  the  proteolytic  enzymes  of 
the  rennet  and  to  the  natural  enajnues  of  the 
milk  is  not  yet  fully  ascertaininl.  As  above 
mentioned,  pure  cidtures  of  lactic  acid  organi:>ms 
are  sometimes  added  to  milk  to  be  used  forhard. 
cheese  making,  and  Camembert  is  often  infected 


as  a  fermentati<in  t«st,  which  consists  in  placing 
about  10  c.c.  (jf  the  milk  in  a  sterile  trft-tube 
and  keeping  it  at  hiood  heat  for  about  18  hours, 
after  which  time  no  signs  of  bubbles  of  gas 
should  ho  seen  in  the  tube. 

Bitterness  in  cheese  is  sonu  tinies  cuubtxl  by 
bacteria,  as  is  the  oase  when  th>  n.iM:  is  infeeteil 
with  Microcorrns  casei  amari  or  T  i"  ff^^is;  geni- 
cuiaim.  An  interesting  example  ot  a  bitter 
cheese  organism  is  that  of  l^orvla  amara,  which, 
ttft«r  causing  much  troulile  and  loss  in  Omada, 
was  eventually  traced  to  the  leaves  (if  the  sugar 
maple^  from  which  source  it  infectc<l  the  clean 
chums  which  were  stood  under  the  tieeo  after 


sometimes  infected  with  mould  to  make  the 
ilcflired  blue  veins.  As  a  general  rule,  howev*^ 
the  dair^  and  district  where  a  particular  kind  of 
cheese  w  made  contain  tlie  organisms  which 
are  necea<<ary  for  the  suooessful  manufacture  of 
tho  cheese  in  que.stiun. 

Oleomai^arfhe  and  Lard  CheiM.  The  soc> 

c<-ss  atteiidint;  th©  salo  of  margarine  n<5  a  sub- 
blitule  for  butter  has  led  manutactun-rs. 
especially  in  America,  to  introduce  foreign  fat^ 
of  animal  or  veiretable  ori^'in  in  the  pr<Hliietion 
of  chfM;se  as  a  means  of  utilising  Hkim-niilk  ;  the 
cream  which  has  been  abstnMted  being  re* 
placed  by  lard,  oleomixgaiiiie,  and  by  cotton* 
seed  oiL 


being  cleaned. 

AxALtam  ot  OtMOMABOAxm  avd  Labd  Obusib  (Bkx) 


100  parts  of  cheese  contain 


;  Oleomargarine 
1  Laid 


Water 

lat 

( inst  ill  Mid 
fre**  arid^ 

30-95 
81*80 

28-80 
24-68 

36-27 
388? 

3-08 
6-17 


Hr  eeat. 
of  isH 


114 
l-6ff 


100  parts  of  fat  contain 


Inftutuble 
fatty  aciiit 


92-43 
98-88 


Soluble 
fatty  adds 


210 
I -66 


Melting- 
point  (4 
fat 


77"F. 
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In  flavour  and  oharactor  theso  satuplep 
closely  Tmembled  milk-fat  dieem.  Companimn 

*>f  th<-  results  of  tho  analysiH  of  tlio  two  Hrtmples 
\\  ith  Ihoso  yielded  by  genuiae  cbeoses  ia  tho 
farmer  taUe  oonoltisively  provos  tho  admixtaro 
w  ith  fun  ign  fat.  Tln"  low  ]>erc<ntago  of  Holublu 
avida  indicattia  that  more  than  one-half  of  the 
f»t  has  not  been  derived  from  milk.        J.  O. 

CHEIROLINE.  An  alkaloid  obtained  from 
the  seeds  of  tho  wallflower  {Vheiranthua  chtiri)^ 
where  it  ooonrs  to  the  cortent  of  1*6-1*7  iko.  and 
)>robably  &h  a  plucoside.  Chf  irnl'tnt  ,  f 'jH^OjNS^ 
f  urms  colourless  jo'isma,  a:&}c— 0-94 18:1:0*6228; 
fn.p.47*-48*;  b-fi.  200*/S  mm.  s  it  is  an  optically 
in^frht'  iK'utral  -uli-tniKc,  and  \»  similar  to 
<iuiiuue  in  its  phyisioJot^icai  action ;  it  iii  readily 
h^drolysed  by  cold  dilute  sodium  hydroxiilo, 
yielding  carbon  dioxide,  hydro-jen  "iilphide.  and  a 
basic  aubsluHc*,  UjHuU^NiS,  accuniing  to  the 
equation 

C,H,0,NS,  j  i>H,0=C,H„OjNS+CO,  +  H,S. 

The  hydrochlorida  of  the  base,  C4H,,0,Ni!iCl 
foTOifl  deliqueacent  pfiamatio  crystab,  m^p. 
146*— 140**,  and  tho  quaU  ruorif  incthir^ide 
C,H|,O.NIS  crystalliisea  in  sUky  scal^  ni.p. 
183**  (Wagner,  Chem.  Zeit.  1006.  32,  76; 
Schneitler,  Ber.  1008.  41.  4100  ;  1W»0.  4:^.  3410). 

The  ba«o  is  identical  wiiii  »«iAy/-'y.a»nim)- 
propyl9«lpAon«  S0,1le(C^H  4  )C'H  H prepand 
f=\Tithf'tieally  from  nn  th>/J-y^flhtf^lillnl^tu^propyl• 
^^ulJlfli^if,  and  is  converted  Ijv  l  lofiaauu's  motnod 
\\i\h  (arbon  disolphide  into  eheiroJine,  which 
is  therefore  a  methylsulphono  deri\ativ(>  of 
jm>pvJthiocarl)inii<l<"  SO,Me-CH|Ciij-<jH*-NCS 
(Schneider.  Annalt n,  1910.  37r),  207). 

CHEMICAL  AFFINITY.  There  has  been 
much  fruitle»u4  speculation  about  cbernicui 
aflinity,  about  the  nature  of  the  force  which 
impels  two  different  substances  to  react  with 
one  another.  lJurinp  the  liu-it  half -century,, 
however,  the  f  fforts,  of  physical  chemists  have 
lieen  devote<l  rather  to  (be  practical  investiga- 
tion of  the  way  in  which  chemical  afhnity  mani- 
fests itself,  and  of  the  extent  to  which  the 
operation  of  this  force  is  modified  by  altering 
tho  external  conditions.  Quantitative  methodis 
have  been  devised  for  stuclying  tho  influence  of 
conoentratioD,  of  temperature  and  pressure,  and 
of  foreign  substance  on  the  course  and  products 
of  a  reaction.    The  object  of  this  article  i.s  to 

Sive  an  outline  of  the  methods  employed  and 
tie  results  obtained  in  thn  study  of  the  operation 
of  chemical  affinity.  Tho  three  chief  divisions 
into  which  tho  diaousgion  of  the  subject  naturally 
falls  are  (1)  veloetty  of  chemical  reactions; 
(2)  <  1m  [;  ii  a]  equilibrium;  (3)  catalysis. 

Veloelty  of  chemical  reactions.  It  is  well 
known  that  diffratmt  chemical  reactions  proceed 

to  completion  at  very  different  rates.  One 
change  may  be  no  ra|iid  as  to  bo  practically 
instantaneous,  whilst  m  another  osse  tho  re- 

acting  substances  may  ap]K'ar  almo.st  indifferent 
to  each  other.  The  rate  of  chemical  change 
depends*  however,  to  a  marked  extent  on  the 
temperature,  m  that  the  velocity  of  a  reaction 
which  takes  place  with  extreme  rapidity  is 
moderated  on  loMcring  the  temperature,  and 
becomes  amenable  to  experimental  invest i:;;!- 
tion.  iSuppose  now  that  for  such  a  reaclii»ii  an 
that  ropresonted  by  the  equation  A4-B=C+D, 
n  mnge  of  temperature  has  been  formd  over 
which  tho  change  proceeds  at  a  measurable 


rate ;  tho  question  next  arises,  How  is  tho 
vdocitv  of  tho  change,  ai  a  given  ttuji>crature, 
dopendent  on  the  quantities  of  tho  reacting 
substances  A  and  B  ?  In  dealing  with  this 
question,  we  shall  assume  that  the  reaction 
system  is  homogeneous,  and  that  tho  change 
foooeeds  completely  from  left  to  right,  i.e,  until 
either  A  or  B  has  disappeared. 

The  reaction  system  being  homogeneous,  it 
I  is  permissible  to  regard  matters  from  the  mole- 
I  oular-kinetio  pdnt  of  view,  and  to  conceive  the 
I  interaction  of  the  substances  A  and  B  as  taking 
^ilaco  only  in  so  far  as  the  molecules  of  A  come 
m  contact  with  the  molecules  of  B.  The  velocity 
of  the  reaction,  therefore — that  is,  the  rate  at 
which  A  and  H  disappewr — will  be  proportional 
to  the  frequency  of  the  coUisionft  between  a 
tnolecule  of  .A  and  a  moleenle  of  B,  even  although 
only  a  certain  proportion  of  the  collisions  ig 
followed  by  ohenncal  interao^on.  Now,  on 
kinetic  j;rounds,  the  frrqnency  of  the  collisions 
between  molecules  of  A  and  B  is  proportional  to 
the  product  of  l^eir  oonoentrations,  henoe  the 
velocity  of  reaction  between  A  ni  i  }',  [  ■.  pro- 
portional to  the  product  of  their  couct;nt rations 
(or  their  *  active  masses,*  as  it  is  sometimes  put ). 
This  iiro]x>sition  i-^  nrtfiinir  else  than  the  law  of 
mass  action,  applied  to  tho  chemical  change 
under  ocmsideration. 

The  forej^oing  proposition  niay  Im-  formulalod 
in  more  dehnite  shape.  If  a  is  the  concentra- 
tion of  the  substance  A,  and  h  is  the  concentra- 
tion of  the  substance  B  at  the  bogiiuiint;  of  the 
reaction,  then  tho  initial  velocity  of  tho  change, 
Vfl,  is  given  by  the  equation  V«=ife,  .oft,  where  kg 
is  a  i)ro]K)rt ionnlir factor,  the  (Uimerical  value 
of  which  is  independent  of  the  conccutrationti  of 
the  reacting  suDstanoes,  and  varies  only  with 
temjicrature  and  other  external  conditions.  If, 
now,  the  reaction  ia  allowed  to  proctnMl  for  an 
interval  of  time  t,  and  if  »  represents  the  ext<mt 
to  which  the  concentration'^  of  A  and  B  have 
been  diminished  by  the  progres.**  of  the  change, 
then  the  velocity  at  time  I,  V,,  is  given  by  tm 
equation  \'^  —  ki.{a  -x){b—x).  It  is  obvious 
that  V.  must  be  less  than  V ,  and  that  tho 

velocity  of  the  reaction  must  diminish  con- 
tinuously from  the  start  onwards :  y,,  therefoie, 

represents  tho  velocity'  of  the  reaction  only  for 
an  infinitely  short  space  of  time.  This  velocity 
is  defined  oy  the  rate  at  which  ar  is,  at  tliat 
moment,  increa=;inji  with  the  time,  and  if,  using 
the  language  of  tho  differential  calculus,  wo 
indicate  by  dx  the  extent  to  which  »  inoreases 
in  the  infinitely  short  spa<-e  of  time  tU,  we  may 

write  \\='^=ki.{a  z)(b'-x). 

The  ap|)lieability  of  the  law  of  mass  action, 
as  expn'K.'ic'd  in  the  foregoing  formula,  is  bi'st 
appn«iate<l  by  reference  to  a  particular  case, 
<:nch  a.s  the  inversion  of  sucrose.    Although  this 
change,  which  may  bo  representee!   bv  the 
equation    C,tH,jOj',-f H20=2C<H,jO„  'takes 
place  with  appreciable  velocity  only  in  the 
;  pmsence  of  a  catal^>-tic  aigent  such  as  hydro- 
chloric acid,  yet  the  latto*  is  found  unaltennl 
uheii  the  react  i<Mi  ii«  over,  and  tho  inversion  of 
huci-usc  amy  Ix*  regarded  as  a  i>articular  ca.se  of 
I  the  reaction  A-hBaC-fD.   The  fact  that  the 
I  inversion  is  carried  out  in  aqueous  solution 
i  permits,  however,  a  simplification  of  t^C iQCmjilftjcJOgle 
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^=ki.{a—x)(h-~x) ;   the  water  taking  }>art  in 

the  reaction  is  a  small  fraction  of  the  total  water 
pment,  bo  that  x  may  be  neglected  hi  oomparaon 

wiUi  b,  and  we  may  vritc  ^^lt{a—x),  where 

k~ki,b,   Integiatkm  of  thie  equaUoa  leadji  to 

the  formula  *ssi.log    *- ,  in  whicdi,  as  alrondv 

indicated,   n  if{  the  initial  concentration  of 
sucrose,  and  a—x  is  its  concentration  after  the 
mvcnion  has  proceeded  for  t  units  of  time. 
In  order  to  test  the  validity  of  the  formula 

i-=l  W   *     Bs  atlpliixl  fo  the  inversion  of 

sucrose,  it  is  only  necessary  to  ascertain  the 
ammmt  of  tmoroee  still  ]n«eent  in  the  reaction 

mixture  at  intervals  during  the  progrt\*.-^  of  the 
inversion,  and  then  to  see  whether  the  amount  of 
flueroee  Tariee  with  the  time  in  the  manner  re- 
quired by  the  formula.  Tho  simplest  way  of 
following  the  course  of  sugar  inversion  is  to  use 
the  polarimeter.  Tba  reaction  tniztine,  that  ie, 
sucra<;e  solution  containing  a  catalytic  ncrmt 
such  as  hydrochloric  acid,  is  put  in  the  poLari- 
meter  tnbp,  which  shonld  be  provided  with  a 
water  -  jackc-t  in  nrdor  to  secure  a  constant 
temperature  during  the  progress  of  the  inversion. 
The  angle  of  rotation  is  determined  at  the 
iKJjiinning  of  the  chnn;?e,  at  subftpfpicnt  intervals, 
and  finally  when  the  change  if?  < oniitkte.  If  we 
indicate  by  ao>  a,  and  a^,  iIk*  initial  angle  of 
rotation,  the  anglo  at  time  t  from  tlir  stnrt,  (intl 
the  final  angle  resfK-ctively,  then  a^—A^  m  a 
measure  of  a,  the  total  sucrose  undeigomg  in- 
version, and  o—a^  is  similarly  a  measure  of 
a—r,  the  sucrose  which  hiia  &tiU  to  undergo 

inversion  after  time  t.     Hence  J* 

and  the  formula  which  ehonld  reproeent  ^e 

ooQnwoftheiavenionbeoomeeit»l.log;*^  ~ 

From  the  aeoerteined  valnes  of  t,      a,  and  , 

it  i-i  «'n.sy  1o  discover  wlifthf-r  the  expression  ua 
the  right-hand  side  of  the  equation  is  constant 
or  not.  The  experimentBl  data  recorded  in  the 
following  table  f^now  how  far  in  a  particular  caso 
the  actual  course  of  sucrose  inversion  corre- 
spond* with  the  velocity  formula:— 

Invtrsum  cf  SveroH  of  86**  fty  N/2  HCL 

t  Angle  of  .  ^  I .  log,  "5^* 

in  minutes  rotation       t  ,i  ~ 

0  +2r)lti''  — 

56  16<>5«  0lM)218 

llfi  lO-.'iS"  OtH)2lS 

17fi  5-40*  0002 1» 


of  a  single  substance  undergoes  chauj^c.  are 
t<rrnod  unimolecuJar  reactions,  or  reactions  qf 
the  find  order.  The  course  of  all  such  re- 
actions, a[)art  from  possible  disturbing  factors, 

is  represented  by  the  formtda  ^  = 

Examples  of  strictly  tuiimoleoalar  changes,  to 
which  the  foregoing  formula  ha«  bct-n  fi.iun.i 
applioabl0f  are  the  transformation  ot  actrto. 
chlonnilide  into  jp-chloracetanilide,  the  Book- 
mnnn  r**  irrani^rmpnt,  and  the  decomposition  of 
nickel  carl>ouyl.  The  inversion  of  sucrose  is 
strictly  sfM*aking,  not  a  unimoleoullkr  but  a 
bimoleculur  roacfion,  for  both  water  molecule* 
and  sugar  muli-cule^  are  involved  in  the  change. 
The  reaction  takes  place,  however,  in  aqueou* 
solution,  and.  already  indicated,  the  rr>n«r.- 
quence  is  that  the  course  of  the  inversion  con- 
forms to  thai  eharaetnlstio  of  a  strictly  nni* 
molecular  change.  In  man^'  other  similar  case*, 
a  bimolecular  reaction  proceetls  in  accordanoc 

with  the  formula  *=J  iog,a!I,«    Examplm  of 

this  are  tiie  hydrolysis  <rf  methyl  acetate  and  the 

decomposition  of  diazo-  salt  " 

It  is  desirable  here  t<»  emphasise  certain 
featiuvs  which  are  characteristio  of  unimoleeular 
reactions,  featiirrs  %i  Uich  can  in<l(  fd  he  read  out 
of  the  velocity  funuula,  but  are  most  dearly 
seen  by  the  consideration  of  experimental  data. 
In  the  first  place,  for  all  unimoleeular  react i&ns 
the  amount  of  change  occurring  in  a  g:ivm 
interval  of  time  is  a  constant  fraction  of  the  on- 
changed  bubstance  still  pre?<ont.  This  xi*  a 
necessary  consequence  of  the  fundameutal 
vdoolty  equation,  as  ia  dear  when  it  is  written 

in  the  form       =  Mf,  hut  the  propoeition  ia 

ako  in  harmony  with  observation,  as  wUI  be 
seen  by  a  oonaideratioo  of  tho  following  data 
bearing  on  the  inTerrion  of  ettOioee  (Armetroof^ 
and  Caldwell,  Proo.  Koy.  Soc.  A.  1905,74,  1J»9). 
A  sucrose  solution  was  inverted  at  20°  with 
hydroohkmo  add,  and  the  angle  of  rotation  (•) 
wan  detonniiR'd  from  time  to  time.  With  vie 
results  shov^n  below: 


1-8.' 


0-00219 
0()0221 


230 

371  -3-28« 
ao         ^     -8-38*'  " 
The  expression  evaluatetl  in  the  la.st column  is 

-.l<«jo"""''*    instead    of    Lior-  °o-«« 

t  a  —  aao  '  "  ~  ^  30 

obviously,  if  tho  value  of  tho  former  expression 
is  constant,  the  yalue  of  the  latter  mn«t  be  so 

also.  The  ficun  s  in  tho  last  column  aro  Mati.^- 
factorily  constant,  and  tho  figure  0  00219  may 
therefore  be  taken  as  the  velocity  coefficient  for 
the  inversion  of  -nrro  ninli  r  thr»  specifi«Nl  con- 
ditions, viz.  at  2r»^  and  in  presence  of  N/2  H(^'l. 
The  variation  of  tho  velocity  coefficient  with 
temperatMre  and  with  the  conoeotiation  of  the 
aciil  wiJl  t>e  discuiiscd  later. 

Roaotions,  in  which  only  one  molecule 


0 
16 

120 
135 
225 
240 


£0'40» 

13-76«» 
12-95* 
8-62* 
8-02** 

-  T  IS" 

The  decrease  in  rotation  during  the  first 
16  minutes,  m.  1*16^,  is  a  measure  of  tne  amount 

of  change  during  that  interval.  Tin-  uv<.!a.'<» 
rotation  of  the  solution  over  this  interval  nmv 

be    taken    as  ^-^^^  ^  20-9r,   and  a 

measure  of  the  unchanged  aucrase  })resent  i<* 
given  by  20-97+7*18=2l-15.  The  ratio  uf  the 
amount  of  change  occurring  in  the  hrst  15 
muiutos  to  the  amount  of  unchanged  sucrc^ 

present  is  therefore  ^.^^'^j^^OOil.  If  now  thA 

intervals  from  120  to  135  minutes,  and  from 
225  to  240  minutes  are  similarly  considered,  it 
will  be  found  that  the  ratio  of  the  amount  of 
chsnge  ooonrring  in  tho  I5-minute  interval  to 
tho  a  mount  of  nnchanj^  wcroso  pre^srnt  in 
0'03D  m  each  case,  practically  the  same  valuta  as 
for  the  first  16  minutes  of  wo  inversion. 
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experimental  data,  therefore,  bear  out  the  state- 
ment that  for  a  unimolccular  reaction  the  amount 
ol  change  occurring  in  a  given  interval  of  time 
is  (k  con3tant  fraction  of  the  imohanged  aub- 
stonoe  still  present. 

Another  feature  of  unimolccular  reactions  is 
UuLt  the  amount  of  mibetance  changed  in  »  given 
tine  m  always  the  same  fraction  of  the  total 
aniuuut  of  .substance  present  at  the  beginning 
ol  the  reaction*  however  this  latter  amount  be 
Tsried.  An  illiMtnition  of  this  is  furnished  by 
the  foUo%\iug  data,  referriui^  to  the  inversion  of 
euoroee  in  very  dilute  aqueous  solution  under 
the  ittftnence  of  mvertaae:^ 

Granu  sucrose  Grams  sucrose 

per  100  e.c.       Inverted  In  00  mins. 
1-00  <)'249 
0-50  0  129 

0-26  0-060 
This  experimental  result  10  Implied  in  the 

formula  for  «  munudeoular  reMtion,  for  if 

IB  tht'  fraction  of  tlie  total  sncrosf  wliich  haa 
l>pc?i  inverteti  up  to  time  /,  the  formula  may  be 

written  it=^.lop^  plain  tliat  the 

value  ol  tj  depeuda  merely  on  i,  ami  ih  utde|K:a- 
dent  of  (I. 

For  bimoli'culitr  rt  actions,  that  is,  reactions  in 
which  two  muiocuic^  are  concerned,  the  futuU- 

mental  velocity  equation  is  ^=k{a  -x)[b—x), 

aa  indioated  in  the  argument  above.  Inte. 
grntion  of  this  equation  leads  to  the  formula 

^°«'aS:S-  ^"'^'^  «■ 
acting  substances  have  Ihf^  snrnv  initial  ponrm- 
tration,  that  is,  if  a =6,  the  integrated  foruiula 

V  a(a-x)* 

A  typical  ease  of  a  bimdeenlar  reactioD,  or 

reaction  of  the  socnnil  orrlnr,  is  the  saponification 
uf  an  ester  by  an  aiicali.  Under  suitable  con- 
ditions of  temperature  and  concentration,  the 
velocity  of  i«aponiHcntinn  if?  mpa,«urabh-,  and  tlio 
progrcHs  of  the  reaction  can  bo  determined  by 
extracting  samples  of  the  reaction  mixture  from 
timo  to  time  and  titratiiiu'  f<»r  f'f"*'  alkali.  Th<' 
ligures  in  the  following  table,  rtftrring  to  tlic 
naponification  of  ethvl  aoetate  by  srHlium 
hydroxide  at  21-7*,  will  serve  to  hIiow  hmv  far 
the  experimental  data  are  in  harmony  with  the 
formula  just  recorde<l.  'ITie  reaction  mixture 
in  this  case  was  N  '40  in  relation  both  tof^sterand 
alkali,  and  the  tigums  under  a  x  n\  the  table 
are  the  volumes  of  a  standard  acid  solution  re- 
qnired  to  neutralise  10  0.0.  of  the  reaction 
mixture : — 


Mmln.) 

a-x 

tel. -5^ 

1  m-9 

0 

8-04 

4 

5-30 

0129 

6 

4-58 

om 

tt 

3-91 

0-132 

10 

3*51 

01 29 

12 

342 

0131 

16 

2-74 

0*120 

20 

222 

0-131 

The  figures  in  the  last  column  are  sntin- 
factorily  constant*  and  confirm  the  application 
of  the  law  of  mass  action  to  a  bunoleenlar 
reaction. 

Reaotious  of  the  third  and  higher  urderd  are 


known  and  the  formulae  applicable  to  thei>e  are 
obtained  on  the  lines  already  indicated.  Cases 
of  such  reactions,  however,  are  comparatively 
rare,  and  it  is  not  propcwed  to  discuss  them  hwe. 
foveeti^tion  has  shown  that  frequmtly  a  re- 
action which  a  general  knowledge  of  tlie  facts 
would  lead  us  to  regard  as  a  reaction  of  a  high 
order  turns  out  to  be  one  of  a  low  order.  This 
result  is  nndoubtodly  (hie  to  the  apparently 
complex  reaction  being  reallv  a  series  of  suooes* 
sive  duuAgee  of  a  simpler  kind.  Under  these 
eircumsUinec.s,  the  velocity  of  tho  complex  re- 
action is  determined  by  those  of  tho  component 
reactions  whioh  are  comparatiTely  dow.  If, 
for  instance,  one  of  the  latter  is  incoiniiarably 
slower  than  all  the  others,  then  tho  order  of  the 
complex  reaotion  will  be  the  order  of  tiiis  alow 
comp<itient  reaction. 

Infiucnce  0/  Temperatun. — It  is  well  known 
that  a  ohemioal  reaction  is  markedly  aocelerated 

by  even  a  s1it;lit  rise  of  tenij)erature,  but  a 
definite  measure  of  the  influence  of  temperature 
on  a  given  reaction  can  be  obtained  only  by 
deternn'nincj  the  veloeify  coefficient  of  the  re- 
action  at  different  tem|>eratures.  The  value  of 
the  temperature  eoelBoient  of  reaotion  Ydodty, 
de(luced  in  this  way,  13  remarkably  independent 
of  the  nature  uf  the  particular  reaoticm  under 
investigation.  For  homogeneona  reaotlons  of 
the  iiio-^t  varied  charart<  r,  the  factor  by  which 
the  velocity  coefficient  at  must  be  multiplied 
in  order  to  gi ve  tiie  veloeity  coefficient  atT-f  10*, 
lies,  as  a  rule,  between  2  and  4.  Speaking 
generally,  one  ma^  say  that  the  velocity  of  a 
chemical  reaotion  is  douMed  or  trebled  for  every 
rise  of  It       a  strilcinL;    fact  that  th« 

i  temperature  cuetUcieal  of  vunou<i  vitai  pruut^ses, 
such  as  vegetable  respiration,  is  uf  tho  same 
order  as  that  found  for  ohemioal  reactions 
generally. 

Chemical  equilibrium.  The  reactions  dis- 
cussed in  tiie  t<;rogoing  section  have  all  been 
changes  whioh  jiroceod  from  left  to  right  until  at 
least  one  i>f  the  reacting  substances  haa  dis* 
appeareth  There  are  many  reactiom*,  however, 
which  do  not  belong  to  ilxm  type,  intismuch  aa 
they  come  to  *  stop  while  the  reactinjo;  sub- 
stances are  still  present  in  the  reaotiori  nuxtun*. 
Suppose,  for  instance,  that  the  reaction  between 
two  substances  A  and  B  is  of  this  description, 
an<l  that  C  and  1)  are  tho  products  ot  tho  re- 
action ;  then  tho  change  prueee<ls  mitil  a  state 
of  equilibrium  is  attained  at  which  four 
suUitauces  are  present.  It  is  further  found  that 
if  the  products  C  and  D  arc  brought  together, 
they  react  to  form  the  substances  A  and  B,  while 
the  final  state  of  equilibrium  reached  is  the  same 
as  in  the  previous  case.  Such  a  reaction  is 
known  as  a  balanced  or  n  vcrsible  reaction,  and 
in  the  oorxeepondinft  equation  a  double  arrow 
la  snbetiiatea  for  we  usual  s^  of  equality ; 
thus:  A+B^C-fD. 

The  juM-ress  of  a  reversible  reaction  (ow  inl-; 
its  equilibrium  |x>;i!ition  may  be  regarded  as  the 
resultant  of  two  opposed  velocities,  one  the  ve- 
locity  ft',)  with  which  the  suli^tanccs  on  the  left 
sifie  react,  to  form  those  on  tho  jight»  side  of 
tho  <  iiu.Ltion,  and  the  other  the  velocity  (p^) 
with  which  tho  substances  on  the  right  side  react 
to  form  those  on  tiiu  left  »ide  of  tho  equation. 

If  we  take  A+B^C+D  to  Fe|»re8en^,y  (|e)ogle 
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revenible  roaction  in  question,  and  sapposc  that  : 
At  BOne  particular  moment  the  concentrations  \ 
of  the  four  substances  in  tlie  reaction  mixture 
are  a,  b,  c,  and  d  reBpeotivcIy,  then  at  that 
moment  v^  —  klab  and  v^—kjcd.    The  obnerved 
velocity  of  the  change  is.uf  course,  the  difference  : 
between     and  v,.    If  now  the  change  has  pro-  i 
ceeded   at   constant   temperature    until    the  ' 
equilibhum  poaitkm  is  feaohed,  Aud  the  con> 
oentratknis  en  the  foar  Bubflianeee  are  a„  b.,  r„ 
and   rf,  re3po<tiv(l\ ,  then   Vi—k^a.b,,   n\v\  r, 
f^k^jA^  Sinoo  there  i»  oguilibrium,  the  forward 
reaction  is  ezaetly  bafauioed  by  the  baek  re* 
action,  so   that  r,  =  t'2  and   Jt,a,5,=lrgC^„  or 
ki  |£  ^         ki     „p|^o0^  5y  the  one 

oonetaDt  K,  we  have  K=^^' '      K  ia  known  as 

the  equilibrium  cumlant,  and  its  numtrical 
value  defines  the  rdationship  which  must  exist 
between  the  equilibrimn  oonoentrations  of  the 

r-ixib-itanccs  involvt-d  in  a  reversible  roadion. 
Xho  argument  employed  above  might  obviously 
be  ezteoded  to  reversible  leaetioiia  Ofther  than 
A<}>B^^+D  :  the  result  in  all  oaoee  would 

bo  an  equililiriuui  fonmda  involving  a  con!?tnnt 
ratio  bistvve^a  thu  pruduct  of  the  equilibrium 
oonoentrations  of  the  bubsitances  on  the  right 
side  and  the  product  of  the  equilibrium  con- 
centrations of  the  substances  on  the  loft  side, 
however  the  values  of  these  concentrations 
iiiiiiht  vary  indivi<luall\ .  Tt  oupht,  perhaps,  to 
bo  pointed  out  htru  that,  iu  the  equilibrium  . 
formula,  the  concentration  of  any  substance. 
n  molecules  nf  whioh  take  part  in  the  zeaotion,  | 
must  be  raised  to  the  nth  ^wcr. 

Li  discussing  the  applioatioa  of  the  law  of 
niass  action  to  reversible  reactions  with  the  help 
of  the  equilibrium  formula,  wo  whall  deal  Hrst 
with  oaaee  in  which  the  reaction  system  ii> 
homogeneous.  As  an  example,  the  equilibrium 
between  carbon  dioxide,  hydrogen,  carbon 
monoxide,  and  water  vapour  may  be  considert^d ; 
the  reaction  in  qucBlion  is  reprewnted  by  the 
equation  CQ..4-H.'^CQ4-H>0.  and  is  ob- 
viously of  the  type  A+B^fyj+D.  In  Hahn's  in» 
veatig^tion  of  this  equilibrium  (ZeiUtch.  physikal. 
(Iiem.  I9U3,  44.  51 3),  platinum  was  used  as 
a  catal>'tie  agent,  and  on  this  nound  tho 
objection  might  be  raii^ecl  that  the  react imi 
as  8tudie<l  by  that  investigator  is  not  really 
homogeneous.  A  true  catalytic  agent,  however, 
as  will  b©  sho^Mi  in  greater  detail  at  a  Inl  it  >t  ngf. 
does  not  mQoci  the  position  of  equilibrium  iu  a 
reversible  reaction*  but  merely  lemens  the  time 
ri'quirtM.!  for  the  att-ainment  of  ciiuililiriuin.  The 
reaction  which  iakva  place  between  carbon 
dioxide  and  hydrt»gen,  or  between  carbon 
n»onoxi<!i  and  wjii^r  \a|><)Uf  In  <iinl.nt  \sith 
platinum,  may  therefore  be  regarded  as  a  homo- 
geneous reaction.  In  Halm*s  experiments, 
iiiixttires  of  the  gases  wer«'  passed  through  a 
lieaUnl  quarts  or  porcelain  tube  containing 
>»j>ong>  platinum.  Piovidod  that  the  rate  of 
passap  -low  f  ni.nrrh  to  aUow  the  four  ga.-ms 
to  come  into  equilibrium  with  each  other, 
analj-siA  of  the  issuinft  san  |{ave  the  equilibrioro 
LDiiceutruf  i' iiiv.  ( ',  iij.  ''h,.  f'ln.  an'l  ' 'n  Tlie 
ri'hitionhhi|»  iH  tw 1 1  u  thest'  n-tjimW  ]-\  th-  l  <»f 

mami  action  is  K,— and  the  validity 


of  the  law  in  the  catiO  of  this  reaction  is  shown 
by  tho  fact  that  the  value  of  K  ofataiaod  ia,  for 

a  given  temperature,  th*'  same  wh<*n  carbon 
dioxide  and  nytlrogeii,  m  varynii;  pitjportion*, 
are  allowLfl  to  react,  as  when  carbon  monoxi-i.- 
and  water  vapour  are  taken  as  the  initial  sub- 
stances. A  few  figures  obtained  by  Hahn  at 
986*  will  serve  to  8up))ort  thin  statement. 
Mixtures  of  carbon  dioxide  and  hydrogm,  in 
tho  proportions  shown  in  the  following  t«bl», 
were  })assed  through  the  reaction  vessel,  and 
from  analysis  of  the  issuing  gaa  the  values  of  K 
were  oaloulated  hy  the  abova  formuJa. 


Initial  mixture      Equilibrium  mixture 


CO, 
lUl 
30-1 

4fM 
(K>-9 
70-3 


AAvO 

51 -fl 
391 
29-7 


COj 
0-70 
7-18 
21  30 
34-20 
47-66 


co=}rj() 

94(5 
23-00 
27-88 
2661 
22-79 


»U-3» 
46*62 
22  S8 
12-58 
6'7« 


K 

1-59 
1-68 
1-59 
1<*4 
1-61 


Ex|»eriments  were  made,  ahK>  at  986*,  in  which 

the  initial  mixture  container!  carbon  monoxido 
and  water  vapour :  the  mean  value  of  K, 
deduced  from  these  experiments,  was  I '66, 
sliylilly  louor  timn  tlif  avtrairr  uf  ih''  fiiz'ires 
recorded  in  the  table.  The  discrepancy-,  how- 
ever, i«  not  great,  and  the  numerical  data  quoted 
sufTicu  tn  >h<)\v  that  tho  Kilaiu>-  t -tHMi-.}ii  I 
between  the  tour  gaoes,  whatever  be  their  uutiai 
oonoentrations,  is  adequately  defined  by  tho 
mass  action  formula. 

A  revenible  reaction  of  great  techui<»l  im* 
Iiortaoee  It  the  one  whioh  forms  the  ba«s  of  the 
sulphuiio  acid  contact  pr'  ^ 

2SO,-f-0,^2.SU, 

and  consideration  of  this  case  from  the  tttaud. 
point  of  the  mass  action  law  throws  light  on 
many  points  connected  with  the  process.  The 
reaction  may  be  regarded  as  a  homo^noooa 
one,  for  tiie  cataly^  used  in  the  teohnicad 
process  do  not  affect  tho  final  ImlaiK  l>etwecn 
the  gaaea»  but  only  aooelerata  tho  attainment  of 
equmbiriuni. 

The  apidioation  of  the  law  of  mass  aetioo*  in 

thiBcasi>,  leads  to  the  result  — = const., 

in  which  C»o,.  <^iio,.  a"d  Co,  are  the  equilibrium 
concentrations  of  the  respoctive  substances.  It 
is  oonvenient,  however,  to  work  with  the  re- 
ciprocal of  thr  fnn'xruiiLu  oxpn'^ion,  and  to 
n^ard  the  e«^uiiibrium  coastaut  as  detiacd  by 

Ksa  ""^'^^    ^riie  aocurscy  of  Uiis  formula 

may  bo  tested  with  the  help  of  the  experimeutai 
data  obtained  by  Bodenstein  and  Pohl  (Zeitaeh. 

Klektrochom.  1905,  11,  373).  Thsf^  inwMt- 
gators  passed  a  mixture  of  sulphur  dioxi<ie  an«l 
oxygen  over  s|)ongy  platinum,  contained  in 
h'  alnl  quartz  tubes,  and  detiTminitl  tha  "qui- 
iilxiutti  concentrations  by  auaiyain^  tho  issuing 
ga-i.  The  figures  in  tho  following  table,  obtained 
at  727",  show  tliat  tli.  \ahi<'  ofK,  workeil  out 
from  the  tujuiiibrium  concentrations,  w  in- 
dep«-ndent  (1)  of  the  relative  proportions  of 
>iil|iliur  dioxide  ati<l  oxygen  jiassed  into  the 
up[mratus,  (2)  of  the  prcMiQCe  or  absence  uf 
nitrogen:-  .  ^       ..y  Google 
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Initial  KM  ratio 


2S0. 
0-21 

0-  62  ; 

1-  20  ; 
1-68 
3-97 
1-23 
1-31 
1*S5 


1 
1 
1 
1 
1 
1 


0 
0 
0 

u 

3-76 
3-78 


KXIO' 
3-49 

3-48 
3-51 
3-67 
3«0 
3-54 

that  Uk- 


.•a  I  lie 


1 :  3*70 

Tho  ex|x  rin)t'Mt-i  showt  d  al>i 
of  K  obtaiacd  for  a  p&rtioular  gas  mixture  was 
independent  (1)  of  toe  direotion  in  which  the 
equilibrium  position  waa  apprtmcliL-d,  (2)  uf  thu 
rato  at  whioh  (he  g»aeoua  mixture  wm  passed 
over  iJie  eatalytt  The  letter  feenlt  is  the 
giiaranteo  that  (he  ei^oUibriDm  poeitioa 
reaUy  attaiaod. 

Similu'  xeealte  were  obtained  at  various 
other  tf'mpcraliiri  and  it  w&s  found  that  the 
value  of  K  increacied  rapidly  with  rising  tempura- 
tuie^     ehown  by  the  following  figniees — 

KxlO' 


Temp.  0. 
^» 

67»» 

627* 

727» 

789** 
832* 
897» 


0-077 
0-32 
112 
3*64 

12-e 

28-0 

81-6 


This  increase  means  that,  as  lh<'  tiuipera- 
turo  rises,  the  position  of  equilibrium  is  .-^hifttnl 
in  favour  of  the  s^'stem  280]+ O, ;  in  other 
words,  the  diaaooietion  of  sulphur  trioxide 
becomes  greater.  For  each  set  of  conditions, 
the  extent  of  the  dissociation  is  defined  by  the 


yield,  but  it  must  be  rumeuibunxi  tiial  Irum  lUu 
technical  point  of  view  the  time  necessary  for 
the  attainment  of  equilibrium  is  also  an  im* 
portant  consideration.  Fortunately,  with  plati- 
num as  catalyst,  the  union  of  sulphur  dioxide 
and  uxygm  takes  place  with  satisfactory 
rapidity,  even  at  temjjeratures  as  low  as  400*- 
5(H)°,  at  which  tho  dis.'.ociation  of  tho  trioxide  is 
oomparativclv  sliight.  With  less  active  catalyste, 
however,  saon  ae  ferric  oxiiie,  a  higher  t<'mpera> 
tiiro  i.s  reciuimi  to  s(vurc  a  satisfactory  velocity 
of  reactioo,  aud  this  involves  a  reduot^n  of  the 
obtainable  3Held. 

Many  utht-r  dissociation  equilibria,  bitiiilar 
in  type  to  the  case  iust  disoussed*  have  been 
auooeasfully  attacked  nom  the  standpoint  of  the 
law  of  mass  a'  tioti.  One  inatanoe  la  the  equi> 
librium  Nj(),^2N0^,  a  case  in  which  a 
physical  method,  namely,  the  determination  of 
tho  vapour  deneity^  miut  be  emfdoyed  to  find 
ihf  rtlativo  proportionf^  of  the  roactin^  sub- 
tstauccis  in  tho  equilibrium  mixture.  Obviously, 
no  direct  ehenueal  method  of  analysis  is  per- 
missible in  any  case  where  the  equilibrium  sliiftfj 
rapidly  at  the  ordinary  temperature,  for  <iuth 
analysis  involves  the  removal  of  one  of  the 
substances  iavolyed»  and  this  at  onoe  upseto  the 
equilibrium. 

Another  technically  important  reaction, 
studied  from  the  standpoint  of  tho  mass  action 
law,  is  that  which  forms  tho  basis  of  the 
Deacon  process  {see  von  Falckoiistoin,  Zeitsoh. 
physikal.  Chem.  1907,  69,  313;  1909,  66,  371). 
When  a  mixture  of  hydrogen  chloride  and  air  is 
passed  through  a  heated  chamber  containing 
bricks  impregnated  with  cuprio  chloride,  the 
hydrogen  chloride  and  oxygen  react,  producing 


ooifesponding  numerical  value  of  K,  dedui  xl  i  chlorine  and  water  vapour,  but  the  reaction 


from  a  formida  liased  on  the  foregoing  table 
It  is  p«jhi!iible,  then,  for  a  given  temperature  and 
given  proportions  of  sulphur  dioxide,  oxygen 
and  nitrotren  in  the  initial  gaseous  mixture,  to 
calculate  wiiat  will  be  the  relative  quantities  of 
trioxide  and  tlioxitlo  in  the  equilibrium  mixture, 
that  is,  to  enlculato  the  'yield'  obtainable.  The 
results  of  such  calculations  for  various  propor« 
tkms  of  tho  gases  and  for  various  temperatures, 
are  embodied  in  the  following  table.  The 
numbers  recorded  in  the  last  four  eohinins  are 
the  percentages  of  sulphur  dioxide  convertible 
into  sulphur  trioxide  under  the  specihed 
conditions  :— 

Initial  gMeouB  mixture 
80,        O,        Nj  40(H 
10-1  p.c.  5-05  p.c.  84-86  p.c.  96-2 
7-0     10  0        83  0  99-3 
4-0     14-6        81-4  99-4 
SH)     ISO        80O  996 


comes  to  a  stop  before  all  the  hydrogen  chloride 
diupiiears ;  the  reaction,  in  fact,  is  a  reversible 
onSp  and  may  be  represented  t  hus  : 

4Hn  i  o  ,;;^2C1  J + 2H  .0. 

Experiments  have  shown  that  the  equilibrium 
is  cwfined  by  an  equilibrium  constant 


0 


cl. 


HjO 

c 


Sou  tiOU 

2  .1111 

93-  4  73  ;} 

94-  9  78-3  4b- 1 

95-  6  80-6  51-3 


700=^ 

r2r, 


the  value  of  which,  at  a  giveu  temperature,  is  tho 
same,  whether  the  initial  gaseous  mixture  taken 

in  livdro^i  n  chloride  and  oxygon  (air)  or  chlorine 
and  water  vapour.  Tho  value  of  K  diminishes 
an  the  temperature  rises,  hence  the  extent  to 
which  h\droi;oti  chloride  can  be  converted  into 
chlorme  also  diminishes  with  rising  temperature. 
If  X  rcpresento  the  fraction  of  hyckogen  chloride 
convertible  into  cVilorine,  then  the  valur  of  r 


Tlu  so  figures  bring  out  clearly  one  other  pomt  I  «^  be  caloulatiKl  for  any  given  ^miK^mturo 
involved  in  the  oauUibrium  formula,  namely,  '  conespondmff  value  of  K  and  the 


the  influence  of  the  partial  pressure  of  the 


iu  tho  luriu 


partial  pro^-uro  of  tho  nxvgcn.  For  a  dry 
mixture  of  761  p.c.  HC  I  and  23  9  p.c.  0.,  tho 

idO-65 


9 

'  ■so, 


or 


1 


If  the  equUibrium  formuU  is  writtan  ,  ^  ^  ^ 

at  IJon*.  If  air  is  substit  uto<l  for  oxygon  sn  that 
the  ratio  of  hydrogen  chloride  and  oxygen 
remains  the  same,  the  value  of  s  is  0*71  at  430*. 

This  is  appro ximatoly  tho  tomiierature  employed 
m  the  teohuical  process,  and  the  yield  obtainetl 
is  about  70  p.c.  The  use  <rf  lower  temporal  nro^. 
which  w«'(ild  inrr»'a<o  tho  yield,  irs  ])rocluded 


it  is  plain  that  tho  yield  at  a  given  tein]xnalure 
ean  be  raised  by  increasing  the  partial  pressure 

of  the  oxygon,  and  this  conclusion  is  IxirTio  out 


by  tho  foregoing  table.  Tho  figures  show  also  practically  because  ot  the  mucli  louj^or  lime  re 
that  tho  lower  the  tampetature  the  better  is  the  i  quired  fur  the  attaiumeut  of  equUibrium.  ^ 
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Hie  OMM»s  of  uquilibrium  diflowwed  ao  far 

have  been  those  in  which  fjasrs  nlnnr  arc  in- 
volved. There  are,  however,  many  homo- 
f^eneous  revendble  reaotkms  in  which  liquid  or 
(lissolvtHl  siihstnncr^;  take  part.  A  classical 
uxaniplo  ui  the  reaction  between  ethyl  alcohol 
vad  Mwtio  moi^,  Mfnesented  tluu : 
V  H ,  roo H  +  CiHsOHgCHj-COOOiH, + H,0. 
If  1  moL  of  acid  and  1  moL  of  alcohol  are  heated 
in  A  sealed  tube  at  100*  for  a  sufficient  time, 
eaEamination  of  the  reaction  mixture  Hhow8  that 
it  contaiiu  |  moL  each  of  acid  and  alooholp  and 
I  mol.  each  of  erter  and  watw.  If  then  1  mol. 
of  ester  and  I  moL  of  \vatcr  arc  tiiixc<l  ati'l 
treated  in  the  same  way,  the  equilibrium 
mixture  finally  olituned  has  the  same  eompoei> 
tioti  as  in  the  first  case.  The  reaction  therefore 
in  truly  reversible  and  the  equilibrium  constant 

iH    given    by  the  equation  K=^^-^,  whore 

C„  C^,  U„.,  and  C^,  are  the  equilibrium  con- 
oentrations  of  the  four  substanoes.  If  v  re- 
presents thr-  volume  of  the  equilibrium  mixture 
iu  litres,  then  for  the  case  where  1  moi.  each  of 
aoid  and  aloohol  an  talEsn  initially  C«— C^ 

**«'  and  C»c^C„=^,  Miienoe  K=4.   It  should 

be  {Minted  out  that  the  composition  of  the 
o(}uiJibrium  mixture  may  safely  be  determined 
by  titrating  the  free  acetic  acid,  for  the  velocity 
ol  the  reaction  between  ethyl  alcohol  and  aoetio 
acid  is  negligibly  amall  at  ordinary  tempeia- 
tures. 

If  the  law  of  mass  aotiou  is  strict  ly  applicable 
to  the  reaction  imder  consideration,  then  the 
value  of  K  obtained  in  experiments  in  which 
alcohol  and  acid  are  taken  ni  other  than  mole- 
cular proportiona  should  also  be  4.  Suppose, 
for  instance,  that  m  mols.  of  alcohol  are  allowed 
to  act  on  1  mol.  of  acid,  and  that  after  equi- 
librium ha«  been  reached*  the  fraction  x  of  a 
moL  of  ester  has  been  produced ;  then  C,^C„ 


^»    C^=i=?.  and  C.,=  ^ 

9^"s)'     Ii"*^^  ®^  seeing  whether  the 
insertion  of  the  known  Tahies  of  m  and  z  in  this 

formula  gives  the  value  4  for  K,  the  ap|ilica]iility 
of  the  mass  action  law  may  be  tested  by  taking 
Kss4.  and  asoertaining  whether  the  value  m 
X  calculateil  by  the  formula  for  a  eivcti  v;'!  i  f 
m  is  in  agreement  with  the  value  of  x  dctcrmmed 
experimentally.  This  prooeduxe  has  been 
adopted  in  the  actual  investigation  of  the  oaset 
Hith  the  following  results 

m  *  found  x  c»)c. 

0-08  0-07H  U07S 

0-28  0-226  0-232 

0-50  0-414  0-423 

0-  67  0-519  0-528 

1-  5  0-819  0-786 

2-  24  0'876  0*864 
8-0  0-966  0  945 

'Yhf  excellent  agreement  <if  the  liL'urea  in  the 
biACond  and  third  colunin»  luini.shes  a  convincing 
proof  of  the  applicability  of  the  law  of  mass 
action.  The  inlluenre  nf  *  mas8  '  or  conof-ntra- 
tion  in  affecting  equilibrium  is  very  clearly 
illustrated  by  the  numbers  quoted  in  the  tal»le, 
for  it  will  t>e  observed  that  when  the  amount  of 
alcohol  is  great  compared  with  the  amount  of 
acid,  the  btter  is  auuoet  quantitatively  con* 


verted  into  ester,  in  other  words,  the  'yitid '  of 

ester  from  acid  is  nearly  theoretical, 

Accordinf^  to  a  widely  acoouted  view,  an 
clectrol>-te  dissolved  in  water  is  oissodated  into 
positively  and  negatively  charged  part  irk  , 
called  ions,  and  investigation  of  the  conduc- 
tivity of  electrolvtic  solutions  and  of  the  ab> 
normal  efTect  of  electrolytes  on  the  fre«r'7ing-point 
and  boiling-point  ol  water  supports  the  con- 
tention that  the  d^ree  of  this  ionic  dissociation 
increases  with  the  dilution  of  the  eolution.  and 
diminishes  when  the  solution  becomt^  more 
concentrated.  The  equilibrium,  therefore,  bt- 
tween  the  undissociat«l  molecule  of  an  elect f  - 
ly  t  e  and  the  ions  may  be  regarded  as  reversible  and 

can  bo  n'presented  thus :  AB  ^  A     5.    If  this 

view  is  correct,  then,a3  Ostw  aU  jxiiutcd  out,  the 
equilibrium  must  be  governed  by  the  law  of 
mass  action,  and  the  relationship  between  the 

concentrations  of  AB,  A,  and  B  at  a  given 
temperature  must  be  defined  by  an  eqnilibrinm 
constant.  Suppose,  for  instance,  that  acetic 
acid  is  the  electrolyte  in  queatkxi,  then  the 
equilibrium  is  represented  by 

cHj-cooH  ^  ch7coo  4-  iJ, 

and  the  equilibrium  formula  wdl      K       **,  * 

where  C,  Cj,  and  L'^  are  the  conccntratioot<  of 
the  un  dissociated  moleculea  and  iA  the  two  km 
respectively.  Since,  however,  the  ions  are  fwo- 
duced  in  equivalent  quantities,  C|  —  C,  and 

K    ^  .   If  we  are  dealing  with  asalntioo  con- 

tainini;  1  gram-mol.  of  acetic  acid  in  V  litres  cl 
solution,  .ind  if  we  take  a  to  indicate  the  frac- 
tional exteui  to  Nvhich  the  molecules  are  dis- 
sociated, then  \x\  V  litres  there  is  1  -  a  gram-un>i- 
of  undisMciatcd  acetic  acid,  and  Hccordinsljf 

C  ^  Similarly,  C,  =     st>  that  K  -  , 

For  all  binary  electrolytes  which,  like  acetic  acid, 
dissociate  into  two  ions,  exactly  the  same  f ormub 

would  be  obtained.  The  equation  is  the  tilje. 
braic  expression  of  what  is  known  as  Ostwald's 
Dilution  Law,  and  K  is  usually  termed  a  fi^ 
<iycintton  con.'*lii)>i  or  an  ionimtWH  COntHwA'  it  it 
also  called  an  oMnitg  amstont. 

The  determuiation  of  a  is  baaed  on  the 

relationship  where  A  is  the  equivalent 

conductivity  of  the  electrolyte  at  the  dilation  V, 

and  Xa;  in  the  limiting  maximum  value  of  the 
equivalent  conductivity.  Tho  application  of 
the  law  of  mas.s  action  to  the  equilibrium 
between  acetic  acid  and  its  ions  and  to  other 
similar  cases  is  justified  by  the  fact  that  the 

value  of     "  vv  ^  independent  of  the  dilulioD 

at  a  given  temperature.  In  support  of  tais 
statement  ,  the  following  figures  fOT  aoetio  add 
may  be  quoted  : — 

V  K  X  10« 

1»)  1-79 
1-82 

64  1-79 
128  1-70 
256  1^ 
612  1*80 
An  equally  satisfactory  constancy  of  the 
expression  iis^  hati  been  obt^erved  in  the  case 


Google ; 
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of  all  aoids  and  bases  which  are  dlMOoiated  to  » 
comparatively  small  extent,  and  for  theso  the 
validity  of  Ostwald's  Dilution  Law  may  be  re- 
garded as  established.  For  some  reason,  how- 
ever, which  has  not  yet  been  adequately  ex- 
plained, highly  dissociated  eleetrolytes,  such  as 
strong  acids  and  bases  and  neotial  sslte,  do  not 
obey  Ostwald's  Dilution  Law. 

Keeping  in  view  this  limitation  to  tho 

validitv  of  tho  formula  K  =  „  °  ,v» 
ask  :  What  is  the  sigiiitlcance  of  the  constant  K  ? 
The  answer  will  bo  plain  if  two  feeUy  dis- 
sociated aeirLs,  HA.  and  HA„  are  compared  at 
the  same  dilution  V.  Since  the  acids  are  feebly 
dissociated,  it  is  a  very  close  approximation  to 
the  truth  to  put  1 — oi  —  1  and  1  — =  1 ,  »o  that 

= and  K.-^"**.    A  comparison  of  the 

equations  shows  that  the  relative  value  of  the 
dtteoeiation  eonstants  is  dosely  related  to  the 

degree  of  dissociation  ;  to  put  it  penerall}%  tho 
dissociation  constant  is  a  measure  of  tho  abiliU 
ci  an  acid  to  yield  h3rdrogen  ions,  which,  acoord- 
ing  to  tho  modem  view,  are  responsible  for  tho 
charactehstio  properties  of  acids.  The  value 
of  K  for  an  acid  u,  thetefoiek  a  measure  of  its 
stnngth,  of  its  power  to  manifest  those  pro- 
perties which  arc  a8M>eiated  with  acids.  One 
set  of  oiroumstances  m  which  the  relative 
^trf-ncth  of  two  acids  is  an  important  factor  is 
realised  when  one  gram  equivalent  of  a  base, 
SOch  as  sodium  hydroadde,  i^  added  to  a  solution 
containing  one  gram  equivalent  of  each  of  the 
two  acids.  The  base  is  insuflicient  to  neutralise 
both  acids,  and  the  result  is  a  competition 
between  the  two  acids,  each  sectiring  a  fraction 
of  the  base.  A  theoretical  discussion  of  this 
inohlem  shows  that  if  x  is  the  fraction  of  the 
base  apiproariated  by  the  first  acid  HA,,  and 
1— r  aooorcungly  the  fraction  appropriated  by 

the  other  acid  HA,,  then         =  /y/'  If, 

therefore,  the  values  of  K,  and  K,  have  been 
determined  in  the  ivay  already  described,  it  is 
possible  to  calculate  the  distribution  of  the 
available  base  between  the  two  competing  acids. 
That  this  can  bo  done  in  good  agreement 
with  experiment  is  shown  by  the  toUowing 
figures : — 

HA  J  HAg         X  calc.  x  found 

Dichloraoetio  acid  Lactic  acid  0*95  0-01 
Formic  acid  Acetic  acid     0-75  0*76 

AoetioMid  Bntyiioaeid  O'M  0*10 

It  is  evident,  then,  that  a  knowledco  of  the 
dissociation  constant  of  an  ucid  enables  us  to 
osleulate  relatively  the  aJJiuUy  or  emU&y  of  this 
acid  for  a  base.  There  aro  other  motliods  for 
asoertaiuing  the  relative  afi^ity  or  avidity  of  an 
aoid,  methods  availaUe  in  we  osse  of  strong 
acids  which  do  not  obey  the  dilution  law,  and  io 
which,  therefore,  no  definite  value  of  K  can  be 
asrigned.  Among  these  methods  are  the  deter* 
minatioii  of  the  heat  effects  act oinpanying 
neutralisation  (Thomson),  the  measurement  of 
the  density  dumges  (Ostwald),  and  the  study  of 
the  influence  of  acids  in  accelerating  the  in- 
version of  sucrose  or  the  hydrolysis  of  methyl 
aoelate.  The  ord^r  of  magnitnde  of  the  values 
obtained  by  thc=!o  an<l  other  methods  for  the 
relative  affinity  of  acids  is  the  same,  as  will  be 
seen  by  an  ins^xsition  of  the  following  table  i— 


dsdnosditran 

KxlOO 

Biiflwise  Ssiisity 

Invertioa  ebsnges 

100  100 

1  fin            1  /w\ 
100  100 

3U  (approx.) 

16  80 

K.I  A 

Z7  6d 

0155 

4-8  7 

0-021 

1-6  3 

0O018 

0*4  1 

HQ 

HNO, 
CCljCOOH 
CHCljCOOH 
CH.CICOOH 
HCOOH 
CH.COOH 

Tho  maimer  in  which  a  disaooiation  eqni- 
librium  is  affected  by  excess  of  one  of  the  pro- 
ducts of  dissociation  has  already  been  referred 
to  in  oonneotion  with  the  sulphuric  acid  contact 
process.  It  was  there  shown  that  as  tho  equi- 
librium concentration  of  the  oxygen  is  incre<ised, 
SO  the  extoDt  to  which  tho  sulphur  dioxide  is 
converted  into  trioxide  is  increased  also.  In 
other  words,  the  dissociation  of  sulphur  trioxide 
into  sulphur  dioxide  and  oxygen  is  diminished 
in  presence  of  excess  of  oxygen,  one  of  the 
products  of  dissociation.  An  analogous  state- 
ment may  be  made  in  connection  with  tho 
olectrol^io  dissociation  of  an  electrolj^,  such 
as  acetic  acid.   U  to  a  solution  of  this  acid  a 

quantity  of  CH,<X)0  ions  is  added,  the  dis- 
sociation of  tho  acid  is  dimini8he<l  to  a  large 
extent,  i.e.  the  concentration  of  the  hydrogen 
ions  iB  very  much  reduced,  end  the  add  raaraoter 

of  the  solution  almost  disappears.    It  is  true 

that  Clij  COO  ions  cannot  be  a<Med  l)y  them- 
selves, but  a  solution  of  theso<Jinni  salt  of  acetic 
acid  serves  the  purpose,  for  such  a  salt,  to  judge 
from  its  conduotivit^',  is  highly  di8sociat«a  into 

CH,-COO  ions  and  sodium  ions.  That  the 
effective  acidity  of  an  acetic  acid  solution  almost 
disappears  on  the  addition  of  a  little  soilium 
acetate  solution  is  very  deady  seen  by  com- 
paring the  effects  of  (1)  the  aoetioadd  solution, 
(2)  the  acetic  acid  solution  -f  sodium  acetate,  on 
the  inversion  of  sucrose.  It  has  been  found  that 
the  vdodty  of  xavenson  in  presenoe  of 

N  


JCH,C00H4-  ^CHgCOONa 


in  about  ^  idiat  it  is  in  pcesenoe  of 

CHgCOOH  alone.  Not  tdily  is  this  influence  of 
a  neutral  salt  on  the  effective  acidity  of  a  weak 
Bcid  to  be  expected  on  the  liasis  of  the  ma.v< 
action  law,  but  it  has  also  been  found  possible, 
with  the  hdp  of  the  equilibrium  formula,  to 
calculate  aoooratdy  the  effect  produced  by 
adding  any  given  quantity  of  the  neutral  salt.  ' 

The  esses  of  equilibnum  so  far  discussed 
have  been  thoee  wnidi  occur  in  homogeneous 
systems,  but  there  are  numerous  eases  also  of 
non-homogeneous  or  heterogeneous  equilibrium. 
The  bearing  of  the  law  of  mass  action  on  re- 
versible reactions  of  this  cliaracter  will  be  moat 
readily  appreciated  by  considering  one  or  two 
examples.  The  dissociation  of  calcium  car- 
bonate may  bo  taken  in  the  first  ]ilace.  If  this 
substance  is  heated  to  750'*  in  a  closed  space,  it 
hrsaln  up  to  some  eoctent  into  oaldnm  ooode  and 
carbon  (lioxide :  if,  on  tho  other  hand,  carbon 
dioxide  at  atmoq[>hecio  pressure  is  passed  over 
esldnm  oxide,  heated  to  the  afore-mentiooed 
temperature,  tho  reverse  action  takes  place  and 
oaloium  carbonate  is  formed.  That  is  to  say, 
an  eqmlibiium  is  established  irii^h.  n^ay^  J^oogle 

80^  Jjjl 
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repreaeuted  fchuB  :  (J&CO,  UO  +  COs-  In 
«pplrin$;  th«  Iftw  of  naw  aotioo  to  thia  oase,  we 

ai'  '  iifmntt  !  '  ith  the  qiu'i^tion  :  What  in  the 
coucmtratioa  or  '  active  mass  '  of  a  solid  taking 
part  in  a  leaotion  ?  Ad  answer  to  this  qa«Rtion 
may  be  reached  by  supposing  that  in  Ihi-  j  i  c  u  • 
phase  of  the  reaction  aystem  there  is  oi^uilibriuui 
between  the  ealeittm  oarboaate,  the  oaldmn 

oxide,  and  the  carbon  dioxide  ;  that  is,  each  of 
the  poliU  substancce  concerned  in  the  reaction 
is  »upix>8ed  to  have  a  definite,  if  inftdtely  small, 
Hublimatiort  prps?nrn  at  a  given  temperature, 
and  therefore  to  be  ropreaented  in  the  gaseous 
piiaae.  On  this  basis,  the  equillfarium  at  a 
given  tonipcratnro  would  Ije  governed  by  the 

formula  KjBa  ^-^i  ,  \\h»  ro  Gi,  Cj,  and  C  arc  the 

(■qnili>>rium  concentrations  of  calcium  carbonate, 
calcium  uxidu,  and  carbon  dioxide  in  tho 
gaseous  phase,  respectively.    If  partial  pres« 

fturca  are  employed  ins^tead  of  concentrations, 


^%o       ^Hg  being  tho  partial  pressurea  of  the 

wmer  vapour  and  the  hydrogen  whm  equtUbrion 

has  Im  cu  establi^lunl  at  a  (U-finite  tem|x>r^iturc. 
This  relationahip  is  verified  by  the  experi- 
mental restilts,  some  of  wiiioli  ara  quoted  in  tfw 
followint,'  table.  The  experiment*  oonaiFt^^^l  in 
exposing  iron  in  an  eleotriGally  heated  closed 
^■tsm  to  the  aotion  of  wftter  vuovr  kept  up  to 
»  oonstant  pressure  (P- q).   Fxoqi  tm  total 

pressnro  reached  at  eqnSwium— ^^^^^4- 

the  partial  pre35ure  of  the  hydrogen  eotdd  easily 
be  tleduced-  it  was  fuitker  fouiui  that,  starting 
with  excess  of  hydrogen  and  iron  c  xido,  the 
equilibrium  could  bo  reached  in  the  other 
direction.  'ITie  resultti  recorded  in  the  table 
were  obtained  at  a  temperature  of  900* ;  the 
pressures  aro  given  in  miUimetreB  or  nu^rcary 


the  formula  wnul'l  hv  K 


Now  IT,  and  wj, 


beiag  sublimation  iirasisures,  have  fixed 
values  at  a  given  temperatute,  and  are  inde- 
pendent of  tlie  absolute  amounts  of  calcium 
carbonate  and  calcium  oxide  present.  Hence 
iri=3 const.,  sod  sinoe  V|  and  ir«  aro  negligibly 
small.  IT.  the  partial  prcpstire  of  the  carbon 
dioxide,  is  practically  equal  to  p,  tho  total 
pressure  exerted  by  the  system ;  so  that  we  may 
WTite  p  —  const.  The  application,  therefore,  of 
the  law  of  mass  action  to  the  dissociation  of 
ealeium  earbonate  leads  to  the  result  that  at 
each  temperature  the  reaction  ?3yptem  exerts 
a  deliiiit©  pressnro — the  dissiociation  pressure,  as 
it  is  termed.  This  statement  is  valid  only  on 
the  understanding  that  the  substances  in\olved 
in  the  reaction  are  kept  in  contact  with  each 
other;  if  provision  is  made  for  keepii^  the 
pre^snr©  of  the  carbon  dioxide  permanently 
below  or  above  the  equilibrium  value,  tlnvu  a 
reaction  proceeds  until  the  calcium  cart>onat« 
(in  the  first  ca«c)  or  the  calcium  oxide  (in  the 
second  case)  has  di»«apiieared.  By  artificial 
alteration  of  tiie  pressure  »t  oonstant  tempera- 
ture, therefore,  any  reaction  of  the  f«ame  typo  as 
CaCOffT^CaO  +  COg  may  bo  made  to  proceed 
either  nom  left  to  right,  or  vke  vend.  Hie 
reaotion  86aO,^2BaO'fOt  is  also  a  case 
where  two  solids  and  n  cjas  aro  in  equilibrium 
with  each  other,  and  it  ma^  be  treated  in  tho 
same  way  as  the  dissooiation  of  ealeium  ear- 
bonate. 

Perhaps  the  chief  point  that  emerges  from 
the  foregoing  is  that  the  active  mass  of  a  solid 
taking'  part  in  a  chemical  rt  acti(Mi  is  constant. 
The  corrootness  of  this  concluisiou  haa  been  con- 
firaed  by  the  investigation  of  various  hetero- 
geneous reaction*^  diiTi  reni  in  typo  from  the  dis- 
sociation of  calcium  carbonate.  One  of  these 
may  be  eonsidered  here,  vis.  the  equilibrium 
represented  by  3Fo  -f  4H,0  ^  Fe,0,-f  4H5 
(fee  Deville,  Oompt.  rend.  1870,  70,  1106,  1201 ; 
71,  30  ;  Prenner,  Zeltsoh.  phystkaL  Chem.  19M, 
47,  385).  On  the  issuinijtion  that  the  active 
uiassea  of  the  iron  and  tho  iron  oxide  are  con- 
fltant,  the  applioaticm  of  the  law  of  mass  aotion 

p 

obviously  leads  to  the  result  a  oooAt., 


s-s 

12-7 
21-5 
35-0 
49-3 


i;i-.5 
lb-0 
30-6 
52-0 
71-8 


0-66 
071 
0  70 
0-67 
068 


When  the  difficult  nature  of  the  experimeat< 
is  taken  into  account,  the  numbers  in  the  last 
column  may  bo  regarded  aa  satisfactorily  con- 
stant and  as  denK>nstiratin|;  the  aj^ilicftbilitv  of 
the  mass  action  law  to  this  case.  AMioagn  m 
a  closed  s}'stem  an  ecjuilibrium  is  reached  in  the 
way  described,  yet  if  provision  ia  made  lot  r»> 
moving  tho  hy<lrog^  as  fast  as  it  is  formed,  and 
thereby  keepint;  its  partial  pressure  jx^rmanentlv 
below  the  equilibrium  value,  tho  reaction  will 
proceed  until  the  iron  is  all  converted  into  o»dSk 

There  are  many  reversible  reactions  in- 
volving a  solid  substance  and  a  liquid,  or  •  solid 
and  a  dissolved  suhrtaaoe.  Here  also  the  active 
mass  of  the  solid  is  constant  at  a  triven  tenipera- 
ture,  solubility  and  sublimation  preasure  being 
analogous  quantitiee.  The  equilibrium  fommla 
undergo<-s,  th(  refi>re.  a  .similar  Mmplifieation  tO 
that  iliustratod  in  the  forgoing  paragraphs. 

Jnfinenee  of  Trmperature. — In  genfrml,  a  re- 
action system  which  is  in  equilibrium  at  a  islvczi 
temperature  is  no  longer  in  equilibrium  wiien 
the  temperature  is  sltered.  A  measure  of  thiit 
intluinee  of  temfcrature  on  chemical  equi- 
librium is  found  in  tho  change  of  the  equiUbrium 
constant,  and  an  fllustntion  of  the  extent  to 
\\bi(di  K  may  change  with  temperature  ha* 
already  U^'ti  givun  in  connection  vritix  th<- 
oxidation  of  sulphur  dioxide  to  trioxide.  Th<- 
exact  nlatiimshi))  betwTcn  temperature  and 
equilibrium  is  defined  by  a  formula  associated 
withthenftmeof  y«a*t  fiol^  aoeovding  to  vAieh 
ddogX)  .^^f^  The  symbol  K  Is  tiM  eqm- 

hbrium  eon^tant,  that  is,  the  ratio  l>et\v..*en  the 
^wluct  of  the  equililnrium  conoent  rat  ions  of  the 
subetanees  on  Uie  i^t  side  of  the  equatioQ  and 
the  product  of  the  equilibrium  fum  < ntration-  of 
those  on  tho  left  side;  q  is  the  heat  evolved 
when  the  reaction  goes  oompletely  faom  left  to 
right,  T  is  absoluU*  tem]»oratiire,  and  R  ia  the 
oonstant.  The  theoretical  basis  of  van't  Uofi's 
formula  need  not  be  diiouned  here,  but  one  or 
two  points  involvid  in  i"  r  iiv  Im-  indicated.  It 
is  evident,  in  the  first  place,  tluit  when  the  beat 
effect  of  ft  lerecaibtle  '"■'I'^'^j  J?  ^!'^^^^w!^Jle 
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variation  in  K  is  aUo  .small,  i.e.  the  posiliun  of 
oquilibrium  is  but  slightly  ahiftod  oa  altering 
the  temperature.  An  instance  of  this  in  furnished 
by  the  revf-r.-iible  reaction  between  ethyl  aloohol 

and  acetic  ucid.    Again,  if  g  is  pOBitive, 

18  negative,  so  that  K  diminishes  with  rising 
tenperature,  corresponding  to  a  shifting  of  the 

rqnnibrinm  in  favour  of  tTio  substance:*  on  the 
icft  hide  of  the  equation.    If,  ou  the  nther  haiul, 


7  is  negative, 


dT 


is  positive,  and  a  ri.se  of 


temperature,  therefore,  involves  a  displacemeut 
uf  tbe  e(|uilibrium  in  favour  of  the  substances  on 
the  right  side  of  the  iquation.  It  wlW  be  ob- 
served that  in  both  t%a:>eii,  whether  q  is  positive 
or  negative,  a  rise  of  temi>erature  involves  a 
shifting  of  the  equilibrium  in  the  dinotion  which 
means  absorption  of  heat. 

As  nn  illustration  of  the  applioftbility  of 
van't  Hoff's  formula  in  an  individual  case,  the 

may  be  taken. 

Vrom  the  ▼alnes  of  the  eqailibriam  constant 

obtained  for  this  reaeiion  at  different  terii])«  ra- 
luxee  {tee  p.  761)*  the  values  of  g  over  narrow 
mtervuB  on  tempevatnre  -were  odonlated  by  the 
formula.  It  «as  found  that  7  is  a  liut  ar  function 
of  the  temperature,  and  may,  in  fact,  be  repre* 
seated  by  tho  equation  9«-473(IO+4T.  If 
this  ezpnnion  for  9  is  inaerted  in  the  fannula 

rfaot.K)  ^_  X.,  aod  tlie  equation  is  integrated, 

thfl  following  fommla  is  obtained: — 
10S73 


g,;r+i4r,8-,. 


The  relation  between  K  and  T  cxiireasod  in  this 
fomndft  ui  almost  ezaetly  that  onwrved  in  the 
(  x}Mrimeidal  investigation:  this  appeals  from 

the  follo\i'ing  figures : — 


locXfovnd 

logKealc. 

528 

--4-817 

679 

— 4126 

-4-OMI 

827 

-3000 

-S«508 

680 

-2-914 

-2-893 

727 

-2-451 

-2-453 

789 

-1-900 

-1-922 

832 

-1-553 

-1-573 

897 

-1-089 

-1-083 

Catalysb.  No  discussion  of  reaction  velocity 
or  eh«  inieai  equilibrium  wo^d  Ije  complete 
without  a  roferenoe  to  the  phenomenon  of 
catalysif«.  It  very  frequently  happens  that  a 
chemical  reaction,  which  of  itwolf  is  extremely 
slttggiah,  prooeeds  with  comparative  rapidity  in 
presence  of  some  foreign  substance—*  eaUilyst, 
AS  it  is  called.  Case.s  of  such  an  acceleration  of 
a  chemical  reaction  have  long  been  imown,  and 
in  both  lalmratory  and  teohnieal  procetnes 
oataly.sts  are  in  common  use. 

A  rational  quantitative  study  of  catalysis  is 
lK>ssible  only  on  the  baris  of  the  law  of  mass 
action.  In  the  velocity  coefficient,  as  alreaily 
explained,  we  liavo  a  drtinite  measure  uf  the  rate 
of  a  chemical  chan^^u  under  given  conditions. 
For  a  given  reaction,  therefore,  vUiirh  is  eatalyti- 
cally  acoeleratcd,  tho  vaiuo  of  the  velocity 
coefficient  at  a  given  temperature  is  a  measuto 
of  the  efficieney  of  the  cat^dysl.  and  by  com- 
paring the  values  obtained  for  the  velocity  ou* 
effictcat  in  diffemi  eiqieriments,  one  can  find 


out  how  the  efhcieucy  of  u  catalyst  variets  uith 
the  conditions  under  which  it  works,  and  how 
the  efficiency  of  on*.-  outiilyst  comparer  w  ith  iliat 
of  another  working  uiidcr  thu  h&ine  conditions. 

OemtnU  Characteristics  of  Catalysts.— ihw  \  ery 
common  and  striking  feature  of  catalysis  is  that 
the  quantity  of  the  catalyst  is  so  small  cuuipared 
with  the  quantities  of  the  main  reacting  suIh 
.stances.  As  a  nile,  too,  tho  activity  of  the 
calal\  st  ttt  thu  end  of  tho  reaction  which  it  has 
accelerated  is  uniin])airtHl.  An  illustration  of 
these  features  of  cataly.si-  furnished  hy  the 
inllueiice  of  colloidal  platmum  ia  proinoliug  the 
union  of  hydrogen  and  oxygen  at  the  ordinary 
temnerature.  In  some  exi>crini<'nts  made  1>y 
Bredig,  2-6  o.c.  of  oolloidal  platinum  solution 
(containing  0-17  iniili^mm  ol  platinum)  were 
siiaken  with  eiectrulytio  gas,  with  the  following 
results : — 

Time  in      Doorcase  in  the       Decrease  per 
minutes       volume  uf  gas  niiiinto 

10  17-8  C.C  1-78 

20  35  8  „  1-80 

90  54  8  .,  1-90 

40  72  4  „  l-7fl 

50  fK)  2  1-78 

The  average  of  the  figures  ia  the  last  column 
m  a  measure  of  the  catalytic  elBoieney  of  the 
colloidal  platinum  in  the  early  stages  of  its 
activity.  The  same  colloidal  platinum  was 
then  ahalten  intermittmtly  during  14  days 
with  the  mixture  of  hydroj^en  and  oxygen, 
about  10  litres  of  which  disappeared  in  this 
time.  Not  only  is  the  contrast  between  tilie 
minute  quantity  of  tho  catalyst  and  the  extent 
oi  the  induced  change  sutlicientl}-  striking,  but 
»  determinaticni  of  the  actual  rate  of  disani>ear- 
ance  of  the  ga"  at  the  end  of  the  14  days  showed 
that  the  rate  ot  decrease,  measured  over  succes* 
sive  10- minute  intervals,  was  202,  1*87,  1*96, 
1-97,  and  2-01  c.e.  per  minute.  From  these 
hgures  It  »8  obvious  thai  the  catalytic  efticic-ncy 
of  the  colloidal  platinum  is  unimpaire<l.  In 
connection  with  this  case,  hduever,  the  oltjec- 
tion  might  bo  raised  that  ii>  drogt  u  ami  oxygen 
<lo  not  combine  at  the  ordinary  toinperature, 
and  that  the  })latiniim  niit>ht  to  be  regarded,  not 
as  accekraluig  a  changu  which  would  take  place 
in  its  absence,  but  as  actually  initiating  the  re- 
action. The  answer  is  that  at  600**  hytlrogen 
and  oxygen  combine  with  appreciable  rajjiclity 
in  the  absence  of  a  catalyst,  hut  that,  in  vicw<rt 
the  largo  temperature  coefficient  of  reaction 
velocity,  the  rate  of  union  naturally  becomes 
insigniiicant  even  at  400",  whilst  at  ordinary 
temperatureis  the  two  ga.'ics  ap|)car  not  to  react 
at  all.  There  is,  however,  no  reason  to  suppose 
that  there  is  a  detinite  teni|H'rature  below  which 
absolutely  no  combination  takes  place. 

The  mere  faot  that  the  amount  of  a  catalyst 
ma\  he  almost  intiniti'ly  small  compared  with 
thu  amounts  of  tho  substances  changed  under 
ita  influenoe,  shows  that  the  final  sf-ate  of  the 
reactive  sy.-teui  must  bo  iude|>eii<lrnt  «>f  the 
catalyst  i  in  particular,  if  thu  accelerated  re- 
action ia  reversible,  the  state  of  equilibrium 
finally  attained  must  Ik5  the  saitic  as  when  no 
catalyst  is  present.  Thu  oatalyst,  that  is, 
inflnenoes  only  tho  rate  at  which  the  condition 
of  equilihiium  i-^  i\ ached,  not  the  position  of 
equilibrium  h>4eb.  Kxperimental  evidence  in 
favour  of  this  propueition  is  supplied  loi 'C^oogle 
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investigation  of  the  rt^ltitiunsibip  between  alde- 
hyde and  paraldehyde.  Tho  ooaversion  of 
paraldehyde  into  the  equilibrium  niixturc, 
which  at  BOa°  contaia^j  33-9  j).c.  Jildchydc,  is 
accom]Miniod  by  an  expansion,  and  the  course 
of  the  change  may  therefore  be  followed  by 
means  of  a  dilatometer.  Various  subetanceV 
accelerate  the  chance,  but  the  difference  between 
the  initinl  and  finw  volumes,  as  sho\«^  by  the 
following  tigures,  is  independent  of  the  nature 
and  the  amonnt  of  the  oaulyst : — 

Vmr  oeni.  of  Percentage  increase 

«at«lytt  of  volume 

008  8-20 

007  8-34 

0002  8  19 

2-7  813 

013  8-13 

0-62  8-27 

0-54  8-10 


Catalyit 

Sulphur  dioside 


Zijic  sulphate 
Hytlrochloric  acid 
.Oxalic  acid 

PlK)--|>hf>ric  nv'u\ 

If  the  position  uf  equilibrium  in  a  revenible 
reeetion  b  independent  of  the  catalyst,  then  E, 
the  eqiiilihrium  oonitant^  mnet  be  aiinilarly 

independent.    Farther,  etnce  Ka>{*,  vhera 

and  aro  the  velocity  c  ocfTicicnt-^  of  the 
forward  aiid  back  reactionjs,  it  follows  that  the 
catalyst  must  acoelenite  the  forwaid  and  the 

back  reaction  in  tlic  .-anio  proportion.  This  ha- 
been  domonslrated  in  connection  with  the 
catalytic  effect  of  aoide  on  the  action  between 

an  at  id  and  nn  alcohol  luul  the  reverse  chance. 
It  should  further  bo  pointed  out  that  vio 
amount  of  eneny  tnuieformed  dttring  a  chemical 

rhanc'p,  brin^'  (Tc]iendent  only  on  tho  initial  and 
tinal  states  ot  the  system,  ih  independent  of  the 
catalyst.  The  latter  may  be  compaced  to  the 
oil  wKich  facilitates  the  eliding  of  a  weight  down 
an  inclined  plane,  without  afiecting  the  total 
energy  derivable  from  t^  faU  of  the  weight. 

Another  jwint  of  gn/at  interest  is  the  relation- 
ship between  the  value  of  the  velocity  co- 
eflleient  for  a  given  reaction  at  a  given  tempera- 
tun*  and  the  concentration  of  tho  ratalysf. 
In  many  cases  the  relationship  is  a  linear  one. 
The  rate  of  inversion  of  suoroBe  hy  acnda,  for 
instanrr.  is  proportional  to  the  concentration  of 
the  hydrogen  ions,  provided  that  this?  lontxn- 
tration  ia  low ;  on  the  basis  of  this  }tro}>ortion- 
ality,  in  fact,  it  i.s  possible  to  caK-nlate  th«- 
velocity  ut  iiaersiou  by  dilute  acetic  acid  fiuni 
the  velocity  obeerved  with  dilute  hydrochloric 
acid.  In  other  cases,  however,  thf  nlation.^hip 
lK«tween  reaction  velocity  and  touciutration  of 
catah  st  it  not  •  linear  one.  'ilie  decompoeition 
of  hydrogen  p<roxide  under  the  influence  of 
colloidal  platinum  is  an  illustration  of  this. 
'I'hf  courn-  of  the  dccompohition  can  be  followed 
by  extracting  u  definite  volume  of  the  n  artion 
mixture  from  time  to  time  and  titrating  with 
potassium  peimanguiiute.  The  course  of  the 
change  is  in  harmony  with  the  formida  for  a 
unimolccular  reaction,  and  for  each  concentra- 
tion of  platinum  u  deJinito  value  of  k,  the 
velocity  coefliciout,  can  lje  obtaineil.  The 
foUowing  table  contains  the  \alues  of  k  corre- 
spoiul  ing  to  various  concentration*  of  platinum;'^ 

Plattnun  eonceatnttoa  it 

21'0xlO-«  0-072 

10-5xI0-«  0  024 

f»-2xlO-«  0-0084 

2*6 X 10.*  0-0027 


From  these  figures  it  appears  that  when  tht- 
concentration  of  the  catalyst  is  doabied*  the 
velocity  of  decomposition  is  trebled. 

Cuiulysis  and  the  law  qf  mass  action,~lL>. 
general  characteristics  of  eataJyata  have  bten 
discus-t-d  in  fhc  foregoing  paragraph?,  but  it 
must  be  aduiittcii  that  tho  phenomena  associated 
with  catalyaie  aro  frequenUy  more  complex  than 
has  been  ^'Ug2T^frt<  <l.  It  app<*flr'  thnt  the  ratalv.4 
often  works  in  such  a  \\a^  iks  to  ma&k  tho  op* ra- 
tion of  tho  law  of  ma^  action  altogether. 
Although  a  detailed  discusttion  of  these  pccoU- 
arities  of  catalytically  accelerated  reactions  is 
not  possible  here,  a  brief  considemtiba  Cf  aone 
typical  cases  w  ill  be  found  useful. 

A  careful  study  has  been  made  of  the  rate  at 
which  sulphur  dioxide  and  oxygen  unite  in 
presence  of  platinum  {see  Bodenst^^in,  Zeitscfa. 
]>hyHikal.  Oicm.  1907,  60,  1),  and  the  rwnhs 
shou  that  the  velocity  of  union  is  independent 
of  tho  oxygen  concentration  (except  vhen  it  is 
extremely  email),  ]*rop<>rtionii]  to  the  ccnceD* 
tration  of  f^ulplun  tiioxidf.  and  inversely  pro- 
portiooaj  to  the  square  root  of  the  tnoxido  con- 
centrata(»L  This  neha  vH»ur  18  obvKHuly  qmfc 
(lirTorent  from  what  would  1  e  t-xi»cct*'d  under 
the  Law  of  mass  action.  The  most  satisfactonr 
explanation  Beenn  to  be  that  the  faetcr  iduea 
really  delerniines  the  Ncloeit}*  of  reaclii'H  fli  ' 
rate  of  passage  of  the  sulphur  dioxide  through  « 
layer  of  sulphur  trioxide,  abaorbed  at  the  tnmer 
of  the  }»lat ilium.  From  this  point  of  view,  what 
is  measured  is  a  diflfusion  velocity,  not  a  reaction 
velocity,  for  it  is  mipposed  that  the  sulphur 
dioxide  and  the  oxyjren.  when  they  have  reached 
the  platinum,  react  with  uu'^kt  rapidity.  Boden- 
stein  hae  furtiwr  shown  that  the  rate  of  union  of 
the  two  pascF?  under  the  influence  of  other 
catalysts  is  governed  by  tho  same  factors.  Not 
only  so,  but  it  has  been  found  lliat  the  rate  d 
change  in  many  other  heterogenp<^u«!  eat.-.I'iti: 
reactions  is,  in  all  probability,  tiet^rmmed  by 
the  }>hysical  process  of  diffusion.  Thii  is  tbr 
case  with  the  union  of  h\(ln>gen  and  oxygen  in 
contact  with  heated  j«(rous  p«>rcelain  (#e<  Bone 
and  AVheeU'T,  PhiL  Traits.  190fi,  206»  1);  in  thi» 
iii-tanee,  the  rate  of  iini'iii  of  the  gase?  appearii 
lu  l>e  det^ruiincd  to  a  Urge  extent  by  the  rstc 
of  occlusion  of  hydrogen. 

Additional  support  to  the  view  that  the 
velocity  of  a  heterogeneous  catalj-tic  reaction 
may  be  determiiMd  mainly  bv  a  diffusion  procet^. 
is  furnished  by  Tnc  n'lativeiy  low  value  of  the 
temperature  coefhcient  in  these  cajies.  A* 
already  imlieated,  the  velocity  of  a  homogeneooi 
chemical  reaction  is  doubled  or  trebled  for  eveiy 

rise  of  10%  but  the  value  of  for  a  fastens 

geneous  reaction  is  frequently  not  much  greater 
than  the  value  (about  1-3)  wc  should  expect  ii 
the  rate  of  reaction  were  determined  by  a 
diffusion  velocity  alone. 

Among  the  most  imiiortant  catalytic  re- 
actions are  those  which  take  place  muler  the 
influence  of  enzymes.  Tb^-j^e  catalyst**  are  aMv 
to  promote  changes  in  organic  matter  which,  ii» 
their  absence,  c*n  bo  effected  only  with  great 
difficulty.  There  is  a  clo.se  analog^'  IwtiiT'tvn 
enzymes  and  uniinary  inorganic  catalysts,  but 
it  is  frequratly  found  that,  owing  to  the  open- 
lion  of  various  facton^,  the  course  of  a  reaction 
which  takes  place  under  the  itUluence  juf  »^lc 
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«nzyn)o,  d«Tlat«i  conridoftlily  from  wliat  wo 

-Iioukl  ix|>oct  oil  the  baaia  of  the  law  of  mass 


time  for  their  ooourrenoe  than  the  direct  dumse 

itsoLf.    TliLTf  U  a  gocxl  deal  of  e\  idenco,  lar^^oTy 


action.  In  the  inversion  of  nicroee  by  invertase,  of  an  indirect  kind,  in  fayoor  of  the  view  that 
for  example,  Hie  Telocity  eoeffioieat*  oahndated  combination  takes  |daoe  betveem  oatalyet  and 


by  thi'  lortuula  for  a  uniroolccular  reaction, 
inereases  ^it^  the  time  (Brown,  Chem.  Soc. 
Trans.  1902,  81,  373).  This  is  shown  by  the 
fijlknving  tnble,  which  refers  to  the  iTirrrsiun  uf 
a  9*48  p.c.  sucrose  solution  at  30° ;  tlie  symbol 
X  stanoB  for  the  fitiotiMi  of  the  total  raaroee 
inTerted  by  time  I  >~ 

Imfai.  a 


30 
64 

lao 

180 
240 


026,'5 


1 

t  l-x 
(HH)446 
0<H)483 
OCK)571 
0-00698 
0-00737 


0-509 
0-794 

0!ur. 

0'J83 

The  departure  from  the  law  of  mass  action 
I>pcome8  still  clearer  when  experiments  arc 
made  in  which  a  constant  amount  of  invertase 
is  allowed  to  act  for  a  given  time  on  varying 
amounts  of  sucrose  in  a  constant  volume  of 
solntion.  Such  experiments  show  that  the 
enzyme,  instead  of  inverting  a  constant  fraction, 
as  required  by  the  Jaw  of  mass  action,  has  in- 
verted a  cmutant  weigH  of  sooraee  in  the  given 
tittif  :  only  \vh<"U  thr  quantity  of  sucrose  ia  vorj- 
small  is  the  law  of  mass  action  obeyed  («m  p.  749). 
In  the  hydrolysis  of  stareh  by  cuaatase,  and  of 
milk  t<ucar  by  lact  i  c,  it  is  Bimilarly  found  that 
the  amount  of  chau^  induced  by  the  enzyme  is, 
for  the  initial  portion  of  the  change,  a  linear 
funrtion  of  the  time  '  I'rf  ^vn  and  Glen- 
dimung,  Chem.  Soo.  Trans.  iiM>2,  til,  388 ;  K  F. 
Armstroni;,  Pkoo.  Rov.  Soo.  1904,  73,  600) ;  the 
later  portion  of  the  change,  when  the  amount  of 
catalyst  is  larger  relatirely  tothe  amount  of  carbo* 
hydrate,  eonfonns  to  the  hkw  of  mass  action. 

Another  p<'culiarity  about  rnzynio  action, 
M  hich  is  frequently  observed,  ia  that  the  activity 
of  the  enzyme  does  not  remain  constant  through- 
out the  whole  course  of  the  chani^'e  which  it 
induces.  In  the  hydrolysis  of  araygdalin  by 
omulsin,  and  ol  uiik  sugar  by  ketase,  the 
products  of  reaction  seem  to  exert  a  specific 
inflnence  in  putting  the  enzj'me  out  of  action 
(ai,  I  iMiinann,  Zeitsch.  physikal.  Chem.  1892, 
Hi,  271  ;  Armstrong,  IVoc.  Roy.  8oc.  ]Wi,  73, 
500).    Tiua  in  indicated  by  the  regular  falling 

ofif  in  the  value  of  log  as  the  reaction  pro- 
ceeds, that  is,  as  the  products  of  the  reaction 
accumulate. 

Mccluinism  of  ratnhjait, — Many  theories  have 
been  advanced  ad  to  the  way  in  Avhich  a  catalyst 
exerts  its  influence.  According  to  one  very 
commonly  accepted  view,  a  catalyst  ia  effective 
Ijocauae  it  combines  with  the  substrate,  and  this 
intermediate  compound  then  breaks  up  into  the 
tinsi  prodticts  of  change,  the  catalyst  being 
liberated.  Obviously,  if  thb  aooonnt  of  cata- 
lytic change  is  to  give*  an  iidr>quate  interpreta- 
tion of  the  phenomena,  it  must  be  supposed  that 
the  formation  and  deoompoaiticii  of  the  inter- 
mediate oompouid  together  require  a  shorter 


substrate.  Tlie  increased  stability  of  invertasc 
in  presence  of  sucrose,  the  speoificity  of  enzymes, 
and  the  ooourrenoe  of  a  unear  portion  in  the 
time  curve  for  the  hydrolysis  of  sugars,  are  facts 
%vhich  contribute  to  this  evidenoe.  In  the  case 
of  the  oatalytto  influence  of  molybdie  aoid  on 
the  reaction  betwe<?n  hydrogen  peroxiii  ami 
hydrogen  iodide,  it  haa  been  def^tely  ahowu 
that  oomUnation  taltes  plaoe  botween  the 
molybdie  acid  and  tlu  hydrogen  peroxide. 
^Uuminium  chloride  also,  well  known  as  a 
catalytic  agent,  forma  definite  compounds  with 
the  substances  the  reactivity  of  which  it 
promotes.  But  although  we  may  frequently 
assume  the  very  probaole  formation  of  inter- 
mediate compounds  in  enzyme  action  and  cata- 
iyaia  generally,  it  is  quite  impossible,  in  many 
cases,  to  specify  the  nattare  of  these  compounds. 

There  are,  moreover,  many  cases  in  wliich 
the  efliciency  of  a  catalyst  ih-penda  almost 
certaiiUy  on  something  else  than  the  formation 
of  intermediate  compounds.  The  investigation 
of  uuu-humugeueous  catalytic  reactions,  such  aa 
the  combination  of  sulphur  dioxide  and  oxygon 
under  tlu'  irifhu-m  i-  of  platinum,  or  (ho  union  of 
hydrogen  and  oxygon  under  the  niiiucnce  of 
porous  poroelam,  h&s  led  to  the  conviction  that 
in  those  cnsc«  occlusion  or  adsorption  of  the  re- 
acting tiubiitancea  occurs  at  thu  burfaoe  of  the 
catalyst,  and  that  the  higher  concentration  of 
the  reagents  thus  secured  is  responsible  for  the 
greater  velocity  of  reaction.  It  is  possible  to 
interpret  enzyme  action  abo  on  this  basis,  for 
the  solution  of  an  enzyme  is,  strioUy  speaking,  a 
non-homogeneous  system. 

Bibliography.  ■ —  Cliemical  Statics  and 
Dynamics,  J.  VV.  Mellor ;  Thermodynamios 
of  Technic^  Oas  Reactions,  F.  Haber ; 
Nature  of  Enzyme  Action,  W.  M.  Ba^Iiss  ; 
Catalysis  and  ita  Applications,  Couroy  (J.  Soo. 
Chem.  Tnd.  1902,  21,  302).  J.  C.  P. 

CHERRY.  The  fnnt  of  Pninus  avium  (sweet 
cherry)  or  ceratua  (Moreila  cherry).  There 
are  many  varietiesL  Konig  gives,  as  the  oom- 
position  of  ordinaiy  chnriea : 

Other 

Fret-  Invert  Socch-  carbo- 
Water  Protein  acid  sugar  arose  hsdrates  Fibre  Ash 
80-6    1-2    0*7    8-9    0-6     1<8    6-8  0-ff 

Included  in  the  carbohydrates  is  0-6-1 -0  p.c. 
of  pentosans  (Wittreaun,  1901).  A  more 
detailed  examination  by  Kcim  (Zettsch.  anal. 
Chem.  1891,  30,  401)  showed  tliHt  in  the  unripe 
fruit  of  P.  ceraaust  citric,  malic,  and  suooinio 
acids  were  present ;  that  eane  sugar  was  present, 
but  diminished  greatly  as  the  fruit  rifioned.  Tin- 
hpe  fruit  ooutained  no  suooinic  acid,  but  malic 
and  eitrie  aeid  equal  to  (H6  p.c.  expressed  as 
malic  acid,  were  pre.-«('nf,  and  the  su^^ars  were 
dextrose,  levulosc,  and  traces  of  inositoL  Shaw 
(Rxpt  Station  Reomd,  1809)  found,  aa  the  mean 
of  the  analyaea  of  13  varietiea  of  ofaeniM : 


I 


Average 
weight 


Whole  fraft 
VIssh 


Vtosh 
Juke   '  Besidue 


I  

I  Water 


In  the  flesh 


r 


0'29  grama 


03-9 


61    I  86-4 


13-6    I  813 

I 


Fntsfai 


09 


ll'S 


Ash  ] 


I  O-fi 

4..  .  ....  ^oogle 
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KoQig  gives,  M  the  mean  of  inany  atiAlysee 
of  cherry  jiiioo :  Sp.gr.  1-0737;  total  solids, 
Itt-4 ;  sugar,  12-8 ;  prot^io,  0*42 ;  free  acid, 
0  75 :  tannin,  0*09 ;  ash,  0<S6,  grammea  per 

KM)  c.c. 

Koaig  givea,  as  the  composition  of  the  ash  : 

c     c  c  c     ^  «  o; 

Whole  k^a<2;l^.jCSi5| 
fruit    .  54-8  A  5-8  5-4  1  -5 15-6  5*4  5-0  1*6  8*0 

Flesh  only  5(J  I  —  7  0  5-2  —  12-9   


The  koracls  of  cherry  stones  contain : 

NltroBen- 
frec  extract  Fibre 

33-4  3-5 


W»t«r  Protein 
41-0  6-9 

The  kemek 
amygdalin. 

Dn't  tl  chfrri*' 


Fat 
14  1 

contain 


Ash 

1-0 


about  U-82  p.c.  of 
contain,  according  to  analyses 


r    -    ~  ~  —  —  

by  Konig  and  Kiauch  (flc«h  only) : 


Water 
49-0 


Other 
Invert  earlxt> 
sQsar  hjnlratee  Protein 
31-2     14-3  21 


A8h 
1(J 


Fibre 
0'3  0-6 

  H.  1. 

CHSntY  BARK  TANIflN  v.  Ta2(nu(8. 

CHERRY  LAUREL  OIL  r.  Oils,  EAaXNTtAL. 

CH£fi£Y  XA££  GUM  v.  Gums. 

CHSIIT.  f^eversfefn,  J?onufein,  Cter.)  Asili- 
cious  mineral  uUi(  J  to  chalcedony  and  flint. 
•Siniiiar  terms  arc  applied  to  homstone  and  to 
any  impore  flinty  rock,  indtiding  the  jaspers. 
It  is  worked  extensively  from  carboiiifi-rous 
limestone  quarries  in  EUntshire,  CHpecialiy  at 
Halldn  and  Talaore  in  DenUghi^irc,  Derbyshire, 
and  at  Reeth  in  Yorkshire.  It  id  used  in 
IKJtteriea  for  paving  the  mills  in  which  flints  are 
ground.  The  following  is  an  analysis  of  a 
sample  from  Vizzin,  Sicily,  given  by  Biociardi 
(Oazz.  chim.  ital.  II,  319): — 

Interior 

810,  Ai^O^  FeO  CaO  H,0  Sp.sr.  at  22° 
•••ll    0-80    0-25    0-47  2-81  =  100  14     2  572 

Wliitf  i-ru.-t  iii<  f;iiiiHrph<t!-<'(1  t>y  li<  ;it 


SiO- 


8'S9 


cat)      H,0      Sp.gr.  at  22- 
I'MslOS'Oe  2-520 


ALU, 
D7-02  0*2i 

CHESSYLTTE  or  CHESSY  COPPER.    ( A' 
JtrkutUTy  Ger.)   A  blue  oxycarbonato  of  copjwr.  | 
20uC0s*Cn(0H)„  found  native  at  Chewiy  near 
Lyons  {v.  Coppbb). 

CHESTNUT.  The  sweet  chetstnut  is  the  seed  \ 
of  Caatanea  twsea,  the  horaeHdwetmut  that  of  ' 
^scuhts  hip/MHii.^iariHin.  | 

Average  coitipoeitton  : 

Pro- 
Water  teln 


.Sweet  chestnuts . 

Fresh  kernels  .          6*a  8.0 

Dded  keniels  .  5-8  10*8  lQ*o 

ttlMDlsh  .      .  10-0    9-9  7*5 

Hotffo  cli««trmt«    S8!0    i'S  4-8 

„      (air-dried)  14-8     6*8  5*1 


Csrbo* 
Fat  hydrates  Fibre  Ash 


44*0  1-7 

70*0  2-7 

6«*1     2-4  2-7 

48-2     8-7  18 

88  3     2-7  2-2 


fciwoet  chestnuts  are  largely  UHe<l  as  human 
food ;   the  hoiae^ohestout  has  been  tried  as  I 


cattle  knnl,  with  sueoesB  (Oav,  Ann.  A|i;nm. 

IStW,  22,  101). 

The  kernels  of  an  i^iuHtic  plant.  Tm^i 
frjqMiWMa,  are  exteadvely  used  as  food  umb t  the 
name  of  wat^r  ehc'itnut,  in  tin  North  ^\  •  st  Pro- 
vinces of  India,  bemg  roast«i  and  pounde<l  to  a 
flour.  Ifooiier  (Pharm.  J.  Tnxau  1894,  53,  22) 
found  this  flour  to  contain  : 

Sugar 

Wat4*r  Protein  Fat  and  gnin  Starch  Ceilolose  Ai^h 
4  2       84      1-0      14-4      (i3a      3-e  4-7 

Theashof  the  flour  contained  a  little: 
DI  SC,  uliich,  however,  mm  abiindaat  in 
^Mirts  of  the  plant. 

The  bark  of  the  hone*chestmit,  eop*  >  ialiy  in 
early  '^[iriii)/,  contains  ccfcvlin  ('ijH,*<'|,.  th*.- 
glucosido  uf  aosouietin  C^ILO^.  Another  glu- 
coBide, 

.seeds  of  the  hurM<-chMtnut  (Rodileder,  J.  pr. 
Cheu).  1862,  87,  1). 

Street  ehoetniite  contain  small  qnantitiea  of 

resins  and  tannin,  and  include<l  in  (bf  carlv.hy- 
drates  are  sugar,  dextrin,  starch,  and  other 
su  bs  tai  ices,  ^^^ry  diverse  amounte  of  these  have 
l)een  found  by  diffr-Tent  observers.  In  the 
horse-chestnut,  according  to  Laves  (Zeitach. 
angew.  Chem.  1908, 1013)^  there  are  aUraii  50  pwo. 
starch,  14  p.e.  cane  eogar,  13  p;0;  glticose.  and 
0-2  p     tannin.  H.  I. 

CHESTNUT  EXTRACT,  ili^  wood  of  the 
Spanish  chestnut,  Ca«tanea  vt$ca,  thoogli  it 
contains  orUy  3-6  p.c.  of  tannin,  is  tho  source 
of  the  much-valued  chestnut  extract.  The  bark 
contains  more  tannin  than  the  wood  (17  p.c.). 
but  is  not  much  used.  Ilio  tree,  which  grows  to 
from  60  to  80  feet  in  Ik  i^ht,  is  abundant  m  Italy, 
tho  South  of  France,  and  Corsica,  where  it  form-i 
inuneoee  forests,  and  it  is  also  veiy  oonunoo  in 
America. 

Trimble  (Tho  Tannins),  who  \t  ry  carefully 
examined  the  tannin,  obtained  ana^-tical  data 
and  leaotiORS  «hieh  indieated  that  it  waa 

identical,  or  nearly  .so,  \*ith  ^allotauniii,  but  it 
is  pro ba bio  that  this  wood  also  (xjiiiauis  traoee  of 
a  catechol  tannin,  foraoertoin  quantity  of  a  nod- 
coldurliiL;  inHtt.«T  is  also  jircsi  nt,  which  resembles 
in  character  a  phiobophane.  Some  writ43r8  have 
suggested  that  ohestnnt  tannin  is  a  melhjrl  ethar 
of  ordinary  gnllotaunin,  but  thert^  h  ajvjiarcntly 
no  definite  evidcnctj  ui  support  of  this  theory. 

Chestnut  is  employed  umoat  entirely  in  the 
form  of  extract,  the  strength  of  which  varies,  but 
usually  contains  from  26  to  32  p^c  of 
The  extract  is  frequently  deoolonnaed,  aiid«oina> 
tinios;  mixed  with  quebnicho  (xfrnrt  nnd  othor 
nmlerials.  Chestnut  tannin  the  tanuin 
uhich  is  most  largely  emidoyed  for  the  dyeini; 
of  .--jik.  Cd.^tiiiit  n  vt  sca  appears  to  be  freqnently 
coutuiiCHi  With  thu  horse-chestnut,  Mst  ttitt^ 
hrppoca^ttmUM,  The  tannin  decived  from  tiua 
latter  is*  however,  of  tittle  or  no  prac^sal  %-ahM!. 

A.  O.  P. 


WD  ov  iBi  nan  toluiu. 
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